Med. J. Cairo Univ., Vol. 78, No. 1, December 413-426, 2010

www.medi caljour nal ofcair ouniver sity.com

M echanism of Nickel and Chromium-Induced | mmunotoxicity and
Oxidative Stress. A Compar ative Study

MANAL H. AHMED, M.D.*; NASHWA M. EL-MAHDY, M.D.%; NEVEIN A. EL-DESSOUKY, M.D.3 and

LAILA A. RASHED, M.D.*

1
The Departments of Occupational and Environmental Medicine , National Egyptian Centre of Environmental and Toxicological
Research (NECTR) 2, Forensic Medicine and Toxicology > and Medical Biochemistry®, Cairo University.

Abstract

Introduction: Chromium (Cr) and Nickel (Ni) are examples
of commonly used industrial substances with negative long
time exposure on human health. One mechanism whereby
metals can alter health is through modulation of immune
homeostasis. They are capable of producing oxidative stress
and it is possible that this oxidative stress contributes to the
carcinogenic response of these metals.

Aim of the Work: The aim of this study isto highlight the
possible immunotoxic potential of both Cr and Ni in occupa-
tionally exposed workers, to investigate the oxidative stress
and their potential effects on glutathione peroxidase (GPx)
among workers exposed to both metals during el ectroplating
process.

Material and methods: The study was carried out in a hot
oven factory in electroplating sector in 6 th October city. The
studied popul ation included randomly selected 28 workers
exposed to chromium, 12 workers exposed tonickel and 20
workers not exposed to any metal as controls. Thorough
present and past history were taken. Full clinical examination
was performed. Both groups were matched as regards the age
and smoking habits.

Results: All workers were males with age ranging from
19 to 44 years with amean value of 29.95 +7.25. The duration
of exposure of workers ranged from 1 to 15 years with amean
of 6.05+4.06 years. Both Ni and Cr-exposed workers had
statistically significant high levels of tumor necrosis factor
(TNF-a) and IL-6 and in terleukin-6 (IL-6). Statistically
significant differences were found in CD3 and CD4 levels
but with higher CD8 level. Asregards the oxidative stress
markers, serum malondialdehyde (MDA) was significantly
higher in exposed groups when compared to the control group;
while the serum glutathione peroxidase (GPx) was significantly
lower in exposed groups.

Conclusion and Recommendations: Our study shows that
chromium and nickel cause significant deviationsin various
immune parameters with evidence of oxidative stressin
occupationally exposed workers. Medical surveillancein
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combination with biological monitoring can help to protect
the workers' health.

Key Words:  Cr — Ni — Immunomodul ation — Oxidative stress
— Biological monitoring.

Introduction

A LARGE number of active biological substances,
including heavy metals, may have direct, primary
or secondary effect on immune system. These
effects can be observed as change in vivo responses,
to the activities in specific immune system, as well
asto the functioning of cell population. Heavy
metals are of significant importance in altering the
Immune response by immunostimulatory or immu-
nosuppressive mechanism. Some of them can give
rise to disordered function of the immune system
resulting in increased susceptibility to infection
1.

Heavy metals are ubiquitously present in the
environment. Human exposure may result from
sourcesin the industrial setting. Rapid industrial-
ization and unchecked influent discharge and emis-
sion have alarmingly increased the contamination
of various heavy metalslike lead, mercury, chro-
mium, manganese, aluminum, cadmium etc. in the
environment. Exposure to some of these metals to
humansis of agreat concern due to the potential
toxicity on the biological system [2].

One mechanism whereby metals can alter health
is through modulation of immune homeostasis.
Imbalances in immune regulation by metals can
lead to inadequate or excessive production of
inflammatory cytokines [3].

Electroplating is the process of oxidation of
metal articles by the use of electrolytes containing
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acids or bases. The process of electroplating in-
volves three steps: Cleaning, plating and post-
treatment of articles. Chromium is used as chromic
acid, in electroplating of different articles. The
workers engaged in this process are exposed to
chromium through inhalation, ingestion and dermal
contact. Inhalation is the primary route of occupa-
tional exposure to metals [4].

Toxicity of Cr has been demonstrated for vari-
ous human cells, such as gastric mucosa cells,
peripheral blood lymphocytes [5]. The mgjor cellular
targets of Cr toxicity are lung epithelial cellsand
lung fibroblasts, however human Cr intoxication
is also associated with hepatotoxicity, nephrotox-
icity, cardiotoxicity and immunotoxicity [6].

Chromium exposure has been shown to upset
the immunoregulatory balance between Thl and
Th2 cellsthat control different immune effect or
functions through the production of distinct cytok-
ines. Chromium differentially modifies cytokine
production in vitro and in vivo, preferentially
activates Th2 responses [7]. A Thl and Th2 imbal-
ance has been implicated in the devel opment of
autoimmune disease, allergic disease, susceptibility
to infectious disease, progression of AIDS, and
spontaneous abortions, as well asin the aging
process [g] . Immunomodulatory effects had also
been demonstrated by Burastero and colleagues
[9] in chromium exposed workers.

Th2 cells secrete cytokines such as IL-4, IL-5,
IL-6 and IL-13, whereas Thl cells secretes IL-2,
IFN-y TNF-a and lymphotoxin which enhance
antigen presenting cell (APC) activation and the
clearance of many intracellular pathogens [2]. These
cytokines aid in antibody class switching and
elimination of many blood born infectious agents
[10].

