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Most literature examined the effect of nickel on experimental animals. The present study investigated the
cardiovascular responses in human due to occupational nickel exposure. Cross-sectional comparative
study including fifty electroplating male workers exposed to nickel and 43 controls that underwent
guestionnaire, clinical examination and ECG. Air and urinary nickel concentrations, serum lipids,
apolipoprotein E, high sensitive C-reactive protein and fibrinogen were measured. Urinary Nickel level
was significantly higher among the exposed workers. Dyspnea with mild exertion and blood pressure
were significantly higher in nickel -exposed workers. Urinary nickel levels were significantly higher
among the hypertensive compared to the normotensive workers. Abnormal QRS complex, axis deviation
and T-wave ECG findings were significantly higher among exposed workers. Total cholesterol and low
density lipoprotein were significantly higher while apolipoprotein E, high density lipoprotein were
significantly lower among exposed workers. These findings suggest cardiovascular influences due to

nickel exposure.
Keywords: Nickel-exposed workers; ECG; blood pressure, lipids, inflammatory markers

INTRODUCTION significant increase of human health risks due to

Nickel (Ni) is a widely used metal, particularly
in various alloys, stainless steel, batteries and Ni-
plating. Occupational exposure to Ni occurs due
to Ni release into air, or skin contact with Ni-
containing or Ni-plated tools. Occupational
exposures may lead to the retention of 100 yg/day
of Ni (Grandjean, 1984). Previous studies stated
that exposure to Ni may link to the cardiovascular
diseases as hypertension and atherosclerosis
(Cuevas et al., 2010; Ying et al., 2013).

The few laboratory-based studies considering
Ni cardiovascular toxicity included exposures at
higher concentrations than those considered to be
related to surrounding air exposures (Campen et
al., 2001; Muggenburg et al., 2003). A previous
study (Lippmann ET AL., 2006) represented a

exposures to Ni in air mainly to cardiovascular
risks. They concluded that Ni was particularly
influential in producing cardiovascular responses
in humans.

In Ni refinery workers, significant increased
risks of cardiovascular diseases were
demonstrated (Chashschin et al, 1994).
Particulate matter (PM) arising from most pollution
sources contain metal ions such as Ni beside
other several ions and trace elements (Jaiprakash
et al., 2017). Metals accompanying the inhaled
PM have the ability to transfer from lung into
systemic circulation causing adverse effects on
cardiovascular system (Wallenborn et al., 2007).
Lung inflammation may lead to systemic
inflammation (Yamawaki and Iwai, 2006), causing
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many cardiovascular diseases (Sin and Man,
2003).

An animal study has reported cardiovascular
toxicity of PM metal components including Ni
(Chuang et al., 2013). Some studies suggested
that inhaled Ni can provoke systemic
cardiovascular effects (Campen et al., 2001;
Lippmann et al, 2006). Moreover, another
previous study (Brook, 2008) suggested that
atherosclerosis which resulted from the chronic
effects of air particles on the cardiovascular
system may be due to production of a chronic
proinflammatory state.

Elevated systemic inflammatory markers may
increase the risk for cardiovascular diseases with
prediction  for  undesirable  cardiovascular
outcomes, but without clear exact mechanism
(Kim et al., 2005).

C-reactive protein (CRP), an acute phase
serum protein secreted by liver, is the portent in
chasing inflammatory markers and highly specific
in predicting cardiovascular risks (Devaki et al.,
2001). CRP was broadly considered a biomarker
in combination with a lipid profile to provide extra
information about cardiac disease risk in humans
(Koenig et al., 2006).

Fibrinogen is an acute-phase reactant,
meaning that high fibrinogen levels can be seen in
the following conditions: "inflammation, tissue
damage/trauma infection, acute  coronary
syndrome, strokes, myocardial infarction, cancer
and peripheral arterial disease". Many health
practitioners believe that fibrinogen activity
measurements give them extra information that
may lead them to be more forceful in treating
those risk factors that they can treat such as
unhealthful levels of cholesterol (Monroe et al.,
2010).

