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Abstract

The present study was conducted in order to explore the mitigation efficiency of biologically
synthesized Zn NPs against carbofuran toxicity in Labeo rohita. For this purpose black pepper leaves
extract was used Zn NPs were synthesized. |Initially 96 hrs LCso for fish fingerlings against
carbofuran was determined which was 0.3mg/l. Then 90 days trial was conducted to study the chronic
effects of carbofuran in Labeo rohita fingerlings and its mitigation through biologically synthesized
Zn NPs as supplemented feed. . A total 180 healthy individuals of similar weight and length 30+05
of Labeo rohita were maintained and acclimatized prior to the experiment. Fish were randomly
distributed into three groups designated as T, T2 and Ts. Treatment 1 was given no carbofuran and
was considered as control group while T2 and T3 were received 1/5" and 1/10" carbofuran sublethal
concentrations of 96-hr LCso (0.3 mg/l) respectively. Each treatment was be divided into four into
four groups, each having fish (n=15). Four levels of supplemented feed i.e, 0 mg/kg, 5 mg/kg, 10
mg/kg and 15 mg/kg Zn BNPs (Biologically synthesized) were given to each group of the three
treatments. Among the four feed levels 10mg/kg Zn NPs containing feed was found best in order to
mitigated the chronic effects carbofuran by analyzing liver biomarkers and antioxidant enzyme
assays.
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INTRODUCTION

Pesticide exposure has long been known to cause problems for ecosystem and human health. In
extreme cases, pesticide runoff from agriculture can result in large fish kills. These effects are
manifested in reduced inland fisheries potential and therefore have potential to affect the billions of
people who rely on inland fisheries for food and the millions who rely on them for their livelihood
(Li et al. 2017). In spite of their usefulness, pesticides pose severe threat to natural resources and
poisoning to animals and plants. Humans are indirectly affected via food chain because of the
chemical complexity and persistent nature of pesticides (Sun et al. 2018). Carbofuran a Carbamate
pesticide is extensively used in rice and sugarcane crops to control pests reached to aquatic
environment cause acute and chronic toxicities in aquatic organisms (Vani et al. 2020). The toxicity
of pesticides on aquatic organisms can be studied by evaluating the changes in the
acetylecholinesterase activity, haematological, histological, biochemical and enzymes related
parameters (Ramesh et al. 2015).
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Several conventional technologies are used for the removal of carbofuran including physicochemical
processing like photo-catalysis, Ozonation/UV- irradiation (Ibrahim and Solpan, 2019), membrane
filtration, adsorption (Khuntong et al. 2010) and fenton degradation (Ma et al. 2010). However, none
of these technologies is feasible and cost effective for complete mineralization of carbofuran pollution
from the environment. A diverse application of nanomaterial-based technology has opened a new
horizon in material science over the past decades because nanomaterials offer a high surface area and
other very distinctive physical, chemical, and biological properties compared to their bulk
counterparts (Jayachandran et al. 2021).

Zinc oxide nanoparticles (ZnO-NPs) are the most commonly used metal oxide nanoparticles because
their distinctive optical and chemical properties can be easily modified by altering the morphology
and the wide bandgap (3.37 eV) and high excitation binding energy (60 meV) to simulate the ZnO-
NPs to be a potent photocatalytic and photo-oxidizing moiety against chemical and biological species
(Shaba et al. 2021). ZnO-NPs have been shown to reduce the parameters responsible for hepatic
fibrosis and nephrotoxicity (Kielbik et al. 2017).

The current study is planned to evaluate the chronic effects in Labeo rohita induced by carbofuran
and ameliorative potential of green synthesized Zinc nanoparticles against carbofuran.