Studies relating to occupational exposure to
chromium during chromium plating process had
reported nasal dysfunction, chromosome abnormal -
ity, oxidative injury to DNA, immunological effects
and renal tubular dysfunction [11-13] . Several studies
have reported increased levels of lipid peroxidation
in plasma, blood and urine samples of workers
exposed to chromium during chromium plating
process [11,14] .

Occupational exposure to nickel compounds
occurs principally through mining, smelting, and
refining operations, alloy production, electroplating
and wel ding operations during manufacture of
steel, other alloys, and batteries [15].

Besides being an allergen, nickel has been
shown to exhibit immunomodulatory, if not immu-
notoxicity, effectsin several experiments conducted
in humans and in rodents. It is linked to a decrease
in the number of T lymphocytesin humans [16].
Immunosuppression due to long-term exposure to
nickel has been observed by Smith- Sivertsen and

colleagues [17].

Exposure to nickel may lead to various adverse
health effects, such as nickel allergy and contact
dermatitis, organ system-toxicity as well as car-
cinogenesis [18-20] .

The carcinogenic actions of nickel compounds
are thought to involve oxidative stress, genomic
DNA damage, epigenetic effects, and the regulation
of gene expression by activation of certain tran-
scription factors related to corresponding signal
transduction pathways [21].

Cr and Ni are capable of producing oxidative
stress and it is possible that this oxidative stress
contributes to the carcinogenic response of these
metals. Previous studies have demonstrated that
the most potent carcinogenic forms of Ni are the
water-insoluble Ni compounds such as crystalline
Ni sulfide, subsulfide, and Ni oxide while the
water-soluble Ni compounds have been shown to
lack carcinogenic activity in vivo [22].

Costa and colleagues [23] stated that vitamin E
being able to suppress a number of the genotoxic
effects of Ni and Cr indicates that these metals
have a substantial component of oxidative stress
in the mediation of their genotoxic effectsin cells.
However, a portion of the Ni- and Cr-induced
effects were not inhibited by vitamin E suggesting
that not all effects were mediated by oxidative
stress.

Aim of the work:

The aim of the study is to highlight the possible
immunotoxic potential of both nickel and chromium
in occupationally exposed workers, to investigate
the oxidative stress and the generation of free
radicalsinvolved in plasma lipid peroxidation and
their potential effects on one of the erythrocyte
antioxidant enzymes (glutathione peroxidase) in
workers exposed to both metals during el ectropl at-
ing process. Also, to investigate the relationships
between malondialdehyde (MDA) as marker of
oxidative stress and metal concentration in plasma,
and thus to determine whether the level of MDA
and glutathione peroxidaes (GPx) are related di-
rectly to Cr and Ni concentrations in plasma
Duration of exposure was also considered.
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Subjectsand M ethods

This study was carried out in hot oven factory
in electroplating sector in 6 th October city. The
study population included randomly selected 28
workers exposed to chromium, 12 workers exposed
to Nickel and 20 workers not exposed to any metal
as control.

The control group matched the exposed group
in age, sex and specia habits.

An ora consent was obtained from the included
workers.

Thorough present and past history were taken,
about general diseases that may affect the immune
system functions e.g. diabetes mellitus, auto-
immune diseases, recurrent infections whether
viral, bacterial or fungal infections and history of
receiving immunosuppressive agents or cancer
chemotherapy. Subjects having one or more of
these criteriawere excluded from the study.

Full clinical examination was performed with
special emphasis on the skin, eye and mucous
membrane infections in addition to the oral cavity
and tonsils together with other body lymph nodes.

A- Sample collection:

a Blood samples were collected on EDTA for
the estimation of the CD3, CD4, CD8 and
oxidative stress markers (MDA & GPX).

b- Serum samples were collected and stored at
80°Ctill TNF-a, IL6, nickel and chromium
estimation.

B- Methodol ogy:

1- Estiamtion of CD3, CD4 and CD8 were done
by flow-cytometric analysis according to
Roitt and colleagues [24] using EP-1ICSx LPA.
Leucocyte Preparation Antigen Coulter Elec-
tronics (France).

Biosource Catalogue Nr of CD3: AQ7746.
Biosource Catalogue Nr of CD4: AHS0418.
Biosource Catalogue Nr of CD8: AHS0419.

The same surface markers were expressed as
percentage of the total white blood cell count.

2- Estimation of tumor necrosis factor alpha
(TNF-a) and interleukin 6 (IL-6) levels.

TNF-a and IL6 were done by enzyme immu-
noassay (sandwich technique) (ELISA).
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The kit was provided by immune Tech, Beck-
man Coulter, France.

3- Estimation of oxidative stress markers.

Measurement of MDA

Lipid peroxidative products were measured
using the thiobarbituric acid (TBA) test for malon-
dialdehyde (MDA), an end product of lipid perox-
idation in biological tissues as described by Satoh
[25] briefly, 1.0ml of the supernatant was mixed
with 2.0ml of 7.5% trichloroacetic acid (TCA),
then centrifuged at 1000 gp-fom10min. A 0.2ml of
the formed supernatant was added to 0.7% thiobar-
bituric acid in a boiling water-bath for 15 min. The
absorbance of the formed solution was determined
at 532nm and a solution of 1,1,3,3- tetraethoxypro-
pane was used as standard.

