-

-
brought to you by .i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Journal of Applied and Natural Science

Journal of Applied and Natural Science
13(1): 79 - 87 (2021)

Published online: February 12, 2021

ISSN : 0974-9411 (Print), 2231-5209 (Online)
journals.ansfoundation.org

ANSF

APPLIEDAND NATURAL
SCIENCEFOUNDATION

Research Article

Changes in blood Cr level and its oxidative status among leather
tannery workers of District Kanpur in North India

Ramji Dubey

Molecular and Human Genetics Laboratory, Department of Zoology, University of Lucknow,
Lucknow - 226007 (U.P.), India

Pragya Verma

Biological Rhythm Research Unit, Department of Zoology, University of Lucknow, Lucknow -
226007 (U.P.), India

Sudhir Kumar*

Molecular and Human Genetics Laboratory, Department of Zoology, University of Lucknow,
Lucknow - 226007 (U.P.), India

Article Info

https://doi.org/10.31018/
jans.v13i1.2475

Received: December 31, 2020
Revised: February 2, 2021
Accepted: February, 8, 2021

*Corresponding author. E mail: panwarsudhir@gmail.com

How to Cite

Dubey, R. et al. (2021). Changes in blood Cr level and its oxidative status among leather tannery workers of District Kanpur in
North India. Journal of Applied and Natural Science, 13(1): 79 - 87. https://doi.org/10.31018/jans.v13i1.2475

Abstract

Chromium (Cr) sulfate is used in the tannery industry as a basic tanning agent. Workers are directly exposed to the Cr due to
unawareness and no safety protocols. Therefore, the present study aimed to investigate the oxidative stress of Cr in tannery
workers of District Kanpur in North India. Two groups of the population were for the study, Group | included 50 directly exposed
people employed in tannery industries, whereas Group Il included 50 healthy people with no previous exposure to Cr. The con-
centration of total Cr in blood samples was measured by Inductively coupled plasma mass spectroscopy (ICP-MS). Oxidative
status was measured by antioxidant enzyme assays such as Catalase (CAT), Glutathione Peroxidase (GPx) and Glutathione
Reductase (GR). Statistical analysis observed a significant (p<0.001) increase of Cr concentration in Crexposed Group com-
pared to controls which were not exposed to Cr. The level of CAT (9.73 + 1.68 u/mg) was significantly (p<0.001) higher in Cr-
exposed group as compared to control (6.00 + 0.86 u/mg) while GPx (40.02 + 5.43 u/mg) and GR (5.29 + 1.59 u/gHg) concen-
tration is significantly (p<0.001) lower in Cr-exposed group compared to control (59.71 + 5.09 u/mg and 10.77 + 2.32 u/g Hg,
respectively. In Pearson correlation analysis, blood Cr level showed a significant correlation (p<0.05) with oxidative status. In
Pearson correlation analysis, blood Cr level showed a significant correlation (p<0.05) with the oxidative status of the exposed
population. The outcome of this study may help the early detection of hazardous impact of Cr on tannery workers, which will be
crucial for reducing health risk and exposure.

Keywords: Catalase, Chromium (Cr), Oxidative status, Tannery workers

INTRODUCTION

Cr is considered as one of the most commonly used
hazardous heavy metals (Zhu and Costa 2020). It is a
component of lead ore (Vauquelin in 1798). Cr (lll) salt
is commonly used in tannery industry as a tanning
agent to strengthen the collagen fibers through the
cross-linking action of the tanning agents to bring about
permanent stabilization of the skin material that is
prone to putrefaction (Li et al., 2016). It is estimated
that 20,000 workers are exposed to Cr directly or indi-
rectly in their workplace in North India and 5,58,000 in
the United States of America are potentially exposed to

Cr and Cr-containing compounds in the workplace and
about 3,00,000 workers are seriously affected by the Cr
compounds across the globe annually (Annangi et al.,
2016). It is possible to assert leather and its corre-
sponding downstream sectors as the world's biggest
manufacturing field based on a by-product (Khan et al.,
2015). A popular centre for leather production in north-
ern India is Jajmau (Kanpur) in Uttar Pradesh. There
are about 400 tanneries in the town that account for a
large portion of the untreated water that runs into the
river. There is a high concentration of Cr in the
wastewater discharged by these factories, which con-
tributes to the extensive pollution of different ecosys-
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tems (Gowd et al., 2010; Saxena et al., 2016). Common
effluent treatment plant (CETP), Jajmau confirmed that
their tannery units do not have primary effluent treat-
ment plants in order. Flow metres, which verify the vol-
ume of wastewater flowing from tanneries to the drain-
age do not operate in most areas (Tare et al., 2003;
Ghosh, 2019). The same refers to units of Cr recovery
that are not set up in compliance with the Uttar Pradesh
Pollution Control Board (UPPCB) guidelines (Gupta,
2014). In some places of Kanpur, the content of Cr in
aquifers and drinking water is 250 times greater than
the WHO allowable limits (0.05 ppm) (CPCB, 1997).

