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bstract

The plasma of cancer patients (n = 112) and controls (n = 118) were analysed for selected trace metals (Al, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
g, Mn, Mo, Na, Ni, Pb, Sb, Sr and Zn) by flame atomic absorption spectroscopy. In the plasma of cancer patients, mean concentrations of
acronutrients/essential metals, Na, K, Ca, Mg, Fe and Zn were 3971, 178, 44.1, 7.59, 4.38 and 3.90 ppm, respectively, while the mean metal

evels in the plasma of controls were 3844, 151, 74.2, 18.0, 6.60 and 2.50 ppm, respectively. Average concentrations of Cd, Cr, Cu, Mn, Mo, Ni,
b, Sb, Sr and Zn were noted to be significantly higher in the plasma of cancer patients compared with controls. Very strong mutual correlations
r > 0.70) in the plasma of cancer patients were observed between Fe–Mn, Ca–Mn, Ca–Ni, Ca–Co, Cd–Pb, Co–Ni, Mn–Ni, Mn–Zn, Cr–Li, Ca–Zn
nd Fe–Ni, whereas, Ca–Mn, Ca–Mg, Fe–Zn, Ca–Zn, Mg–Mn, Mg–Zn, Cd–Sb, Cd–Co, Cd–Zn, Co–Sb and Sb–Zn exhibited strong relationships
r > 0.50) in the plasma of controls, all were significant at p < 0.01. Principal component analysis (PCA) of the data extracted five PCs, both for

ancer patients and controls, but with considerably different loadings. The average metals levels in male and female donors of the two groups
ere also evaluated and in addition, the general role of trace metals in the carcinogenesis was discussed. The study indicated appreciably different
attern of metal distribution and mutual relationships in the plasma of cancer patients in comparison with controls.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Blood is one of the widely used specimens for biological
race metal research because of its natural significance and ease
f sampling [1]. It is the medium of transport of trace met-
ls and provides direct evidence of metabolism about the trace
etal concentrations [2,3]. Therefore, whole blood, plasma and

erum are convenient samples for the determination of trace
etal status of an individual [1,4]. A number of investigations

ave been carried out over the past years to assess values of

race metals in the body liquids [5–7]. Plasma can be separated
ore rapidly than serum from cells and procedure is more gen-

le towards the cells. Therefore, plasma is preferred over serum
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hen trace metals with an unequal distribution in the blood are
nalyzed, although the addition of anticoagulants adds a risk of
ontamination [8,9].

The role of different trace metals in the normal vital activities
nd initiation of some diseased has long been known [10,11].
evertheless, until recently clinical recognition was limited to
ery few of the trace metals, but now it can be assumed that
ll chemical elements are involved in physiological processes in
arying degrees. Moreover, any changes in the environment as
ell as in the human body itself can trigger changes in trace metal

omposition of any organ or tissue and as a consequence, some
isease can be produced [12]. Biological and medical trace metal
esearch has progressed constantly in recent years, yielding an
normous abundance of data [13–15].
Cancer was primarily considered to be genetically linked,
owever, it is now well recognized that diet has a significant
ffect on cancer incidences [16,17]. In fact, food consump-
ion patterns could provide major insights into cancer risk
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nd prevention despite the fact that their significance is not
ully appreciated [18]. Epidemiological studies showed that the
ajority of the factors leading to the development of tumour

n humans have arisen from environmental factors and 65–70%
f all cancers in humans are associated with the environment,
ncluding the work environment, 30–40% with nutritional habits
nd only 2% with consequences of genetic predispositions
19,20]. Cancer is a multi-etiological and multi-factorial com-
lex disease. The role of trace metals in the development and
nhibition of cancer has a complex character and raises many
uestions [21]. Several studies have focused on the relation-
hip between trace metals and cancer in humans [13,22–24]. A
elatively wide range of minor and trace metals are known to
lay important roles in biological processes including the acti-
ation or inhibition of enzymatic reaction, competition amongst
lements and metalloproteinase for binding sites and modifica-
ion of the permeability of cell membranes [15,25,26]. It would
eem reasonable, therefore, to assume that the trace metals might
nfluence the carcinogenic process [27–29].

The elevated levels of carcinogenic metals may be associ-
ted with a number of physiological disorders in humans. It has
een reported that Cd is a mutagen in mammalian [20,30] and
nhanced concentration of Cd may result in prostate, renal and
ung cancers [31–33]. Similarly, higher Pb contents in dietary
ntake were linked with the cancers of stomach, small intestine,
arge intestine, ovary, kidney, lung, myeloma, all lymphorms
nd all leukemia [3,30,34,35]. Some studies on experimental
nimals, such as, mice, related higher Cr and Zn concentrations
ith accelerated tumor growth [36–38]. Significant correla-

ions have been reported between blood Cr and Zn levels and
ortalities from cancers of breast, colon, rectum, ovary, lung,

ancreas, leukemia and bladder [30,32,39,40]. Association of
r intake with respiratory, lung and nasal cancers has also been

eported [41–43]. Moreover, Cr and Zn had been reported to
e significantly higher in the blood of breast cancer patients as
ompared with healthy donors [39], and had been significant
xperimental evidence that Cr stimulate oxygen radical produc-
ion which induces DNA damage [44]. Breast cancer mortality
as found to be strongly contributed by Cr, followed by Cd

nd Zn, while for prostate cancer, Cd revealed the strongest
ontribution followed by Zn and Cr [30,31,36]. Ni is another
utagen [25,45,46], which is also associated with lung and

asal cancer [30,47]. Among the other metals, Sb and Co have
een linked to lung cancer [48,49], and Fe may be a carcino-
en but needs further experimental evidences [50]. Although
u is an essential element for humans and animals, its sig-
ificantly higher levels were found in malignant plasma than
he plasma of healthy donors which could induce growth pro-
iferation and cancer by damaging DNA with free hydroxyl
adicals [51–53].