Measurement of GPx:

GPx activity was measured using glutathione
peroxidase assay kit provided by Cayman Chemical
Company, USA. Glutathione peroxidase assay kit
measures GPx activity indirectly by a coupled
reaction with glutathione reductase (GR). Oxidized
glutathione (GSSG), produced upon reduction of
hydroperoxide by GPx, and isrecycled to itsre-
duced state by GR and NADPH. Oxidation of
NADPH to NADP+ is accompanied by a decrease
in absorbance at 340nm. Under conditionsin which
the GPx activity israte limiting, the rate of decrease
inthe A340 isdirectly proportiona to the GPx
activity in the sample [26] .

4- Estimation of Nickel and Chromium level.

The serum chromium and nickel level were
measured by graphite furnace atomic absorption
spectrophotometer with Zeeman background cor-
rection (Thermo elemental M6) [ 27].

1- Calibration solution preparation:

Calibrators for chromium and nickel were pre-
pared by dilution of parent stocks which contain
1000 my/mimin each standard using deionized water.

2- Optimization technique:

For determination of metal concentrationsin
both standard solutions and samples, we choose
proper wave length and lamp current band for each
metal.

3- Calculation of the results;

The computer unit of the graphite furnace plot-
ted a curve, the reading of absorbance of deionized
water and two standard solutions for each metal
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were plotted in a curve, the absorbance of the
samples were blotted on these curves and the
concentration of the metals in the samples were
interpreted from these curves.

Data handling and statistical analysis:

Data were collected, checked, revised and en-
tered the computer. Data were analyzed by SPSS
statistical package version 17. Excel computer
program was used to tabulate the results, and
represent it graphically.

Qualitative variables were expressed as count
and percentages.

The significant difference in distribution were
tested by using Chi-square-test at p<0.05.

The significant difference between each two
groups were tested by using independent t-test at
p<0.05.

The significant difference between groups were
tested by using One Way ANOVA followed by
Duncan multiple comparison test at p<0.05.

Pearson correlation coefficient was calculated
to show the power and direction of the linear
relationship between the measured quantitative
variables at p<0.05 [2g].

Results

The studied group comprised 60 subjects divid-
ed into exposed and control groups. The workers
were all males with age ranging from 19 to 44
years with amean value of 29.95+7.25. The age
of the control group ranged from 21 to 40 years
with amean of 30.80+6.78. There was no statisti-
cally significant difference between the exposed
and control groups as regards the age and smoking
habits. The duration of exposure of workers ranged
from 1 to 15 years with a mean of 6.05 +4.06 years.

Twenty subjects among both exposed groups
(50%) were cigarette smokers versus 16 subjects
(80%) of the control group. Twenty subjects (50%)
of the exposed group had duration of employment
less than 5 years with a mean value of (2.80+1.20)
while 8 subjects (20%) had been employed between
5 to less than 10 years with a mean value of
(6.00+1.31), and 12 subjects (30%) had been em-
ployed for more than 10 years with a mean value
of (11.50+1.78) (Table 1).

Asregards metal levelsin the sera of patients;
the mean value * standard error of chromium and

nickel were 14.04+2.83 g/l mand 43.78+9.04 pll w

respectively, while among control group were
0.84+0.33 /L mnd 1.18+0.48 pgp/lsor Cr and Ni
respectively; showing a statistically significant
higher metal levelsin both Ni and Cr-exposed
workers as compared to controls (for Cr p<0.01,
for Ni p<0.001); putting into consideration that
the normal level of these metalsin the serumis

lessthan 0.5 pp/L_w09].

Table (1): Demographic characteristics of the studied group.

Range

No Mean p-
" Min. Max. +SD value
Age:
Exposed Workers 40 19 44 29.95+7.25 0.760
Control 20 21 40 30.80+6.78
Duration of exposure:
<5years 20 1 4 2.80+1.20
5—-<10years 8 5 8 6.00+1.31  0.000*
> =10years 12 10 15 1150+1.78
Smoking:
Exposed Workers 40 0 4 1.05+1.28 0.140
Control 20 0 4 1.80£1.32

All values are represented as Mean +S.D.

* = Thereisasignificant differencein duration of exposure by using
One Way ANOVA test at p<0.05.

All studied group are males, Both groups were matched as regards
age and smoking.

Asregards levels of proinflammatory cytokines,
both Ni and Cr-exposed workers had statistically
significant higher levels of tumor necrosis factor
(TNF-a) (120.80+ 15.84 and 129.20+25.16pg/dl
respectively) than the control group (80.84 +13.55
po/dl) (p<0.05). Also both groups show higher
levels of interleukin IL-6 (525.10+39.53 and
504.82+86.06ng/ml respectively) compared to the
control group (305.59+75.12ng/ml) (p< 0.05) (Table
2, Fig. 1).
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Fig. (1): Comparison between exposed workers and control
group in TNF-a & IL-6.
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Table (2): Comparison between exposed workers and control group in al parameters

Exposed to Ni Exposed to Cr Control
Investigations p-value
Mean+S.D Mean+S.D Mean+S.D