Cr can harm the body by reaching with internal organs
through breathing, oral consumption or by cutaneous
contact, so this element can be exposed to tannery
workers as well as the population living in the industrial
tanning region, mostly in the inorganic form of Cr (lll) or
in the protein-bound form (leather dust). Cr (lll) is poorly
transported across the membrane, while Cr (VI) can
easily cross cell membranes through non-specific anion
carriers in neutral aqueous solutions (Danielsson et al.,
1982; Vincent, 2013). Cr (VI) is metabolically reduced
within the cell to metastable Cr (V), Cr (IV) as well as
stable Cr (lll) species (Dayan and Paine 2001). The
reduction intermediates such as Cr (V) and Cr (lll) are
capable of coordinating covalent interactions with mac-
romolecules such as DNA, RNA, protein and lipids,
while Cr (VI) is unable to react with macromolecules. Cr
(1) binds to DNA, leading to a decrease in DNA poly-
merase fidelity and increase in its processivity that can
eventually lead to increased mutations (Estamond et
al., 2008). In the presence of biological reductants, Cr
(Ill) decreases to Cr (ll) producing oxidative stress
(Ozawa and Hanaki, 1990; Chen et al., 2019) and oxi-
dative DNA base modifications such as the synthesis of
8-hydroxyguanosine (8-OH-dG; Snow, 1991;
Chaudhary et al., 2005; Wise et al., 2019). The freshly
developed Cr (ll) responds to hydrogen peroxide to
create a hydroxyl radical that causes lipid peroxidation
(Setyaningsih et al., 2015). Cells stimulate antioxidant
defensive mechanisms in response to lipid peroxida-
tion, where antioxidant enzymes such as CAT, SOD
and GSH function synergistically to detoxify the im-
pact of lipid peroxidation (Barber and Harris, 1994;
Cheung et al., 2001; Paithankar et al., 2020). Oxida-
tive stress may be found associated directly or indi-
rectly with various pathways, such as autophagy fail-
ure, apoptosis resistance, chronic inflammation, gene
mutation and epigenetic changes of carcinogenesis
and toxicity. Most of these processes have been in-
volved in carcinogenesis induced by Cr (VI) and have
the ability to be induced by Cr (lll) (Wang et al.,
2016). The objective of the present study was, there-
fore, to assess the hazardous impact of Cr (Ill) with
special regard to its oxidative status in tannery work-
ers in Kanpur district of North India.

MATERIALS AND METHODS

Location

This study was carried out at the Chaudhary Ehsan
Kareem Hospital, located near the tannery industry in
Jajmau area of Kanpur, Uttar Pradesh, India (Fig.1).
There are several tannery industries located in this re-
gion that produce many toxic wastes during bating pick-
ling, tanning, colouring, shaving, buffing, and finishing
process leather production. These toxic wastes are
treated by low capacity Common Effluent Treatment
Plants (CFTP). Jajmau CFTP can treat only 9 million
litres per day (MLD) discharges from tanneries while
approximately 50 MLD is discharged measured from all
tanneries in Jajmau, according to the Central Leather
Research Institute survey (2012). Therefore, water, soil
and air of the nearest area are polluted by high Cr con-
centrations emitted from these factories (Roy, 2012).
Control participants with no known background of Cr
toxicity and the same age group (18-55 years of age)
were chosen from the general population of an adja-
cent district Lucknow.

Samples

The study design included a total population of 100
human beings divided into two groups. Group | includ-
ed 50 Cr-exposed tannery workers with a mean age of
33.11+£13.99 years and Group Il included 50 control
individuals with no history of exposure to Cr. The criteri-
on for including volunteers in the study was average
daily exposure of at least 6 hrs/day for not less than 2
years.

Questionnaire

The questionnaire determined the participants' personal
data, occupational and medical history, including age,
sex, marital status, alcohol, smoking, type and place of
work, duration of employment and history of chronic
diseases, as the part of the study. Exogenous free radi-
cal growth could be a result of exposure of an individual
to environmental pollutants, certain drugs and heavy
metals, cigarette smoke, alcohol and radiation (Pizzino
et al., 2017). Therefore, this questionnaire was im-
portant to identify the association between oxidative
status and personal characteristics of individuals.

Laboratory investigations

Collection

According to the Recommendations of the Human Ethi-
cal Committee of the University of Lucknow (LU/IEC/
Z0OO0L/2020/11/04), qualified paramedic workers ob-
tained blood samples (5mL) in heparinized tubes from
Cr-exposed and unexposed persons attending the out-
patient clinic at Chaudhary Ehsan Kareem Hospital,
Jajmau, Kanpur. All subjects’ individuals participating in
the proposed study were briefed about the essence of
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Fig. 1. Satellite map of Kanpur city with the pointers showing specific location of the tannery industries.

the study. Written consent of the volunteers was ob-
tained and submitted to the Institutional Ethics Commit-
tee of the University of Lucknow.

Blood Cr analysis

Total blood Cr content was measured at the Central
research facility of [IT- Delhi, using Inductively Coupled
Plasma Mass Spectroscopy (ICP-MS) using Agilent
Technologies' 7900 ICP-MS process. 0.5 ml of blood
samples drawn from all the participants were used to
assess Cr concentrations and the results were meas-
ured in mg/l.

Erythrocyte lysates preparation

At 2789 rpm (1000 x g) for 10 minutes at 4°C, the
EDTA blood was centrifuged. Without disrupting the
white buffy coating of WBCs, the upper yellow plasma
was taken out. The upper yellow plasma was taken out
without interrupting the white buffy coating of the
WBCs. Plasma was processed at -80 ° C for biochemi-
cal analysis, although the white buffy coating was dis-
carded. The residual lower layer contained RBCs that
were lysed with four times their volume of water ice-
cold HPLC-grade at 4 °C and centrifuged for 15
minutes at 10,000 rpm (12857 x g). For antioxidant en-
zyme assays, the supernatant was used. Blood lysate's
protein content was measured using the Bradford
method (1976).