MATERIALS AND METHODS

Green synthesis of Zn NPs by biosynthesis method

Zn BNPs (Zinc biologically synthesized) were prepared by biosynthesis method. For this purpose,
the black pepper leaves were collected from the Pattoki plant nursery farms in polythene bags and
carried to the laboratory of Department of Fisheries and Aquaculture for further analysis. The leaves
were washed with distilled water and shade dried. Then 20 gm crushed dried leaves powder were
mixed with 50 ml of distil water. After that, mixture was stirred by magnetic stirrer at 60 °C for 1h,
then filtration was done with Whatsman™ filter paper. Zinc stock solution was prepared by dissolving
59 of zinc acetate in 100ml of deionized water while stirring continuously and mixed with 20ml of
plant extract while heating at 60 °C for 4 hours (Singh et al. 2019). The resulting solution was
centrifuged at 1000rpm. After centrifugation gel like product was collected and calcined in muffle
furnace for removal of impurities. After that white color nanoparticles were collected for further
characterization.

The Zn BNPs was synthesized using the black pepper leaf extract, which comprises of various
biological reducing agents. Which were helpful in the synthesis and stabilization of Zn BNPs (Patel
et al. 2016).

Characterization of Zn NPs

The quartz cuvette was used to observe UV-visible spectra of samples at the 200-800 nm wavelength
range on Shimadzu-UV 2600 spectrophotometer (Rocha et al. 2018). XRD for Zn nanoparticles was
carried out via a PAN Analytical X-ray Diffractometer operating at 45 KV, while using Cu K
radiation as the X-ray source by following Bunaciu et al. (2015). Field emission SEM (FE-SEM,;
JXA-8200, JEOL) was used for particles size and surface morphology of NPs (Modena et al. 2019).

Study area
The present studies were carried out at the hatchery of Fisheries Research Farms, Department of
Fisheries and Aquaculture, University of Veterinary and Animal Sciences, Ravi Campus Pattoki.

LCso for Labeo rohita against carbofuran
Labeo rohita individuals were obtained from grow out ponds, kept in hatchery holding tanks, supplied
with aerated flow through water and acclimatized for a period of 15 days (Hunn et al.1968). The fish
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were fed during the period of acclimatization with commercially available feed of 30% crude protein.
Laboratory test was conducted to determine the 96-hr LCso of carbofuran, 100 individuals of Labeo
rohita were selected randomly from rectangular tanks and equally distributed in ten glass aquaria
having 80 litter water capacity. Stock solution of carbofuran was prepared. A total of 10
concentrations in geometric series were set simultaneously to determine 96 hr LCso of carbofuran
against Labeo rohita. Optimum value of pH, temperature and total hardness of water were maintained
at 7.5, 30°C and 200mg/L respectively. Mortality of fish was noted on daily basis. The experiment
was conducted by following OECD (2019) standard guidelines. Against each test dose probit analyses
was performed and mortality were measured by adopting standard protocol (Finney et al. 1971).

Experimental design for chronic exposure

The experiments was conducted in glass aquaria of 340 liters volume. Each aquarium was filled with
two third of tap water. A total 180 healthy individuals of similar weight and length 30+05 of Labeo
rohita were maintained and acclimatized prior to the experiment. Fish were randomly distributed
into three groups designated as Ti, T2 and Ts. Treatment 1 was given no carbofuran and was
considered as control group while T2 and T3 were received 1/5" and 1/10" carbofuran sub lethal
concentrations of LCso value for 96-hr (0.04 mg/l) respectively. Each treatment was be divided into
four into four groups, each having fish (n=15). Four levels of supplemented feed i.e, 0 mg/kg, 5
mg/kg, 10 mg/kg and 15 mg/kg Zn BNPs (Biologically synthesized) were given to each group of the
three treatments.

pH (7.5 + 0.5) and water temperature (30°C) of each aquarium were kept constant. Dissolved oxygen
(mg/L) was maintained at optimum level by installing aerators. The experimental trial was carried
out for a period of 90 days. The parameters were analyzed using factorial analysis of variance
(ANOVA) while significant differences among treatment means were compared using Duncan’s
multiple range test (DMRT) using SAS version 9.1. Significance was tested at 5% level (p > 0.05).