TNF- o (pg/dL) 120.80 * 15.84* 129.20 + 25.16* 80.84 + 13.55 <0.05 Significant

IL-6 (ng/mL) 525.10 + 39.53* 504.82 £ 86.06* 30559 %7512 <0.05 Significant
MDA ( gnoill) 147 + 0.46* 139+ 0.60* 0.50+0.31 <0.05 Significant
GPX (graHb)  6.75 £ 0.64* 6.71 £ 1.49* 11.32£1.36 <0.05 Significant

CD3 67.90 + 3.45* 64.93 + 18.48* 75.80 + 3.08 <0.05 Significant
CD4 36.53 +4.77* 31.90 + 10.32* 49.92 £ 2.64 <0.05 Significant

CD8 29.53£7.33 28.33+£9.72 2499 +2.26 >0.05 No Significance
CD4/CD8 132+0.42 125+ 0.46 198+0.14 >0.05 No Significance

All values are expressed as Mean * Standard Deviation.

The significant difference between groups were done by using One way ANOVA test at p<0.05.
* = Thereisasignificant difference about control group by using Dunnete t-test at p<0.05.

TNF-a: Tumour necrosis factor.
IL-6 : Interleukin-6.

MDA: Maon dial dehyde.

GPx : Glutathione peroxidase.
CD : Cluster determinant.

Asregards the immune parameters, CD levels
were measured as markers of T helper cells, cluster
determinant CD3, CD4 and CD8 were measured,
the mean CD3 levels were lower in both exposed
groups (67.90+3.45 in Ni group and 64.93 +18.48
in Cr group) when compared with control group
(75.80+3.08), with statistically significant differ-
ence (p<0.05). Also thereis a statistically significant
lower CD4 levelsin both Ni and Cr exposed groups
(36.53+4.77 and 31.907+ 10.32 respectively) than
the control group (49.92+2.64) (p<0.05). CD 8
levels were higher in both exposed groups
(29.53+7.33 in Ni group and 28.33+9.72in Cr
group) than in control group (24.99 £2.26), but this
difference did not reach level of significance
(p>0.05).

12 / B8 Exposed to Ni ] - 70 4 B3 Exposed to Ni
B Exposed to Cr a1 60 | 4l Exposed to Cr
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:3 40 A
6 1 =
= 30 4
4 - 20 VIEFMN
2 - 10
0 0
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Fig. (2): Comparison between exposed workers and control
group in MDA & GPX.

Both exposed groups had lower CD4/CDS8 levels
(1.32+0.42 in Ni group and 1.25+0.46 in Cr group)
than the control group (1.98 +0.14) but with no
statistically significant difference (p>0.05) (Table
2, Fig. 3).

Asregards the oxidative stress markers, serum
malondialdehyde (MDA) was significantly higher
in exposed groups (1.47+0.46 in Ni group and
1.39+0.6 in Cr group) when compared to the control
group (0.50+0.31); while the serum glutathione
peroxidase (GPx) was significantly lower in ex-
posed groups (6.75+0.64 in Ni group and 6.71+1.49
in Cr group) compared to control group
(11.32+1.36) (p<0.05) (Table 2, Fig. 2).

cD3 CD4 cD8 CD4/CD8 |

Fig. (3): Comparison between exposed workers and control
group in CDs.
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Asregards effect of the duration of exposure;
in Ni group there was a statistically significant
difference between the duration of exposure and
most of the investigated parameters; in GPx level
(p<0.001), CD3 level (p<0.01), CD8 (p<0.01) and
C4/CD8 ratio (p<0.01) (Table 3).

In chromium group, there was a statistically
significant difference between the duration of
exposure and most of the investigated parameters,
in1L6 level (p<0.01), CD3 (p<0.01), CD8 (p<0.01)
and CD4/CD8 ratio (p<0.01) (Table 4).

Table (3): Effect of duration of exposure to Ni on the studied variables .

<5years 5-<10years > =10 years
Investigations F- value p-value
Mean £S.D Mean +S.D Mean +S.D
TNF- o (pg/dL) 125.95 + 1.67 124.90 + 17.45 98.20 £ 0.10 3.61 0.071
IL-6 (ng/mL) 546.85 * 62.99 521.43 £ 15.52 492.60 = 20.00 1.40 0.295
MDA ( gnowl ) 1.74+£0.21 1.38 £ 0.59 1.20 £ 0.01 117 0.353
GPx ( pgmHb) 7.33£0.26 6.30 £ 0.02 592 £0.13 54.05 0.000*
CD3 70.57b + 1.60 65.05a + 3.29 65.60a £ 1.25 8.51 0.008 *
CD4 36.43 £2.42 3850%7.74 32.90 £3.15 0.90 0.439
CD8 30.90b £ 6.49 22.752+1.33 39.00b +5.20 7.81 0.011*
CD4/CD8 1270+ 0.31 1.65b £ 0.40 0.80a*0.01 4.55 0.043*

All values are expressed as Mean * Standard Deviation

* = Thereisasignificant difference between groups by using One Way ANOVA a p<0.05

The same letter means that no significant difference by using Duncan multiple comparison test at p<0.05

Table (4): Effect of duration of exposure to Cr on the studied variables.