Catalase (CAT)
The CAT function was estimated with minor modifica-
tions by the Spectrum-photometric method as defined

(Aebi et al. 1984), and H,0O, decomposition was esti-
mated at 240 nm. The 0.01M phosphate buffer reaction
mixture (pH-7.0), 0.02M H;0, and 20 pl blood lysate
were thoroughly mixed according to this 3process and
absorption was reported for 3 minutes at 240 nm per
30 seconds. The amount of the enzyme decomposing
1 pumol of H,0, per min at 37°C was described as one
unit of CAT. The outcomes were expressed in units/mg
protein.

Glutathione peroxidase (GPx)

The activity of glutathione peroxidase was determined
by an enzyme kinetic method, according to Flohe and
Gunzler (1984). In brief, 1.34 mM GSH (Sigma) and
1.33 U/ml GR (Sigma) were prepared at pH 7.0, con-
taining 1.1 mM EDTA and 1.1 mM NaN3, in a potassi-
um phosphate buffer. In the prepared buffer, a lysate of
1.5 g Hb/l was added. The final concentrations of GSH
and GR were 0.94 mM and 0.93 U/ml, respectively. To
achieve a final concentration of 0.4 mM and 0.25 mM
respectively, NADPH (Sigma) and H,O, were applied.
The NADPH reduction was estimated at 340 nm per 30
seconds. The outcomes were expressed as U/g Hb.

Glutathione reductase (GR)

GR operation was measured using the Goldberg and
Spooner method (1983). GR reproduces reduced glu-
tathione (GSH) from oxidised glutathione (GSSG) and
the role of this enzyme was estimated by the develop-
ment of NADP from NADPH during the decrease in
GSSG. During GSSG reduction, oxidation of NADPH to
NADP was reported at 340 nm. The conclusions were
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presented as U/g Hb.

Statistical analysis

Obtained data were entered and tested for any anoma-
lies with the Microsoft Excel database software. The
findings were described in terms of percentages, mean
+ SD (standard deviation). Using the unpaired t-test,
two mean values were matched, and the chi-square
test was used for comparing dichotomous/categorical
variables. The 2-way ANOVA followed by Bonferroni t-
test was used to study the influence on oxidative stress
parameters of smoking and alcohol intake patterns.
Pearson’s analysis was conducted to determine the
interaction pattern of Cr level with oxidative stress. All
tests were performed with the SPSS version -16.0.

RESULTS

The demographic characteristics of the subjects are
shown in table 1. No statistically significant differences
were found between age, alcohol consumption and
smoking habit. We observed a significant difference
concerning marital status when we compared to con-
trols and Cr-exposed Group.

Cr Concentration

Group | (Exposed to Cr) showed significantly (p
<0.001) higher Cr concentration (71.99 + 15.71 ug/l) in
their blood in comparison to Group Il (Control) (13.65 +
5.80 ug/l). Cr concentrations in blood of smoker and
nonsmoker were 18.37 pg/l and 12.48 g/l respectively
in Group Il which was significantly (p <0.05) lower to
65.81 g/l and 74.64 ug/l in smoker and nonsmoker of
Group | groups respectively. Cr concentrations of alco-
holic and nonalcoholic were 18.09 pg/l and 11.93 g/l
respectively in Group Il which was significantly (p
<0.05) lower to 70.67 pg/l and 72.41 pg/l in alcoholic
and nonalcoholic Group | respectively (Table.2).

Catalase concentration

CAT activity was found significantly (p <0.001) higher
(9.73 £ 1.68) in the Group | as compared to group Il
(6.00 + 0.86). CAT concentration in smoker and non-
smoker of Group Il was found to be 5.78+1.39 u/mg
and 6.00+0.87 u/mg respectively, which was signifi-
cantly (p<0.001) increased to 9.70+1.76 u/mg and
9.85+1.88 u/mg in smoker and nonsmoker group Il re-
spectively. While the concentration of CAT was found
to be 5.50+1.06 u/mg and 6.03+0.86 u/mg in alcoholic
and nonalcoholic of group Il respectively, which was
significantly (p<0.001) increased to 9.75+0.57 u/mg
and 9.7210.25 u/mg in alcoholic and nonalcoholic
Group | respectively. CAT concentration showed signif-
icant (p>0.05) positive correlation (r = 0.98) within Cr
level after adjustment of smoking status and alcohol
consumption (Table 3).

Glutathione peroxidase (GPx) concentration

GPx concentration was observed to be significantly (p
<0.001) higher in Group Il (59.71 = 5.09) relative to
Group | (40.02 £ 5.43). GPx concentration in smoker
and nonsmoker of group Il was found to be 61.44+3.55
u/mg and 60.2313.26 u/mg respectively, which was
significantly (p<0.001) decreased to 41.02+3.11 u/mg
and 40.04+3.21 u/mg in smoker and nonsmoker Group
| respectively. While the concentration of GPx was
found to be 60.07+3.05 u/mg and 61.38+3.89 u/mg in
alcoholic and nonalcoholic of Group Il respectively,
which was significantly (p<0.001) decreased to
40.11+1.82 u/mg and 39.99+0.84 u/mg in alcoholic and
nonalcoholic Group I, respectively. GPx concentration
showed a significant (p>0.05) negative correlation (r = -
0.99) with the Cr concentration after adjustment of
smoking status and alcohol consumption (Table 3).