The present study is carried out to estimate the comparative
race metal distribution and correlation in the plasma of cancer
atients and controls. Multivariate method of principal compo-

ent analysis has been used for apportionment of the trace metals
n the two groups of donors. The selected metal contents in the
lasma are also evaluated for relative gender-based variations in
oth categories.
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. Materials and methods

A total of 112 metastasize cancer patients, 58 women and
4 men, ages between 15 and 94 years, were included in this
tudy. Subjects were selected from the patients admitted in hos-
itals of Rawalpindi district, Pakistan, namely POF Hospital
ah Cantt (n = 67) and Christian Hospital, Taxila (n = 45). The

lood samples from the cancer patients were collected prior
o any chemo- or radiotherapy and diagnosis of primary car-
inoma was confirmed histologically. The controls (n = 118)
ere selected from the same localities with matched age groups,

ncluding 69 women and 49 men, ages between 13 and 80 years.
he blood sampling was carried out during January 2001 to July
003. The blood samples were collected from an antecubital vein
y using appropriate precautions to prevent contamination with
xogenous trace elements [8]. Venous blood was obtained in
eparinized evacuated tubes (venoject, 10 mL). Each sample was
ently shaken by hand and centrifuged at 2000 rpm for 15 min.
he plasma was separated carefully by using Finn pipette into
nother clean polyethylene vial duly labelled with relevant codes
elated to the donor’s name, age, eating and drinking habits,
ocial and general health status, all recorded and compiled on
egular proforma at the time of sampling. Samples were stored
t −70 ◦C until analyses were performed [54,55]. The plasma
amples were digested with nitric acid–perchloric acid (10:1,
/v) mixture with subsequent heating to a soft boil until white
ense fumes evolved. Samples were then cooled to room temper-
ture and diluted to proper volume with doubly distilled water
56]. The blank was prepared the same way but without plasma
ample.

All reagents used were of ultrahigh purity (certi-
ed > 99.99%) procured from E-Merck. Working solutions
ere prepared by serial dilution of 1000 ppm standard solu-

ions. Quantitative analysis was carried out on Flame Atomic
bsorption Spectrophotometer, Varian 240-FS, with automatic
ackground compensation and under optimum analytical con-
itions. The plasma samples were analyzed for 18 metals; Al,
a, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Sr
nd Zn.

Three sub-samples of each sample were treated and run
eparately onto the spectrophotometer to pool mean metal con-
entrations. Parallel routine check on the accuracy of quantified
esults was ensured through the use of SRM (OL-96). The
amples were also analyzed at an independent laboratory for
omparison of the results. A maximum of 5% difference was
bserved in the results of two laboratories. STATISTICA soft-
are was used for statistical analyses of plasma metal data [57].

. Results and discussion

The mean metal concentrations in the plasma of cancer
atients and controls, along with basic statistical distribution
arameters, are presented in Tables 1 and 2, respectively. High-

st mean metal levels are observed for Na (3971 ppm), followed
y K (178 ppm), Ca (44.1 ppm), Mg (7.59 ppm), Sr (5.44 ppm),
b (5.35 ppm), Fe (4.38 ppm), Zn (3.90 ppm), Pb (3.45 ppm), Cu
3.43 ppm) and Al (3.17 ppm) in the plasma of cancer patients. In
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Table 1
Statistical distribution parameters for selected metal concentrations (ppm) in the
plasma of cancer patients (n = 112)

Range Mean Median S.D. S.E. Skewness

Al 0.01–9.93 3.17 2.73 2.25 0.21 1.08
Ca 3.02–455 44.1 33.4 66.0 6.24 5.27
Cd 0.13–7.51 0.76 0.57 0.92 0.09 5.02
Co 0.13–3.05 0.69 0.57 0.46 0.04 2.84
Cr 0.05–4.03 0.78 0.76 0.50 0.05 3.02
Cu 0.88–17.7 3.43 3.11 2.00 0.19 4.27
Fe 0.05–56.0 4.38 1.49 9.74 0.92 4.10
K 8.26–456 178 178 66.3 6.26 0.96
Li 0.06–1.48 0.33 0.31 0.21 0.02 2.54
Mg 1.73–29.5 7.59 6.96 4.42 0.42 2.71
Mn 0.03–5.95 0.37 0.15 0.84 0.08 4.75
Mo 0.002–7.86 1.98 1.76 1.55 0.15 1.02
Na 43.2–9634 3971 3710 1379 130 1.45
Ni 0.01–18.4 2.06 1.50 2.94 0.28 3.46
Pb 0.29–29.7 3.45 2.32 4.38 0.41 3.48
Sb 0.30–11.2 5.35 5.61 2.74 0.26 0.15
S
Z

c
a
F
a
p
f
s

r
N
>
m
F
M

T
S
p

A
C
C
C
C
C
F
K
L
M
M
M
N
N
P
S
S
Z

F
a

a
T
i
a
H
o

s
e
c
C
L
g
i

r 0.10–31.5 5.44 4.83 4.33 0.41 2.50
n 0.03–57.3 3.90 0.96 9.53 0.90 3.89

omparison, the dominant metal levels in the plasma of controls
re Na (3844 ppm), K (151 ppm), Ca (74.2 ppm), Mg (18.0 ppm),
e (6.60 ppm), Zn (2.50 ppm) and Al (2.69 ppm). The dispersion
nd asymmetry of the metals data are significantly high in the
lasma of cancer patients compared with the controls, mani-
ested by standard deviation (S.D.), standard error (S.E.) and
kewness.

