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Abstract

The current investigation intended to evaluate the effect of Benzophenone-3 (BP-3) at the environmentally relevant
concentration (44 pg/L) in the gills of Danio rerio through evaluating oxidative stress markers and histopathological
analysis. The adult Zebra fish was exposed to BP-3 at environmentally relevant concentration for 45 days. During the
experimental period of 15, 30 and 45 days, lipid peroxidation markers like thiobarbituric acid reactive substances
(TBARS) and Hydrogen peroxide (H202), antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT),
Glutathione peroxidase (GPx) and non-enzymatic glutathione (GSH) in the gill and histology of gill were analyzed. The
activity of TBARS and H202 was found to be significantly higher meanwhile the activities of antioxidant enzymes viz.,
SOD, CAT, GPx and Glutathione (GSH) level were found to be significantly reduced in the gill of BP-3 treated fish for 30
and 45 days. Additionally, the morphology of gill also showed several abnormal changes in their morphology when
compared to control. BP-3 exposure for 15 days elicited only mild alterations in the biochemical and histopathological
variables when compared to 30 and 45 days exposure. Further, the values were also non-significant when compared to
the control fish. These results demonstrated that the treatment of BP-3 at environmentally relevant concentration could
prominently alter the respiratory physiology and metabolism of the gills of Danio rerio.
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1. Introduction

Benzophenone-3 (BP-3) is one of the most commonly used organic UV-filter compounds [1,2]. Widespread use of BP-3
has led to the release of this compound into aquatic environments worldwide [2]. BP-3 is a broad-spectrum UV absorber
that can effectively absorb UV light ranging from 290-440 nm, but does not absorb any visible light. BP-3 can get
absorbed through both the mouth as well as skin of humans as it's lipophilicity, light stability, and bioaccumulation [3].
The widespread use of BP-3 has resulted in its release into the water environment, and hence its potential impact on
the aquatic ecosystem is of concern [2]. In the aquatic environment, BP-3 ranges from ng to pg/L. The highest
concentrations detected are 44 pg/L in the river, 34.3 pg/L in seawater, 10.4 pg/L in wastewater influent, 4.5 pg/L in
the swimming pool, 0.45 pg/L in tap water, 0.2 ug/L in the lake, and 0.034 pg/L in groundwater [2, 4].

The gill is the site of gas exchange, ionic regulation, acid-base balance, and nitrogenous waste excretion by fishes. The
last three processes are controlled by passive and active transport of various solutes across the epithelium. Various
environmental pollutants (e.g., heavy metals, acid rain, and organic xenobiotics) have been found to affect the gill's
morphology [5]. Some previous reports displayed that the BP-3 toxicity such as declined the growth of experimental
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animals [6], endocrine disruption [7], interferes with functions of human sperm cells in vitro [8], induce maternal and
developmental toxicity [9] and alter the mammary gland morphology and function [10]. In our previous report, we
stated that at the environmentally relevant concentration of BP-3 (44 pg/L in the river) can alter the activity of
antioxidant enzymes, the content of protein and glycogen and morphology of liver in Zebra fish [11]. Therefore, the
present study designed to evaluate the effect of BP-3 at the environmentally relevant concentration of (44 pg/L) on
antioxidants, oxidative stress markers and morphology of gill of Danio rerio.

2. Material and methods

2.1. Chemicals

Benzophenone-3 (CAS Number: 2421-28-5, 98% purity) was procured from Sigma Aldrich, USA. All other chemicals and
reagents used were all of the analytical grade and obtained from the Merck, Himedia, Mumbai, India.

2.2. Experimental fish

The adult Danio rerio (wild-type, AB strain) of both genders (0.5 £ 0.3 g; 3.1 + 0.4 cm length) were got from the Red hills
fish farm, Chennai, Tamilnadu, India. Fishes were acclimatized to laboratory conditions in continuously aerated
dechlorinated tap water and maintained under a photoperiod of 12-h/12-h light-dark cycle. During the acclimatization
period, fish were fed twice a day with commercial pellets, and the residues and metabolic wastes were removed daily.

2.3. Stock solution preparation

BP-3 (purity N 98%, Sigma) stock solution (1000 mg/L) was prepared in 100% dimethyl sulfoxide (DMSO) and then
stored at -20 °C. The working solutions were later prepared by diluting the stock solution immediately before the
experiments. The standard solution was added to the experimental vessel with test fish to attain an environmentally
relevant concentration of BP-3 (44 pg/L).