Apo lipoprotein E (APO-E) is a class of
apolipoprotein secreted by liver responsible for
the metabolism of triglycerides and cholesterol
(Song et al., 2004). It plays a key role in regulating
the clearance of triglyceride-rich lipoproteins as
VLDL and HDL from the plasma by serving as the
ligand for binding to specific cell-surface
receptors, including the LDL receptor family
members (Holtzman et al., 2012; Huang and
Mahley, 2014). Previous studies showed that APO
E has proinflammatory properties and mediates
the presentation of lipid antigens to the immune
system and in thus lead to chronic inflammation
(vandenElzen et al., 2005; Mooijaart et al., 2006).

Till now, few studies examined occupational
Ni exposure effects on the cardiovascular system
among workers. Most literature on Ni comes from

toxicological studies that examine the effect of Ni
on experimental animals. However, the inferences
from such studies could not be adopted unless
verified and reinforced by further evidences from
human or epidemiologic studies. The present
study investigated the cardiovascular responses
due to occupational Ni exposure.

MATERIALS AND METHODS

Study design and population

The present study was done at a Ni-
electroplating factory located in Greater Cairo
Governorate, Egypt. Recruitment of the
participants lasted three months from August to
October 2016. The present study was a cross-
sectional comparative study that included two
groups: Ni-exposed workers (n=50) representing
all available Ni-exposed workers and controls
(n=43). Both groups were all males non- smokers
with comparable ages (45.8£10.1 vs. 42.916.9
years respectively) and body mass index.

Ni-exposed workers had a mean duration of
exposure 22.6+11.4 years. Controls were clerks
from administration jobs with no past or current
history of occupational exposure to heavy metals.

Exclusion criteria: past medical history of
hypertension or cardiovascular diseases prior to
present job, diabetes mellitus, evidence of chronic
liver diseases, kidney diseases, thyroid diseases
and regular drug intake (e.g. antihypertensive
medication) or anti-inflammatory drugs and
statins, or injuries which may raise the level of C-
reactive protein (CRP) and gives a falsely
elevated estimate.

Methods

1- Environmental air samples of the factory
were collected using personal air sampler over an
8-hour morning shift from 9 am to 5 p.m. Three
samples were collected from the factory from
three different departments at the respirable zone
of the Ni-exposed workers. The filter paper was
sent to NRC labs to analyze the precipitated dust

using atomic absorption spectrophotometry
(SOLAAR-UNICAM 989) Perkin Elmer, Jena,
Germany.

2- An interview questionnaire was filled by all
participants. The questionnaire  comprised
personal data, smoking habit, occupational
history, past and current medical history.

3- All participants were submitted to clinical
examination including pulse rate and blood
pressure. A standard mercury
sphygmomanometer with a 14-cm cuff was used

Bioscience Research, 2019 volume 16(1):500-513 501



Beshir et al.,

Cardiovascular responses among nickel occupationally exposed workers

to measure systolic BP (SBP) and diastolic BP
(DBP) in the sitting position. According to Blood
Pressure UK Association, if the SBP is 140 or
more regardless the DBP or the DBP is 90 or
more regardless the SBP refers to high blood
pressure. Blood pressure (140/90 or higher) refers
to hypertension (Blood Pressure UK Association,

2008).
4-Electrocardiogram (ECG) was done using
CARDIMAX  portable apparatus, FX-7102

electrocardiograph Ver.02. FUKUDA DENSHI
CO., LTD. Japan. The ECG was interpreted by a
clinician (one of the authors) according to
(Goldberger et al., 2017):

P wave: A positive wave representing atrial
depolarization, duration: 0.08 seconds

PR interval: 0.18 seconds

QRS complex: represents depolarization of
the ventricles and interventricular septum, 0.08
seconds

ST segment: an isoelectric segment

T wave: A positive wave representing
ventricular repolarization, 0.16 seconds

QT interval: Normally 0.44 seconds

Axis: The electric axis of the heart normally
makes an angle of — 30 degree to + 110 degree