The average metal level in the plasma of cancer patients
eveals the following decreasing order in their concentrations:
a > K > Ca > Mg > Sr > Sb > Fe > Zn > Pb > Cu > Al > Ni > Mo
Cr > Cd > Co > Mn > Li. The corresponding order of mean

etal levels in the plasma of controls is: Na > K > Ca > Mg >
e > Al > Zn > Pb > Cu > Sr > Sb > Mo > Co > Ni > Li > Cd > Cr >
n. The two orders are the same for both categories (patients

able 2
tatistical distribution parameters for selected metal concentrations (ppm) in the
lasma of controls (n = 118)

Range Mean Median S.D. S.E. Skewness

l 0.32–9.44 2.69 2.06 1.84 0.17 1.34
a 54.8–237 74.2 72.8 20.8 1.92 5.86
d 0.07–0.57 0.23 0.22 0.09 0.01 0.73
o 0.01–2.50 0.71 0.67 0.38 0.04 1.18
r 0.001–1.29 0.11 0.07 0.15 0.01 4.98
u 0.08–5.37 1.26 1.05 0.84 0.08 1.64
e 3.02–17.4 6.60 6.09 2.79 0.26 1.51

50.4–256 151 149 20.9 1.92 0.33
i 0.01–1.09 0.39 0.26 0.33 0.03 0.52
g 1.04–33.3 18.0 17.8 3.16 0.29 −0.27
n 0.001–0.28 0.10 0.10 0.03 0.003 0.69
o 0.002–2.84 0.83 0.64 0.77 0.07 0.78
a 2303–6311 3844 3779 662 60.9 0.99
i 0.01–2.91 0.51 0.39 0.49 0.05 1.99
b 0.04–6.74 1.58 1.30 1.24 0.11 1.51
b 0.07–2.48 0.86 0.78 0.39 0.04 1.32
r 0.001–1.98 0.97 0.99 0.48 0.04 −0.08
n 1.17–6.21 2.50 2.29 0.87 0.08 1.89
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ig. 1. Comparative mean trace metal ratios in the plasma of cancer patients
nd controls.

nd controls) in terms of Na, K, Ca, Mg, Zn, Pb, Cu and Mo.
wo tailed Student’s t-test (p < 0.01) of the data show that there

s no significant difference between the levels of Al, Co, K, Li
nd Na in the plasma of cancer patients and healthy donors.
owever, there is a significant difference in the levels of all
ther selected metals.

An examination of the tabulated data reveal that among the
elected metals, Cd, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Sr and Zn
xhibit significantly higher mean metal levels in the plasma of
ancer patients than controls, while, average concentrations of
a, Fe and Mg are noticeably higher in controls and Al, Co, K,
i and Na show almost comparable levels in the plasma of both
roups. This is also shown in Fig. 1 as ratios of mean metal levels
n the plasma of two groups. Markedly elevated concentrations
f some toxic trace metals in cancer patients than healthy donors
ndicate a build-up in the metal levels in cancer patients at the
xpense of macronutrients, which exhibit lower mean concen-
rations in the plasma of cancer patients. A decreased plasma Fe
n cancer subjects indicates that the utilization of heme molecule
as impaired, because the cancer itself might have been affect-

ng the bone marrow function adversely [58]. The statistical
istribution parameters evidenced that the metal data in cancer
atients are spread over large concentrations as compared with
he controls, as reflected by range, S.D., S.E. and skewness val-
es. For cancer patients the average concentrations of Cd, Cr,
u, Mn, Mo, Ni, Pb, Sb, Sr and Zn are 1.6–7.4 times higher as
ompared with controls, as shown in Fig. 1.

The comparison of average metal levels as revealed by their
atios in the plasma of male and female cancer patients is shown
n Fig. 2. Average concentrations of Al, Cd, Co, Fe, Mo, Sb, Sr
nd Zn in the plasma of male and female cancer patients are not
ignificantly different from each other. However, appreciably
igher average levels of Ca, Mg, Mn, Ni and Pb are observed in
he plasma of male cancer patients while, in the case of female
ancer patients, the mean concentrations of Cr, Cu, K, Li and Na
re higher than male patients. Similarly, comparison of average

etal levels in terms of their ratios in the plasma of male and

emale healthy donors is shown in Fig. 3. Half of the selected
race metals (Al, Co, K, Mg, Mo, Na, Ni, Pb and Sb) exhibit
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ig. 2. Comparative gender-based ratios of mean metal levels in the plasma of
ancer patients.

lmost comparable levels in the plasma of male and female
onors of control group. The average levels of Cr, Cu and Li
re found to be slightly higher in the plasma of female donors
hile in the cases of Ca, Cd, Fe, Mn, Sr and Zn, the average lev-

ls are estimated to be noticeably higher in the plasma of male
onors. In comparison with the controls, relative gender-based
ariations of trace metals in the plasma of cancer patients are
ignificantly different, which may be due to the different gender-
elated ways of detoxifying, thus evidencing imbalances of the
race metals in the plasma of cancer patients.

