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A B S T R A C T

Trace elements are crucial for vital enzymatic reactions in all metabolic processes. Zinc (Zn) acts as a co-factor
for many enzymes. Copper (Cu) and iron (Fe) have pro-atherogenic effects resulting in atherosclerosis. Aorta
exposing high pulsatile pressure is sensitive for atherosclerosis because of its fast metabolism and poor nutrition
by diffusion from vasa vasorum. We aimed to determine the relationship between serum Zn, Cu and Fe levels
with aortic and left internal mammary artery (LIMA) tissues in 33 atherosclerotic individuals who inevitably
underwent coronary artery by-pass graft (CBAG) surgery that is an end-point treatment for atherosclerosis. Trace
elements in serum and tissues were measured using inductively coupled plasma-optical emission spectro-
photometer. Pre-operative (Pre-op) serum Fe levels were statistically 46% higher than post-operative (Post-op)
values (p= 0.009). Aortic Fe level was 49.8% higher than LIMA Fe (p=0.0001). Our study points out the
tendency of aortic tissue to atherosclerosis via pro- atherogenic effect of Fe. LIMA, being a potential graft for
CBAG, is resistant to atherosclerosis with its intimal specialty of graft patency. In conclusion, serum Zn, Cu and
Fe levels in atherosclerotic CBAG patients might be monitored to reveal minor alterations pre-operatively and
post-operatively for ameliorating the treatment and life quality.

1. Introduction

Cardiovascular diseases (CVD) are the leading global cause of death,
accounting 1 of every 7 deaths in the United States and 45% of all
deaths in Europe. The financial cost of CVD in Europe is estimated €210
billion a year, moreover the estimated global cost of CVD would reach
$1044 billion by 2030 [1,2]. Turkey had a 6.7% prevalence of CVD in
1990 that gradually increased to 12.7% in recent years. The mortality
rates of CVD in Turkey that was 42% in 1990 reached a value of 39.8%
by the year 2010 [3,4]. CVD are related with several risk factors in-
cluding hypertension, diabetes mellitus, dyslipidemia and athero-
sclerosis [5–8].

Atherosclerosis is a chronic inflammatory process that includes the
thickening of arterial intima and proliferation of fibrous tissue [9].
Dyslipidemia is one of the most crucial leading pathologies among the
other atherosclerotic risk factors. The increase in low density lipopro-
tein (LDL) triggers an inflammatory site in vessel wall simplifying cell

adhesion and leukocyte infiltration towards intimal space [10].
Monocytes adhere to endothelial surface and differentiate to macro-
phages in sub-endothelial space promoting atherosclerotic plaque
growth. Tissue macrophages have the ability to endocytose modified
lipids resulting in foam cell formation [11]. The modification of LDL by
intimal vascular cells are accepted to be dependent on low levels of
trace elements like copper (Cu) and iron (Fe), whereas zinc (Zn) gov-
erns an important role in defense mechanisms [12].

Trace elements that constitute 0.02% of total body weight have vital
functions at biological, chemical and molecular levels whether as active
centers of enzymes or as being a cofactor for metabolic reactions
[13,14]. Zn is an antioxidant essential trace element for physiologic
membrane structure and enzymatic reactions. Zn plays a protective role
in atherosclerosis via inhibiting the formation of modified LDL, dis-
placing Cu and Fe from sensitive sites located on erythrocyte mem-
branes and LDL, and protecting the cell against oxidative stress
[15–17]. Zn deficiency is revealed to be associated with pro-
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atherogenic events and induction of inflammatory markers resulting in
CVD [18]. Cu is a transition trace element that is essential for various
enzymatic reactions carrying a dual effect of being both pro- and anti-
atherogenic property due to its level in serum and tissues. Cu promotes
LDL modification and foam cell formation in pro-atherogenic process.
Zn antagonizes Cu driven pro-atherogenic effects via balancing the
bioavailability and metabolism of Cu [10,17,19,20]. Fe is involved in
several metabolic processes, including oxygen transport, DNA synth-
esis, and electron transport [21]. Besides, Fe induces modification of
LDL and initiates the atherosclerotic plaque via pro-inflammatory cy-
tokines [9,22]. Increased Fe level in serum and tissues promote lipid
peroxidation in artery wall gradually resulting in atherosclerosis [5–8].