Axis less than — 30 means left axis deviation
and more than + 110 degree means right axis
deviation- (Goldberger et al., 2017)

- We interpret the results of ECG findings as
(Normal and Abnormal)

5- A random morning urine sample was
collected from each participant in a plastic
container and centrifuged at 4500 rpm for 10 min;
then the top 15 ml of the supernatant was stored
frozen at —20°C in aliquots without preservatives
until urinary Ni was measured. Prior to metal
determination, all samples were digested using
nitric acid, where it is an acceptable matrix for
flame atomic absorption and it is also used to
provide acceptable and consistent recovery
compatible with the analytical method (Rice et al.,
2015). All heavy metal analyses were performed
on Agilent 5100 Inductively Coupled Plasma —
Optical Emission Spectrometer (ICP-OES) with
Synchronous Vertical Dual View (SVDV).

6- Blood sample was collected with 5 ml
syringes and divided in 2 parts, one part collected
as clotted blood and centrifuged to separate
serum to estimate lipid profile including: serum
total cholesterol (TC), high density lipoprotein
cholesterol (HDL-c), triglycerides (TG). APO E
and high sensitive CRP (hs-CRP) were also
measured. The other part of blood sample was
collected on an anticoagulant citrate and

centrifuged to separate plasma to estimate
fibrinogen levels. The serum and plasma samples
were immediately frozen at —20°C until analyzed.

Laboratory investigations

- Serum TC was measured by enzymatic
colorimetric test-GPO-PAP Method (Roeschlau et
al., 1974).

- Serum TG was measured by enzymatic
colorimetric test-GPO-PAP Method (Jacobs and
Vandemark, 1960).

- Serum HDL-c was measured using the
precipitaion with phosphotungstic acid (Lopes-
Virella et al., 1977).

All the previous kits were purchased from

Centronic GmbH AM Kleinfeld 11, 85456
Wartenberg/Germany
- Serum very low density lipoprotein

cholesterol (VLDL-c) was calculated (Lopes-
Virella,et al 1977) VLDL = TG/5

-Serum low density lipoprotein cholesterol
(LDL-c) was calculated (Lopes-Virella,et al 1977).
LDL-c = TC-(HDL-c+ VLDL-c)

-Determination of serum Human Apo E
Quantikine ELISA Kit: R&D Systems Inc.
Minneapolis, USA

-Determination of serum hs-CRP by a
microplate immunoenzymometric assay Monobind
Inc., AccuBind Elisa wells, USA (Kimberly et al.,
2003).

-Fibrinogen  processing:  Electromagnetic
mechanical clot detection; 2 mL from cuvette is
run through an automated machine (COATRON R
M1) that physically detects the coagulation factor
using Dia-FIB fibrinogen reagent DIAGON Ltd.
Budapest, Hungary. The method of Clauss relies
on the excess amount of thrombin, which forms
fibrin rapidly. In this case the logarithm of clotting
time (thrombin time in sec) is directly proportional
to the logarithmic concentration of fibrinogen (mg
/dl) (Koepke et al., 1975).

7- The data was statistically analyzed using
the “Statistical Package for Social Science
(SPSS) version 18 Inc., Chicago, IL, U.S.A.”.
Independent t-test and chi-square (X?) were used
to compare quantitative and qualitative data of the
studied groups. Pearson’s bivariate correlation
coefficient was also calculated. The alpha level of
significance was set at p< 0.05.

RESULTS

The environmental measurements recorded
that the mean value of Ni concentration was
9.7+0.75 pg/ms. The percentage of dyspnea with
mild exertion was statistically significantly higher
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in Ni-exposed workers compared to controls
(54.0% vs. 18.6% respectively) X2 =10.9 and P

value (0.001).