Liver biomarker

Fish was randomly selected from each tank and anesthetized with clove oil. Serum AST and ALT
were analyzed through serum chemistry analyzer by using bioactive diagnostic kits following the
method used by Reitman and Frankel (1957). Serum ASP was analyzed by following Tietz et al.
(1983).

Antioxidant Enzyme Assays

Samples from liver tissues were homogenized in cold phosphate buffer saline (0.1 M, pH 7.4) using
a Potter Elvehjem glass/Teflon homogenizer. After filtration, the homogenate was centrifuged for 10
min at 1600 rpm at 4°C until further analysis the supernatants was kept at -80 °C. SOD was analyzed
by following the method given by Nishikimi et al. (1972) and absorbance variations were noted at
560nm. Aebi (1984) was followed in order to estimate CAT enzyme.

RESULTS

UV visible analysis

The UV absorption spectra representing a strong absorption band at 373 which the characteristic
feature are biologically synthesized Zn NPs (1 uM concentration) presented in figure.1. The d-d
transitions are usually forbidden so the absorption band is mostly comprised upon a LMCT (ligand
to metal charge transfer) band having absorbance maxima at approximately 1.2.
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Figure 1. UV visible spectra for biologically synthesized Zn NPs

XRD analysis
Figure. 2 shows the XRD results of biologically synthesized Zn NPs using biological method.

The peaks are completely according to the standard. The known peaks and miler indices
values for nanoparticles are used in order to measure the average size of the particles through
scherrer equation. The average size calculated for biologically synthesized nanoparticles is

15.37 nm.
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Figure 2. XRD spectra of biologically synthesized Zn NPs.

FE-SEM: Scanning electron microscopy results describe in figure.3 for biologically
synthesized nanoparticles. The particles size decoded by a software image j and results
shows that the diameter of biologically synthesized nanoparticles are 12 to 22 nm which are

clearly backed the XRD results.
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Figure 3. SEM analysis of biologiclly synthesized nanoparticles

Determination of tolerance limit of Labeo rohita against carbofuran

In the present experiment the 96 hours LCso value of carbofuran was calculated through probit
analysis as 0.3 mg/l at which 50% of the fish fingerlings were died. The lower and upper bounds
through this analysis were calculated as 0.24 and 0.36 respectively. The results were highly significant
at p<0.05 and the gradual increase in concentrations the rate of mortality also increased.

Liver biomarker

After chronic exposure, AST, ALT and ALP and serum cortisol activities were determined in three
treatments T1 (control) with no carbofuran, T2 with 1/5" and T3 with 1/10" of 96- hours LCso
concentrations of carbofuran fed each treatment with four different levels of biologically synthesized
zinc nanoparticles supplemented feeds and results are described as:

Aspartate amino transferase (AST)

The results for metabolic enzyme AST varies among treatments fed with different levels of biological
synthesized zinc nanoparticles supplemented feed displayed in table no.1. AST activities significantly
increased in T2 administered Omg/kg ZnBNPs (p<0.05) while significantly reduced in the same
treatment fed with 10mg/kg ZnBNPs supplemented diet. The activities of AST in T3 were found
significantly increased that fed with Omg/kg ZnBNPs supplemented feed and the most reduced
activities were recorded in the same treatment fed with 10mg/kg ZnBNPs supplemented feed
(p<0.05). Activities of AST in control group among different feed levels were recorded non-
significant.

