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Revised on 07 March 2019,
Accepted on 27 March 2019

harmful health effects in workers employed in the wood industry.
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These harmful effects may be a result of inducing oxidative stress
which is causally related to inflammations. We aimed to evaluate the
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classified into four subgroups according to ages and duration of
exposure (5,10,15 and 20 years of exposure) and 50 control subjects

classified according to age into 4 subgroups. Also, the production of MIP-2 upon dust
exposure among these workers was assessed. Results: Significant reduction in enzymatic
antioxidants SOD and CAT levels and non significant reduction in GPx levels, as well as
significant rise in serum MIP-2 levels in different duration of exposure among exposed
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workers compared to healthy control ones. Also, significant difference in genotype frequency
of EPHX polymorphisms in exon 3 or 4 in different duration of exposure.Conclusion: SOD
and CAT levels and not GPx can reflect the antioxidant status in wood workers while
genotype frequency of EPHX1 gene polymorphisms at exon 3 and 4 can indicate genetic
damage in those workers.
KEYWORDS: Wood dust, Antioxidant status, MIP-2, EPHX Gene polymorphisms.
INTRODUCTION
In furniture manufacture, releasing wood dust was shown as machines are utilized for cutting
or shaping wood materials. Wood workers could be exposed to hardwood or softwood dust
(during their work activities), dust from natural wood or wood-based composites, pure wood
dust or wood dust which contain adhesives, paints as well as other chemicals.[1]
Wood dust represents complex mixture; the species of tree determined its chemical
composition which is composed mainly of cellulose, polyoses, and lignin, containing a large
and numerous substances with lower relative molecular mass.[2]
Wood dust generated distinct ROS (superoxide anion, and hydrogen peroxide) by selectively
inhibiting the enzymatic activity of superoxide dismutase or glutathione peroxidase and
catalase enzymes.[3]
MIP-2 is one of C-X-C chemokine that possesses in vitro chemotactic activity in neutrophil,
in addition to mitogenic activity for epithelial cells. It is a heparin binding protein, (of
approximately 6 kDa), that is secreted by mouse macrophage cell line when stimulated with
lipopolysaccharide.[4] Various types of cell participate in MIP-2 production such
macrophages, monocytes, epithelial cells, and hepatocytes, Detection of MIP-2 were found to
be as a part of inflammatory stimuli response.[5]
Microsomal EPHX1 function was to activate or detoxify carcinogenic substance as
polycyclic aromatic hydrocarbons and aromatic amines[6], it plays an essential role in the
metabolism of epoxide intermediate produced from cigarettes which is highly reactive[7] and
other epoxides that are converted to more stable diols.[8]
Chromosome 1 (1q42.12) carries human EPHX1 gene which contains 9 exons.[8] Two
common polymorphisms were reported in the coding region in EPHX1 gene that resulted in
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variation in enzyme activity. One conferring to decreased activity in case of one mutation
while increased activity was found in another. Transition of T (thymine) to C (cytosine) in
exon 3 lead to alteration tyrosine amino acid (Tyr) 113 into histidine (His), that change
reduces enzyme activity nearby 50% (slow allele). Another transition of A (adenine) into G
(guanine) in exon 4 also results in substitution of histidine (His) amino acid 139 into arginine
amino acid (Arg), that substitution increased enzyme activity by 25 (fast allele).[9]
Extremely slow/slow activity genotype was shown with reduction in EPHX1 enzyme activity
of more than 50%. That may result imbalance in oxidant/antioxidant within the body.[10]
PATIENTS AND METHODS
This study was performed on 50 workers exposed to wood dust (workers) from a factory for
furniture manufacture in Cairo governorate. Also, 50 healthy individuals not occupationally
exposed to wood dust were recruited as controls. The workers and controls subjects were
matched for age, socioeconomic status, and dietary habits. All participants filled a
questionnaire including personal, medical and detailed environmental and occupational
histories. Both groups were divided into four subgroups according to ages and workers
subgroups were classified according to duration of exposure to wood dust (5, 10, 15 and 20
years). First subgroup includes twelve of workers exposed to wood dust for 5 years, their age
range were (20 – 25 years), second subgroup contains thirteen of workers exposed to wood
dust for 10 years and their age were (25 -30 years), third subgroup includes twelve of workers
exposed to wood dust for 15 years, their age range were (35- 45 years) and fourth subgroup
includes twelve of workers exposed to wood dust for 20 years, their age range were (40 – 55
years). Blood samples were collected from each subjects and divided into an EDTA tube for
assessment of EPHX gene polymorphisms and also for separating plasma for catalase
determination and washing packed RBCs for determination of SOD and GPx enzyme
activity, other dry tube for separating serum for MIP-2 estimation.
PCR restriction fragment length polymorphism analysis of mEPHX gene
Genomic DNA was isolated from total blood cells using Qiagen Kit commercial, Germany.
Genomic DNA (20 ng) was amplified by polymerase chain reaction (PCR) according to
(Hasset et al., 1994)

