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Abstract:

Peripheral blood samples were obtained from thirty three leather tannery workers directly involved in the tanning process
in the tanning factory at Al- Zaafarniya / Baghdad , one of the factories of state company for leather tanning industries. In
addition peripheral blood from twenty healthy control individuals (not known to be exposed to chemicals or other potentially
genotoxic substances) were used as control group.

The micronucleus (MN) assay was performed using the cytochalasin B technique. We observed a highly significant increase in
the mean frequency of lymphocyte micronuclei (MN) and nucleoplasmic bridges (NPBs) , a significant increase in the mean
frequency of nuclear buds (NBUDs) and a highly significant decrease in the mean frequency of nuclear division index (NDI)
of the tannery workers group in comparison with the control group.

The results of the present study also indicate the influence of service duration of tannery workers in lymphocyte MN , NPB,
NBUD and NDI frequencies . The age of tannery workers also effect in lymphocyte micronuclei and nuclear division index
frequency.

The conclusion from our study that the tannery factory workers studied have experienced genotoxic exposure, which is
manifested as an increase in the frequency of lymphocyte MN, NPB, NBUD and a decrease in NDI this work shows a clear
genotoxic effect. Our study recommends providing all occupational safety requirements for workers in the factory and com-

mitment of workers apply them.
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Introduction:

Genotoxicity biomarkers considered as tools for detecting
human genotoxic exposure and effects dealing with occupa-
tional exposure to chemical carcinogens (1). Micronucleus
(MN) assay is one of the genotoxic biomarkers that have
been used as an indicator of chromosome damage (2).

Micronucleus (MN) assay in peripheral blood lympho-
cytes is well established as a standard method for human
biomonitoring studies to detect cytogenetic effects in pop-
ulations exposed occupationally and environmentally to
genotoxic chemicals which can be used to identify risk from
exposure to environmental and occupational pollutants well
before the clinical onset of disease (3).

Corresponding address:

Noor Hashim Ismail

Iraqi center for cancer and medical genetic research/ Al-Mus-
tansiriyah University

Email: noor.hashim@iccmgr.org

The assay include scoring MN as a measure of chromo-
some breakage and chromosome loss, detection of nucleo-
plasmatic bridges (NPB), a biomarker of DNA misrepair
and/or telomere end-fusions, and nuclear buds (NBUD), a
biomarker of elimination of amplified DNA and/or DNA
repair complexes. The nuclear division index (NDI) is a
bio—marker that measure the proliferative status of the vi-
able cell (4).

Leather tanning industry involves many procedures with
different chemical exposures, which can be harmful for the
health tannery workers and particularly be carcinogenic (5).
Tannery workers exposed to a variety of chemical agents,
some of them being well identified carcinogens (solvents,
enzymes natural and synthetic oil, sulphuric acid, formic
acid, alkaline chromium sulfate , organic and inorganic dyes
,phosphoric ether, sulphate, carbonate, melanin, etc.) (5).

Many chemicals agents are stable and permanent environ-
mental contaminants and have the potential to cause genetic
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alterations in the target tissues of humans exposed to it (6),
therefore, the aim of the present study was to evaluate the
incidence of genetic damage in workers chronically ex-
posed to chemical hazards using micronucleus (MN) assay
in peripheral lymphocytes.

Materials and Methods:

Subjects

Heparinized venous blood samples were obtained from
tannery workers (n=33 , 27 male and 6 female ) directly
involved in the tanning process or the finishing department
in the tanning factory at Al- Zaafarniya / Baghdad , one of
the factories of state company for leather tanning industries.
The tannery workers age range 27 to 61 years old (mean
44.375). The duration of their work range 4 to 34 years
(a mean working time of 16.129 years).We also collected
blood from twenty healthy control individuals ( n=20 , 10
male and 10 female ) not known to be exposed to chemicals
or other potentially genotoxic substances.

The study groups (tannery workers group , healthy control
individuals group) live in different areas of the city of Bagh-
dad . A questionnaire on age, occupational history, marital
status, health status, recent radio diagnostic exposure, drug
consumption , family history of cancer , smoking and drink-
ing habit was applied to all subjects.

Micronucleus (MN) assay

The MN assay was performed using the cytochalasin B
technique as described by Fenech and Morely (7) with some
minor adaptations. Briefly, 0.5 ml whole blood was added to
4.5 ml RPMI 1640 medium (US Biological ,USA) , supple-
mented with 20% fetal bovine serum , streptomycin—peni-
cillin antibiotics, 0.4 ml phytohemagglutinin (PHA) and
incubated at 37C[ 1.

Cytochalasin B (Santa Cruz biotechnology Inc, USA, cat#
sc-3519) was added at 44 hour of incubation at final concen-
tration of 4.5ug per ml culture. After a total incubation time
of 72 h at 37Cl], cells were harvested by centrifugation,
resuspended with 10 ml hypotonic solution (0.075M KCl )
for 5 minutes at 37C[] followed by immediate fixation with
freshly prepared cold methanol:acetic acid (6:1, v/v) . Cell
suspensions were dropped onto pre-chilled slides, air dried
and stained with Giemsa. Slides were coded and scored by
light microscopy at 1000X magnification.