The structure of aorta differentiates due to its proximity to heart and
its response to unidirectional flow with high pressure. Aorta is prone to
atherosclerosis based on its mechanical and metabolic factors related
with the multiple fenestrations among its lumen [23–25]. Left internal
mammary artery (LIMA) has been used as an important potential graft
since 1970s for coronary artery by-pass graft (CBAG) surgery. LIMA is a
branch of subclavian artery located proximally to heart and supplies
oxygen and nutrients directly from its lumen differently from other
arterial grafts. LIMA has a potent biological function with its production
of vasodilatatory and platelet inhibiting factors. The specialty of LIMA
having fewer fenestrations, lower tendency of intimal hyperplasia and
less permeability at intercellular junctions prevents lipoproteins from
entering subendothelial space [26,27].

CBAG surgery is an end-point treatment for atherosclerotic patients,
thus the patency of the graft used in CBAG surgery is of great im-
portance [27]. The aim of our study is to analyse the effect of surgical
trauma on the serum levels of Zn, Cu and Fe and the resistance of LIMA
to atherosclerosis by means of tissue levels of Zn, Cu and Fe in 33 male
individuals inevitably underwent CBAG surgery. The patient group was
standardized by means of gender and biochemical parameters in order
to reveal the absolute effect of Zn, Cu and Fe over serum, aortic tissue
and LIMA tissue.

2. Materials and methods

2.1. Patient population

Thirty three male patients attended to the Outpatient Clinic of
Department of Cardiovascular Surgery at Kartal Kosuyolu State
Hospital in Istanbul were enrolled in the study. The patients were
grouped as Pre-op (24 h before the surgery) and Post-op (7 days after
the surgery in the clinic) prospectively after written informed consent
had been obtained. The study group was operated electively for CBAG
surgery due to coronary artery disease. The mean age of the study group
was 61.69 ± 5.65 years. Patients with congenital valvular disease
(bicuspid, unicuspid aortic valve), inherited connective tissue disease
(Marfan, Ehlers Danlos syndrome, Loeys-Dietz syndrome, and so on.),
redo cases, dissecting aortic aneurysm, ruptured ascending aorta an-
eurysms and patients with the diagnosis of malignancy and in-
flammatory diseases were not included to the study. Five patients were
excluded from the study with diagnosis of systemic infection (3), acute
renal failure (1) and acute myocardial infarction (1). The protocol was
approved by the local ethics committee (Kartal Kosuyolu Training and
Research Hospital, Ethics Committee; 2013.1/23) and conducted in
accordance with the Declaration of Helsinki.

2.2. Blood sample collection

Blood was drawn from the antecubital vein of each subject 24 h
before the surgery after twelve hours overnight fasting (Pre-op) and 7
days after the surgery (Post-op). Blood samples were collected in test
tubes containing citrate, ethylenediamine-tetraacetic acid (EDTA) and
test tubes without anticoagulant for biochemical analysis. Serum sam-
ples were obtained from Eppendorf tubes after centrifugation at

4000 rpm for 10min for trace element analysis. All serum samples were
kept in a −80 °C until the analysis.

2.3. Biochemical parameters assay

Biochemical parameters were analysed at the Biochemistry
Department of Kartal Kosuyolu Education & Research Hospital.
Hemogram was studied using electro impedance method with Coulter
LH 780 device of Beckman Coulter Company. Serum glucose, total
cholesterol, triglyceride (TG), high density lipoprotein (HDL) choles-
terol and creatinine were determined on a Hitachi Modular P analyser
using commercial kits (Roche Diagnostics, GmbH, Mannheim). LDL was
calculated using the Friedewald’s formula if the TGs were less than
4.5 mmol/L. Other biochemical parameters were studied using spec-
trophotometric method with Advia 2400 device of Siemens Company.

