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ABSTRACT

Objective: the immunological effect of chromium exposure among workers in
tanning industry was assessed by studying the incidence of structural chromosomal
aberrations in lymphocytes. Early monitoring of immunotoxicity and possibility of
carcinogenecity using the CD40 ligand member of the tumor necrosis superfamily of
trans-membrane proteins was evaluated.

Methods: levels of chromium in blood (S-Cr) and urine (U-Cr) were measured
using the graphite furnace atomic absorption spectrophotometer. The CD40 Ligand
(CD40L) was determined using ELISA. Whole blood was treated and chosen meta-

phases were recorded and scored for morphological aberrations and rearrangements.

Results: the study was carried out on 30 workers exposed to chromium in
chrome-tanning for 17.13 * 8.09 years, and a matched group of 28 administrative
workers. The mean serum chromium levels (S-Cr) were 4.35 + 1.46 and 1.89 * 1.31
Hg/dl among exposed and control groups, respectively, and the difference was statisti-
cally significant, P<0.00+. The CD40L assessment revealed decreased levels among
the exposed population, difference was statistically non-significant. The genotoxic

changes in the form of chromosomal and chromatid gaps and breaks as well as dicen-
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tric changes were significantly higher among exposed workers, correlating signifi-
cantly with the levels of chromium in both serum and urine after correction for creati-
nine. A significant negative correlation was reported for the deletions with the level
of CD40 ligand. The effect of age, smoking and cumulative exposure indices were
dealt with.

Conclusion: the use of cytogenetic monitoring of human populations exposed to
chemicals has proved to be a useful tool for detecting the chemical's mutagenic ef-
fects. CD40L, which is a member of the tumor necrosis factor, may be used as an ad-
ditional marker to assess the presence of chronic inflammation, an early warning in-

dication of potentially adverse genetic and somatic effects.

Key words: chromosomal aberrations, Ligands, chronic inflammation, chromi-

um, tanning industry, carcinogenesis.

Introduction

Public concern has mounted recently
about environmental exposures to chromi-
um in soil, tap water, and ambient air. In
response, agencies charged with protecting
public health have attempted to study ex-
posure by monitoring chromium levels
among potentially exposed populations.
The clinical significance of elevated chro-
mium levels is not indicative of a signifi-
cant health concern [, Being an excellent
tanning agent, chromium (Cr) is widely
used in the leather industry. In the process
of leather production, tannery workers are
exposed to either inorganic compounds or
Cr bound to proteins (leather dust). Ab-
sorption of chromium following inhalation
is influenced by many factors including
the particle size, oxidation state, solubility
of the chromium particles, the activity of

alveolar macrophages, and the interaction

of chromium with biomolecules in the

lungs following deposition (21,

The hexavalent chromium (Cr-VI) en-
ters the cells via diffusion through non-
specific anion channels while the trivalent
compound (Cr-III) is less well absorbed
due to the relative inability to cross cell

membranes (3]

. In the airways epithelial
lining, significant reduction of Cr-VI to
Cr-III takes place by glutathione 4 The
chromic acid (Cr-III) formed is known to
be irritating to the endothelial lining of the
respiratory tract, it is likely that this chemi-
cal can act alone or with infection and cig-
arette smoking causing chronic inflamma-

tion 2.

Recruitment and activation of circulat-
ing leukocytes at sites of inflammation are
essential to clearance of infectious organ-

isms and repair of tissue injury. Once acti-
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vated, infiltrating leukocytes generate a
plethora of inflammatory mediators impor-

in host defense [5].

tant These pro-
inflammatory mediators up-regulate the
expression of some adhesion molecules.
CD40 Ligand (CD40L), also known as
CD154 or gp39, is a trans-membrane pro-
tein expressed on T-cells, B-cells, mast
cells, basophils, eosinophils, natural killer
cells, macrophages, endothelial cells, vas-
cular smooth muscle cells, activated plate-
lets and is also found in plasma as a solu-

ble protein, sCD40L (61,

Recent studies indicated the initiation
of several inflammatory processes as a
consequence of CD40 Ligand (CD40L)
binding to its receptor CD40 (7, However,
failure to clear the original stimulus and
resolve the inflammatory response results
in persistent release of these mediators, in-
cluding cytokines, enzymes, eicosanoids,
and reactive nitrogen and oxygen interme-

diates [5].

There is evidence for the role of reac-
tive oxygen species and oxidative DNA
damage in the development of genotoxici-
ty in the foci of inflammation 8] There-
fore, genetic lesions, such as chromosomal
aberrations, amplification of oncogenes,
and mutations of genes involved in the cell
cycle regulation, must be essential for the
growth of malignant tumor. Accordingly,

the concept of malignancy developing in
chronic inflammation was proposed [9].
CD40L which is considered a member of
the tumor necrosis factor and nerve growth
factor receptor family, was suggested to be
over-expressed in a broad range of carci-
nomas, thus contributing to their develop-

ment 7] .