2.4. Experimental design

The adult experimental fishes were exposed to BP-3 at the environmentally relevant concentration (44 pg/L) for 45
days duration. A group of 100 healthy fishes of similar size were exposed to the BP-3, at environmentally relevant
concentration, along with a control group of similar fishes also maintained at the same conditions. Three replicates were
maintained for each concentration and control groups. The medium and the test solutions were renewed at the end of
24 h until 45 days. Feeding was stopped at different intervals (15, 30 and 45 days) and fish were starved 24 h before
dissection with mild anesthesia.

2.5. Sample preparation

At the end of 15, 30 and 45 days of exposure periods, fish (n= 25) were collected from the control and BP-3 exposed
groups, washed with distilled water and then blotted dry on a tissue paper. The gill tissues were detached from BP-3
treated and control groups. In a Teflon homogenizer, 100 mg of gill tissue (pooled samples) and 1.0mL of 0.1 M Tris-
HCI buffer (PH 7.5) were added and then squeezed. The mixture was centrifuged at 10000 rpm for 15 min at 4°C, and
supernatant was separated and later used for the oxidative stress analysis.

2.6. Lipid peroxidation and antioxidant analysis

The activity of TBARS and H:0:in gill was estimated by following the method of Fraga et al. [12] and Jiang et al. [13],
respectively. The activity of SOD was determined by the method of Marklund and Marklund [14]. The activity of CAT
was determined according to the procedure of Aebi [15]. The activity of GPx was determined by the method of Rotruck
etal. [16]. The non-enzymatic antioxidant GSH in gill tissue was estimated by the method of Ellman [17].

2.7. Histopathology analysis

The harvested gill tissue samples were fixed for 48 h in 10% formalin-saline and then dehydrated by passing
successfully through different mixture of ethyl alcohol, water, cleaned in xylene and embedded in paraffin. Sections of
the tissues (5-6pum thick) were prepared by using a rotary microtome and stained with haematoxylin and eosin (H& E)

dye, which was later mounted in a neutral deparaffined xylene medium for microscopical observations.
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2.8. Statistics

All the results were presented as mean * SD of ten fish (n= 10) in each group. The p value of < 0.05 was considered as
statistically significant by one-way analysis of variance (ANOVA) followed by Duncan's Multiple Range test (IBM SPSS
Statistics for Windows, version 15).

3. Results and discussion

3.1. Effect of BP-3 on lipid peroxidation markers

Figure 1 & 2 represents the amount of TBARS and H202 in the gills of control and BP-3 at the environmentally relevant
concentration (44 pg/L) exposed Zebra fish. The amount of TBARS and H202 were increased significantly in the gills of
BP-3 exposed Zebra fish as compared to the normal fish. A significant (p<0.05) progressively increased the production
of TBARS and H20:2in the gill was observed from 30, and 45 days of BP-3 exposure, whereas it was not significant at 15
days.
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Figure 1 Effect of UV filter BP-3 on TBARS in the gills of Zebra fish

All the data were expressed as the mean # S.D. for 10 fish. The results with different superscripts (a, b & c) for the gills
at different exposure periods (15, 30 and 45 days) are significantly different at p < 0.05.
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Figure 2 Effect of UV filter BP-3 on hydrogen peroxide in the gills of Zebra fish

All the data were expressed as the mean # S.D. for 10 fish. The results with different superscripts (a, b & c) for the gills
at different exposure periods (15, 30 and 45 days) are significantly different at p < 0.05.
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3.2. Effect of BP-3 on enzymatic antioxidant

The antioxidant activity of SOD, CAT and GPx in the gills of control and BP-3 exposed fish are represented in Table 1.
The antioxidant enzymes of SOD, CAT and GPx activities were notably declined at an environmentally relevant
concentration of BP-3 exposed Zebra fish as compared with the control group. A significant decline in the activity of
SOD, CAT and GPx were found to at 30 and 45 days BP-3 treated fish gills when compared to the control. Meanwhile,
the activities were slightly increased from 15 days exposed fish then control.