2.4. Premedication and anesthesia

Patients were premedicated with diazepam 10mg orally before the
night from surgery. The left radial artery was catheterized for arterial
monitorization. Electrocardiogram, systolic arterial pressure, central
venous pressure and pulse oximetry were monitozied throughout the
operation for hemodynamic stability. Urine output was monitorized
utilizing a Foley catheter in every patient intra-operatively and post-
operatively. 0.2mg/kg midazolam and 20 μg /kg of fentanyl were given
for the induction of anesthesia. 0.1 mg/kg rocuronium was given to
provide muscular relaxation before endotracheal intubation. Right in-
ternal jugular vein catheter was inserted for central venous catheter-
ization. The use of activated clotting time was held between 400–600 s
to optimize heparinization during the operation. Blood sugar level was
measured in half-hour intervals to keep blood glucose level below
200mg/dL.

2.5. Surgery technique

Cardiac arrest was supplied by antegrade cold blood cardioplegia
following the sternotomy and cardiac exploration procedure. LIMA
with its pedicule was resected up to subclavian artery in proximal
segment and up to the bifurcation of epigastrica superior artery and
musculophrenica artery in distal segment. The sub-branches of LIMA
were cut by utilizing metallic clips. LIMA accompanied with its per-
ipheral surroundings were protected in pleural space in a sterile gause
embedded with papaverin until the anostomosis. The myocardium was
protected continuously by retrograde blood cardioplegia with po-
tassium during the operation. Systemic perfusion output and systemic
perfusion pressure were maintained between 2.4 L/min/m2 and
50mmHg, respectively.

Aorta punch biopsy samples and LIMA samples were prepared from
the identical individual undergone CBAG surgery and were stored at
−80 °C until trace element analysis.

2.6. Tissue preparation

The tissue samples were weighed and transferred into metal-free
glass tubes for digestion. All the glassware was kept in 10% (v/v) nitric
acid solution before use. The samples were first digested with 2mL of
concentrated nitric acid at 100 °C in the furnace (Heraeus W.C. Heraeus
GmbH, Hanau, Germany) and 2mL of perchloric acid was added to the
cooled materials. The materials were then completely digested at 120 °C
until the materials diminished to half of the original total volume.
Digested materials were diluted with deionized water to 10mL. The last
dilutions of the samples were mixed in a shaker for 15min just before
measurement. Results were calculated as μg/g wet weight (μg/gtissue)
[28]. 1 mL of serum was diluted in deionized water to 10mL and then
vortexed before the analysis [29]. Serum Zn, Cu and Fe levels of serum
samples were indicated in microgram per milliliter (ppm = μg/mL).
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2.7. Trace element measurements

The analysis of serum levels of Zn, Cu and Fe were measured using
inductively coupled plasma-optical emission spectrophotometer (ICP-
OES) (iCAP 6000 series, Thermo Fischer Scientific Inc., Istanbul,
Turkey) at the Trace Element Analysis Laboratory at Biophysics
Department of Cerrahpasa Medical Faculty. The ICP-OES system used
was an emission spectrophotometer prepared with the plus auto sam-
pler and was controlled by a computer. ICP-OES was operated under
acceptable circumstances including choosing the favorable wavelength
for Zn (206.200 nm), Cu (324.7 nm) and Fe (259.9 nm) with plasma gas
flow rate 5 L/min, argon carrier flow rate of 0.5 L/min, sample flow rate
of 1.51 L/min, flow rate of elusion, and peristaltic pump speed of
100 rpm. All reagents were of analytical reagent grade, and daily
deionized water was used. Stock solutions of Zn, Cu and Fe were pre-
pared by taking appropriate amounts of standards in daily deionized
water. All work was done on a clean bench to decrease the risk of
contamination from ambient air and dust. All the glassware used was
cleaned by being soaked in with 10% (v/v) nitric acid solution for 1 day
before use. These were rinsed thoroughly with deionized water and
dried in an oven overnight at 100 °C.

2.8. Statistical analysis

Statistical analysis was performed with SPSS (Statistical Package for
Social Sciences) for Windows 17.0. For comparison of parameters be-
tween the independent groups (Aorta-LIMA), Independent Sample t-test
and Mann-Whitney U test were used for parametric and non-parametric
groups, respectively. Paired Sample t-test and Wilcoxon test were used
in parametric and non-parametric dependent groups (Serum Pre-op and
Post-op), respectively. On the other hand, the Pearson correlation test
(for parametric groups) and the Spearman correlation test (for non-
parametric groups) was used for determination of correlation. The
mean and median values were presented along with their 95% con-
fidence interval. Data are presented as the mean ± standard deviation
(SD). All the analyses were assumed statistically significant at p< 0.05.