[11]

. The PCR was performed in a volume of 50 µL reaction mixture

containing PCR buffer (1·5 mmol/L magnesium chloride, 100 ng primers, 4% dimethyl
sulphoxide, 200 mmol/L of each dNTP, and 1 unit of Taq polymerase [Promega]). The PCR
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conditions consisted of an initial single cycle of 10 minutes at 94C, followed by 40 cycles of
94C for 30 seconds, 56C for 20 seconds and 72C for 30 seconds.
Two separate PCR assays are used to detect the two mutations. The assay for the exon-3
variant uses the primer pair (5′-GATCGATAAGTTCCGTTTCACC-3´), and (5′-ATCCTTAGTCTTGAAGTGAGGAT-3´).

For

exon-4

variant,

primer

pairs

was

(5′-

ACATCCACTTCATCCACGT-3´) and (5′-ATGCCTCTGAGAAGCCAT-3). The PCR
product of exon 3 was digested with 10 U EcoR V restriction enzyme overnight at 37C,
while PCR product for exon 4 was digested with Rsa I restriction enzyme. Then, PCR
products for either exon were separated by electrophoresis through a 3% agarose gel, stained
with ethidium bromide and transilluminated with ultraviolet light. For exon 3, the sizes of the
restriction fragments of PCR product were 162 bps for the homozygote mutation genotype
(Hist-Hist), 140 and 20 bps for the (Tyr-Tyr) wild type homozygote and 162, 140 and 20 bps
for heterozygotes (Tyr-Hist).
For exon 4, the sizes of the restriction fragments of PCR product were 210 bps for the wild
type homozygote (Hist-Hist), 164 and 64 bps for the (Arg-Arg) homozygote mutation
genotype and 210, 164 and 46 bps for heterozygotes (Hist-Arg).
MIP-2 ELISA
Determination of serum MIP-2 concentration was done by enzyme-linked immunosorbent
assay (ELISA) using commercially available kits (R&D Systems). It was performed
according to the manufacturer's protocol.
Enzymatic biomarkers
1- Catalase activity: Plasma catalase activity was estimated in plasma using end point
colorimerty according to Aebi 1984.[12]
2- SOD activity: Superoxide dismutase (SOD) activity was determined colorimetrically
according to Nishikimi et al., 1972.[13]
3- GPx activity: Glutathione peroxidase (GPx) was determined using colorimetric method
according to Plaglia and Valentine 1967 [14].
Statistical analysis
The collected data and the laboratory results were computerized. Statistical analysis was done
through Statistical Package for Social Science (SPSS) software computer program version 20.
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The quantitative results were expressed as means ± standard deviation (SD) and qualitative
results as number (No.) and percent (%). Independent t-test, Pearson’s 2, and Analysis of
variant (ANOVA) with the post-hoc test least significant differences (LSD) were used in the
analysis of the results. Level of significance was adjusted at p ≤0.05.
RESULTS
Table (1): Levels of (SOD, CAT, and GPx) enzymes activities among exposed workers
and healthy groups for different duration exposure.
5 years
10 years
Workers Healthy Workers
Healthy
219.91± 256.75 ± 252.23 ±
282.85 ±
SOD
64.546
62.24
50.89
44.84
(U/mL)
376.92 ±
623.67
380.73 ±
702.93 ±
CAT
133.64
±123.43
124.23
70.32
(U/L)
231.33 ± 240.42 ± 222.07 ±
267.38 ±
GPx
62.66
34.19
48.46
62.31
(mU/mL)
SOD: Superoxide Dismutase, CAT: Catalase,