Tablel: Mean levels of blood pressure and heart rate and Percentage distribution of abnormal
ECG findings among Ni-exposed workers and controls

ECG findings N|-el\j<:psoosed Cc|>\ln:tArrgIs statistic | p-value
Abnormal QRS complex 19(38.0%) 4 (9.3%) 8.7% 0.003**
Left axis deviation 17 (34.0%) 4(9.3%) 6.7% 0.010*
Abnormal T wave 17(34.0%) 6 (14.0%) 4.2 0.040*
Irregular rhythm 14 (28.0%) 21(48.8%) 3.4 0.298
Abnormal P wave 13(26.0%) 5 (11.6%) 2.2% 0.137
Abnormal P-R interval 3(6.0%) 0(0.0%) 1.1~ 0.246
Abnormal S-T interval 10 (20.0%) 4(9.3%) 1.3 0.251
Abnormal Q-T interval 5(10.0%) 0(0.0%) 2.8% 0.059
SBP (mmHg) 130.0+15.0 | 121.9+11.4 3.0t 0.004**
DBP(mmHQ) 89.2+11.8 82.31+7.2 3.5 0.001**
Heart rate (beat/minute) 76.0£13.8 73.848.7 0.9t 0.352

X2 chi-square;t, independent t-test, ECG ( electrocardiography); *, significant (p<0.05); **, highly significant (P<0.01).
Systolic blood pressure (SBP), Diastolic blood pressure (DBP).

As regards ECG, abnormal QRS complex, left
axis deviation and T-wave were the only ECG
findings that were significantly higher among Ni-
exposed workers compared to controls [tablel].

In Ni-exposed workers, the abnormal QRS
complex was shown as ventricular extra systoles
in 14 cases and wide M shaped QRS suggestive
of bundle branch block was found in 5 cases and
abnormal T-wave in the form of tall peaked in 15
cases and inverted in 4 cases. Cases are
diagnosed as arrhythmia? BBB or associated with
other abnormalites e.g. ST or P wave
abnormalities.

PR interval abnormalities were short in two
cases (diagnosed as arrhythmia), prolonged in
three cases (associated with T wave abnormality)
and variable in one case (arrhythmia). ST
intervals were elevated in 5 cases and depressed
in 5 cases, either alone or combined with T
changes. These cases are diagnosed as
ventricular arrhythmia, or ? bundle branch block
(BBB). QT changes were prolonged in 5 cases of
arrhythmia. Most cases of arrhythmia were
ventricular  extrasystole, but some cases
supraventricular and atrial arrhythmia were among
our workers.

Examples of these ECG findings in the Ni-
exposed workers were shown in [Figure 1]
including left axis deviation (a), ventricular
arrhythmia (in the long strip lead II) (b), M shape
QRS in V2 (suggestive of BBB) (c) and tall

peaked T wave in V3,4 (d).

Mean levels of SBP and DBP were
significantly higher in the Ni-exposed workers
compared to controls [tablel]. The percentage of
hypertensive cases were significantly higher in the
Ni-exposed workers compared to controls
(62%(31/50) vs 16.3%(7/43) respectively, X2
=19.1 and P=0.000).

Mean urinary Ni level was significantly higher
among the exposed workers (9.87+3.95 ug/L)
compared to the controls (6.9£1.69 pg/L) with t
test = 4.4 and P value (0.000).

Mean urinary Ni level was significantly higher
among the hypertensive  compared to
normotensive exposed workers group [table 2].

Apo E, HDL-c were significantly lower in the
exposed than the controls. TC and LDL-c were
significantly higher in the exposed than the
controls [table3].

Cumulative Ni exposure has no effect as all
measured parameters between the 2 subgroups
of the exposed group with urinary Ni level < 8 pg/L
and > 8 ug/L revealed no significant difference
(non-tabulated data). Also, there was no
correlation between urinary Ni level and duration
of exposure.