Glutathione reductase (GR) concentration

GR concentration was observed to be significantly (p
<0.001) higher in Group Il (10.77 = 2.32) relative to
Group | (5.29 % 1.59). GR concentration in smoker and
nonsmoker of group Il was found to be 11.25+2.09 u/g
Hg and 10.45+2.35 u/g Hg respectively, which was sig-
nificantly (p<0.001) decreased to 5.83+1.87 u/g Hg and
6.02+1.23 u/g Hg in smoker and nonsmoker group |
respectively. While the concentration of GPx was found
to be 11.13+2.56 u/gHg and 10.41+2.14 u/g Hg in alco-
holic and nonalcoholic of group Il respectively, which
was significantly (p<0.001) decreased to 6.23 + 0.49 u/
gHg and 4.99+0.23 u/g Hg in alcoholic and nonalcohol-
ic Group | respectively. GR concentration showed a
significant (p>0.05) negative correlation (r = 0.98) with
the Cr concentration after adjustment of smoking status
and alcohol consumption (Table 3).

DISCUSSION

In India, about 2200 tanneries are located; out of which
nearly 80% are engaged in the tanning process and
remaining 20% are involved in non-tanned products
production (Goel, 2014; Roy, 2012; Singh and Ra-
jamani, 2011). Two methods of tanning are used all
over the world: Vegetable tanning and Chrome tanning
(Krishnamoorthy et al., 2012, Dixit et al., 2015). Chro-
mium tanning is a major method of tanning process in
India (GCPC, 2015). Workers directly or indirectly re-
main exposed to Cr while working. The main route of
exposure of tannery workers to Cr is either via. inhala-
tion or oral ingestion of polluted water and foodstuff at
the factory or by cutaneous contact during the pro-
cessing of tanned leather (NTP, 2008, Wilbur et al.,
2012, Junaid et al., 2016).

There are two stable Cr forms viz., Cr (lll) and Cr (VI)
(Wilbur et al., 2012). Cr (lll) is impermeable to the cellu-
lar membrane but by diffusion or phagocytosis, it can
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Table 1. Personal characteristics of the individuals of control and Cr-exposed groups.

Variables Control group (N=50) Cr-Exposed Group (N=50) P value
Age (yrs.) 32.40 £ 9.63 33.96 £ 13.21 0.50'
Marital Status

Married (%) 22(44) 35(70) 0.008%+*
Single (%) 28(56) 15(30)

Alcohol Consumption

Yes (%) 14(28) 12(24) 0.20?
NO (%) 36(72) 38(76)

Smoking

Yes (%) 10(20) 15(30) 0.242
No (%) 40(80) 35(70)

Years of exposure - 11.02+8.47

'Unpaired-t test, °Chi-square, **: Highly statistically significant

Table 2. Cr concentration in the blood of the control and Cr-exposed Group (Statistics used ANOVA- Analysis of

variance).

Control group

Cr-exposed Group

Characteristics (MeanSD) (Mean%SD) Acg‘;’:‘s
(N=50) (N=50) P
Cr Concentration (ug/l)
Total Cr concentration of
groups 13.65 £ 5.80 71.99 +15.71
Smoker 18.37 £ 6.34 65.81 £ 11.47 P < 0.0001
Nonsmoker 12.48 £+ 5.09 74.64 + 16.66
Alcoholic 18.09 £ 5.69 70.67 £ 16.05 P < 0.0001
Nonalcoholic 11.93 £4.92 72.41 £15.80

enter into the cells and eventually solubilize in lyso-
somes to release Cr* ions (Eskin 2016). Synthetic Cr
(1) complexes with hydrophobic ligands promote chro-
mium penetration through the plasma membrane, is
another form of Cr (lll) absorption (Warren et al., 1981).
Cr (V1) is absorbed more efficiently through the sulfate
anion channel transport system than Cr (lll) (Zhitkovich,
2005; Chen et al., 2019). Cr (VI) reduces to Cr (lll) in-
side the cell. Further, in presence of bioreductants
which reacts with hydrogen peroxide to produce hy-
droxyl radical through a Fenton type reaction, reduces
Cr (Ill) to Cr () (Chen et al., 2019; Shi et al., 1999).
Hydroxyl radicals can target lipid proteins, DNA and
membranes, thereby interfering with cellular functions
and integrity (Bagchi et al., 1997). In the previous
study, Katiyar et al. (2008), Khan et al. (2012) and Am-
breen et al. (2012) found that total blood chromium con-
centration was higher in the tannery workers of Jajmau
area of Kanpur District in North India. Zhang et al. 2014
and Junaid et al. (2016) have similarly found higher
concentrations of chromium in tannery workers of Chi-

na and Pakistan, respectively.

In the present study, we observed that increased con-
centration of Cr (71.99 = 15.71 ug/l) significantly
(p<0.001) altered the antioxidant property of Cr-
exposed Group. An exposure limit of 0.5 mg/m® (8-
hour workday) for Cr (ll) and Cr (lll) in the air is recom-
mended by National Institute for Occupational and
Safety Health (NIOSH). NIOSH also recommends an
exposure limit of 0.001 mg/m® (10-hour workday) for
airborne Cr (VI) (ASTDR, 2012). The findings of this
study are consistent with another recent study on tan-
nery workers of Jajmau area of Kanpur district in North
India that found high levels of total Cr (167.58 + 23.44
pg/l, 157.59 + 29.20 ug/l) (Ambreen et al., 2012; Khan
et al., 2012) and hexavalent Cr (42.35 + 0.28 pg/l;
Qureshi et al., 2016) recommended by NIOSH in the
Cr-exposed Group. The concentration of Cr in the se-
rum of employees from tanning and re-tanning division
was estimated to be greater than in workers from Mexi-
co's dying, drying and finishing sectors (Kornhouser et
al., 2002).
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Table 3. Summary of statistical analysis of catalase (U/mg), GPx (U/mg) and GR (U/gHb) and Pearson correlation

coefficient (r) of Cr with catalase, GPx and GR.