15 years
20 years
Workers Healthy Workers Healthy
204.07 ± 279.15 ± 236.91± 257.83±
56.77
54.38
39.29
42.85
204.07 ± 626.08 ± 412.50±
651.42
56.77
91.42
121.07
±102.96
225.86 ± 277.15 ±
258.83
264.83 ±
80.30
92.52
±62.50
39.86
GPx: Glutathione peroxidase **: highly

significant
In present study the levels of (SOD, CAT) antioxidants enzymes demonstrated significant
reduction (P < 0.003 and 0.003 respectively) where mean levels of (SOD, CAT) were
(219.91± 64.546 U/mL, 376.92 ± 133.64 U/L ), (252.23 ± 50.89 U/mL, 380.73 ± 124.23
U/L), (204.07 ± 56.77 U/mL, 204.07 ± 56.77 U/L), ( 236.91± 39.29 U/mL, 412.50±121.07
U/L respectively) among workers exposed to wood dust for different duration
exposure(5,10,15, and 20years respectively) when comparing with healthy groups as results
represented in table (1) & fig (1).
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Fig (1): Levels of SOD, CAT and GPx in workers and healthy groups in different
duration exposure.
Table (2): Levels of macrophage inflammatory protein-2 among exposed workers and
healthy control groups for different duration exposure.
5 years
10 years
15 years
20 years
Worker Healthy Worker Healthy Workers Healthy Workers Healthy
174.58
223.92
190.31 327.76± 215.15 638.25± 451.33 ±
MIP-2 183.82
±11.05 ±19.17 ±24.86 ± 16.88
55.43
± 24.17
219.45
102.51
(ng/L)
MIP-2: macrophages inflammatory protein

P value
P< 0.001

Levels of macrophage inflammatory protein recorded significant elevation (P<0.001), where
mean levels of MIP-2 were (183.82 ±11.05ng/L, 223.92 ±24.86ng/L, 327.76± 55.43ng/L, and
638.25± 219.45ng/L, respectively) among workers exposed to wood dust for different
duration exposure (5, 10, 15, and 20 years, respectively) when compared with healthy control
groups, where mean levels were(174.58 ±19.17ng/L, 190.31 ± 16.88ng/L, 215.15 ±
24.17ng/L, 638.25± 219.45ng/L respectively), results were represented in table (2)&fig(2).
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Fig (2): Levels of macrophage inflammatory protein-2 in different duration among
exposed workers and healthy group.
Table (3): Genotype frequency of EPXH1 polymorphism in Exon 3 (Try113His) among
exposed workers and healthy control groups for different duration exposure.
5 years
Exon 3:
Tyr-Tyr
Tyr-Hist
Hist-Hist

Workers
3
(25.00%)
6
(50.00%)
3
(25.00%)

Healthy
7
(58.34%)
4
(33.33%)
1
(8.33%)

10 years
Workers
4
(30.77%)
4
(30.77%)
5
(38.46%)

Healthy
7
(53.84%)
5
(38.46%)
1
(7.70%)

15 years
Workers
3
(23.08%)
5
(38.46%)
5
(38.46%)

Healthy
11
(84.61%)
1
(7.69%)
1 (7.69%)

P
value

20 years
Workers
5
(41.67%)
3
(25.00%)
4
(33.33%)

Healthy
6
(50.00%)
6
(50.00%)
0
(0.00%)