3. Results

Demographic data and biochemical parameters of the study group
in Pre-op are given in Table 1. Serum Zn levels were 3.6% lower in Post-
op compared with Pre-op with no statistical significance. Serum Cu
levels were 17% higher in Post-op compared with Pre-op (p= 0.018).
Serum Fe levels were 31% lower in Post-op compared with Pre-op
(p=0.009). Serum Cu/Zn ratio values were 26.8% higher in Post-op
compared with Pre-op (p=0.015) (Table 2).

Zn and Cu levels in aorta tissue were respectively 8.7% and 20.3%
higher than LIMA with no statistical significance. The Cu/Zn ratio va-
lues were 0.8% higher in aorta tissue than LIMA with no statistical
significance. Aorta tissue had 49.8% statistically significantly increased
levels of Fe compared with LIMA (p=0.0001) (Table 3).

Fe level in aorta was positively correlated with the Zn Pre-op level
in serum (r= 0.439, p=0.041) and Zn level in LIMA (r= 0.622,
p=0.004). Zn level in aorta was positively correlated with the Fe level
in aorta (r= 0.718, p=0.0001) and the Cu level in aorta (r= 0.627,
p=0.001). The Zn Post-op level in serum was positively correlated
with the Cu Post-op level in serum (r= 0.717, p=0.0001), the Fe Pre-
op level in serum (r= 0.508, p=0.022) and the Fe Post-op level in
serum (r= 0.488, p= 0.018) (r:correlation coefficients).

4. Discussion and conclusion

The main reasons associated with pre – operative and post – op-
erative trace element alterations in CBAG surgery have not been fully
elucidated [13,30]. Individuals are faced with a secondary trauma with
CBAG surgery besides their clinical syptoms of atherosclerosis. Trace

elements in serum and plasma are closely related with the tonicity of
body as other proteins and soluble molecules. Fluid replacement
therapy (FRT) for CBAG patients is standard for all individuals except
special conditions related with the patient. Thus, any minor alteration
of a trace element(s) in atherosclerotic patients might be of great
clinical importance in this catabolic and anabolic time period [31–33].
The aim of our study is to investigate the surgical trauma effect on
serum levels of Zn, Cu and Fe and LIMA’s resistance to atherosclerosis
via tissue levels of these trace elements in CBAG surgery.

Our study revealed that Zn, Cu and Fe tended to accumulate in aorta
and LIMA tissues. Serum levels of Zn and Cu decreased without any
significance. Aortic tissue is induced by inflammatory effect of in-
creased serum pre-op Fe level, whereas LIMA is protected from in-
flammation and atherosclerosis being a potential graft for CBAG sur-
gery.

Zn functions as a stabilizer of molecular structure and membranes,

Table 1
Demographic data and biochemical values (Mean ± SD).

Pre -op (n= 33)

Age (year) 61.69 ± 5.65
BMI (kg/m2) 27.06 ± 3.72
SBP (mmHg) 116.00 ± 18.25
DBP (mmHg) 70.10 ± 8.35
Hgb (g/dL) 14.41 ± 1.41
Hct (%) 39.72 ± 6.08
Creatinine (mg/dL) 1.00 ± 0.14
Urea (mg/dL) 44.2 ± 0.7
TC (mg/dL) 202.69 ± 15.55
TG (mg/dL) 198.8 ± 114.55
LDL (mg/dL) 116.85 ± 3.53
HDL (mg/dL) 41.36 ± 3.53
TC/HDL 5.42 ± 1.41
LDL/HDL 3.01 ± 0.38
Glucose (mg/dL) 91.06 ± 9.05
Fibrinogen (mg/dL) 124.51 ± 53.59
WBC (103/mL) 7.88 ± 0.50
CRP (mg/dL) 3.59 ± 0.62

Pre-op: 24 h before the surgery; BMI: Body mass index; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; Hgb:
Hemoglobin; Hct: Hematocrit; TC: Total cholesterol; TG:
Triglyceride; LDL: Low density lipoprotein; HDL: High density
lipoprotein; WBC: White blood cell; CRP: C-reactive protein.

Table 2
Serum Zn, Cu, Fe levels and Cu / Zn ratio of study groups.