Table. 1. Aspartate amino transferase (AST) activity (IU/ml) in serum of Labeo rohita across
different treatments

Treatments
Feed levels T1 (No carbofuran) T2 (1/5" carbofuran) T3 (1/10" carbofuran)
1 130+2.30° 385+3.15% 305+2.524
2 126+2.45 205+3.128 198+2.82°8
3 121+2.25% 160+2.32¢ 142+2.05¢
4 124+3.124 168+2.72¢ 158+2.15°

Means with the same letters in a single column are statistically similar at p < 0.05.
| 1= 0Omg/kg ZnBNPs, 2= 05 mg/kg ZnBNPs, 3= 10 mg/kg ZnBNPs, 4= 15 mg/kg ZnBNPs |
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Alanine aminotransferase (ALT)

Table no. 2 and displayed the results for metabolic enzyme ALT varies among three treatments T1
(control), T2 and T3 each fed with four levels of ZnNPs supplemented feed. T1 (control) group shows
ALT activities among all four feed levels were remains non-significant at (p<0.05). ALT activities
were significantly higher in Omg/kg Zn BNPs supplemented feed level among all four levels in
treatment 2 while significant decreased for ALT activities in T2 were found that fed with 10mg/kg
Zn BNPs supplemented feed. The same activities results for T3 shows highest and lowest values
among all four feed levels were recorded in Omg/kg Zn BNPs and 10mg/kg Zn BNPs supplemented
diets respectively.

Table. 2. Alanine transaminase (ALT) activity (IU/ml) in serum of Labeo rohita across different
treatments

Treatments

Feed levels T1 (No carbofuran)  [T2 (1/5" carbofuran) T3 (1/10™ carbofuran)
1 24+2.25" 83+2.23 7242547

2 21+2.617 53+2.368 44+2.18°5

3 19+2.224 35+2.59°¢ 29+2.62°

4 26+2.494 41+2.05° 34+2.08°

Means with the same letters in a single column are statistically similar at p < 0.05.
| 1= 0mg/kg Zn BNPs, 2= 05 mg/kg Zn BNPs, 3= 10 mg/kg Zn BNPs, 4= 15 mg/kg Zn BNPs |

Alkaline phosphatase (ALP)

Results for metabolic enzyme ALP were described in table no.3. The results for ALP activities among
all treatments were found significantly different and described as T2>T3>T1. T1 (control) consists
of four groups fed with four different supplemented feed, ALP activities were found non-significant
among all four feed levels while T2 and T3 each having four ZnNPs supplemented feed groups shows
ALP activities significant increase in fish fed with 0mg/kg Zn BNPs and significant decrease were
recorded for fish fed with 10mg/kg Zn BNPs supplemented feed (p<0.05).

Table. 3. Alkaline phosphatase (ALP) activity (IU/ml) in serum of Labeo rohita across different
treatments

Treatments

Feed levels T1 (No carbofuran) T2 (1/5" carbofuran) T3 (1/10™ carbofuran)
1 75+2.92A 160+2.424 152+2.66"

2 73+2.15% 120+2.81° 101+2.528

3 70+3.05% 90+2.73° 79+2.18°

4 77+3,82° 102+2.06° 97+3.01°

Means with the same letters in a single column statistically similar at p < 0.05.
\ 1=0m/gkg Zn BNPs, 2= 05 mg/kg Zn BNPs, 3= 10 mg/kg Zn BNPs, 4= 15 mg/kg Zn BNPs |

Cortisol activity

Serum cortisol level in response to carbofuran chronic exposure and its mitigation response with
biological synthesized zinc nanoparticles were determined and displayed in table no. 4. Cortisol
highest significant increase activities were found in T2 group 1 fed with 10mg/kg Zn BNPs
supplemented feed. Cortisol activities between T2 and T3 were found signicantly varied (p<0.05).
Among all four groups of T3 group 3 fed with 10mg/kg Zn BNPs shows significant decrease and
highest increase for cortisol activities were found in group 1 fed with Omg/kg Zn BNPs supplemented
feed and lowest significant decrease were recorded in group 3 fed with Omg/kg Zn BNPs
supplemented feed.
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Table. 4. Cortisol activity (ng/ml) in serum of Labeo rohita across different treatments