In the present study genotype frequency of EPXH1 polymorphism exon 3 illustrated
significant difference (P< 0.047) in exposed workers different duration exposure (5,10,15, 20,
respectively) comparison with healthy control groups, where Tyr-Tyr genotype was
(25.0%,30.77%, 23.08%, 41.67%, respectively) in exposed workers and (58.34%, 53.84%
,84.61%, 50.00%, respectively),while Tyr-Hist was (50.00%, 30.77%, 38.46%, 25.00%,
respectively) in exposed workers and (33.33%, 38.46%, 7.69% ,50.00%, respectively) in
addition, homozygose mutant genotype Hist-Hist was (25.0%, 38.46%, 38.46%, 33.33% ,
respectively) in exposed workers and (8.33%, 7.70%, 7.69%, 0.00% respectively),table (3)&
fig (3).
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Fig (3a): Microsomal epoxide hydrolase Fig (3b): Microsomal epoxide hydrolase
genotypes (exon 3) at 5 years duration genotypes (exon 3) at 10 years duration
among exposed workers and healthy among exposed workers and control
group.

group

Fig (3c): Microsomal epoxide hydrolase
genotypes (exon 3) at 15 years duration
among exposed workers and healthy
group

Fig (3d): Microsomal epoxide hydrolase
genotypes (exon 3) at 20 years duration
among exposed workers and healthy
group.

Table (4): Genotype frequency of EPXH1 polymorphism in Exon 4 (Try113His) among
exposed workers and healthy control groups for different duration exposure.

Exon 4:
Hist-Hist
Hist-Arg
Arg-Arg

5 years 10 years 15 years 20 years
Workers Healthy Workers Healthy
3
8
4
7
(25.00%) (66.67%) (30.77%) (53.84%)
6
3
5
4
(50.00%) (25.00%) (38.46%) (30.76%)
3
1
4
2
(25.00%) (8.33%) (30.77%) (15.40%)
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P
Workers Healthy Workers Healthy value
7
11
1
6
0.05*
(53.86%) (84.62%) (8.33%) (50.00%)
2
2
6
4
(15.38%) (15.38%) (50.00%) (33.33%)
4
0
5
2
(30.76%) (0.00%) (41.67%) (16.67%)
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Genotype frequency of EPHX1 polymorphism reported significant difference (P=0.05) at
exon4 among exposed workers for different exposure duration (5, 10, 15, 20 years) in
comparison with healthy control groups, where Hist-Hist genotype was (25.00%, 30.77%,
53.86%, 8.33%, respectively) in exposed workers and (66.67%, 53.84%, 84.62%, 50.00%,
respectively) in healthy control groups, while Hist-Arg genotype was (50.00 %, 38.46%,
15.38%, 50.00%, respectively) and (25.00%, 30.76%, 15.38%, 33.33%, respectively) in
healthy control groups ,in addition to Arg-Arg genotype was (25.00%, 30.77%, 30.76% and
41.67%respectively) and (8.33%, 15.40%, 0.00%, 16.67%respectively)in healthy control
groups, table (4)& fig (4).

Fig (4a): Microsomal epoxide hydrolase
genotypes (exon 4) at 5 yearsduration
among exposed workers and healthy
group.

Fig (4b): Microsomal epoxide hydrolase
genotypes (exon 4) at 10 years duration
among exposed workers and healthy
group.

Fig (4c): Microsomal epoxide hydrolase

Fig (4d): Microsomal epoxide hydrolase

genotypes (exon 4) at 15 years duration

genotypes (exon 4) at 20 years duration

among exposed workers and healthy group.

among exposed workers and healthy group.
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1: His/His.
2: Tyr/His.
3: Tyr/Tyr.
4: His/Arg.
5: Arg/Arg.
6: His/His.
7: marker with100 bp (ladder).

Fig (5): gel electrophoresis of EPHX1 gene (exon 3 and 4) by PCR-RFLP.
Exon 3 in lanes 1-3, Exon 4 in lanes 4-6.