<5years 5-<10years > =10 years
Investigations F- value p-value
Mean +S.D Mean +S.D Mean +SD
TNF- o (pg/dL) 138.15 * 36.89 131.70 £ 29.40 12212 £9.77 0.70 0.505
IL-6 (ng/mL) 602.95b + 11.83  501.50a*68.326  479.15a*91.85 3.93 0.033*
MDA ( gnai/L) 116 £0.24 1.39£021 148 £0.99 0.38 0.689
GPx ( gmHb) 712 +1.17 6.70 £ 1.52 6.57 £ 1.67 0.18 0.834
CD3 72.30b £ 5.70 66.90ab * 9.46 53.84a* 26.93 3.47 0.047*
CD4 36.07 £ 3.95 24.10 + 3.69 29.20 £15.18 3.02 0.067
CD8 30.59p £5.91 36.25b = 6.06 22.00a*11.86 493 0.016*
CD4/CD8 1.22b £0.35 0.70a*0.01 1.52b £ 0.50 6.19 0.007*

All values are expressed as Mean * Standard Deviation

* = there is a significant difference between groups by using One Way ANOVA a p<0.05
The same letter means that no significant difference by using Duncan multiple comparison test at p<0.05

Table (5) shows comparison between the ex-
posed and control groups as regards clinical man-
ifestations; among Ni group, about 33.3% of work-
ers were suffering from chest wheezes while only
in 30% of control group, also 42.1% of workers
exposed to chromium were suffering from the same
complaint. Among workers exposed to nickel,
66.7%, 66.7% and 16.7% were suffering from
epistaxis, skin problems and infection of mouth
respectively. Among workers exposed to chromium

57.9%, 26.3% and 36.8% were suffering from
epistaxis, skin problems and infection of mouth
respectively.

There was a negative correlation between the
serum Ni level and the MDA level (r=-0.597,
p<0.041), also with the serum GPx level (r=-0.438,
p<0.154). Moreover, there was a positive correla-
tion between the serum Cr and the CD8 level
(r=0.448, p<0.017) and a negative correlation with
CD4/CD8 ratio (r=-0.446, p<0.017) (Table 6).
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Table (5): Comparison between exposed workers and control group regarding clinical manifestations.

Exposed to Ni Exposed to Cr Control

. n=12 n=28 n=20
Ciried (n=12) (n=28) (n=20) 2 pae
manitesiatons No. % No. % No. %
Chest wheezes 4 33.3% 16 42.1% 3 30.0% 13.65 0.001*
Epistaxis 8 66.7% 22 57.9% - - — —
Skin problems 8 66.7% 10 26.3% - - - -
Infection of mouth 2 16.7% 14 36.8% - - - -

* = A dignificant difference between exposed and control as regards chest wheezes, by using Chi-square test at p<0.05.

Table (6): Correlation between the studied variables

within exposed group.
Ni (L Cr (il

MDA ( gnoil)

r -0.597 -0.16

p-value 0.041 0.415

N 12 28
GPX ( ggnaHb)

r —-0.438 —-0.015

p-value 0.154 0.939

N 12 28
CD8

r 0.398 0.448

p-value 0.2 0.017

N 12 28
CD4/CD8

r -0.322 —0.446

p-value 0.307 0.017

N 12 28

Correlation is significant at the 0.05 level
Discussion

Immunotoxicity is among the numerous health
effects of heavy metal exposure. The most immu-
nosuppressive of the heavy metals was found to
be mercury based on the results of animal experi-
ments. Copper, manganese, cobalt, cadmium, and
chromium in decreasing potential for immunosup-
pression, share the same properties [30].

The current study shows that all exposed work-
ers had significantly higher blood chromium and
nickel levels as compared to the control group.

Thetoxicity of chromium at high and moderate
doses has been known for long, toxicity at lower
doses has received perhaps more toxicological and
epidemiological attention than any other reagent.
Because Thl and Th2 cells are crucial regulators
of immune responses, proper differentiation of
naive CD4+ Th cellsinto Thl or Th2 cellsis critical
for T-dependent immune responses [31] . In human

Th 1 cytokine profile (TNF-a, IFN-y) is essential
for protection against intracellular pathogens while
aTh 2 profile (IL-4, IL-5, IL-6) is associated with
diseases characterized by overproduction of anti-
bodiesincluding Ig E [1].

At low levels, cytokines are essential for optimal
functioning of our defense and repair system.
Cytokine regulation is also required to control
excessive effector T-cell responses against exoge-
nous antigens, when they become dangerous for
the body [32].

In our study, workers exposed to chromium and
nickel had statistically significant lower CD3, CD4
levels with non-significant lower CD4/CD8 ratio
and non-significant higher CD8 levels than the
control group. Thisfinding can be explained by
the fact that CD8+ T cells are known to mediate
delayed type hypersensitivity (DTH) responsesin
allergic contact dermatitis, drug eruptions, asthma,
and autoimmune diseases [33] . The presence of
CDA4+ T cells has a negative effect on the intensity
of the CD8+ T cell-mediated contact hypersensi-
tivity (CHS) response [34,35] . So, afunctional
dichotomy exists between CD8+ T cells and CD4+
T cellswhich behave as effector cells and regulatory
cells, respectively in CHS [36] . So, it is not uncom-
mon to find low CD4 and high CD8 levels.