The data on metal-to-metal correlations in the plasma of can-
er patients and controls are given in Tables 3 and 4, respectively.
or cancer patients (Table 3) very strong positive correlations
re found between: Cr–Li (r = 0.93), Fe–Mn (r = 0.81), Ca–Mn
r = 0.76) Ca–Ni (r = 0.76), Ca–Co (r = 0.76), Cd–Pb (r = 0.75),
o–Ni (r = 0.75), Mn–Ni (r = 0.75), Mn–Zn (r = 0.75), Ca–Zn

r = 0.74) and Fe–Ni (r = 0.70). Other notably strong correlation
re observed for Ni–Zn, Fe–Zn, Ca–Fe, Cd–Li, Ni–Pb, Co–Mn,
o–Fe, Co–Li, Co–Zn, Ca–Pb, Co–Pb, Mo–Ni and Co–Cr. In

ddition, some significant correlations are also noted between
r–Cu, Cu–Li, Mn–Pb, Cd–Co, Ca–Mg, Cr–Cu, Cr–Pb, Li–Pb,
o–Sb, Cr–Na, Co–Mg and Pb–Zn. This simple correlation

tudy reveals some common origin of these metals in the plasma

ig. 3. Comparative gender-based ratios of mean metal levels in the plasma of
ontrols.
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f cancer patients. On the basis of above observation it can be
oncluded that essential metals such as Ca, Mn, Zn and Fe are
irectly related with the toxic trace metals such as Cr, Co, Ni,
d, Pb, Sb, Li and Mo thus evidencing the uptake of these toxic
etals in cancer patients.
As given in Table 4, the selected trace metals in the plasma

f controls reveal strong positive correlations between, Ca–Mn
r = 0.89), Cd–Sb (r = 0.84), Fe–Zn (r = 0.65), Cd–Co (r = 0.65),
a–Zn (r = 0.63), Ca–Mg (r = 0.63), Cd–Zn (r = 0.58), Co–Sb

r = 0.54), Mg–Zn (r = 0.52), Sb–Zn (r = 0.52) and Mg–Mn
r = 50). In addition, some significant correlations are also
oted between Al–Co, Al–Li, Al–Mo, Cd–Fe, Cd–Mg, Co–Li,
o–Mo, Co–Zn, Fe–Mg, Fe–Pb, Fe–Sb, Li–Mg and Mg–Zn.
mong the selected metals, Na, K, Cr, Ni and Sr are not

ignificantly correlated with any other metal, evidencing their
ndependent role in the plasma of healthy donors. The case of
u is unique because it is significantly negatively correlated with
d (r = −0.49), Sb (r = −0.43) and Fe (r = −0.39). The correla-

ion study suggests that the essential metals, Ca, Mg, Fe, Mn and
n are contributed by some common sources, while the inter-

elationship of toxic metals such as Cd, Sb, Co, Al, Li and Mo
ndicate another common source in the plasma of controls.

The inter-relationship between pairs of selected metals in the
lasma of two groups brings out a marked difference in metal-to-
etal correlations (Tables 3 and 4). In case of cancer subjects,

ery strong positive correlations among essential metals and
oxic metals indicate build up of the toxic/carcinogenic metals
n the plasma. Also Ca is strongly correlated with Mg in con-
rols but in cancer patients only a weak correlation is observed.
he absence of strong correlation between Ca and Mg in can-
er patients is noteworthy because the metals are well known
or their positive correlation [39,59]. The range and mean lev-
ls of Ca and Mg are also found lower in cancer patients than
n healthy donors, most likely due to some metabolic process
hereby these metals are depleted and replaced by carcinogenic
etals in the plasma of cancer patients as compared with the con-

rols. It may be inferred from this behaviour that Ca and Mg are
ess bio-available in cancer patients, which may lead to a num-
er of physiological disorders. Another significant difference is
bserved in the cases of Na and K, which show significant cor-
elations with some toxic metals in the plasma of cancer patients
ut no such relationship is found in healthy donors. Similarly, Al
xhibits a non-significant correlation pattern with all other met-
ls in case of cancer patients while, for controls, Na, K, Cr, Ni
nd Sr are insignificantly correlated with other metals. Although
u is negatively correlated with Cd, Fe and Sb in controls but
xhibit significantly positive relationship with Cr and Li in can-
er patients. Likewise, Mn and Zn exhibit almost comparable
orrelations with Ca and Mg in both categories. All selected
etals reveal divergent mutual correlations in the plasma of two

roups of donors.
The present study takes up metal source identification and

pportionment for the two groups using standard statistical

odel reported in the literature [12,56,60–62]. Accordingly,
ultivariate technique of principal component analysis (PCA) is

mployed to identify possible sources and grouping of selected
etals in the plasma of the two groups of donors. The principal
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Table 3
Pearson correlation coefficient matrix of selected metals in the plasma of cancer patients (n = 112)