DISCUSSION
Wood workers are exposed continuously to wood dusts particles that cause a numerous
harmful effects on their health [15]. Recent study mentioned that free radicals interaction with
cell and macrophage leads to several disorders through occupational wood dust exposure.[16]
Present study illustrated a significant reduction in catalase activity (P<0.003) among exposed
workers (Table 1), that was in agreement with Staffolani[17] who concluded that occupational
exposure to wood dust promotes excessive production of hydrogen peroxide. Previous study
reported that hydrogen peroxide is produced through digestion of wood dust particles by
macrophages and neutrophils which undergoes respiratory burst via reduced nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase system.[18]
Also, Aboulezz[19] concluded that reduction in catalase efficiency may be due to enzyme
exhaustion trying to remove generated hydrogen peroxide during occupational exposure.
Also, it may be as a result of enzyme inactivation through excessive production of ROS in
mitochondria and microsomes.
SOD enzyme transforms superoxide radicals to stable oxygen molecule (O2) and H2O2.[20]
Our present study mentioned that the levels of SOD enzyme activity recorded a significant
reduction (P<0.003) respectively in exposed workers.That was in accordance with
Gaballah[21] who found significant reduction in SOD enzyme among Egyptian wood workers.
Also, recent study revealed that prolonged exposure wood dust promotes excessive releasing
of •O (superoxide radicals) and H2O2 (hydrogen peroxide radicals) which induce chronic
www.wjpps.com
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oxidative stress[3], these oxidative stress represents the most toxic mechanism causing many
physiological and cellular changes. This mechanism is mediated through generation of
intracellular reactive oxygen species which in turn impair antioxidants enzymes activities like
catalase and SOD.[22]
It was observed that most of the exposed personnel did not use facemasks or gloves. The
positive genotoxicity in the present study may be due to lack of protective measures.
Also, it was shown that levels of serum MIP-2 showed increased levels with increasing
duration of exposure (significant elevation (P<0.001)) among workers compared to healthy
control group. This rise may be a result of chronic oxidative stress, or from wood dust
chemical composition, or may be due to interaction between wood dust particles and
macrophages. Also, these results indicated that these particles promote immune response
through releasing humeral mediators (as MIP-2) which mediates the acute inflammatory
response following prolonged exposure to wood dust particles.[23]
Microsomal epoxide hydrolase (mEH) is an important metabolic biotransformation enzyme
that hydrolyzes epoxides, yielding trans-dihydrodiols. Such hydrolysis usually has a
detoxifying effect.[24]
Current study recorded that genotype frequencies of EPHX1 in exon 3 showed significant
difference (P<0.047) and in exon 4 (P< 0.05) among exposed workers and controls.
According to Li[7], Tyr-Hist represents slow allele in exon 3 and Hist-Arg in exon 4 fast
allele. Variation in these alleles was shown along different exposure duration as shown in
table 3 and 4. Bruschweiler[25] illustrated that the wood working environment often includes
simultaneous exposures to other substances (PAHs, formaldehyde, or wood preservatives.
PAHs can induce mutations in human[26], resulting from oxidative DNA damage which can
be induced by wood dust[21], all that may result in gene-environment interactions which can
play an important role in replacement of Tyr113His in exon 3[24], these genetic
polymorphisms has a significant impact on synthesis, function and activity of mEH enzyme
leading to variations in individual ability in xenobiotic biotransformation and antioxidant
protection[27], which in turn also may affect oxidative defenses against a number of
environmental substances.[28]
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So, it can be inferred that the “fast” genotype because of its highest activity during wood dust
exposure can generates some intermediate products, which are efficient inducers of
antioxidant depletion in exposed workers. The “intermediate” genotype mediates the abovementioned metabolic situations and consequently, minor biological effects are expected.[29]
This reflects a direct functional effect of the EPHX1 gene through its regulation of EPHX1
levels in those workers.
CONCLUSION
SOD and CAT levels and not GPx can reflect the antioxidant status in wood workers while
genotype frequency of EPHX1 gene polymorphisms at exon 3 and 4 can indicate genetic
damage in those workers
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