Recently, chromium compounds were
reported to be oxidizing genotoxic carcino-
gens associated with increased risk of res-
piratory tract cancers following occupa-

(8] However, how the

tional exposure
inflammation promotes the accumulation
of genetic lesions and induces the growth
of cancerous cells remains unclear and the
precise mechanisms remain to be elucidat-

ed.

Aim of the Work

This study was designed to investigate
the immunological effects of chromium
among a group of workers exposed in the
tanning industry by studying the incidence
of chromosomal aberrations in lympho-
cytes. Further, the role of the transmem-
brane CD40 ligand as a new non-invasive
tool useful in the early detection of muta-
genic changes was evaluated in an attempt
to assess the role of chronic inflammation
in the development of chromium-induced

carcinogenesis.
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Subjects and Methods

Study Population:

Men exposed to chromium for at least
1 year in a contaminated area of the tan-
neries under study were eligible for inclu-
sion. A randomized sample of 30 subjects
was selected fulfilling the inclusion crite-
ria constituted the target population. Refer-
ents were recruited among men employed
in administration by a company situated
away from tanneries and who have never
been exposed to leather tanning or were
living close to tanneries. The referents
were matched with the exposed workers
by age, sex, socioeconomic standards and
consumption of smoking tobacco. For the
study population, exclusion criteria includ-
ed fever in the last six months, neoplasm,
and concurrent opportunistic infection. All
subjects underwent an interview emphasiz-
ing socio-demographic background, medi-
cal and occupational histories. The study
population was then offered a voluntary
medical examination after obtaining their

approval.

CD40 Assessment

Baseline plasma sCD40L concentra-
tions were measured by ELISA (Bender
MedSystems). Diluted 1:5 plasma samples
were applied in triplicate to 96-well plates
precoated with mouse anti-human CD40L

antibody and mixed (1:2) with a horserad-

ish-peroxidase-labeled secondary mouse
anti-human CD40L antibody (2 hours).
Subsequently, plates were washed and an-
tibody binding determined by colorimetry
using 3,3'-5,5'-tetramethylbenzidine sub-
strate. Absorbance was read at 650 nm and
plasma concentrations of sCD40L were
determined by comparison with serial dilu-
tions of recombinant human CD40L. Anal-
ysis was performed in a blinded fashion.
Intra-assay variation among the triplicates

for all samples was less than 15% (101,

Laboratory Measurements:

A first morning urine sample from the
day of the examination was collected and
stored (at 30°C) in a urine container
(25ml). Blood specimens were obtained
from the cubital vein. Heparinized whole-
blood samples for measurements of kidney
functions and liver functions and determi-
nation of chromium were collected and
stored in 10 ml tubes at -20°C. The sam-
ples used for assessing chromium level in
blood (S-CrVI) were prepared by dilution
of 0.5ml of blood with 2ml of deionized
water. The urine samples were prepared by
diluting Iml of urine with 1ml of deion-
ized water. Chromium in both blood and
urine was measured by graphite furnace
atomic absorption spectrophotometer (Per-
kin-Elmer model 5100PC, Norwalk, CT).
The concentration of urinary chromium
(U-CrVI) at the time of examination was
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used as an index of current exposure. The
results of urinary chromium were then cor-
rected for urinary creatinine. A cumulative
index of exposure would have been a more
reliable index of exposure, being based on
the worker's mean U-Cr for each quarter of
the year, unfortunately, no proper record-

ing of previous results was available.

Cytogenetic Analysis

Whole blood (0.5ml) was added to
4.5ml of culture medium (RPMI 1640 Gib-
co) supplemented with L-glutamine. After
incubation at 37)C for 72 hours, colchicine
was added at a conc. 0.1ml. The cultures
were centrifuged for 10min. The superna-
tant fluid removed underwent hypotonic
treatment with 0.075ml mol Kcl/L for
30min at 37)C. Fixation was finally done
with 1:3 mixture of glacial acetic acid and
methanol. The slides were left to dry after
washing then stained for Smin. with 10%

Giemsa solution in pH 6.8 (i,

Chromosomal Aberration Analysis

For analysis, 30 well-spread chosen
metaphases were counted and scored for
chromosome changes by direct observa-
tion at X 1,250. Observed aberrant cells
were recorded and scored for morphologi-
cal and numerical aberrations. The chro-
mosomal aberrations were classified as
structural aberrations such as chromatid

gap (G'), isochromatid gap (G"), chromat-

id break (B'), isochromatid break (B"), di-
centric (Dic), separation (Sep) and numeri-
cal aberrations such as deletion (Del).

Statistical analysis

The mean and standard deviation (SD)
were calculated. Unpaired student's t-test
was used to evaluate the relation between
the different indices and compare the two
study groups. Pearson correlation coeffi-
cient was used to relate between age, dura-
tion of exposure, cumulative exposure,
smoking index, levels of chromium in
blood (S-Cr) and in urine (U-Cr), creati-
nine-corrected urinary chromium level
(creat-U-Cr), CD40L and the different
chromosomal aberrations. A P value of <

0.05 was considered significant.