Al Ca Cd Co Cr Cu Fe K Li Mg Mn Mo Na Ni Pb Sb Sr

Ca 0.02
Cd 0.02 0.21
Co 0.19 0.76 0.35
Cr 0.18 0.12 0.43 0.58
Cu 0.13 0.09 0.15 0.27 0.35
Fe 0.01 0.64 0.09 0.56 0.05 0.04
K 0.23 0.01 0.38 0.23 0.44 0.20 0.10
Li 0.20 0.15 0.55 0.58 0.93 0.35 0.06 0.49
Mg 0.01 0.47 0.08 0.39 0.05 0.19 0.25 0.19 0.06
Mn 0.09 0.76 0.13 0.66 0.06 0.04 0.81 0.05 0.10 0.34
Mo 0.12 0.27 0.12 0.29 0.34 0.09 0.15 0.20 0.40 −0.05 0.24
Na 0.15 0.03 0.10 0.16 0.35 0.26 −0.09 0.11 0.28 0.21 −0.06 0.01
Ni 0.04 0.76 0.14 0.75 0.24 0.23 0.70 0.11 0.27 0.33 0.75 0.51 −0.07
Pb 0.07 0.53 0.75 0.60 0.37 0.15 0.38 0.24 0.47 0.20 0.48 0.35 0.01 0.56
Sb 0.08 0.06 0.08 0.09 0.16 0.04 −0.01 0.19 0.14 −0.08 −0.02 0.46 0.01 0.23 0.05
Sr −0.07 0.07 0.12 0.23 0.32 0.05 0.06 0.14 0.31 −0.06 0.11 0.09 0.02 0.23 0.20 0.06
Z 0
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n 0.10 0.74 0.10 0.55 0.02 0.11 0.65 0.02

old values are significant at p < 0.01.

omponent (PC) loadings, extracted by using varimax normal-
zed rotation on the metal data-set, are shown in Tables 5 and 6,
espectively, for cancer patients and controls. Five principal
omponents (PCs) are extracted with eigen values > 1 for each
roup of donors, commutatively explaining more than 70% of
otal variance for cancer patients (Table 5) and more than 64%
f total variance for controls (Table 6).

In the case of cancer patients, PC 1 shows higher loadings for
a, Co, Fe, Mg, Mn, Ni, Pb and Zn. For controls, PC 1 shows
igher loadings for Ca, Mg, Mn and Zn. An important difference
merging here is that in the plasma of cancer patients, macronu-
rients and essential metals (Ca, Mg, Fe and Zn) share a common

C with toxic metals (Co, Ni and Pb), while such association is
bsent in controls. PC 2 shows higher loadings for Cd, Cr, K, Li
nd Pb in cancer patients while for controls, Cu, K, Li and Na
ontribute maximum loadings to PC 2. The maximum loadings

h
t
m
a

able 4
earson correlation coefficient matrix of selected metals in the plasma of controls (n

Al Ca Cd Co Cr Cu Fe K Li

a −0.04
d 0.26 0.28
o 0.42 0.11 0.65
r 0.21 −0.03 0.02 0.10
u −0.20 0.01 −0.49 −0.23 −0.08
e 0.14 0.28 0.47 0.20 0.12 −0.39

0.01 0.17 0.08 0.08 0.06 −0.07 0.08
i 0.33 0.05 0.26 0.48 0.07 −0.06 −0.08 0.22
g 0.14 0.63 0.34 0.23 0.19 −0.19 0.30 0.16 0
n 0.01 0.89 0.19 0.14 −0.05 0.07 0.27 0.12 0
o 0.36 0.03 0.23 0.41 0.08 −0.10 −0.09 −0.08 0
a −0.14 −0.05 −0.23 −0.29 −0.07 0.06 0.11 −0.11 −0
i 0.19 0.11 0.28 0.19 0.28 −0.24 0.25 0.07 0
b −0.08 0.04 0.14 −0.11 0.01 −0.13 0.33 −0.02 −0
b 0.20 0.15 0.84 0.54 0.09 −0.43 0.46 0.11 0
r −0.01 0.12 0.29 0.19 −0.18 −0.16 0.15 0.03 −0
n 0.11 0.63 0.58 0.34 0.01 −0.28 0.65 0.15 0

old values are significant at p < 0.01.
.04 0.37 0.75 0.24 −0.06 0.64 0.41 0.02 0.05

f Na and Cu, along with Cr and Li are shown in PC 4 for cancer
atients. These findings suggest that Na in the plasma of can-
er patients has different source as compared with the healthy
onors, probably due to the difference in the metabolism of the
ody. PC 3, for cancer patients, shows elevated loadings of Mo
nd Sb, whereas, for controls, third PC exhibits maximum load-
ngs in favour of Cd, Co, Fe, Pb, Sb and Zn. Similarly, PC 4
hows higher loadings for Cr, Ni and Sr and PC 5 evidenced
ignificant loadings of Al, Mo and Co in controls. Likewise, PC
shows dominant loadings of Al and Sr for cancer patients.

he PCA demonstrates significantly different grouping/origin
f the metals in the plasma of cancer patients and controls. In

ealthy donors, macronutrients share common PCs with essen-
ial metals and therefore, show mutual dependence while toxic

etals reveal independent sources compared to essential met-
ls. In cancer patients, the toxic and carcinogenic metals reveal

= 118)

Mg Mn Mo Na Ni Pb Sb Sr

.32

.09 0.50

.09 0.08 0.01

.28 −0.09 0.05 −0.17

.13 0.25 0.03 0.07 0.04

.27 −0.10 0.02 −0.11 0.10 −0.05

.16 0.20 0.08 0.27 −0.20 0.21 0.28

.16 −0.10 0.11 0.16 0.05 −0.08 0.22 0.29

.03 0.46 0.52 0.11 −0.01 0.22 0.22 0.52 0.15



1220 Q. Pasha et al. / Journal of Hazardous

Table 5
Principal Component loadingsa of selected metals in the plasma of cancer
patients