Table 1 Effect of BP-3 on enzymatic antioxidant in the gills of Zebra fish

Experimental periods Control BP-3 (15 days) BP-3 (30 days) | BP-3 (30 days)
SOD 8.2+0.622 8.5+0.352 7.2 +0.55b 6.3 +0.22¢

CAT 9.87 +0.752 10.05 + 0.642 7.48 +0.43b 6.36 + 0.54¢
GPx 11.88 £ 0.91a 12.19£0.782 9.23 £ 0.64b 8.94 + 0.39¢

SOD in gill was expressed as 50% inhibition of nitroblue tetrazolium reduced in 1minute/mg protein; CAT in gill was
expressed as pmoles of H202 consumed/minute/mg protein; GPx in gill was expressed as pg of GSH consumed
/minute/mg protein. All the data were expressed as the mean * S.D. for 10 fish. The results with different superscripts
(a,b,c) for the gills at different exposure periods (15, 30 and 45 days) are significantly different at p < 0.05.

3.3. Effect of BP-3 on non-enzymatic antioxidant

Figure 3 represents the level of GSH in the gills of control, and BP-3 exposed Zebra fish. The activity of GSH was slightly
increased from 15 days exposure of environmentally relevant concentration of BP-3 when compared to the control fish
tissues. Whereas, the level of GSH was significantly declined from 30 and 45 days exposure of BP-3 fish tissues when
compared to the control.
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Figure 3 Effect of UV filter BP-3 on non-enzymatic antioxidant GSH in the gills of Zebra fish

All the data were expressed as the mean # S.D. for 10 fish. The results with different superscripts (a, b & c) for the gills
at different exposure periods (15, 30 and 45 days) are significantly different at p < 0.05.

3.4. Gill histopathology

Figure 4 shows the gill histology of environmentally relevant concentration of BP-3 treated and control D. rerio. The
histomorphology of the control group displayed a normal anatomical structures found in a healthy fish, i.e., the
secondary lamellae were coated with simple squamous epithelium. Pillar cells were observed supporting the capillaries.
An interlamellar mass was observed between the secondary lamellae with the presence of mitochondria-rich cells
(MRC) (also called chloride cells) only in this region. The MRCs were identified as large epithelial cells with strong
eosinophilic cytoplasm (Figure 4A ). The gills from the 15 days exposure group (BP-3 -15 days) had apparently thinner
primary lamella, with few cells in the interlamellar regions, mainly the MRCs (Figure 4B). Whereas, the fish from BP-3-
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30 days and BP-3-45 days treated groups respectively (Figure 4C & 4D), presented the highest amount of alterations in
the gills, which was observed with disorganization of lamellar structure, epithelial lifting, and MRC disorganization in
the secondary lamellae.

Figure 4 Histological sections of gill of D. rerio from control group (A), and from the groups treated with benzophenone-
3 for 15 days (B), 30 days (C) and 45 days (D) stained with Hematoxylin and Eosin (HE), x100.

D. rerio possesses four pairs of gills, each bearing two rows of primary gill lamellae (PL) (gill filaments) which in turn
bear series of secondary lamellae (SL) (respiratory lamellae) on both sides arranged alternatively. The lining of the SL
on each side consists of single layered epithelium which rests on a basement membrane covering serially arranged row
of pillar cells. These pillar cells alternate with blood channels to form the vascular component of the SL. Mucous cells
(MCs) (Fig. 4A) are mostly observed in between the two SL and also at the distal tip of PL. On exposure to
environmentally relevant sublethal concentration of BP-3 to the gills showed extensive damages in their lamellar
configuration even though the gills continue to regenerate repeatedly after every wear and tear, especially during the
initial stages. The gill showed fusion of SL with the neighboring gill filament and form undifferentiated mass of cells
after 15d of exposure (Fig.4B). The blood vessels running through PL show congestion of blood material and appeared
red due to engorgement of RBCs. After 30d of exposure the respiratory epithelium of the SL frequently became lifted
from the pillar cell system and complete fusion of SL occurred (Fig.4C) and the PL became highly vacuolated. Large scale
of wear and tear in the PL as well as SL took place after 45 d of exposure in the form of extensive fusion and vacuolization
(Fig. 4D) which induced severe hemorrhage.