Results

The study population consisted of 58
males randomly selected according to
Monte Carlo System from a population of
250 worker at El-Obour District. The ex-
posed group consisted of 30 workers ex-
posed to chromium in tanneries while the
control group was a group of 28 workers
involved in carrying, driving, cleaning and
food preparing activities. The age range of
individuals in the exposed group was 24 to
59 years with a mean value of 40.17 *
10.97 years showing no statistically signif-
icant difference when compared with the

control group (range = 20 - 57 years; mean
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= 37.13 £10.05 years). As for the sex,
smoking habits and socioeconomic stan-
dards, both exposed and control groups
were selected so as to match each other.
Current smoking was more prevalent in
the exposed workers but, overall, the refer-
ents were comparable with the exposed
subjects with no significant difference. As
for the exposed population, the duration of
chromium exposure in the tanning industry
was 17.13 £8.09 years. Estimating the
mean of cumulative exposure index
(CMI), based on work history including
working hours per day and duration in
years, was found to be 154.9  71.35 hour.

As regards the symptomatologic data
among the study population, data not pre-
sented, the percentage of workers suffering
from chemical irritation was 22 (73.3%)
among exposed workers and 12 (42.9%)
among control groups. A total of 17
(56.7%) exposed and 8 (28.6%) control
subject had manifestations of pulmonary
sensitization progressing into asthmatic at-

tacks.

Evaluation of the liver and kidney
functions was done to assess the effect of
chromium exposure on these organs.
Among the liver functions, bilirubin, ser-
um glutamic-oxaloacetic  transaminase
(SGOT) and glutamic-pyruvic transami-
nase (SGPT) and gamma glutamyl transfe-

rase (GGT) enzymes showed no statistical

difference between the exposed (n=30)
and control (n=28) groups. Two control
subjects, having active hepatitis with 5
times elevation in liver enzymes were ex-
cluded.

Kidney functions revealed statistically
significant difference between the exposed
and control group for urea (P<0.05), but
not for creatinine level. Measured urinary
chromium level in exposed population
ranged from 1.06 to 5.31 pg/dl with a
mean value of 2.98 144 pg/dl. As for
the control group, urinary chromium level
ranged from 0.1 to 2.5 pg/dl with a mean
value of 0.94 * 0.39 pg/dl. Correction for
urinary creatinine was done for the chro-
mium level. Creatinine-corrected urinary
chromium level among the exposed popu-
lation ranged from 0.49 to 5.84 pg/mg
creatinine in urine. The mean value was
247 £1.25 pg/mg Creat. The difference
between chromium-exposed subjects and
the control group (mean 0.62 *0.55 pg/
mg Creat) proved to be highly significant
(P<0.001) (Table 1).

Estimation of the blood level of chro-
mium showed a highly statistically signifi-
cant difference with mean values of 4.35 £
1.46 and 1.89 * 1.31 pg/dl among exposed
and  control  groups,  respectively
(P<0.001). The exposed workers had sta-
tistically significant high concentrations of

Cr in urine than the referents. Serum
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CD40 Ligand (sCD40L) assessment re-
vealed a difference between both groups.
The mean values were 2.04 * 2.18 ng/ml
for the exposed group and 2.69 * 1.12 ng/
ml for the control group, the difference
proved to be statistically non-significant
(Table 1).

Evaluating the level of chromosomal
aberrations in both the exposed and con-
trol groups revealed structural changes but
no numerical abnormalities. The structural
aberrations obtained in the form of gaps,
isochromatid gaps, breaks, isochromatid
breaks and separation were all found to be
more than double among the exposed
group in comparison to the control group.
The difference in the levels between both
groups was found to be highly significant
statistically. As for deletion and dicentric
changes, the level was higher among the
control than exposed group, the difference
being statistically significant (Table 2).

Assessment of the relationships be-
tween the different variables in the study
revealed a positive correlation between the
effect of age and smoking index (SI) ver-
sus the serum chromium (S-Cr) and creati-
nine-corrected urinary chromium level
(creat-U-Cr) and a negative correlation
versus the sCD40 Ligand among the study
population (n=58). All correlations were
statistically insignificant. Similarly a non-

significant correlation was obtained for the

CMI and studied parameters among the
exposed group of workers at the tanneries.
The sCD40L was also non-significantly
correlated to the levels of chromium in ser-
um and in urine. However, a highly signif-
icant correlation was found between the
serum chromium level and the level of
chromium in urine after correction for

creatinine (Table 3).

The chromosomal aberrations exam-
ined in the study were studied in relation
to each individual's age, smoking index
and duration of exposure at work. Howev-
er, no statistical significant correlation was
obtained except for the correlation be-
tween the CMI and number of chromoso-
mal gaps (r = 0.427; P <0.05). As for the
serum and urinary chromium levels, high-
ly significant positive correlation was ob-
tained for the chromosomal aberrations in
the form of gaps, breaks, iso-chromatid
gaps and iso-chromatid breaks. As for the
negative association detected for the dicen-
tric changes, it proved to be highly signifi-
cant with the S-Cr and significant with the
creat-U-Cr. However, a non-significant
correlation was obtained for deletion and
separation. The associations of chromoso-
mal changes with the sCD40L revealed
negative correlation with the different
types of chromosomal aberrations that
proved to be highly significant for deletion
(Table 4).