Treatments

Feed levels T1 (No carbofuran) T2 (1/5"" carbofuran) T3 (1/10'" carbofuran)
1 188+1.234 248+2.62" 243+2.19%

2 183+2.05* 226+2.138 219+2.708

3 180+2.37* 202+2.18° 192+2 55°

4 179+2.20* 207+2.42°¢ 201+2.38°

Means with the same letters in a single column are statistically similar at p <0.05.
| 1= 0mg/kg Zn BNPs, 2= 05 mg/kg Zn BNPs, 3= 10 mg/kg Zn BNPs, 4= 15 mg/kg Zn BNPs |

Antioxidant Enzyme Assays
Catalase and SOD activities were analyzed and results are describes as:

Catalase (CAT) activities

Table. 5 presented Catalase activities for three treatments designated as T1 (control) with no
carbofuran, T2 with 1/5 and T3 with 1/10" of 96-hours LCso concentrations of carbofuran each
divided into four groups fed with four different feeds supplemented with biologically synthesized
ZnNPs as 0mg/kg, 5mg/kg, 10mg/kg and 15mg/kg. T1 shows non-significant variations among all
four groups for catalase activities. Significant increase were found in group 1 of T2 and T3 fed with
Omg/kg Zn BNPs supplanted feed (p<0.05) while catalase activities were significantly reduced in
group 3 of T2 and T3 fed with 10mg/kg Zn BNPs supplemented feed.

Table. 5. Catalase activity (1U/mg) in liver of Labeo rohita across different treatments

Treatments

Feed levels T1 (No carbofuran) T2 (1/5"" carbofuran) T3 (1/10'" carbofuran)
1 22.15+1.25* 75.41+2.55* 71.05+2.594

2 24.14+1.48* 41.21+2.638 39.11+2.468

3 19.23+1.717 30.23+1.85° 28.15+2.06

4 26.73+2.03* 33.15+1.72¢ 31.02+2.13¢

Means with the same letters in a single column are statistically similar at p < 0.05.
| 1= Omgkg Zn BNPs, 2= 05 mgkg Zn BNPs, 3= 10 mgkg Zn BNPs, 4= 15 mgkg Zn BNPs |

Superoxide dismutase (SOD) activity

Table no. 6 described the SOD activities for three treatments T1 (control), T2 and T3. SOD activities
determined for T1 (control) having fours groups fed four levels of supplemented feed were normal as
highest and lowest values were 15.00£2.43 and 10.25+1.62 respectively fed with 10mg/kg and
15mg/kg. Significant increase in SOD activities were found in group 1 fed with Omgkg Zn BNPs
supplemented feed of T2 and T3 while significant decrease were recorded in group 4 of T2 and T3
fed with 15 mgkg Zn BNPs supplemented feed (p<0.05).

Table. 6. SOD activities (IU/mg) in liver of Labeo rohita across different treatments

Treatments

Feed levels T1 (No carbofuran) T2 (1/5™ carbofuran) T3 (1/10'" carbofuran)
1 12.00+1.05% 27.00+2.11% 25.15+0.08"

2 14.32+1.65" 23.00+2.06" 21.00+2.72%

3 15.00+2.43 21.00+2.628 18.09+1.498

4 10.25+1.624 20.00+1.528 14.50+2.12¢

Means with the same letters in a single column are statistically similar at p < 0.05.

| 1= 0mg/kg Zn BNPs, 2= 05 mg/kg Zn BNPs, 3= 10 mg/kg Zn BNPs, 4= 15 mg/kg Zn BNPs |
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DISCUSSION