PC 1 PC 2 PC 3 PC 4 PC 5

Al −0.03 −0.11 −0.28 −0.33 0.52
Ca 0.90 0.11 0.01 0.06 0.02
Cd 0.09 0.92 −0.08 −0.02 0.01
Co 0.73 0.36 0.12 0.37 0.16
Cr 0.02 0.56 0.29 0.60 0.31
Cu 0.10 0.09 0.04 0.64 0.00
Fe 0.83 0.04 0.02 −0.07 0.02
K −0.02 0.56 0.23 0.28 −0.19
Li 0.05 0.68 0.29 0.52 0.26
Mg 0.49 0.03 −0.30 0.38 −0.27
Mn 0.91 0.07 0.03 −0.04 0.01
Mo 0.25 0.18 0.79 0.02 0.06
Na −0.07 0.01 −0.10 0.74 −0.05
Ni 0.85 0.10 0.33 0.08 0.18
Pb 0.51 0.75 0.04 −0.07 0.09
Sb −0.01 0.02 0.79 −0.01 −0.06
Sr 0.08 0.12 0.10 0.15 0.79
Zn 0.85 0.01 0.04 −0.01 −0.09
Eigen values 5.84 2.98 1.52 1.32 1.07
% Total variance 32.5 16.6 8.47 7.32 5.92
% Cumul. variance 32.5 49.1 57.5 64.8 70.8

a Higher loadings are shown in bold.

Table 6
Principal Component loadingsa of selected metals in the plasma of controls

PC 1 PC 2 PC 3 PC 4 PC 5

Al −0.02 0.22 0.14 0.35 0.58
Ca 0.94 0.02 0.07 −0.08 −0.03
Cd 0.23 0.32 0.78 0.01 0.27
Co 0.14 0.41 0.52 0.03 0.53
Cr −0.04 −0.01 0.05 0.70 0.08
Cu −0.09 0.66 0.08 0.22 0.04
Fe 0.34 −0.20 0.69 0.25 −0.12
K 0.15 0.52 0.15 0.03 −0.47
Li 0.10 0.77 −0.04 0.20 0.14
Mg 0.67 0.25 0.11 0.36 0.03
Mn 0.93 −0.01 −0.02 −0.09 0.03
Mo 0.03 0.09 0.07 −0.05 0.80
Na −0.06 0.64 0.06 −0.10 0.10
Ni 0.11 0.00 0.26 0.65 0.08
Pb −0.04 −0.38 0.52 −0.16 −0.23
Sb 0.09 0.23 0.82 −0.03 0.22
Sr −0.05 0.14 −0.43 0.54 −0.21
Zn 0.66 −0.02 0.57 0.06 0.03
Eigen values 4.56 2.36 2.03 1.49 1.16
% Total variance 25.4 13.1 11.3 8.30 6.43
%
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Cumul. variance 25.4 38.5 49.8 58.1 64.5

a Higher loadings are shown in bold.

ommon PCs with the macronutrients and essential metals and
ence the similar variations and sources. This situation calls for
comprehensive investigation on the role of macronutrients and

oxic metals in cancer patients in comparison with controls.
. Conclusions

In conclusion, the present study brings out marked differences
n the distribution and correlations of selected trace metals in the

[
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lasma of cancer patients compared with the healthy donor. On
he average basis, Cd, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Sr and Zn
re significantly higher in the plasma of cancer patients than
ontrols. Similarly, the gender-based variations of most of the
elected metals are also considerably different in the two groups
f donors. PCA and CA also support the different apportionment
echanism of trace metals in the plasma of cancer patients and

ontrols which evidences that the body metabolism in the cancer
atients is being significantly affected by the particular trace
etal concentrations.

cknowledgments

The funding by Higher Education Commission, Government
f Pakistan, to carry out this project is gratefully acknowledged.
hanks are due to the administration of POF Hospital, Wah Cantt
nd Christian Hospital, Taxilla, for their invaluable help during
he sampling.

eferences

[1] A. Prange, H. Boddeker, W. Michaelis, Multi-element determination of
trace elements in whole blood and blood serum by TXRF, Anal. Bioanal.
Chem. (Historical Archive) 335 (1989) 914–918.

[2] M.F. Robinson, J.M. McKenzie, C.D. Thomson, A.L. van Rij, Metabolic
balance of zinc, copper, cadmium, iron, molybdenum and selenium in
young New Zealand women, Br. J. Nutr. 30 (1973) 195–205.

[3] G.N. Schrauzer, D.A. White, C.J. Schneider, Cancer mortality correlation
studies. IV. Associations with dietary intake and blood levels of certain
trace elements, notably Se-antagonists, Bioinorg. Chem. 7 (1977) 35–56.

[4] D. Smith, M. Hernandez-Avila, M.M. Tellez-Rojo, A. Mercado, H. Hu, The
relationship between lead in plasma, and whole blood in woman, Environ.
Health Perspect. 110 (2002) 263–268.

[5] M. Krachler, E. Rossipal, D. Micetic-Turk, Concentrations of trace ele-
ments in sera of newborns, young infants and adults, Biol. Trace Elem.
Res. 68 (1999) 121–135.

[6] M. Wilhelm, U. Ewers, C. Schulz, Revised and new reference values for
some trace elements in blood and urine for human bio-monitoring in envi-
ronmental medicine, Int. J. Hyg. Environ. Health 207 (2004) 69–73.

[7] A. Albic-Juretic, A. Frkovic, Plasma copper concentrations in pathological
pregnancies, J. Trace Elem. Med. Biol. 19 (2005) 191–194.

[8] A. Aitio, J. Jarvisalo, Sampling and sample storage, in: R.F.M. Herber, M.
Stoeppler (Eds.), Trace Element Analysis in Biological Samples, Elsevier
Science, 1994, pp. 3–13.