Similarly, as regards Cr exposure, a statistically
significant negative association was found between
chromium urine concentration and the total T cell
count, CD4 cell count and other CDs memory T
helper cells on the epidemiological study carried
by Kamaus and colleagues [37] that focused on
heavy metals exposure in atoxic waste incineration
plant. Also, the study of Boscolo and colleagues
[38] who examined a group of 15 workers exposed
to lead chromate dust by inhalation at work and
who had raised blood and urine chromium levels,
had reduced levels of circulating CD4+ helper,
activated B and natural killer cells.
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On the other hand, Hanovcova and colleagues
[39] found higher counts of T-lymphocytes, CD4
and CD8 lymphocytes in their examined group of
workers.

Asregards, Ni group, the study of Minang and
colleagues [40] demonstrated that Ni suppress the
Ni-specific Thl-type CD4+ T cells.

Also, analyses of Ni-specific T-cell clones
generated from h-PBMC and skin of allergic pa-
tients have suggested that both CD4+ and CD8+
T cells are involved in the immune response to Ni
[41,42].

The study of Boscolo and colleagues [43] eval-
uated the immune response to ingestion of 10mg
of nickel (as Ni sulphate) in 19 young non-atopic
Ni-sensitized and 9 non-allergic women (as control
group). Twenty-four hours following Ni ingestion,
the "non-responder” group showed no modification
of lymphocyte subsets in relation to the basal
values, however, the "responder” group (who
showed allergic symptoms) showed a significant
reduction of circulating total blood lymphocytes
and particularly of CD3+, CD4+ and CD8+ sug-
gesting that Ni absorption is higher in "responder”
patients indicating change of immune response.
The marked reduction of blood T lymphocytes of
symptomatic (responder) patients after Ni challenge
seems to depend on migration of these cellsin the
tissues (including gastrointestina mucosa). At the
same time, Boscolo and colleagues found low CD4
and high CD8 levelsin the control group and found
it difficult to be explained since it is known that
Ni bindsto class |1 proteins of the major histocom-
patibility complex presenting cells to CD4+ lym-
phocytes and seems not to have direct effects on
CD8+ lymphocytes. These data point to the possi-
bility of alteration of CDslevels according to the
degree of absorption, sensitization, susceptibility,
dose and duration of exposure in workers.

Both Cr and Ni groups had stetistically signif-
icant higher TNF-a and IL6 levels than the control
group indicating immunomodulation and initial
activation of Thl and Th2 responses characterized
by increased level of TNF-a and of IL-6 (Table 2)
which was evident in workers up to 10 years of
exposure; after which gradual decrease in both
levels occurred indicating immunosuppression and
failure of the immune system to cope with contin-
ued exposure (Table 3 & 4).

Similar results were previously explained by
Kuo and Wu [12] who found that exposure to low
doses of Cr in the early stages can stimulate IL-6

and IL-8, thereby increasing levels of these immu-
nological parameters. Also, Glaser and colleagues
[44]had stated that respiratory defense and immu-
nological functions were stimulated or inhibited
depending on dose and time of Cr inhalation.
Villanueva and colleagues [7] aso reported that
chromium preferentially activates Th2 responses,
which are characterized by IL-6 and to lesser extent,
IL-5, IL-10 and IL-13 secretion and promote hu-
moral immunity. Also, Granchi and colleagues
[45]found increased levels of TNF-a and IL6 on
examination of PBMC of their patients. As, Dayan
and Paine [46] who found increased level of TNF-
a invitro studies on fresh human keratinocytes.

On the other hand, Katiyar and colleagues [1]
had proven that there was no differencein TNF-
o level in the sera of chromium exposed individu-
as; but IL-6 levels were suppressed in exposed
groups as compared to unexposed healthy volun-
teerswhich isin conformity with earlier studies
[47-49] . Out of these, some studies were conducted
on cell cultures and some on animals. The studies
on animals [50] regarded as more comprehensive
as hormonal and nervous control are found intact.
Cell culture studies are confined to a particular
cell and therefore effectively explain the local
production of cytokines. In both types of studies
the IL-6 levels decrease proportionally with in-
creased chromium level in human peripheral blood
mononuclear cells (h-PBMCs). A major effect of
IL-6 isto act on the hypothalamus, altering the
body's temperature regulation and on muscle and
fat cells altering energy mobilization to increase
the body temperature. At elevated temperatures,
bacterial and viral replications are decreased, while
processing of antigen is enhanced leading to in-
crease the adaptive immune response.

Also, Snyder and colleagues [51] investigated
IL-6 levels among individuals in Hudson County,
New Jersey (an area contaminated with Cr) and
found that IL-6 levels were significantly lower
than those in non-contaminated areas; however,
they studied an area contaminated with Cr but did
not report on individual levels of urine or serum-
Cr.

In Ni group, Ni level although higher than the
control group but not reaching the level of provok-
ing immunosuppression as evidenced by higher
levelsof TNF-a and IL6 levels up to 10 years of
exposure. Also, Tairaand colleagues [52] proved
that Ni ions dose dependently increased rel ease of
three inflammatory cytokines (IL-6, IL-1 3 and
TNF-a) and oxidative stress conditions in murine
macrophage-like cells.
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On the contrary Harkin and colleagues [53]
found that NiCl2 inhibited production of the pro-
inflammatory cytokine TNF-a and increased pro-
duction of the anti-inflammatory cytokine IL-10
from lipopolysaccharide (LPS) stimulated cultures
as NiCl2 suppresses T-cell function and promotes
an immunosuppressive macrophage phenotype in
rats upon exposure to very high concentration of
Ni.