In the present experiment the 96 hours LCso value of carbofuran was found as 0.3 mg/l at which
50% of the fish fingerlings were died which was similar to the results of Saglio et al. (2003) assessed
toxicity of carbofuran against gold fish, the 96-hr LCso was 1 mg/L and 0.92 umol/L LCsp value for
common carps against carbofuran was calculated by Assis et al. (2010) whereas Mustafa et al. (2014)
summarized their experiments, where they test different pesticides against Labeo rohita with average
weight 500+20 g and calculated 96-hr LCsg through probit analysis. Among different pesticides the
value for carbofuran was 1.4 mg/L. similarly, Mahboob et al. (2015) did various experiments in order
to evaluate the 96 hr LCsp for different pesticides, among various pesticides the tolerance limit for
carbofuran was calculated as 0.49 mg/l in Cirrhinus mrigala. The absorption spectra of the green
synthesized Zn NPs displayed maximum optical absorption bands at 373 nm. The diffraction
patterns show that all the peaks are clearly assigned to the hexagonal phase (wurtzite
structure) of Zn NPs and are completely matched with standard data (JCPDS 36-1451). For
the structural and elemental analysis, the prepared Zn NPswere examined by FE-SEM. The
EDX showed strong signal in the zinc and oxygen regions, confirming the formation of Zn
NPs. Further, the chemical Zn NPs were spherical with aggregations and these results were
much similar to that of Haque and Grayson (2020) prepared two types of Zn NPs by different
methods like biosynthesis and sol-gel method. Neem leaf extract was used in order to synthesize
biological NPs. Characterization of biologically synthesized Zn NPs reveals wurtzite hexagonal
makeup. Particles size of the biosynthesized NPs were smaller (25.97 nm) as compared to that of sol-
gel method’s NPs (33.20 nm). Range of morphological study of most of the particles have the range
between 10 to 70 nm similarly, neem plant extract was used to synthesize Zn NPs by Sohail et al.
(2020) with an average size of 19.57 + 1.56 nm and characterization were carried out by using X-ray
diffraction, FTIR analysis and surface morphology using SEM. Jhamta and Kaur (2020) used
Sambucus ebulus plant extract for the green synthesis of Zn NPs and results of X-ray diffraction
shows that NPs were highly crystalline structure with an average size around 17 nm.

Carbofuran being the most toxic carbamate cause toxicity by damaging the immune cells and
enzymatic activities in aquatic organisms mainly in fish (Rahdar et al. 2021). The present study
reveals that chronic exposure of carbofuran to Labeo rohita cause alteration in liver enzymatic
activities. There is an elevation in the AST, ALP, ALT and cortisol activities in group 1 of treatment
2 and 3 that were given 1/5" and 1/10™ of 0.3mg/l (96-hr LCso) of carbofuran while T1(control)
shows normal enzymes activities . This increase may be due to the tissue damage cause by carbofuran
particularly in the liver cells. All the three treatments and their sub groups that were fed with different
ZnNPs supplemented feed in order to mitigate the effect of carbofuran, the best mitigation results
were found in group 3 of treatment 2 and 3 that were fed with 10mg/kg Zn NPs supplemented feed
shows significant decrease in liver enzymatic activities as compared to group 1 of treatment 2 and 3.
Which clearly reveals that Zn NPs mitigate the damaging effect of carbofuran in liver cells of the
experimental fish. These results are in agreement with the research reported by Essa et al. 20109.
Antioxidant enzymes have been reported as biological indicators of pollutant exposure to fish. Like
Catalase and SOD in the present study reveals significant increase by exposure of carbofuran to fish.
In control group the activities of these enzymes were found normal but treatment 2 and 3 shows
significant elevation in activities due to carbofuran exposure. The experimental groups, fed with Zn
NPs supplemented feed shows significant reduced the elevated enzymatic activities, may revealed the
effective mitigated efficiency of Zn NPs against carbofuran.

Conclusion

The present study explored the beneficial role of biologically synthesized Zn NPs as supplemented
feed in the amelioration of toxic effect of carbofuran in fish. We found 10mg/kg Zn NPs
supplemented feed was suitable to restored antioxidant enzymes and liver Enzymatic activities
against carbofuran.
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