Parameters Pre-op (n=33) Post-op (n= 33) p

Zn (μg/mL) 0.883 ± 0.259 0.851 ± 0.408 0.858
Cu (μg/mL) 1.178 ± 0.356 1.419 ± 0.378* 0.018
Fe (μg/mL) 0.940 ± 0.445 0.645 ± 0.340** 0.009
Cu / Zn 1.475 ± 0.537 2.017 ± 0.756* 0.015

Zn: Zinc; Cu: Copper; Fe: Iron; Pre-op: 24 h before the surgery; Post-op: 7 days
after the surgery. Mean ± SD. Serum Pre-op vs Serum Post-op.
* p < 0.05.
** p<0.01.

Table 3
Zn, Cu, Fe levels and Cu/Zn ratio in aorta and LIMA tissues.

Parameters Aorta (n= 33) LIMA (n=33) p

Zn (μg/gtissue) 18.89 ± 7.32 17.23 ± 7.06 0.509
Cu (μg/gtissue) 2.245 ± 0.956 1.790 ± 1.065 0.155
Fe (μg/gtissue) 20.78 ± 8.12 10.43 ± 5.04 *** 0.0001
Cu / Zn 0.125 ± 0.042 0.124 ± 0.086 0.719

Zn: Zinc; Cu: Copper; Fe: Iron; LIMA: Left internal mammary artery.
Mean ± SD. Aort vs LIMA.
*** p< 0.001.
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participates in synthesis and degradation of biomolecules [15,19,34].
Reiterer et al. [18] reported that plasma lipids increased in zinc-defi-
cient mice. Stadler et al. [16] emphasized the protective effect of Zn
against atherosclerosis in lesions of post-mortem aorta tissues. On the
contrary, a study with carotid atherosclerosis revealed out that there
was no significance by means of serum Zn between atherosclerotic and
healthy subjects [17]. Stoppe et al. [31] stated in their study of CBAG
surgery that Pre-op serum Zn level was higher than Post-op, consistenly
with our results. Iyigun et al. [32] revealed in their sudy concerning
CBAG surgery that Pre-op serum Zn level was statistically higher versus
Post-op serum Zn levels analysed 1 h after admission to intensive care
unit (ICU). Conversely, Cebi et al. [5] demonstrated that serum levels of
Zn in CVD patients decreased with no significance. Our study results
concluded that serum Zn level was higher in Pre-op compared with
Post-op with no significance. The reason of this decrement between Pre-
op and Post-op might be due to consumption of Zn in inflammatory
process due to CBAG surgery and to hemodilution after CBAG surgery
in ICU. Another reason of Zn decrease at Post-op might be redistribu-
tion of Zn from serum to tissues for wound healing and epithelization at
the sites of surgery. Post-op serum Zn levels were positively correlated
with Post-op serum Cu levels, Pre-op serum Fe levels and Post-op serum
Fe levels. Pre-op serum Zn levels were positively correlated with Fe
levels in aorta. All these correlations between Zn and, Cu and Fe might
indicate the balance of Zn against the inflammatory and anti-athero-
genic effects of Cu and Fe.

Cu is crucial in the structure and function of many enzymes cov-
ering dismutase, cytochrome C oxidase and lysyl oxidase [35]. Cu
promotes lipid peroxidation and atherosclerosis with its pro-athero-
genic property [17]. Serum Cu level was found to be strongly associated
with CVD mortality among US adults in 1999 [20]. Cebi et al. [7] de-
monstrated that serum levels of Cu decreased in CVD patients in-
dicating the anti-atherogenic feature of Cu. Moreover, Yan et al. [36]
reported that low serum Cu levels at the onset of the surgery decreased
to minimum levels at the end of CBAG surgery. However, Reunanen
et al. [37] and Lukaski et al. [38] both reported increased serum levels
of Cu in CVD patients in 1990s. Similarly, Iyigun et al. [32] recently
determined that Pre-op serum Cu level was statistically significantly
higher compared with Post-op serum Cu levels analysed 1 h after ad-
mission to ICU. Serum Cu levels could diminish due to per – operative
and post – operative hemodilution in CBAG surgery [39]. The differ-
ence between our study and the study by Stoppe et al. [31] was that
serum Cu levels decreased at post-op 1st hour after CBAG surgery
compared with pre-op values. Consistently with our study, Antila et al.
[33] Cu levels decreased intraoperatively to 44% of preoperative va-
lues, but increased to two-fold values on the seventh day after CBAG
surgery. Our study results concluded that serum Cu level was higher in
Post-op compared with Pre-op (p < 0.05) proposing that inflammatory
burden effect of CBAG surgery on serum Cu. Aortic Cu levels were
positively correlated with aortic Zn levels emphasizing the protective
effect of Zn over Cu metabolism.