Figure (2):showed that in the present study,
the cutoff point of high risk is hs-CRP =4 mg/L.
We found that 55.9% (52/93) of the studied
groups had hs- CRP < 4 and 44.1% (41/93) had
hs—CRP < 4. HDL —-c was significantly lower in

Bioscience Research, 2019 volume 16(1):500-513 503



Beshir et al., Cardiovascular responses among nickel occupationally exposed workers

the studied groups with hs CRP>4 than those with that Apo E correlated negatively with TG and
hs- CRP <4 while fibrinogen was significantly VLDL-c. While Hs-CRP was positively correlated
higher in the studied groups with hs CRP>4 than with fibrinogen.

those with hs- CRP < 4 [table4]. Table 5 showed

Figure 1. Examples of commonly found ECG changes in the Ni-exposed workers (a) Left axis
deviation; (b) ventricular arrhythmia (in the long strip lead Il); (c) M shape QRS in V2 (suggestive
of BBB) (d) Tall peaked T wave in V3,4
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Table 2: Mean levels of urinary Ni among hypertensive and normotensive studied groups

Groups Blood Pressure groups | Mean | Std. Deviation | Ttest | P value
. Hypertensive 10.67 4.12 .
Exposed | u_Ni (ug/L) Normotensive 8.30 3.31 2.04 0.04
: Hypertensive 7.80 1.39
Control U_Ni (g/L) Normotensive 6.82 1.71 1.4 0.16

Urinary Nickel (u_Ni) , * Significant p < 0.05

Table 3: Mean levels of measured biochemical parameters among the studied groups

Exposed N=50 Controls N=43
Mean+SD MeanzSD t-test P-value
ApoE(ug/ml) 24.8+15.9 54.8+70.6 2.7 .004**
TC (mg/dl) 298.1+69.7 251.4+73.8 3.1 .002**
HDL-c(mg/dI) 32.946.5 40.3+10.5 4.0 .000**
LDL-c(mg/dl) 202.1+52.4 168.4+69.2 2.6 .010**
VLDL-c(mg/dl) 50.1+26.5 45.6+13.7 1.0 .302
TG(mg/dl) 250.3£132.7 220.9+66.8 14 174
Hs-CRP(ug/ml) 5.3£5.7 4.9+4.3 4 .687
Fibrinogen(mg/dl) 252.0+£137.2 245.2+86.9 3 773

TC (total cholesterol), HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; VLDL-c,
very low density lipoprotein cholesterol; TG (triglycerides); Apo E, apolipoprotein E; Hs-CRP (high sensitive C-
reactive protein); ** Significant p<0.01
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Figure (2):showed that in the present study, the cutoff point of high risk is hs-CRP =4 mg/L. We
found that 55.9% (52/93) of the studied groups had hs- CRP = 4 and 44.1% (41/93) had hs—CRP 2 4.
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Table 4: Mean levels of measured biochemical parameters among the studied groups according to
the level of Hs-CRP

Hs-CRP £4 mg/L (N=52) | Hs-CRP >4mg/L (N=41)
Mean+SD Mean+SD t-test | P-value
ApoE(ug/ml) 42.5+47.5 33.7456.1 0.8 .798
TC (mg/dl) 269.5+83.1 277.5+64.8 0.5 .086
HDL-c(mg/dl) 38.0+10.9 34.246.1 2.0 .005**
LDL-c(mg/dl) 180.8+67.2 188.2+60.2 0.6 .293
VLDL-c(mg/dl) 45.6+20.9 51.1+22.4 1.2 .253
TG(mg/dl) 227.7+104.3 248.0+112.6 0.9 257
Fibrinogen(mg/dl) 237.7+92.8 263.0+140.1 1.0 .005**

TC (total cholesterol), HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; VLDL-c,
very low density lipoprotein cholesterol; TG (triglycerides); Apo E, apolipoprotein E; Hs-CRP (high sensitive C-
reactive protein); ** Significant p<0.01
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Tableb: Correlation between the different measured biochemical parameters in the
exposed group

Serum | Serum | Serum | Serum Serum
TC TG | HDL-c | LDL-c | vLDL-c | 1S"CRP | Apo_E

Hs-CRP r -.008 .075 -.154 -.025 129

p .939 473 .140 .812 .220
Apo_E r -.179 -.213" 179 -.142 -.224" -.170

p .085 .040 .087 174 .031 .103
Fibrinogen | r -.065 -.116 147 -.063 -.109 237" -.037

p .533 .268 .159 .546 .298 .022 724

TC (total cholesterol), TG, triglycerides; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein
cholesterol; VLDL-c, very low density lipoprotein cholesterol; Hs-CRP (high sensitive c- reactive protein); Apo E,

apolipoprotein E; *, significant (p<0.05).