4. Discussion

In the current study, we assessed the effect of BP-3 at the environmentally relevant concentration on the gills of Danio
rerio. Our results displayed that BP-3 exposure at the environmentally relevant concentration for 45 days, notably
altered the antioxidant enzymes' activity, and altered the morphology of gills in Zebra fish.
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Lipid peroxidation level (LPO) is a popular biomarker for assessing environmental pollution [18]. It is particularly
important for aquatic animals since they usually contain a greater amount of polyunsaturated fatty acids than others,
which has been reported to be a major contributor to the loss of cell function [19]. It is the initial step of cellular
membrane damage caused by pro-oxidants, xenobiotics and their metabolites [19,20]. It is considered as an indicator
of oxidative damage of cellular components and is analysed by estimating TBARS and H:0:. In the present study, the
activity of TBARS and H202 was found to be higher at an environmentally relevant concentration of BP-3 exposed fish
gill then control at 30 and 45 days interval. These findings indicate that the accumulation of BP-3 in tissues may provoke
ROS production, and in turn, affect the CAT activity, which catalyses and neutralizes the H202 H202 derived from
oxidative stress. These findings were supported by Huang et al. [21] who stated that UV filters BP-3 increased the LPO
marker malondialdehyde in Zebra fish liver, which significantly changed during the whole BP-3 exposure period.

Oxidative stress occurs if the activity of the antioxidant defense systems like SOD, CAT and GPx (glutathione peroxidase)
were altered by the environmental pollutants mediated production of reactive oxygen species (ROS) [22]. Antioxidants
system prevent the uncontrolled formation of ROS or inhibit their reactions with biological structures. Hydrophilic
scavengers are found in cytosolic, mitochondrial, and nuclear compartments [23]. The three major antioxidant enzymes
are SOD, CAT, and GPx. SOD can catalyse the dismutation of the superoxide radical to H202 and molecular oxygen. Then
it can be converted to H20 by CAT and GPx [24]. These enzyme activities were found to be declined in the gills of fish
when exposed to BP-3 at environmental concentration, which may be due to the inhibition of these enzymes by
increased cellular H202 levels. This findings supported by Huang et al. [21], reported that the activity of SOD and CAT in
the liver of Zebra fish was inhibited by UV filters BP-4, PABA and PBSA exposure.

Reduced glutathione (GSH) is the major non-protein thiol and plays a pivotal role in cell viability, protecting cells against
lipid peroxidation either alone or in conjugation with other proteins [25]. Earlier, Camara et al. [26] and Ahn et al. [27]
have reported that the exposure to organic pollutants may result in either increase or decrease of GSH levels in the test
organisms. Our results showed that the content of GSH was found to be low in the gills of Zebra fish that were exposed
to an environmentally relevant concentration of BP-3. This reduction in the GSH level may be due to the accumulation
of BP-3 that led to the increased utilization or depletion (oxidation to GSSG) of GSH for the detoxification of BP-3 and
increased production ROS in the tissues due to BP-3 accumulation. The present finding was supported by Gao et al. [28],
who reported that the content of GSH was declined in Tetrahymena thermophila exposed to BP-3.

The most contact between fish and polluted water occurred through the gills. Gill tissue damage and changes in the
immune response against the toxin and pollutants was studied by Reddy and Rawat [29]. The gills separate the blood
from the water only by a few micrometres which not only facilitate the exchange of gases but also allows the gill tissue
to be exposed to variations in the environment. Consequently, the existence of toxic materials in the environment causes
alterations in the vital functions carried out by the gills and changes in the morphologic structure of the gills [30]. The
BP-3, at environmentally relevant concentration exposure, on D. rerio was characterized by a less prominent primary
lamellar thickness, interlamellar area reduction, and significant increase in MRCs number when compared with the
control group. These findings suggested that BP-3 intake is mostly occurring through the gills of fishes. The lamellar
epithelial lining the gill reacts with dissolved BP-3, creating osmoregulatory tissue imbalance. The cumulative result
would be the reduced flow of oxygen-enriched water to lamellar tissues and ultimately affect the reduction of its
physical activity and performance [31].

5. Conclusion

Our findings disclosed that at an environmentally relevant concentration of BP-3 (44 ug/L) altered the activity or levels
of lipid peroxidation markers (TBARS, H202), enzymatic antioxidants (SOD, CAT and GPx), non-enzymatic antioxidant
GSH as well as the gill morphology of Zebra fish. Thus, from the above results, it is evident that, the long-term exposure
of BP-3, even at environmentally relevant concentration, may impose a severe threat on the normal development of
economically important fishes and in turn may affect the economy of the aquaculture industries as well as the health
status of the consumers.
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