Moreover, aorta Zn and Cu levels in our study were higher than
LIMA Zn and Cu levels with no significance. We may explain higher
aorta Zn and Cu level compared with LIMA Zn and Cu with the fact that
the inflammatory effect of Cu over aorta might be balanced with higher
Zn level in LIMA. Besides, aorta is encountered with high pulsatile
pressure throughout its endothelium having less elastic lamina and
more muscle tissue. LIMA is contrarily nourished with intraluminal
diffusion with a continuous elastic lamina. Post-op serum Cu/Zn ratios
were statistically higher than Pre-op serum value (p < 0.05) probably
indicating the increased inflammatory effect of surgery beyond the
basic inflammation. Moreover, Cu/Zn ratio in LIMA in our study was
lower than aortic tissue value with no statistical significance. Lower Cu
/ Zn ratio in LIMA might be defined with its specialty of being resistant
to atherosclerosis.

It has been known that high serum Fe level induces the in-
flammatory process stimulating lipid peroxidation [9,21,33]. Antila

et al. [33] reported in 1988 that Fe levels statistically decreased
reaching a half value by the seventh day after CBAG surgery. The study
related with CBAG determined pre-op serum Fe level was statistically
significantly higher compared with post-op serum Fe levels analysed 1 h
after admission to ICU, consistently with our study [32]. With regard to
serum Fe level in our study, Pre-op Fe level was higher than Post-op
(p < 0.01). Besides, aorta Fe level was higher than LIMA Fe level
(p < 0.001). Fe facilitates oxygen delivery to all cells and tissues in-
cluding aorta. Aorta exposing high pulsatile pressure is sensitive for
atherosclerosis because of its fast metabolism and poor oxygenation.
Arterial grafts acquire vasa vasorum for their oxygenation, nutrition
and stability, whereas LIMA has long vasa vasorum just located from its
adventitia to its media for luminal oxygenation and nutrition [26].
That’s why LIMA is more successful than the other arterial or venous
grafts. This data might be supported by our finding of a negative cor-
relation between Zn levels of LIMA. There was a positive correlation
between aortic Fe levels with Zn levels in aorta and LIMA tissue em-
phasizing the defensive effect of Zn over Fe.

Our study points out that aorta is prone to atherosclerosis compared
to LIMA due to different metabolism of Zn, Cu and Fe. Inflammatory
effects resulting in atherosclerosis can be explained with higher content
of Fe both in serum and aortic tissue. The decrease in inflammatory
effects of serum Fe ameliorated after CABG surgery even in seven days.
Higher Zn content of serum and aortic tissue accompanied with higher
Cu content of aortic tissue can be defined with the defensive property of
Zn against atherosclerosis over Cu. We can hypothesize that LIMA has
improved oxygenation and nourishment in cardiac tissue indicating its
graft patency after CBAG surgery. Serum Zn, Cu and Fe levels in
atherosclerotic individuals and CBAG patients should be monitored
during diagnosis and periods covering pre-operative, intra-operative
and post-operative follow-up to reveal minor alterations. Further de-
tailed studies based on a long-term follow-up are warranted to clarify
all the details about minor differences of Zn, Cu and Fe in CBAG pa-
tients.

The limitations of the current study are that our research was held
in males in a short period of time not including the oxidative stress
biomarkers (such as GSH and MDA) as a pilot study. We scheduled a
study covering 33 males in order to get rid of gender differences. The
study period referred to a time approximately one week to line out
alterations of trace elements at a glance before and just after the sur-
gery.

The interactions of other atherogenic and protective trace elements
and mineral except from Zn, Cu and Fe were not evaluated in this study.

Our plans for future are wide-based studies conducted with both
genders using oxidative stress biomarkers and other trace elements and
minerals based on a longer time period.
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