[9] C. Minoia, R. Pietra, E. Sabbioni, A. Ronchi, A. Gatti, A. Cavalle, L.
Manzo, Trace element references values from inhabitants of the European
Community: III. The control of pre-analytical factors in the bio-monitoring
of trace elements in biological fluids, Sci. Total Environ. 120 (1992) 63–79.

10] J.W. Copius Peereboom, General aspects of trace elements and health, Sci.
Total Environ. 42 (1985) 1–8.

11] A.M. Reichlmayr-Lais, M. Kirchgessner, Limits of trace element contents
in organism as parameters for trace element metabolism, in: P. Bratter,
P. Schramel (Eds.), Trace Element Analytical Chemistry in Medicine and
Biology, Walterde Gruyter & Co., Berlin, 1980, p. 199.

12] I. Shtangeeva, V. Kulikov, Study of chemical element behaviour in health
and disease by means of neutron activation analysis and multivariate statis-
tics, Nutrition 11 (1995) 592–594.

13] H. Cunzhi, J. Jiexian, Z. Xianwen, G. Jingang, Z. Shumin, D. Lili, Serum
and tissue levels of six trace elements and copper/zinc ratio in patients

with cervical cancer and uterine Myoma, Biol. Trace Elem. Res. 94 (2003)
113–122.

14] F. Karadag, O. Cildag, M. Altinisik, L.D. Kozaci, G. Kiter, C. Altun, Trace
elements as a component of oxidative stress in COPD, Respirology 9 (2004)
33–37.



dous M

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

Q. Pasha et al. / Journal of Hazar

15] F.H. Nielsen, Trace and ultra race element in health and disease, Compr.
Ther. 17 (1991) 20–26.

16] E.B. Feldman, Dietary intervention and chemoprevention–1992 perspec-
tive, Prev. Med. 22 (1993) 661–666.

17] P. Bowen, Dietary Intervention Strategies: Validity, Execution and Inter-
pretation of Outcomes in Nutrition and Cancer Prevention, Kluyver
Academic/Plenum Publishers, 2000.

18] G.A. Kune, L.F. Watson, Case control study of dietary etiological factors;
the Melbourne colorectal cancer study, Nutr. Cancer 9 (1987) 1–29.

19] I.B. Weinstein, The origins of human cancer, Cancer Res. 48 (1988)
4135–4143.

20] M.R. Clemens, Free radicals in chemical carcinogenesis, J. Mol. Med. 69
(1991) 1123–1134.

21] M. Yaman, D. Atici, S. Bakirdere, I. Akdeniz, Comparison of trace metal
concentration in malign and benign human prostate, J. Med. Chem. 48
(2005) 630–634.

22] P. Borella, A. Bargelline, Casegrandi, L. Piccini, Observation on the use of
plasma, hair and tissue to evaluate trace element status in cancer, J. Trace
Elem. Med. Biol. 11 (1997) 162–165.

23] M. Zowczak, M. IsKra, L. Torlinskj, Coftas, Analysis of serum copper and
zinc concentration in cancer patients, Biol. Trace. Elem. Res. 82 (2001)
1–8.

24] H. Al-Sayer, T.C. Mathew, S. Asfer, M. Khourshed, A. Al-Bader, A. Behbe-
hani, H. Dashti, Serum changes in trace elements during thyroid cancers,
Mol. Cell. Biochem. 260 (2004) 1–5.

25] E.T. Snow, Metal carcinogenesis: mechanistic implications, Pharmacol.
Ther. 53 (1992) 31–65.

26] G.N. Schrauzer, The role of trace element in the etiology of cancer, in:
P. Bratter, P. Schramel (Eds.), Trace Element Analytical Chemistry in
Medicine and Biology, Walterde Gruyter & Co., Berlin, 1980, pp. 183–198.

27] M.K. Schwartz, The role of trace element in cancer, Cancer Res. 35 (1975)
3481–3487.

28] H.H. Sky–Peek, Trace metals and neoplasia, Clin. Physiol. Biochem. 4
(1986) 99–111.

29] S. Naveed, H.R. Hazel, D.C. McMillan, D. Talwar, D.S.J. O’Reilly, G.S.
Fell, Acute phase reactants and plasma trace elements concentration in
non-small cell lung cancer patients and controls, Nutr. Cancer 28 (1997)
308–312.

30] R.B. Hayes, The carcinogenicity of metals in humans, Cancer Causes
Control 8 (1997) 371–385, and references cited therein.

31] G. Drasch, J. Schopfer, G.N. Schrauzer, Selenium/Cadmium rations in
human prostrates. Indicators for prostate cancer risk of smokers and non-
smokers and relevance to the cancer protective effects of selenium, Biol.
Trace Elem. Res. 103 (2005) 103–107.

32] G.N. Schrauzer, Anticarcinogenic effects of selenium, Cell. Mol. Life Sci.
57 (2000) 1864–1873, and references cited therein.

33] L. Stayner, R. Smith, T. Schnorr, R. Lemen, M. Thun, Letter regarding
cadmium and lung cancer, Ann. Epidemiol. 3 (1993) 114–116.

34] D. Fanning, A mortality study of lead workers, 1925–1985, Arch. Environ.
Health 43 (1988) 247–251.

35] S.G. Selevan, P.J. Landrigan, F.B. Stern, J.H. Jones, Mortality of lead
smelter workers, Am. J. Epidemiol. 122 (1996) 673–683.