DISCUSSION

The environmental measurements recorded
that the mean value of "Ni' concentration was 9.7
+0.75 pg/m3, which was higher than
recommended exposure limit set by the "Agency
for Toxic Substances and Disease Registry"”
(ATSDR, 2005). But, this concentration was within
the normal limit set by the "Egyptian Law 4/1994,
Executive Regulations, Annex 6, Table 2,
Maximum Limit (Ceiling) of Emission of Ni".

As there is a good correlation between the
concentrations of Ni in the air versus urinary Ni of
exposed subjects, urinary Ni represents the most
suitable test for the assessment of occupational
exposure to this metal (Campurra and Agenti,
2010). The level of urinary Ni in Ni-exposed
workers of the present study was higher
compared to controls reflecting  higher
occupational exposure to Ni fumes and fine
particles in their work environment. Many studies
reported high wurinary Ni among Ni-exposed
workers in an electroplating factory compared to
their controls (El-Shafei, 2011; Beshir et al.,
2016), agreeing with the present study and
signifying higher exposure to Ni.

Ni, vanadium and iron contents of PM (2.5)
were significantly associated with increased SBP
among persons on antihypertensive treatment
(Jacobs et al., 2012), agreeing with the present
study. In the present study, the high SBP and
DBP of Ni-exposed workers might lead to
hypertrophy of left ventricle and subsequently
dyspnea. Dyspnea is the most typical and
common symptom of heart and lung diseases.
Impairment of heart muscle can build up pressure
within the lungs and the chambers of the heart,
generating the sensation of breathlessness
(Berliner et al., 2016).

Several mechanisms had been suggested in

raising BP in Ni- exposed' workers. Ni deposited
in the lung might transfer into the general circu-
lation and directly interrelate with cardiovascular
tissues to induce damage or inflammation through
oxidative stress (Yamawaki and Iwai, 2006).

In the presence of oxidative stress, reactive
oxygen species (ROS), cause tissue damage by
directly attacking and denaturing
functional/structural molecules. Oxidative stress
plays a serious part in the pathogenesis of
hypertension and cardiovascular disease (Vaziri
and Rodriguez-Itrube, 2006).

Ni exposure may elevate blood pressure by
allowing ROS production and ROS-mediated
inhibition of endothelium derived relaxing factor
(Ying et al.,, 2013). Ni may increase sympathetic
activity, as it act through a neural mechanism to
change cardiac autonomic function (Nurkiewicz et
al., 2006).

Also, Ni may perturb vascular smooth muscle
Ca2 signaling. It has been stated that Ni ions
provoke vasoconstriction and early after
depolarization in the heart and vasculature of
experimental animals by increasing Ca2+ influx
into vascular smooth muscle cells (Golovko et al.,
2003; Koller et al., 1982; Rubanyi and Kovach,
1980). Ni is an inorganic calcium antagonist
(Nossen et al.,, 1987). Release of intracellular
calcium is required for contraction of the heart
muscle. Consequently, changes in signaling due
to antagonism that stops real increase of cytosolic
calcium would possibly impair contractility (Pepine
et al., 2003).

Also, higher BP in the Ni- exposed workers
may be due to imitated hypoxia effect of Ni.
Replacement of iron by nickel in the oxygen
carrier, changes signal to permanent hypoxia
(Salnikow et al., 2000). As chronic hypoxia is
accompanied with increased sympathetic activity,
it increases heart rate (HR) and blood pressure
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(Oliveira et al., 2017).