In our study, progressive decrease in TNF- a
and IL-6 levels occurred with increased duration
of exposure. This can be explained by the study
of Pascal and Tessier [54] who stated that the toxicity
of chromium can result in the initiation of intrac-
ellular signaling processes, the production of in-
flammatory mediators and through these mediators,
a subsequent involvement of the immune system.
Thisis associated with IL-6, IL-8 and TNF-a
release. The dose-response relationships for both
IL-6 and IL-8 release following chromium exposure
was inverted-U shaped. Therefore, the maximum
cytokine release observed occurred not at the
highest dose of the test metal, but at that concen-
tration where the cytotoxic loss of cells capable
of producing and releasing the respective cytokines
did not impact the overall media concentrations of
those cytokines. At the highest metal concentra-
tions, then, cytotoxicity substantially reduced the
number of cytokine releasing cells resulting in
reduced cytokine concentrations. This finding could
be applied to repeated or chronic exposure. So,
with increased duration of exposure cytokine re-
|ease was decreased making the exposed workers
more prone to several bacterial and viral infections.

The exposure of cellsto environmental oxidants
such as UV and ionizing radiation, heavy metals,
redox active chemicals, hypoxia and hyperoxia
increases reactive oxygen species (ROS) production
which shifts cell redox status to a more oxidized
state known as an oxidative stress. ROS are capable
of causing direct damage effect or acting as critical
intermediate signaling molecules leading to diverse
biological consequences [55-57] . ToXic stressresis-
tance or adaptation of cellsto shift in cell redox
status could be characterized by the response of
the intracellular antioxidant defense system [5].

Erythrocytes have been indicated as the circu-
lating antioxidant involving several enzymes-
glutathione peroxidase (GPx), superoxide dismutase
(SOD), and catalase (CAT)- and levels of their
antioxidant factors could reflect the degree of
oxidative stress [59,60] .

Lipoperoxidation occurs as a chain reaction
initiated by free radicals which propagates itself
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and can result in the formation of many equivalents
of lipid peroxides; the extension of the oxidative
catabolism of lipid membranes can be evaluated
by the quantification of malondialdehyde (MDA)
one of the stable aldehydic products of lipoperox-
idation present in biological samples aswhole
blood, plasma or urine [61].

The toxicity and carcinogenicity of Ni com-
pounds in humans and animals have been well
documented [62,63] . One possible mode by which
Ni causes cell death and/or damage may involve
oxidative reaction such as lipid peroxidation (LPO)
[63,64] . The production of reactive oxygen species
(ROY) isinvolved in the molecular mechanisms
of Ni toxicity and carcinogenicity [21,65] ; that in
turn can lead to enhanced formation of MDA in
the cells [66].

In our study both Cr and Ni exposed workers
had statistically significant higher MDA levels
than the control group which indicate an increase
in generation of ROS and lipid peroxidation. This
level increased with the duration of exposure in
Cr group (Table 4) carrying the risk of possible
genotoxicity and carcinogenesity in exposed work-
ers. However, in Ni group the level of MDA de-
creased with the duration of exposure (Table 3)
indicating oxidative stress not damage.

Similarly, the study done by Imamoglu and
colleagues [67] to study the erythrocyte antioxidant
system (superoxide dismutase and catalase) and
lipid peroxidation (malondialdehyde) in the eryth-
rocyte membrane of workers continously exposed
to welding fumes and gases, They found asin our
study that the range of MDA levelsin the welder
subjects was much higher than in controls. How-
ever, the difference was not statistically significant.
In contrast, they found no correlation between the
MDA level and the metal concentrationsin plasma
of exposed workers regarding the duration of ex-
posurein all welders. They attributed thisfinding
to the oxidative stress triggered by continuous
exposure to welding fumes, but it was probably
well balanced with the antioxidant defense system
since the erythrocyte lipids were not peroxidated;
which is not the case in our study as the oxidative
stress was not compensated by the antioxidant
defense system as evidenced by the high level of
MDA which is positively correlated with the dura-
tion of exposure (Table 6) suggesting the probable
occurrence of oxidative damage not only stress.
Also El Samra and colleaguesin 2007 [68] as well
as Bagchi and colleaguesin 2002 [69] found in-
creased formation of ROS and lipid peroxidation
in Cr exposure.
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Similarly the study of Kalahasthi and colleagues
[70] noted that plasma lipid peroxidation was sig-
nificantly increased and the levels of antioxidant
enzymes were significantly decreased in chromium-
exposed subjects. The level of plasmalipid perox-
idation was positively and levels of antioxidant
enzymes were negatively and significantly corre-
lated with the levels of chromium in urine, making
them useful as biomarkers of oxidative stress that
would help in early detection of high-risk subjects.

Also the study of Kuo and colleagues [71]
showed an increase of urinary 8 - hydroxydeox-
yguanosine (a marker of oxidative stressto DNA)
concentrations in electroplating workers.

In accordance with our resultsin Ni group, the
study of Chen and colleagues [72] has demonstrated
that Ni causes an increase in intracellular ROS,
which may have the ability to cause oxidative
damage in isolated human lymphocytes.