Cr-exposed

Oxidative parametors of Cr  (OTERISTOP group e cance e morelt
Smoker 5.78+1.39 9.70+1.76 6.38*** 0.98*

Catalase Nonsmoker 6.00£0.87 9.85+1.88 12.10***
Alcoholic 5.50+1.06 9.75+0.57 6.24*** 0.98*
Nonalcohlic 6.03+0.86 9.72+0.25 12.43***
Smoker 61.44+3.55 41.02+3.11 9.34*** -0.99*
Nonsmoker 60.23+3.26 40.04+3.21 15.98***

GPx Alcoholic 60.07+3.05 40.11+1.82 9.17*** -0.99***
Nonalcohlic 61.38+3.89 39.99+0.84 16.31***
Smoker 11.25+2.09 5.83+1.87 5.86*** -0.97*
Nonsmoker 10.45+2.35 6.02+1.23 12.41%*

R Alcoholic 11.13+2.56 6.23+0.49 5.52%** -0.97*
Nonalcohlic 10.41+2.14 4.99+0.23 13.13***

***p < 0.0001, *Statistical significant ( p <0.05), r- simple correlation coefficient

Cr (lll) is capable of generating free radicals from both
hydrogen peroxide and lipid hydroperoxides, which
could have important consequences for the mechanism
of carcinogenesis caused by chromium (Chen et al,
2019; Shi et al., 1999). Antioxidant mechanisms are
triggered in exposed cells in response to oxidative
stress and lipid peroxidation. In the present study, CAT,
GPx and GR were observed as the three parameters to
test the mechanism of antioxidants in response to Cr.
We found significantly (p<0.001) higher CAT concen-
tration in Group | as compared to Group Il. Similarly, Xu
et al. (2018), found a higher CAT concentration in ex-
posed Group relative to the non-exposed Group of
North China. Our results are also in the same line
where CAT shows a significant positive correlation with
the Cr concentration after adjustment of smoking status
and alcohol consumption. They further observed a pos-
itive correlation with the increase of Cr (VI) concentra-
tion after adjustment of smoking status and alcohol
consumption in North China population. Khan et al.
(2012) tannery workers of Jajmau area in Kanpur dis-
trict of North Indian population, found a positive correla-
tion of Cr concentration with antioxidant enzymes GSH
and SOD after adjustment of smoking status. A higher
concentration of CAT enzyme in Group | suggests a
higher concentration of hydrogen peroxide. CAT re-
moves the hydrogen peroxide from the cell and pro-
tects against oxidative damage to the cell. We ob-
served that the activity of antioxidant enzymes GPx and
GR were significantly (p<0.001) lower in Group | as
compared to Group Il. Many reports have shown that
the activity of GPx was higher in the occupational Cr-

exposed populations of North China (Xu et al., 2018),
while some have shown that the activity of GPx is de-
creased in the occupational Cr-exposed Group (Wang
et al., 2012). We also observed a significant negative
correlation with the Cr concentration after adjustment of
smoking status and alcohol consumption. The previous
study also showed an interaction effect on GPx with Cr
(V1) exposure, smoking and alcohol consumption (Xu et
al., 2018). In the present study lower activity of GPx
and GR were found significant (p<0.001) to Group | as
compared to Group I, also indicates an increased level
of oxidative stress in Cr exposed population. In the re-
cycling of GSSH back to GSH, GR is an important en-
zyme. Similarly, Akhter et al. (2012) found that antioxi-
dant molecule GSH and the activity of antioxidant en-
zymes SOD, CAT, GPx, and GR were significantly low-
er in ZnO NP-treated cells. The function of GPx during
detoxification of organic hydrogen peroxides by GSH
may provide useful clues about the intake rate of GSH.

In a previous study, Ambreen et al., (2014) found no
significant statistical difference between age, marital
status vs alcohol consumption habit whereas they
found a significant difference between smoking habit in
control vs Cr-exposed groups. But, in the current study,
we have found no statistically significant difference be-
tween age, alcohol consumption habit vs smoking sta-
tus but there was a significant difference with the mari-
tal status (p<0.05) when compared to control and Cr-
exposed groups. The findings also showed that Cr ex-
posure impacts the antioxidant system, such as by
stimulating or destroying the antioxidant system as
shown by Junaid et al. (2016). Besides, oxidative status
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was influenced by smoking and alcohol consumption
(Khan et al., 2012; Xu et al., 2018).

Conclusion

In the present study, we found significant higher Cr
concentration in the Cr-exposed group workers of
tanneries located in tannery workers of Jajmau area of
District Kanpur in Northern India. Besides, we found
higher CAT concentration and low GPx and GR
concentration in Cr-exposed Group. The study also
showed a positive correlation between Cr and CAT
whereas a negative correlation between GPx and GR.
Lifestyle such as age, marital status alcohol consump-
tion and smoking status may also be responsible for
the alteration of oxidative stress parameters. Therefore,
a simple correlation analysis was carried out with
modified potential confounders. The present study
suggests that the interaction of Cr and alcohol, or Cr
and smoking, may affect the antioxidant system. Fur-
ther studies are required to explore the harmful effects
of Cr on tannery workers. The early detection of Cr in
tannery workers would help reduce their health risk and
exposure to Cr.