Ni has also been shown to have effects on the
functionality of the heart. "The Prospective
Investigation of the Vasculature in Uppsala
Seniors" (PIVUS) study noticed that amplified Ni
was accompanied by left ventricular hypertrophy
and wall thickness (Lind et al., 2012). However, a
Chinese study established positive relation
between Ni and SBP (Wu et al., 2013).

ECG changes in the present study showed
very variable heart problems including axis
deviation, conduction problems (M shape of
QRS), depolarization problems of atria and
ventricles (P wave vs. QRS complex),
repolarization changes (T wave), suggesting a
generalized mechanism that involves the cardiac
muscle cells, the conducting system and the
electrical activity of the heart.

The findings of ECG in our exposed workers
may be due to the effect of Ni as a metal on
cardiac cells, both the muscle cells and the
conducting tissues i.e. SA node, AV node and the
rest of the conducting system. Similarity of Ni as a
metal and the ions responsible for the action
potential (AP) of the cells; depolarization and
repolarization changes can interfere with these
physiologic events in a manner causing these
pathological, heterogenous effects found in ECG.
Additionally, in the periodic table of elements, "Ni"
is cited near Na, K, and Ca (their ions which are
responsible for the AP changes of the cardiac
muscle cells) and all are classified as metals. Ni
may interfere with these ions during the (AP)
causing manifest pathological changes in ECG. In
addition, gene alterations, or oxidation reactions,
as suggested by the previously mentioned studies
may be the mechanisms by which Ni exert its
effects on cells (Yamawaki and Iwai, 2006; Vaziri
and Rodriguez-Itrube, 2006).

Another explanation for heterogeneous ECG
findings in the present work is that the effect of Ni
exposure as a xenobiotic is unique. It is not
expected to give the classic picture of the effect of
cardiovascular pathology on ECG. Thus, we did
find left axis deviation, but without voltage criteria
of left ventricular hypertrophy.

Elevated lipid profile may be due to disorder in
the metabolism of lipids or may be due to reduced
clearance from plasma which favoritisms liver
dysfunction. As a result hyperlipidemia,
hypercholesterolemia, premature atherosclerosis
and excessive deposition of fat occur (Mehra et
al., 2005).

HDL-c (protective against artherogenesis)
send back excess cholesterol deposited in blood

vessel walls to the liver for catabolism (Toth DF
and Wonger, 2003). In the present study, an
increase of LDL-c, TC, and TG levels and a
decrease in the HDL-c level in the exposed group
is agreeing with a previous study (Das et al.,
2006) findings. Liver illness arising from exposure
to Ni has been proposed to decrease the HDL-c
content, to cause dyslipidemia and disrupt the
biotic functions of HDL-c (Das et al., 2006).

Moreover, those authors (Das et al., 2006)
stated a mechanism which could explain the rise
of serum LDL-c, TC and TG and fall of HDL-c
observed in the present study. Changes in the
gene expression of hepatic enzymes like hydroxy
methylglutaryl-CoA reductase depresses LDL
receptor gene expression, interfering with
cholesterol uptake from the blood stream,
resulting in elevated levels of TC and LDL-c.
Lead-induced change in the gene expression of
hydroxymethylglutaryl-CoA reductase in rats has
been reported (Kojima et al., 2004).

In addition this study (Das et al., 2006) stated
that rise in TG in Ni exposed workers is possibly
due to a lack of activity of lipoprotein lipase in
blood vessels, which breaks up the triglyceride
inside the chylomicrons which could explain the
rise of TG in the current study.

The atherosclerotic process is characterized
by a low-grade inflammation changing the
endothelium of the coronary arteries and is
associated with an elevated level in inflammatory
markers (Madjid and Willerson, 2011). Ni
exposure may play a key role in leukocyte
recruitment in the vasculature leading to vascular
inflammation and dysfunction, resulting in worse
progression of atherosclerosis seen in mice
exposed to concentrated ambient-air fine PM (Sun
et al., 2005).