244 Gaballah I.F et al.,

Table (1): Mean % SD of the ressults of Different Laboratory Investigations among the
Exposed Group of Workers in Tanning (n=30) and the Non-exposed Control
Group (n=28).

Exposed Group | Control Group t-test P value
n=30 n=28
Range 201-6.23 02-51
S-Cr Mean 4348 1.889 6.858 0.000*
SD 1.458 1.314
Range 1.06 - 5.31 0.1-25
U-Cr Mean 2978 0.941 7.493 0.000*
SD 1.438 0.389
Range 04-12 05-12
sCreat Mean 0.763 0.741 0.253 N.S.
SD 0.401 0.308
Range 049 -5.84 0.04 - 1.81
creat-U-Cr Mean 2.467 0.622 6.034 0.000*
SD 1.249 0.548
Range 001-7.6 02-29
sCD40L Mean 2.041 2.691 1451 N.S.
SD 2.183 1.116

S-Cr: Level of Chromium in Serum (Ug/dl); U-Cr Level of Chromium in Urine (Ug/dl);
SCreat: Serum Creatinine (g);
creat-U-Cr: Creatinine-corrected Urinary Chromium Level (lig/g creatinine in urine);

SCDA0L: serum CD40 Ligand (ng/ml)

*Highly Significant P<0.005
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Table (2): Mean * SD of the results of Different Chromosomal Aberrations among the
Exposed Group of Workers in Tanning (n=30) and the Non-exposed Control
Group (n=28).

Exposed Group | Control Group t-test P value
n=30 n=28
Range 3-10 0-4
Gap Mean 6.13 1.60 11438 0.000%*
SD 1.961 0.932
Range 0-10 0-2
Break Mean 5.70 0.70 11.861 0.000%*
SD 2215 0.651
Range 0-6 0-3
IsoGap Mean 2.23 0.30 7.037 0.000%*
SD 1431 0.466
Range 0-4 0-1
IsoBreak Mean 1.67 1.10 6.861 0.000%*
SD 1.213 0.305
Range 0-4 0-1
Deletion Mean 0.93 1.081 3.479 0.001*
SD 0.201 0.407
Range 0-4 0-1
Dicentric Mean 1.25 1.291 4.682 0.000%*
SD 0.102 0.305
Range 0-2 0-1
Separation Mean 0.90 0.20 4259 0.000%*
SD 0.568 0.407

*“Highly Significant P<0.005
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Table (3): Correlation Coefficient (r) of the Level of Chromium in Serum (S-Cr), Creati-

nine-corrected Urinary Chromium Level (creat-U-Cr) and CD40L versus Cu-

mulative Exposure Index (CMI) among the Exposed Population (n=30) and
versus Age, Smoking Index (SI), S-Cr, creat-U-Cr and sCD40L among the
Studied Population (n=58).

CMI Age SI S-Cr | creat-U-Cr| sCD40L
n=30 n=58 n=58 N=58 n=58 n=58
S-Cr rvalue | -0.068 0.098 0.049 --- 0.625 0.121
Pvalue | 0.721 0.464 0.714 --- 0.000%* [ 0.365
creat-U-Cr| r value 0.123 0.116 0.064 0.625 --- 0.060
Pvalue | 0.357 0.386 0.632 | 0.000%* --- 0.654
sCD40L | rvalue | -0.175 -0.146 -0.159 0.121 0.060 ---
Pvalue | 0.355 0.274 0.231 0.365 0.654 ---

CMI: cumulative exposure index (hours.year); SI: smoking index (pack.year)

S-Cr: Level of Chromium in Serum (lig/dl);

creat-U-Cr: Creatinine-corrected Urinary Chromium Level (1g/g creatinine in urine);

SCDA40L: serum CD40 Ligand (ng/ml)
*Highly Significant P<0.005

**Highly Significant P<0.005
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Table (4): Correlation Coefficient (r) of the Chromosomal Aberrations versus Cumulative
Exposure Index (CMI) among the Exposed Population (n=30) and versus Age,

Smoking Index (SI), S-Cr, creat-U-Cr and sCD40L among the Studied Popu-
lation (n=58).