For each subject, 1000 binucleated (BN) lymphocytes
with well-preserved cytoplasm were scored. Binucleated
cells with micronuclei (BNMN) , nucleoplasmic bridges
(NPB) and nuclear buds (NBUD) were identified according
to the criteria of Fenech et al., 2003 (8).

We examined 500 lymphocytes to evaluate the
nuclear division index (NDI) wusing the formula
NDI=M1+2M2+3M+4M/N, where M1-M-4 represent cells
with 1, 2, 3, or 4 nuclei, and N is the total number of viable
cells scored (9).

Statistical analysis
All statistical analysis was conducted using Statistical

Package for Social Sciences (SPSS) version 22. Data were
given as mean + standard error (SE), while significant dif-
ferences between means were assessed by t- tests. The com-
parison of significant ( p-value) were : significant difference
(P <0.05) , Highly significant (p<0.01) and Non-Significant
difference (p>0.05) (10).

Results:

We used the MN assay to assess whether the occupa-
tional exposure of the tanning factory workers could
exert some genotoxic effects. As shown in table (1), figure
1, we observed highly significant increase (p<0.01) in the
mean frequency of binucleated lymphocytes with micronu-
clei (BNMN) and highly significant decreases (p<0.01) in
the mean frequency nuclear division index (NDI) of the tan-
nery workers group in comparison with the control group.

A highly significant increase (p<0.01) in the mean fre-
quency of binucleated lymphocytes with nucleoplasmic
bridges (NPB) ( table 1, figure 2) and a significant (p<0.05)
increase in the mean frequency of nuclear buds (NBUD)
(table 1, figure 3).

The result of our study showed highly significant increase
(p<0.01) in the mean frequency of BNMN , NPB and
NBUD and a highly significant decrease (p<0.01) in NDI of
the tannery workers group with service duration > 15 year
in comparison with the tannery workers with service dura-
tion < 15 year as shown in table 2.

Tannery workers with age group > 45 year showed signifi-
cant increase (p<0.05) in the mean frequency of BNMN and
a significant decrease (p<<0.01) in NDI when compared with
tannery workers with age group <45 year (table 3).

Furthermore the result of our study revealed no signifi-
cant difference (p>0.05) in the mean frequency of BNMN
and NDI in in lymphocyte of tannery workers according to
gender (table 4) and smoking habit (table 5). No statistical
difference (p>0.05) was detected in lymphocyte frequency
of NPB and NBUD in tannery workers according to service
duration , age , gender and smoking habit (table 2, 3,4 and
5).
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Tablel. Mean (+ SE) frequencies of MN, NPB, NBUD and NDI in lymphocytes of studied groups.

group Comparison of Significance
Parameters Tann((e:-li ;s;;rkers Con(tlll°0=12(g);'0up p- value Significance
MN;;S;’I? iBl;Ece“ 16.48 + 1.31 0.99 £ 5.95 0.000 High(lg:(i)’f”(‘)‘lﬂ)ica“t
N Pzggo iBgEce“ 3.70+0.67 0.55+0.29 0.001 High(lgj(if(‘)‘lﬂ)ica“t
NBI;Z ;g“igg cell 1.06+0.26 0.20£0.12 0.061 Sag)‘foﬁ;g‘)“
Mengi SE 1.38+0.05 1.820.07 0.000 High(lly)j("f;‘l“)ica“t

Table 2. Mean (+ SE) frequencies of MN, NPB, NBUD and NDI in lymphocytes of tannery workers according to service

duration.
Parameters (nl=5 12 7 (nl=51< 6) p- value Significance
Ml\liille(;? fSNEce“ 11.82+1.27 21.44+1.59
NPB/1000 BN cell 0.88::0.30 6.69:£0.85
Mean +SE 0.000 Highly significant
NBU;;; 1?101 1;1; cell 0.12+0.08 2.06:0.39 (p<001)
Me;?)i SE 1.56+0.06 1.19+0.02

Table 3. Mean (+ SE) frequencie

s of MN, NPB, NBUD and NDI in lymphocytes of tannery workers according to age.

Age . ..
(years) Comparison of Significance
Parameters
452 45< - value Significance
(n=16) (n=17) P g
MN/1000 BN cell Significant
811 +2. .
Mean = SE 13.81+1.32 19+2.07 0.04 (p<0.05)
NPB/1000 BN cell Not significant
. . .82+0. .

Mean <+ SE 2.50+0.84 4.82+0.98 0.084 (P>0.05)
NBUD/1000 BN cell Not significant
Mean = SE 0.63+0.33 1.470.37 0.10 (P>0.05)

NDI 1.49+0.07 1.28+0.05 0.017 Significant
Mean + SE ) ) ) ) ) (p<0.05)
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Table 4. Mean (+ SE) frequencies of MN, NPB, NBUD and NDI in lymphocytes of tannery workers according to gender.