ACKNOWLEDGEMENTS

The authors are grateful to the Department of Zoology,
University of Lucknow, India for providing research la-
boratory facilities with oxidative stress parameters and
Central research facility of IIT, Delhi for Cr analysis in
blood. We are also grateful to the outpatient clinic for
collecting samples at Chaudhary Ehsan Kareem Hospi-
tal, Jajmau, Kanpur. This work was supported by the
Council of Scientific and Industrial Research/
University Grants Commission-Junior Research Fellow-
ship Programme, Delhi, India under Grant number
(19/06/2016 (i) EU-V, Sr. No.2061630827) provided to
RD.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Aebi, H. (1984). Catalase in vitro. Methods in enzymolo-
gy, 105, 121-126. doi: 10.1016/s0076-6879(84)05016-3.
Akhtar, M. J., Ahamed, M., Kumar, S., Khan, M. M., Ah-
mad, J. & Alrokayan, S. A. (2012). Zinc oxide nanoparti-
cles selectively induce apoptosis in human cancer cells
through reactive oxygen species. International journal of
nanomedicine, 7, 845—-857. doi: 10.2147/IJN.S29129.
Ambreen, K., Khan, F. H., Bhadauria, S., & Kumar, S.
(2014). Genotoxicity and oxidative stress in chromium-
exposed tannery workers in North India. Toxicology and
Industrial health, 30(5), 405-414. doi: 10.1177/0748
233712457447.

2.

3.

4.

10.

11.

12.

13.

14.

15.

16.

Annangi, B., Bonassi, S., Marcos, R. & Hernandez, A.
(2016). Biomonitoring of humans exposed to arsenic,
chromium, nickel, vanadium, and complex mixtures of
metals by using the micronucleus test in lympho-
cytes. Mutation research, 770(Pt A), 140-161. doi:
10.1016/j.mrrev.2016.03.003.

ATSDR (2012). Toxicological profile of chromium. US
Department of Health and Human Services, ATSDR
(Agency for Toxic Substances Disease Registry), Public
Health Services Atlanta,USA

Bagchi, D., P. J. Vuchetich, M. Bagchi, E. A. Hassoun, M.
X. Tran, L. Tang & S. J. Stohs. (1997). Induction of oxida-
tive stress by chronic administration of sodium dichromate
[chromium VI] and cadmium chloride [cadmium 1] to rats.
Free Radic Biol Med, 22(3), 471-478. doi: 10.1016/s0891-
5849(96)00352-8.

Bradford, M.M. (1976). A rapid and sensitive method for
the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical biochemis-
try, 72, 248-254. doi: 10.1006/abio.1976.9999.
Chaudhary, S., Pinkston, J., Rabile, M. M., & Van Horn, J.
D. (2005). Unusual reactivity in a commercial chromium
supplement compared to baseline DNA cleavage with
synthetic chromium complexes. Journal of inorganic bio-
chemistry, 99(3): 787-794. doi: 10.1016/j.jinorgbio.20 04.1
2.009.

Chen, Q. Y., Murphy, A., Sun, H., & Costa, M. (2019).
Molecular and epigenetic mechanisms of Cr(VI)induced
carcinogenesis. Toxicology and Applied Pharmacolo-
gy, 377, 114636. doi: 10.1016/j.taap.2019.114636.
Cheung, C. C., Zheng, G. J., Li, A. M., Richardson, B. J.,
& Lam, P. K. (2001). Relationships between tissue con-
centrations of polycyclic aromatic hydrocarbons and anti-
oxidative responses of marine mussels, Perna virid-
is. Aquatic toxicology (Amsterdam, Netherlands), 52(3-4),
189-203. doi: 10.1016/s0166-445x(00)00145-4.

CPCB (1997) Report on groundwater quality in Kanpur,
status, sources and control measures: GWQS/8/1996-97.
Central Pollution Control Board, India 1: 4-5.

Danielsson, B.R.G., Hassoun, E. & Dencker. (1982). Em-
bryotoxicity of chromium: Distribution in pregnant mice
and effects on embryonic cells in vitro. Archives of Toxi-
cology, 51(3): 233-245. doi: 10.1111/j.1600-0773.1984.
Dayan, A. D., & Paine, A. J. (2001). Mechanisms of chro-
mium toxicity, carcinogenicity and allergenicity: review of
the literature from 1985 to 2000. Human & experimental

toxicology, 20(9), 439-451. doi: 10.1191/09603270168
2693062.
Dixit, S., Yadav, A., Dwivedi, P. D., & Das, M.

(2015). Toxic hazards of leather industry and technologies
to combat threat: a review. Journal of Cleaner Production,
87, 39-49. doi:10.1016/j.jclepro.2014.10.017

Eastmond, D.A., MacGregor, J.T. & Slesinski, R.S.
(2008). Trivalent chromium: assessing the genotoxic risk
of an essential trace element and widely used human and
animal nutritional supplement. Critical reviews in toxicolo-
gy, 38, 173-190. doi: 10.1080/10408440701845401.