CMI Age SI S-Cr | creat-U-Cr| sCD40L
n=30 n=58 n=58 N=58 n=58 n=58
Gap r value 0.427 0.209 0.047 0.546 0.642 -0.224
Pvalue [ 0.019*% 0.115 0.726 | 0.000** | 0.000** [ 0.091
Break r value -0.207 0.073 -0.168 0.508 0.493 -0.209
Pvalue [ 0.272 0.586 0.208 | 0.000** | 0.000%* | 0.115
IsoGap rvalue | -0.152 -0.103 -0.119 0.483 0424 -0.198
P value 0.423 0.442 0.374 | 0.000** | 0.000** [ 0.136
IsoBreak | rvalue | -0.150 -0.039 -0.057 0.524 0.354 -0.023
Pvalue [ 0.429 0.771 0.671 | 0.000** | 0.006** [ 0.864
Deletion rvalue | -0.109 0.117 -0.109 0.067 0.247 -0.361
Pvalue [ 0.566 0.382 0.415 0.617 0.062 [ 0.005%*
Dicentric | rvalue | -0.196 -0.071 -0.255 | -0.695 -0.311 -0.019
Pvalue [ 0.299 0.596 0.053 | 0.000** | 0.018%* 0.887
Separation| r value 0.004 0.178 -0.155 | -0.037 | -0.005 -0.225
Pvalue [ 0.983 0.181 0.245 0.783 0.969 0.089

CMI: cumulative exposure index (hours.year); SI: smoking index (pack.year)

S-Cr: Level of Chromium in Serum (Ug/dl);

creat-U-Cr: Creatinine-corrected Urinary Chromium Level (lig/g creatinine in urine);

SCDA0L: serum CD40 Ligand (ng/ml)

*Highly Significant P<0.005
**Highly Significant P<0.005
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Discussion

Numerous environmental agents can
increase the probability of somatic muta-
tion that plays a critical role in carcinogen-
esis '), Chromium which has been used
commercially for more than 100 years in
metal alloys and other compounds, as a
pigment, and in the tanning and metal plat-
ing industries, is one of these inhalant car-

cinogenic agents (131,

Airway epithelial cells, which repre-
sent the first barrier to aeroallergens, form
a continuous pseudostratified layer in the
lung that protects underlying tissue from
the external environment. However, their
active role in the inflammatory response
has never been investigated in-depth. Re-
cent studies suggest that airway epithelial
cells interact with immune effector cells in
response to noxious stimuli by the expres-
sion of surface molecules involved in the
adhesion and activation of recruited leuko-
cytes and by the release of certain media-

tors [14] .

In the initial phase of inflammatory re-
sponse, circulating leukocytes are activat-
ed by exposure to inflammatory mediators
including complement fragments (CS5a),
cytokines such as IL-1, IL-8 and tumor ne-
crosis factors. The CD40 Ligand (CD40L),
a member of the tumor necrosis factor re-

ceptor family, leads to their microvascular

sequestration due, in part, to increased cell
stiffness and, in part, to increased adhe-
siveness of the circulating leukocytes (151,
Airway epithelial cells, highly susceptible
to these mediators, are similarly activated
resulting in enhanced expression of several
adhesion molecules. The interaction be-
tween the CD40L-positive lymphocyte
and its counter-receptor CD40 over-
expressed on the airway epithelial cells
plays a key role in several inflammatory
processes. This network of interactions,
which includes immune-competent and
resident cells, results in a self-maintaining
inflammatory loop, which could at least in
part explain the frequent association be-
tween allergy and loco-regional inflamma-
tion 141

However, failure to clear the original
stimulus and resolve the inflammatory re-
sponse results in persistent release of me-
diators and over-expression of the CD40L
facilitating the release of large quantities
of toxic oxygen radicals and proteolytic
enzymes. As a consequence of enhanced
lipid peroxidation, the resulting DNA
damage contributes to the development of
a broad range of carcinoma 71 In occupa-
tional exposure, following entry into the
cytoplasm of airway epithelial cells, the
trivalent chromium intermediates generat-

ed by spontaneous reduction of hexavalent
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chromium, avoid cytoplasmic chelation
and migrate into the nucleus inducing the
covalent interaction with DNA forming
DNA-protein complexes. In addition, they
generate short-lived redox oxygen radicals
as a result of chromium-induced depletion
of glutathione, thus producing reactive ox-
ygen species (ROS) as superoxide ion, hy-
drogen peroxide and hydroxyl radical 161,
The ROS are known to be cytotoxic caus-
ing inflammatory disease including tissue
necrosis, mutation and malignancy, a pro-
cess that involves changes in the cellular
adherence thus facilitating the disruption

[17]. Recent

of normal tissue architecture
evidence supports the presence of clear
links between chronic inflammation and
cancer. Strong epidemiological and genet-
ic evidence indicates that inflammation
can drive tumour progression and that the
disruption of endogenous anti-
inflammatory mechanisms can lead to tu-

mour development 1,

In this work, the two groups under
study were properly matched as regards
the age and smoking index indicating the
absence of influence of these confounding
factors on the results of the study. The
mean cumulative exposure index to chro-
mium in the tanning industry was 154.9 *
71.35 hours. A detailed analysis of cytoge-

netic activity induced by chromium com-

pounds in a lymphocyte culture of exposed
persons showed that the duration of con-
tact and the level of exposure to chromium
are dependent factors in the frequency of

cells with chromosome aberrations [18].

The tanning industrial processes con-
sist of trimming, fleshing, unhairing of
hides,
chrome tanning and splitting of hides, and

followed by bating, pickling,

finally stacking, dry milling, buffing,
spray finishing and plating 2 As the tan-
neries included in the study were all small-
sized, it was not possible to divide the ex-
posures according to the industrial pro-
cesses. All workers involved in the tanning
process were exposed to chromium as evi-
denced by the increased levels of chromi-
um in blood and urine.