36] G.N. Schrauzer, Interactive effects of selenium and chromium on mammary
tumor development and growth in MMTV-infected female mice and their
relevance to human cancer, Biol. Trace Elem. Res. 109 (2006) 281–292.

37] M. Czauderna, M. Rochalska, Interaction between selenium and chromium

and distribution of zinc, rubidium, cobalt and iron in mice given chro-
mate ions and selenium compounds, J. Radioanal. Nucl. Chem. 134 (1989)
383–392.

38] G.N. Schrauzer, K.P. Shrestha, Y.B. Molenaar, S. Mead, Effects of
chromium supplementation on food energy utilization and the trace ele-

[

[

aterials 153 (2008) 1215–1221 1221

ment composition of the liver and the heart of glucose exposed young
mice, Biol. Trace Elem. Res. 9 (1986) 79–87.

39] V. Singh, A.N. Garg, Trace element correlations in the blood of Indian
women with breast cancer, Biol. Trace Elem. Res. 64 (1998) 237–245.

40] J.M. Davies, Lung cancer mortality among workers making lead chromate
and zinc chromate pigments in three English factories, Br. J. Ind. Med. 41
(1984) 158–169.

41] S. Langard, T. Vigander, Occurrence of lung cancer in workers producing
chromium pigments, Br. J. Ind. Med. 40 (1983) 71–74.

42] R.B. Hayes, A. Sheffet, R. Spirtas, Cancer mortality among a cohort of
chromium pigment workers, Am. J. Ind. Med. 16 (1989) 127–133.

43] J.M. Davies, D.F. Easton, P.L. Bidstrup, Mortality from respiratory cancer
and other causes in United Kingdom chromate production workers, Br. J.
Ind. Med. 48 (1991) 299–313.

44] B.J. Clodfelder, C. Chang, J.B. Vincent, Absorption of the biomimetic
chromium cation triaqua-3-oxo-�-hexapropionatotrichromium (III) in rats,
Biol. Trace Elem. Res. 97 (2004) 1–11.

45] K.S. Kasprzak, Possible role of oxidative damage in metal induced car-
cinogenesis, Cancer Invest. 13 (1995) 411–430.

46] Sunderman Jr., Mechanisms of nickel carcinogenesis, Scand. J. Work Env-
iron. Health 15 (1989) 1–12.

47] P. Grandjean, O. Andersen, G.D. Nielsen, Carcinogenicity of occupational
nickel exposures and evaluation of the epidemiological evidence, Am. J.
Ind. Med. 13 (1988) 193–210.

48] T.M. Schnorr, K. Steenland, M.J. Thun, R.A. Rinsky, Mortality in a cohort
of antimony smelter workers, Am. J. Ind. Med. 27 (1995) 759–770.

49] R. Lauwerys, D. Lison, Health risks associated with cobalt exposure—an
overview, Sci. Total Environ. 150 (1994) 1–6.

50] F.K. Ennever, Metals, in: A.W. Hayes (Ed.), Principles and Methods of
Toxicology, third ed., Raven Press, New York, 1994, pp. 417–446.

51] M.C. Linder, M. Hazegh-Azam, Copper biochemistry and molecular biol-
ogy, Am. J. Clin. Nutr. 63 (1996) 797S–811S.

52] A. Gupta, V. Shukla, M. Vaidya, S. Roy, A. Gupta, Serum and tissues trace
elements in colorectal cancer, J. Surg. Oncol. 52 (1993) 172–175.

53] J.T. Dabek, D.M. Hyvonen, M. Harkonen, H. Adlercreutz, Evidenced for
increased non-ceruloplasmin copper in early-stage human breast cancer
serum, Nutr. Cancer 17 (1992) 195–201.

54] P. Chappuis, A. Pineau, O. Guillard, J. Arnaud, R. Zawislak, Practical
advice concerning collection of biological fluids for determination of trace
elements, Ann. Biol. Clin. 52 (1994) 103–109.

55] K.S. Subramanian, Storage and preservation of blood and urine for trace
element analysis—a review, Biol. Trace. Elem. Res. 49 (1995) 187–210.

56] Y. Ren, Z. Zhang, Y. Ren, W. Li, M. Wang, G. Xu, Diagnosis of lung cancer
based on metal contents in serum and hair using multivariate statistical
methods, Talanta 44 (1997) 1823–1831.

57] StatSoft, Inc., STATISTICA for Windows, in: Computer Program Manual,
Tulsa, OK, 1999.

58] M. Tsukauda, S. Sawaki, S. Yanoma, Suppressed cellular immunity in
patients with nasopharyngeal carcinoma, J. Cancer Res. Clin. Oncol. 120
(1993) 115–118.

59] A. Khalique, S. Ahmad, T. Anjum, M. Jaffar, M.H. Shah, N. Shaheen,
S.R. Tariq, S. Manzoor, A comparative study based on gender and age
dependence of selected metals in scalp hair, Environ. Monit. Assess. 104
(2005) 45–57.

60] P.K. Hopke, Factor and correlation analysis of multivariate environmen-
tal data, in: C.N. Hewitt (Ed.), Methods of environmental data analysis,

Elsevier Applied Sciences, London, UK, 1992, pp. 139–180.

61] J.E. Jackson, A User’s Guide to Principal Components, Wiley, New York,
1991.

62] J.D. Jobson, Applied Multivariate Data Analysis, Springer-Verlag, New
York, 1991.


	Statistical analysis of trace metals in the plasma of cancer patients versus controls
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgments
	References