CRP decrease the appearance of nitric oxide
synthase and prostacyclin synthase, and binds
LDL-C and increase its uptake by macrophages,
also up-regulates the expression of adhesion
molecules on endothelial cell. All these
phenomena are associated with formation of
atherosclerotic plaques (Mehta et al., 2007).

Hs-CRP has been endorsed by several public
health organizations as a biomarker of
cardiovascular disease risk "(European
Association for Cardiovascular Prevention and
Rehabilitation, 2011; ACC/AHA Guideline on the
Assessment of Cardiovascular Risk. Circulation,
2014; National Lipid Association
recommendations for patient-centered
management of dyslipidemia, 2014)". A "MESA"
analysis established a mean hs-CRP level of 3.76
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mg/l, which did significantly differ between those
with and without future coronary events (Detrano
et al., 2008).

In the present study we found that hs-CRP
was significantly correlated with fibrinogen which
confirm the findings of previous studies (Pepys
and Hirschfield, 2003; Shishehbor and Bhatt,
2004; Ridker, 2007) which demonstrated that they
are markers for inflammation and predictors of
CVD. Also HDL—c was lower in the studied group
with hs CRP>4 which means that this group is at
risk for artherogenesis than the other group with
hs-CRP=4.

A previous study (Ridker et al., 2002) found
that the studied group with elevated hs-CRP and
decreased LDL-C was at larger threat for CVD
than the group with decreased hs-CRP and
elevated LDL-C levels. He found that hs-CRP was
a powerful predictor of CV actions than LDL-C,
however, screening for both biological markers is
more prognostic than either alone.

APO E is necessary for the normal catabolism
of triglyceride-rich lipoprotein constituents. It was
documented for its importance in lipoprotein
metabolism and CVD (Huang and Mahley, 2014).
It is produced by macrophages and its secretion
has been shown to be limited to classical
monocytes in peripheral blood, and the secretion
of Apo E by monocytes is down regulated by
inflammatory cytokines (Braesch et al., 2013).

Apo E in the present study was significantly
lower in the exposed group than the controls as it
is down regulated by inflammatory cytokines as
there is inflammation in the exposed group as
confirmed by the higher levels of hs-CRP which is
correlated with fibrinogen as acute phase
reactants. Also, Apo E was negatively correlated
with TG and VLDL-c which were higher in the
exposed workers than the controls.

Apo E has significant immunoregulatory
properties that could also play a role in Apo E
associated antiatherogenic  function  (Jofre-
Monseny et al., 2008).

Fibrinogen level in the exposed workers in the
present study was higher than the controls.
Previous studies (Scharrer et al., 2007; Jarvela et
al., 2013) found that workers exposed to steel
welding and grinding fumes and dusts, showed no
changes as regards the fibrinogen levels.
However, another study found decreased
fibrinogen levels among welders. This may be due
to the circadian variation of fibrinogen (Bremner et
al., 2000).

CONCLUSION

In conclusion, our findings among Ni-exposed
workers suggest that Ni was particularly influential
in producing cardiovascular responses in human.
Cumulative Ni exposure is not associated with
increased effect on the measured parameters.
Even if inflammatory markers (Apo E, hs-CRP,
fibrinogen) are not directly a part of causes of
CVD, they may be considered an early valuable
sign of clinical significance for possible diseases.
It might be recommended to incorporate follow-up
schedule of biometric measurements (such as
blood pressure, ECG, serum lipids and
inflammatory markers) into occupational health
services for Ni-exposed workers. Health education
and health promotion strategies and interventions
can be adopted by authorities of different levels.
Small sample size was a great limitation in the
current study as it was restricted to subjects with
complete Ni exposure and outcome data. Also,
evaluation of liver functions and oxidative stress
for the studied groups was another limitation in
the current study. More studies have to be done
to clarify the cellular and molecular mechanisms
of Ni action on cardiovascular system.

Follow-up of the hypertensive exposed
workers after giving them an antioxidant therapy
course as it will significantly improve the oxidative
stress and the hypertension is recommended.
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