In the blood stream, the oxidation form
of chromium, namely trivalent chromium
(Cr-III), is the determining factor in its
transport. Whole body distribution studies
indicate that the liver, kidneys, spleen and
testes accumulate the majority of chromi-
um after exposure, and to a lesser extent
the heart, pancreas, lung and brain (191,
Many studies have looked at the chromi-
um effects in terms of occupational health
and that it could cause deleterious health
effects including kidney and liver damage,
though certain questions remain about
which routes of exposures are dangerous

for humans [13].



250

Gaballah I.F et al.,

In the current study, no kidney affec-
tion was detected as determined by the
creatinine levels. However, a significant
difference was obtained between the ex-
posed and control groups, though within
normal levels. In a previous study of tan-
nery workers whose duration of employ-
ment extended to 30 years, kidney func-
tions were within normal limits, even
though urinary chromium levels clearly in-
dicated chromium exposure. A suggested
urinary threshold for nephrotoxic effects
(20: 211 1 this

study, the normal renal status might be re-

was 25 [g/g creatinine

lated to the short duration of exposure
(mean 17.13 * 8.09 years) and low urinary
creatinine-corrected chromium level not
exceeding 5.84 [g/g creatinine. As for the
liver affection, no abnormalities were de-
tected as determined by the liver function
tests. Consistent with these results, acute
toxic effect of chromium on the liver has

[22], and limited data

not been described
indicate that chronic exposure to chromi-

um compounds can cause hepatic effects
(23]

Blood distribution of chromium ap-
pears to be divided evenly between plasma
and erythrocytes. In the absence of known
exposure, whole blood chromium concen-
trations are in the range of 2-3 pg/dl, val-

ues above background levels are consid-

ered potentially toxic (241 The blood level
of chromium (S-Cr) in this study ranged
from 2.01 to 6.23 pg/dl, therefore exceed-
ing the toxic levels mentioned in the litera-

ture.

Chromium rapidly clears from the
blood and measurements relate only to
acute exposure. Following clearance from
the blood, chromium is excreted principal-
ly in the urine. Evidently, a positive highly
significant correlation was obtained in this
study between the level of S-Cr and the
chromium level in urine (U-Cr) indicating
the recent exposure among the exposed
population. Measurements of chromium in
plasma were considered a more definitive
gauge of environmental exposure than uri-
nary biomonitoring 1 But, recently, stud-
ies demonstrated the utility of urine sam-
ples in biological monitoring for
assessment of occupational exposure to
chromium 21, Additionally, elevated con-
centration of chromium in blood and urine
were significantly correlated with airborne

metal concentration [26]

. Normal urinary
levels of chromium in humans, influenced
by food, beverage intake, smoking and ex-
ercise [1], have been reported to range
from 0.24-1.8 pg/dl 191 1n the exposed
population of the current study, the U-Cr
level seemed to exceed normal limits

showing a highly significant statistical dif-
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ference compared to the control group
(mean 0.94 * 0.39 pg/dl), P value <0.005.
The mean values of U-Cr among the ex-
posed population was 2.98 * 1.44 pug/dl
corresponding to air levels of soluble chro-
mium compounds of 33 pg/m3. In occupa-
tional settings, a urinary chromium con-
5 pMg/dl

immediately after shift-work reflects expo-

centration of 4 pg/dl to

sure to air levels of 50 pg/m3 of soluble
Cr-VI compounds, a concentration asso-

ciated with nasal perforation 231,

Exposure for several days to lower
chromium concentrations of about 20 to
30 mg/m3 results in sneezing, rhinorrhea,
cough, dyspnea and substernal pain (271,
Accordingly, frequency distribution of
symptomatology in the current study
showed more prevalence of sneezing, rhi-
norrhea, cough, dyspnea, substernal pain
and to a lesser extent attacks of bronchos-
pam among the exposed population. Con-
sistently, other studies proved that chronic
exposure to chromium results in the occur-
rence of upper and lower respiratory tract
irritation as a result of chromium dust ex-
posure 271, Pulmonary sensitization in the
form of asthmatic attacks was detected
among the exposed population similar to
the chromium-induced asthmatic respons-
es elicited upon the inhalation challenge

with nebulized potassium chromate (28],

Exacerbations of allergy in the respira-
tory tract are related to locoregional in-
flammation, sustained by a combination of
both cytokines and chemokines. These
pro-inflammatory mediators up-regulate
the expression of some adhesion mole-
cules. The CD40L, a member of the TNF
family, is also much more widely ex-
pressed than initially thought; its expres-
sion appears not to be restricted to the acti-
vated CD4+ T cells, but is also present on
eosinophils, mast cells, and basophils (141,
Therefore, sSCD40L assigns a central role
in the inflammatory reaction in upper res-
piratory airway allergy 71 In this work,
estimating the levels of CD40L revealed
lower levels among the exposed (mean
2.04 + 2.18 ng/ml) than the control groups
(mean 2.69 * 1.12 ng/ml); the difference
obtained was statistically non-significant.
The CD40 molecule is barely detectable
on resting cells, but is found in plasma of
normal individuals as a soluble protein (61,
Lowered serum CD40L levels in our pa-
tients, mostly resulting from interaction
between sCD40L and its counterreceptor
CDA40, should be attributed solely to chro-
mium exposure because patients with oth-
er conditions causing immune system acti-
vation, such as fever, neoplasm, and
concurrent opportunistic infection, were