Although NiCl»-induced increase in oxidative
stress has been abserved in human plasma [73] and
lymphocytes [72], how such oxidative stress relates
to cellular toxicity/cell death dueto NiCl 5 is not
known.

As a consequence of oxidative stress, both Ni
and Cr exposed workers showed statistically sig-
nificant lower GPx levels as compared to the control
group which continue to decrease with increased
duration of exposure; however not reaching the
level of significance; this provides evidence that
this antioxidant may be involved in protection of
the cell against induced toxicity and that long-time
exposure to very low doses of metal saltswith a
consequent increase in free radical production
could lead to a chronic consumption of outstanding
antioxidants such as GPx, thus affecting the overall
antioxidant capacity.

Thisfact could point to the exposure to toxic
levels of metals as evidenced by the study of
Asatiani and colleagues [74] who stated that the
nontoxic concentration of Cr did not cause an
appreciable increase of catalase and GPx activities
compared with corresponding controls, whereas
under sub-toxic concentration increase of catalase
activity corresponds to the sharp reduction of GPx
activity, which becomes stronger at toxic concen-
tration that causes complete exhaustion of GPx,
while catalase till functions. They concluded that
chromium affects all antioxidantsin the enzymatic
antioxidant pathways depending on the concentra-
tion range. In the case of a nontoxic chromium
dose, temporary oxidative stress is overcome by
increased activity of the antioxidant system with

correlation to cell cycle re-entry. The toxic con-
centrations misbalance the cell antioxidant defense
systems and cause irreversible growth arrest and
massive cell death by apoptosis.

Also, the study of De Mattia and colleagues
[75] demonstrated that in humans, an oxidative
stress occurred for Cr exposures as low as those
considered safe as evidenced by decrease in GPx.
This oxidative stress appears to be able to affect
intracellular and plasmatic antioxidant defense.

Stepniewski and colleagues [76] found a signif-
icantly valid relationship between the Cr and total
antioxidant status (TAS) levelsin serum and hair
samples of welders who have been working for
23.7 years.

Cr and Ni are known to bind to GPx producing
stable coordinate complexes that could be excreted
from cells. The presence of elevated concentrations
of Cr and Ni can also result in oxidative stress,
which would result in the depletion of GPx dueto
itsrolein radical scavenging. A combination of
the stress-mediated depletion and the participation
of GPx in binding and excretion of metals could
potentially be responsible for the observed decrease
in the amount of free intracellular GPx in lympho-
cytes from welders [77].

Similarly, Das Gupta and colleagues (78] proved
that nickel and chromium increased lipid peroxide
(LPO) and decreased glutathione levels, as well
as the activity of superoxide dismutase (SOD),
catal ase, and glutathione peroxidase.

Asregards clinical manifestations, (Table 5)
shows that 66.7% of workers exposed to Ni and
26.3% of those exposed to Cr suffered skin prob-
lems owing to alteration in the immune response.
Patients experienced pruriginous erythema-
vescicular manifestations on the hands and wrists
and/or eczema and pruritus on the face, neck and
chest; two patients showed generalised urticaria.
Similarly, the study of Boscolo and colleagues [43]
showed that most of the examined Ni group suffered
from allergic contact dermatitis (ACD). The study
of Saint-Mezard and colleagues [36] showed that
CHS reaction and ACD can be viewed as the result
of activation of two distinct T cell subsets endowed
with opposite functions. Effector T cells and down-
regulatory T cells. The severity and the duration
of the skin inflammation appear directly related to
the respective activation state and/or size of these
two compartments. Thus, overwhelming regulation
in sensitized individuals may lead to lack of in-
flammation (tolerance) despite repeated exposures
to the hapten, while defects in regulatory cells may
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explain chronic contact dermatitis. The study of
Curtis and colleagues [79] proved that both metals
are capable of causing contact dermatitis but chro-
mium was more cytotoxic than nickel.

High TNF-a and CD8 levels could result in
amplifying the inflammatory response as stated by
Traidl and colleagues [42] ; afinding that explains
increased chest and skin problems with infection
of the mouth among exposed workers.

Conclusion and Recommendations;

Chromium and nickel are examples of common-
ly used industrial substances with negative long
time exposure on human health. Our study shows
that chromium and nickel cause significant devia-
tions in various immune parameters with evidence
of oxidative stressin occupationally exposed work-
ers. However, it is necessary to undertake further
research into the precise biological mechanisms
by which both metals damage the immune system.

A special health surveillance program must
focus on known health impairments and target
organs. Medical surveillance in combination with
biological monitoring can help to protect the work-
ers health. The industries using chromium and/or
nickel should evolve some technique so as to reduce
their levels of exposure through continuous engi-
neering improvements with efficient local exhaust
ventilation system.

Biological monitoring for exposure in urine,
blood, and erythrocytes provides different types
of information. Whereas chromium measurement
in urine and whole blood or plasmais indicative
of recent total chromium exposure, chromium
detection in erythrocytesis attributable to Cr only
and covers retrospectively alonger period of time
due to the erythrocyte life span.

Continuous education of workers about the
importance of proper and regular use of protective
measures.

Nutritional antioxidants supplementation is
recommended owing to the oxidative stress and/or
damage induced by occupational exposure to both
metals.
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