Gender Comparison of Significance
parameters Male Female - value Significance
(n=27) (n=6) P g
MN/1000 BN cell -
Mean = SE 16.44+1.51 16.67+2.64 0.94 Not significant (P>0.05)
NPB/1000 BN cell N
Mean + SE 4.26+0.77 1.17+0.60 0.075 Not significant (P>0.05)
NBUD/1000 BN cell N
Mean = SE 1.26+0.30 0.17+0.17 0.1 Not significant (P>0.05)
NDI 1.38+0.05 1.40+0.05 0.87 Not significant (P>0.05)
Mean = SE ’ ’ ’ ’ ’ g ’

Table 5. Mean (+ SE) frequencies of MN, NPB, NBUD and NDI in lymphocytes of tannery workers according to smoking habit.

smoking status Comparison of Significance
Parameters
Smokers Non-smokers - value Sienificance
(n=9) (n=24) P &

MN/1000 BN cell Not significant
Mean - SE 18.67+2.67 15.67+1.50 0.31 (P>0.05)
NPB/1000 BN cell Not significant

J1+1. 92+0. .

Mean = SE 3.11+1.38 3.92+0.78 0.60 (P>0.05)
NBUD/1000 BN cell Not significant
Mean = SE 1£0.5 1.08+0.31 0.88 (P>0.05)

NDI Not significant
37+0. 39+0. .
Mean -+ SE 1.37+0.09 1.39+0.05 0.84 (P>0.05)

Figure 1. Binucleated lymphocyte with micro- Figure 2. Binucleated lymphocyte with nucleoplas-
nucleus , under 1000X magnification. mic bridge , under 1000X magnification.

<« Figure 3. Binucleated lymphocyte with nuclear bud
, under 1000X magnification.
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Discussion:

he result of our study revealed a highly significant
(p<0.01) increase in the mean frequency of binucleated
lymphocytes MN and NPB, a significant (p<<0.01) increase
in the mean frequency of NBUD and a highly significant
(p<0.01) decrease in the mean frequency of NDI of the tan-
nery workers group in comparison with the control group.
Since the formation of micronuclei is related to DNA le-
sions resulting in acentric fragments or whole chromosomes
not being included in the resulting nuclei during mitosis
(11,12). NPBs provide a measure to the extent of chromo-
some rearrangement, NBUDs are “markers of gene ampli-
fication and NDI is a bio~marker that measure the prolif-
erative status of the viable cell frac—tion (9). An increase in
the mean frequency of in NPB and NBUD were observed
in the tannery workers group in comparison with the control
group suggesting chromosomal damage and a DNA insta-
bility status in this group (9,13).

A decrease in the mean frequency of NDI of the tan-
nery workers group in comparison with the control group
suggest—ing a possible cytostatic effect induced by chemi-
cal agents involved in leather tanning industry procedures
and /or a delay in the cellular division process in order to
preferable repair their DNA damages (14). This result seems
to indicate a higher genotoxic risk in the tannery popula-
tion. However, leather processing involves a considerable
number of potentially genotoxic substances which may be
contributing to the cytogenetic lesion reported (15).

The results of the present study also indicate the influence
of service duration in the MN ,NPB , NBUD and NDI bio-

markers among tannery workers . The increases frequencies
of MN, NPB, NBUD and the decrease frequencies of NDI
which reflect the cumulative effect of the complex mixture
of chemical agents involved in leather tanning industry pro-
cedures (16) , which had been reported previously (17-19).

The increase frequencies of MN, and the decrease frequen-
cies of NDI were statistically significant in tannery work-
ers with age group > 45 year when compared with tannery
workers with age group < 45 year. Aging characterized by
instability in the organization and expression of the genetic
material that reflect in different genetic end-points such as
DNA breaks, mutation at different genetic loci and chro-
mosomal damage (20). Recent studies showed that stable
genetic changes accumulated with age (21-25).

No statistical significant for MN , NPB, NBUD and NDI
according to gender and smoking habit of tannery workers
was detected which may be attributed to the big difference
in the number of male (n=27) compared to female(n=6),
and smokers (n=9) compared to non —smokes (n=24) , that
is why the comparison between tannery workers and control
group according to gender and smoking habit cannot be
ascertained .

In conclusion, our results indicate that the tannery fac-
tory workers studied have experienced genotoxic exposure,
which is manifested as an increase in the frequency of MN,
NPB, NBUD and a decrease in NDI this work shows a clear
genotoxic effect. In this context, our positive results would
reinforce the higher sensitivity of MN assay in the biomoni-
toring of occupationally exposed populations. Our study
recommends providing all occupational safety requirements
for workers in the factory and commitment of workers ap-
ply them.
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