excluded from the study. The engagement
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of CD40 by CD40L has a principal role in
the immune system, inducing differentia-

tion, cell survival and proliferation (291,

Though non-significant statistically, a
negative correlation was obtained for
sCD40L levels versus smoking and age.
These data are strongly supported by many
research studies providing a better under-
standing of immunomodulation induced
by smoking and showing decrease in the
concentration of adhesion molecules.
These data suggest that the elevated con-
centration of serum soluble intercellular
adhesion molecules (SICAM) in smokers,
reported in earlier studies, are not due to
an immediate effect of smoking [30]. As
well, similar data related to age demon-
strated that progressive decline of CD4+ T
cells is followed by a decline in serum
C40L levels, since CD40L is expressed
mainly on CD4+ T cells (] The state of
immunosenescence is therefore character-
ized by contraction of T cell receptor di-

(31]

versity , and the progressive deteriora-

tion in the ability to respond to infections

and to develop immunity (321,

Though the level of sCD40L was low-
er among exposed than control groups, yet
a positive correlation was obtained for
both serum and urinary chromium levels.
However, the correlation was statistically

insignificant. This correlation suggests the

continuous cleavage of the surface mole-
cule expressed on activated cells to replace
the normal T cell-derived CD40L signal to
CD40-bearing cells 6] The presence of as-
sociation between sCD40L and chromium
truly represent a first step in the develop-
ment of mutagenesis. From patho-
epidemiological studies, the concept of
malignancy developing in chronic inflam-
mation was proposed. For the autonomous
growth of malignant tumor, genetic le-
sions, such as chromosomal aberrations,
amplification of oncogenes, and mutations
of genes involved in the cell cycle regula-
tion, must be essential [5]. Chromium elic-
its these effects by covalent interaction
with DNA in the form of DNA-protein

cross-links (16]

, and by the production of
reactive oxygen species in the foci of in-
flammation, thus playing a role in muta-

genesis and carcingenesis 331

Evaluating the level of chromosomal
aberrations between both the exposed and
control groups revealed structural changes
but no numerical abnormalities. The struc-
tural chromosomal aberrations obtained in
the form of gaps, isochromatid gaps,
breaks, isochromatid breaks and separation
were all found to be more than double
among the exposed group in comparison
to the control group. The difference in the

levels between both groups was found to
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be highly significant statistically for all ab-
normalities except for deletion and the di-
centric changes, where the difference was
only significant. These data have been
strongly supported by studies confirming
that the target of ROS is DNA with possi-
ble strand breaks or mutation in addition to
the alteration in transcription activities
341, However, in another study, no signifi-
cant difference was observed between ex-
posed and controls workers exposed to
chromium with regard to the frequency of
peripheral lymphocytes with chromosome
aberrations 7. Nowadays, DNA-protein
cross-links are considered a promising bio-
marker signaling an exposure of body tis-
sues to biologically active forms of chro-
mium 6],

As regards age and smoking index, the
results of studied correlation with the
types of structural rearrangements of chro-
mosomes were insignificant. An earlier
statistical analysis of chromosomal aberra-
tions revealed only a marginal impact of
habits
dependence has been established 371 -

smoking whereas an  age-
creasing the rate of chromosomal aberra-
tions with age has been observed in sam-
ples of studied individuals from newborns
to 40-year-old persons. However, a de-
crease in the frequency of aberrations in

older groups was observed as a result of

gradual decrease of proliferative cell ca-
pacities 1381 As for smoking, a dose-effect
relationship, shown by the increase in the
frequency of chromosomal aberrations
with an increase in the pack-years of con-

sumption was reported in a recent study
(39]

A significant association between the
length of exposure (CMI) and extent of
chromosomal gaps was revealed by the
current results. Chromium was reported to
be a genotoxic carcinogen affecting the
fragile site, a heritable point on the chro-
mosome where gaps and breaks tend to oc-
cur. The results obtained in this study
might be strongly supported by the detect-
able increase in lymphocyte DNA damage
due to chronic occupational exposure to
Cr-III which correlated significantly with
exposure of the cells to the metal (361 Al
though the precise mechanisms remain to
be elucidated, there is evidence for a role
of oxidative DNA damage in the genotox-
icity 81