Eskin, Michael. (2016). Chromium: Is It Essential and Is It
Safe?. Vitamins & Minerals. 05. doi: 10.4172/2376-
1318.1000e 144 Zhitkovich, A. 2005. Importance of chro-
mium-DNA adducts in mutagenicity and toxicity of chromi-
um (VI). Chem Res Toxicol, 18 (1), 3-11. doi: 10.1021/

85


https://doi.org/10.1080/10408440701845401

Dubey, R. et al. / J. Appl. & Nat. Sci. 13(1): 79 - 87 (2021)

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

tx049774+.

Flohé, L., & Glnzler, W. A. (1984). Assays of glutathione
peroxidase. Oxygen Radicals in Biological Systems, 105
(1): 114-120. doi: 10.1016/s0076-6879(84)05015-1.
GCPC. (2015). Cleaner production guidelines in leather
industries report, supported by Ministry of Environment,
Forest & Climate Change, Government of India.

Goel, S. (2014). An In-depth Study Of India’s Leather
Industry With Special Reference To Export Prospects Of
Leather Products. International Journal of Advanced Re-
search in Management and Social Sciences, 3.1, 56-67.
Goldberg, D.M. & Spooner, R.J. (1983). Assay of Gluta-
thione Reductase. In: Bergmeyen, H.V., Ed., Methods of
Enzymatic Analysis, 3rd Edition, Vol. 3, Verlog Chemie,
Deerfiled Beach, 258-265.

Gosh R. (2019). Kumbh’s over, now God save the Ganga.
DowntoEarth, India. https://www.downtoearth.org.in/news/
water/kumbh-s-over-now-god-save-the-ganga-63750.
Gupta, S. S. (2014). Ganga’s burden of pollutants from
Kanpur to Varanasi. DowntoEarth, India. https://
www.downtoearth.org.in/blog/gangas-burden-of-pollutants
-from-kanpur-to-varanasi-45382.

Junaid, M., Hashmi, M. Z., Malik, R. N., & Pei, D. S.
(2016). Toxicity and oxidative stress induced by chromi-
um in workers exposed from different occupational set-
tings around the globe: A review. Environmental science
and pollution research international, 23(20), 20151—
20167. doi: 10.1007/s11356-016-7463-x.

Katiyar, S., Awasthi, S. K., & Sahu, R. K. (2008). Sup-
pression of IL-6 level in human peripheral blood mononu-
clear cells stimulated with PHA/LPS after occupational
exposure to chromium. The Science of the total environ-
ment, 390(2-3), 355-361. doi: 10.1016/j.scitotenv.200
7.10.031.

Khan, F. H., Ambreen, K., Fatima, G., & Kumar, S.
(2012). Assessment of health risks with reference to oxi-
dative stress and DNA damage in chromium exposed
population. The Science of the total environment, 430, 68
—74. doi: 10.1016/j.scitotenv.2012.04.063.

Khan, W., Hossin, M. E., & Akbor, M. J. (2015). Leather
Industry in Bangladesh: A Systematic Literature Re-
view. Asian Business Review, 5(3), 111-118. doi: 10.1803
4/abr.v5i3.591

Kornhauser, C., Wrébel, K., Wrébel, K., Malacara, J. M.,
Nava, L. E., Gomez, L., & Gonzalez, R. (2002). Possible
adverse effect of chromium in occupational exposure of
tannery workers. Industrial health, 40(2), 207-213.
Krishnamoorthy, G., Sadulla, S., Sehgal, P.K., Mandal,
A.B. 2012. Green chemistry approaches to leather tan-
ning process for making chrome-free leather by unnatural
amino acids. J. Hazard. Mater. 173e182.

Li, Xinxin & Wang, Ya-nan & Li, Jing & Shi, Bi. (2016).
Effect of Sodium Chloride on Structure of Collagen Fiber
Network in Pickling and Tanning. Journal of the American
Leather Chemists Association. 111(6), 230-237.

National Toxicology Program (NTP) (2008). Toxicology
and Carcinogenesis Studies of Sodium Dichromate Dihy-
drate (CAS No. 7789-12-0) in F344/N Rats and B6C3F1
Mice (Drinking Water Studies). National Toxicology Pro-
gram Technical Report Series, 556, 1-192.

Ozawa, T., & Hanaki, A. (1990). Spin-trapping studies on
the reactions of Cr(lll) with hydrogen peroxide in the pres-

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

ence of biological reductants: is Cr(lll) non-toxic?.
Biochemistry international, 22(2), 343-352.

Paithankar, J.G., Saini, S., Dwivedi, S., Sharma, A.,
Chowdhuri, D.K. (2020). Heavy metal associated health
hazards: An interplay of oxidative stress and signal trans-
duction, Chemosphere, https://doi.org/10.1016/j.che
mosphe re.2020.128350.

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino,
F., Arcoraci, V., Squadrito, F., Altavilla, D., & Bitto, A.
(2017). Oxidative Stress: Harms and Benefits for Human
Health. Oxidative Medicine and Cellular Longevity, 2017,
8416763. doi:10.1155/2017/8416763

Qureshi, Muhammad & Rehman, Hameed & Zareen,
Shehzad & Ullah, Wajid & Shah, Muhammad & Bibi, Aina
& Habib, Sairish & Mujaddad-ur-Rehman, & Rehman,
Ziafat. (2016). Occupational risk assessment of oxidative
stress and DNA damage in tannery workers exposed to
Chromium in Pakistan. Journal of Entomology and Zoolo-
gy Studies, 4, 426-432.