The more the level of exposure as evi-
denced by both serum and urine chromium
levels, the more the chromatid and chro-
mosome gaps and breaks detected in the
current study. This positive correlation
proved to be highly significant, except for
deletions and separation. As for the dicen-

tric changes, a negative association proved
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highly significant for the S-Cr level and
significant for U-Cr levels. Cytogenetic
studies reported that dicentric yield de-
creases with time after exposure to nox-
ious endogenous or exogenous agents. Di-
centric chromosome, an  abnormal
chromosome with two centromeres rather
than the normal one, is a reversible aberra-
tion that leads to transient chromosome in-
stability (371 The genetic integrity of a cell
depends upon stable chromosomes where
centromeres play an essential role in cell
division '],

Consistent with these results, a recent
study assessing the effects of S-Cr concen-
tration on chromosomal integrity revealed
a statistical correlation with both the fre-
quency of chromatid exchange and the to-
tal frequency of chromosome and chromat-
id breaks and exchanges. Accordingly, the
genotoxicity in Cr-exposed workers was
consequential at quite low exposure levels,
plus chromosome rearrangement was
clearly evident as a biological response
marker for Cr exposure based on a signifi-
cant positive correlation between the chro-
mosomal aberrations and the Cr in the

blood 407,

In fact, chromosomal aberrations and
mutations of genes are involved in the cell
cycle regulation and have an important

role in the initial steps of tumorigenesis

71, Tumorigenesis is a process that in-

volves cell adhesion molecules. Addition-
ally, there must be changes in the cellular
adherence which facilitate the disruption
of normal tissue architecture 1>, Studying
the association of the CD40L and the chro-
mosomal aberrations revealed a negative
correlation for the different types of chro-
mosomal aberrations. In fact, decreased
serum levels of CD40L as a consequence
of CD40L binding to its over-expressed re-
ceptor CD40, correlated significantly with
increased chromosomal aberrations in the
form of deletions where lost segments oc-
cur as a result of chromium-induced struc-
tural changes. These data possibly indicate
the initiation of several inflammatory pro-
cesses and the subsequent mutagenesis as
a result of occupational exposure. DNA
double-strand breaks are among the most
deleterious types of damage that can occur
in the genome because failure to repair
them can lead to loss of genetic informa-
tion and chromosome rearrangements.
They arise by failures in DNA replication
and by exposure to environmental factors
(411, Recent study confirms the previously
reported association between level of chro-

mosomal aberrations and cancer risk [42].

In conclusion, scoring for structural
chromosome abnormalities is one of the

only practical methods available for de-
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tecting structural damage in an occupation-
al setting. Cytogenetic tests have shown
the clastogenic potential of a number of
metals and metal compounds, in spite of
the difficulties in identifying a specific
clastogen, where simultaneous exposure to
a number of organic and inorganic chemi-
cals is a common phenomenon. Metals,
known to be carcinogens, tend to possess
chromosome-damaging properties, even
though more extensive studies are still
needed before any conclusive evidence
can be reached. Study of the expression of
the molecules on the surface of various
cells or of the soluble form in the plasma
may provide insights into their roles in pa-
thophysiology in neoplastic diseases. Ad-
ditionally, differences in levels of soluble
cell adhesion molecules in the plasma may
be useful tools in stratifying disease sever-
ity or prognosis. Therefore, soluble adhe-
sion molecules might be considered as risk
markers of a wide range of human envi-
ronmental and occupational exposures,
whereas specific adhesion of molecules
may play a direct role in pathological pro-
cesses. The CD40L over-expression on the
surface of airway epithelial cells induced
by chromium exposure, though non-
specifically, is suggested to be a tool in the
detection of the initiation of chronic in-

flammation. Lowered sCD40L may be a

proposed additional marker to assess the
possibility of the development of carcino-
genesis. Yet, further investigation and
larger scale studies are needed, as adhe-
sion molecules constitute one of the fastest
growing and most confusing topics in the

body's local immune response.

Recommendations

Accordingly, serum CD40L estimation

is recommended during the pre-
employment examination to exclude those
with chronic inflammation or immune sys-
tem activation. The CD40L levels may
then be utilized periodically as early indi-
cator of chronic inflammation. Periodic
creatinine-corrected urinary chromium es-
timation, every 3 or 6 months, is needed
for recording the cumulative exposure of
exposed workers so as to exclude those ex-
ceeding 4 Pg/g creatinine, which is the lev-
el at risk of nasal perforation. The use of
genotoxicity testing is essential for assess-
ing potential human toxicity so that the
hazards can be prevented. Keeping seleni-
um at higher level among the occupation-
ally exposed workers, through daily intake
of selenium-rich diet, or Se supplements,
undoubtedly is important to guard against
chromium toxicity as a result of oxidative
stress. Besides, implementation of cleaner

production processes and pollution preven-
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tion measures can yield environmental
benefits. Reduction in chromium pollution
can be achieved through measures to in-
crease the levels of chrome that are fixed
in the tanning bath and reduce the amounts
that are "bled out" in subsequent process-
es. Other methods to reduce release of
chromium are through direct recycling by
treatment and precipitation of chromium
as hydroxide. Other tanning agents such as
titanium used as substitutes for chromium
to produce salts of generally lower toxicity

and safer to handle, should be considered.
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