Roy, C. (2012). A Study on Environmental Compliance of
Indian Leather Industry & its Far-reaching Impact on

Leather Exports. Foreign Trade Review, 47(2), 3
36. doi:10.1177/0015732515120201.

Saxena, G., Chandra, R.,, & Bharagava, R. N.
(2016). Environmental Pollution, Toxicity Profile and

Treatment Approaches for Tannery Wastewater and Its
Chemical Pollutants. Reviews of Environmental Contami-
nation and Toxicology, 31-69. doi-https://
doi.org/10.1007/398_2015_5009.

Setyaningsih, Y., Husodo, A.H., Astuti, I. (2015). Detection
of urinary 8-hydroxydeoxyguanosine (8-OHdG) levels as a
biomarker of oxidative DNA damage among home indus-
try workers exposed to chromium. Procedia Environmen-
tal Sciences, 23, 290-296 doi: 10.1016/j.proenv.201
5.01.043

Shi, X., A. Chiu, C. T. Chen, B. Halliwell, V. Castranova,
and V. Vallyathan. (1999). Reduction of chromium(VI) and
its relationship to carcinogenesis. J Toxicol Environ Health
B Crit Rev, 2(1), 87-104.

Singh, S. & Rajamani, S. (2011). Environmental compli-
ance and sustainability of small and medium leather tan-
neries, Leather News India.

Srinivasa Gowd, S., Ramakrishna Reddy, M., & Govil, P.
K. (2010). Assessment of heavy metal contamination in
soils at Jajmau (Kanpur) and Unnao industrial areas of the
Ganga Plain, Uttar Pradesh, India. Journal of hazardous
materials, 174(1-3), 113—121. doi: 10.1016/j.jhazmat.200
9.09.024.

Tare, V, Gupta, S & Bose, P. (2003). Case Studies on
Biological Treatment of Tannery Effluents in India. Journal
of the Air & Waste Management Association, 53(8), 976-
982, doi: 10.1080/10473289.2003.10466250

Vauquelin, L.N. (1798). Memoir on a New Metallic Acid
which exists in the Red Lead of Siberia. Journal of Natural
Philosophy, Chemistry, and the Arts. 3, 145-146.

Vincent, J. B. (2013) The Bioinorganic Chemistry of Chro-
mium. John Wiley & Sons Ltd.: Chichester, UK.195-213.
doi: https://doi.org/10.1016/S0277-5387(00)00624-0.
Wang, L., Wise, J. T., Zhang, Z., & Shi, X. (2016). Pro-
gress and prospects of reactive oxygen species in metal
carcinogenesis. Current pharmacology reports, 2(4), 178—
186. doi: 10.1007/s40495-016-0061-2.

86


https://www.downtoearth.org.in/news/water/kumbh-s-over-now-god-save-the-ganga-63750
https://www.downtoearth.org.in/news/water/kumbh-s-over-now-god-save-the-ganga-63750
https://www.downtoearth.org.in/blog/gangas-burden-of-pollutants-from-kanpur-to-varanasi-45382
https://www.downtoearth.org.in/blog/gangas-burden-of-pollutants-from-kanpur-to-varanasi-45382
https://www.downtoearth.org.in/blog/gangas-burden-of-pollutants-from-kanpur-to-varanasi-45382
https://doi.org/10.1016/S0277-5387(00)00624-0

Dubey, R. et al. / J. Appl. & Nat. Sci. 13(1): 79 - 87 (2021)

45.

46.

47.

48.

Wang, T. C., Song, Y. S., Wang, H., Zhang, J., Yu, S. F,,
Gu, Y. E., Chen, T., Wang, Y., Shen, H. Q., & Jia, G.
(2012). Oxidative DNA damage and global DNA hypo-
methylation are related to folate deficiency in chromate
manufacturing workers. Journal of Hazardous Materials, 213-
214, 440-446. doi: 10.1016/j.jhazmat.20 12.0 2.024.

Warren, G., P. Schultz, D. Bancroft, K. Bennett, E.H. Ab-
bott and S. Rogers (1981). Mutagenicity of a series of
hexacoordinate chromium (lll) compounds. Mutation Res,
90(2), 111-118. doi: 10.1016/0165-1218(81)90073-2.
Wilbur, S., Abadin, H., Fay, M., Yu, D., Tencza, B., Inger-
man, L., Klotzbach, J., James, S. (2012). Toxicological
Profile for Chromium ATSDR.

Wise, J., Xu, J., Zhang, Z., Shi, X., 2019. Oxidative Stress
of Cr(Ill) and Carcinogenesis: The Nutritional Biochemistry

49.

50.

51.

of  Chromium  (lll). 323-340. doi: 10.1016/
j-taap.2019.114636.

Xu, J., Zhao, M., Pei, L., Zhang, R., Liu, X., Wei, L., Yang,
M., & Xu, Q. (2018). Oxidative stress and DNA damage in
a long-term hexavalent chromium-exposed population in
North China: a cross-sectional study. BMJ open, 8(6),
e021470.

Zhang, Q., Ye, J., Chen, J.,, Xu, H., Wang, C., & Zhao, M.
(2014). Risk assessment of polychlorinated biphenyls and
heavy metals in soils of an abandoned e-waste site in
China. Environmental  pollution  (Barking, Essex
1987), 185, 258—265. doi: 10.1016/j.envpol.2013.11.003.
Zhu, Y., & Costa, M. (2020). Metals and molecular carcin-
ogenesis. Carcinogenesis, 41(9): 1161-1172. doi: 10.109

3/carcin/bgaa076.

pp.

87



