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Abstract

Background:Fish in aquatic environments are end consumers of the food chain and are

widely used for the evolution effects of environmental pollution and their interactions

in aquatic ecosystem.

Objective: In the present study, common carp (Cyprinus carpio) fingerlings were

selected to assess the potential risk and aquatic toxicity of meloxicam as a non-

steroidal anti-inflammatory and a commonly used pharmaceutical drug.

Methods: In order to evaluate meloxicam toxicological effect on haematological,

antioxidant status, enzymological and histological parameters, based on its LC50 24 h

acute toxicity (10.05mg L−1), fish fingerlings were exposed to four doses of meloxicam

including; 0 (control), 0.1 (low), 1 (medium) and 2 mg L−1 (high) under static bioassay

method for 28 days.

Results: The results showed that sublethal doses of meloxicam significantly decreased

alanine aminotransferase, alkaline phosphatase, superoxide dismutase (SOD), catalase

(CAT) and glutathione peroxidase (GPX) levels in comparison with the control group

after 28 days (p < 0.05). However, red blood cell, haematocrit, haemoglobin and mal-

ondialdehyde values in fish exposed to meloxicam significantly increased alongside its

concentration (p<0.05)more than the control group after 28 days. SOD,CAT andGPX

mRNA expression levels in gill, liver, kidney and brain organ of fish under meloxicam

treatmentwere significantly down-regulated compared to the control group (p<0.05).

Histopathological assessment showed the increased vacuolation in hepatocytes in

liver of fish exposure tomedium and high doses of meloxicam.

Conclusion: In conclusion, meloxicam induces oxidative stress in common carp which

results a disruption of physiological and health status of this species based on our

current findings.
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1 INTRODUCTION

In the last few decades with the increase of the world population,

the variety and use of pharmaceutical and chemical substances have

also been significantly increased for treatment and improvement of

human health, agriculture, veterinary and aquaculture. Althoughmany

drugs have a short or medium half-life, aquatic organisms are exposed

to these pharmaceutical substances because they are continuously

released into the aquatic environment (Li et al., 2016). In addition,

the presence of active compounds of these pharmaceuticals and their

metabolites in sources, including treated and untreated wastewater,

ground and surface water, drinking water and estuaries, has been

detected in concentrations ranging from μg L−1 to ng L−1 (Saravanan

et al., 2012). Fish in aquatic ecosystems may be continuously exposed

to pharmaceuticals contamination as non-target organisms (Li et al.,

2016).

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used

for treating postoperative pain and inflammation such as osteoarthri-

tis and rheumatoid arthritis (Montesinos et al., 2015). Sometimes

NSAIDs are more effective than opioids for relieving pain in cats

and dogs.

Meloxicam, a derivative of enolic acid, belongs to NSAIDs that is

widely used in the worldwide as an analgesic, antipyretic and anti-

inflammatory purpose in related to ankylosing spondylitis and acute

rheumatoid arthritis (WorldHealthOrganization (WHO), 2010). In Iran

and some countries, NSAIDs are widely prescribed by physicians and

available in pharmacies without a prescription. Concerns andwarnings

about the risk of drug pollution in aquatic environments emerged in

the late twentieth century, when the results of monitoring the condi-

tions of aquatic ecosystems including rivers, streams, wastewater and

surface water in Germany confirmed the presence of painkillers, anti-

inflammatory drugs, psychedelics and hormones in the tested samples

(Sosnowska et al., 2009). Unfortunately, among theNSAIDs, there is no

evidence of meloxicam concentration range in aquatic ecosystems, but

its half-life in nature is estimated to be 20 h approximately (Turck et al.,

1996).

In principle, fish in aquatic environments are end consumers of

the food chain and are widely used for evaluation the effects of

environmental pollution and their interactions in aquatic ecosystem.

The common carp (Cyprinus carpio) inhabit in the middle and down

parts of the rivers and in shallow areas of water and sludge bottom

and widely distributed in freshwater resources in the world (Hasan

et al., 2007). On the other hand, due to large size availability of

this species, makes it possible to have access to sufficient organic

material for fundamental testing within organ structure, function and

immune diagnosis. However, this is not possible in other model small

fish species such as zebra (Danio rerio) and medaka (Oryzias latipes)

(Henkel et al., 2012).

Currently, environmental contaminants of the pharmaceuticals are

one of the most important factor causes of poisoning of fish and

aquatic animals that may affect fish development stages even at low

concentrations during long period. In order to monitoring the aquatic

environment and investigate the effects of pollutants on the physiolog-

ical and pathological status of the animals exposed, it is very necessary

to analyse the fluctuations in blood biomarkers (Gharaei et al., 2010;

Khandan Barani et al., 2019; RazeghiMansour et al., 2012).

Different biomarkers can be studied at the enzymological, haema-

tological, biochemical and molecular levels to investigate the interplay

between a toxicant and biological system (Gharaei et al., 2010, 2011).

Changes in biochemical factors of fish exposed to toxins can be benefi-

cial to assesswater quality, the determination of chemicals that require

a more comprehensive risk assessment and also used as a potential

bioindicators of exposure and effect (Suvetha et al., 2010; Gharaei

et al., 2020).

The oscillations of these bioindicators are wide-spreading used to

determine toxicity stress, entirety of the immune system, antioxidant

status and tissue damage (Kavitha et al., 2010; Jafarinejad et al., 2018).

In addition, histopathological assay of target organs will help to iden-

tify the final effects of the toxin on the development of organs. The

severity of these changes varieswith environmental andbiological con-

ditions and provides useful information on the physiological status and

pathology of the organism (Saravanan et al., 2012).

Medicinal products as harmful xenobiotic are constantly released in

the surroundings, and limited information is known about their effects

on non-target organisms in onshore and aquatic environments (Eric-

son et al., 2010). In addition, there are few studies on pharmaceutical

toxicity related to non-target species during the chronic exposure (Han

et al., 2010).

According to the literature review, no ecotoxicology studies of

meloxicam and its chronic effects on aquatic organisms have been per-

formed. Therefore, the aim of this study was to assess the chronic

sublethal toxicity effect of meloxicam on the common carp using

haematological, enzymological, molecular genetics biomarkers and

histopathological examination.

2 MATERIALS AND METHODS

2.1 Fish collection and maintenance

Common carp fingerlings with mean weight 10 ± 2.2 g were collected

fromFish ReproductionCentre of Zahak, Sistan-Iran. After transporta-

tion of fish to laboratory, they were acclimatized for 3 weeks in a stock

tank (1500 L volume) before the start of trial. Pending the adaptation

time, fish were fed with basal diet once daily. The proximate composi-

tion (%drymatter) of dietwasprotein32, fat 13.4,moisture4.8 andash

14.5. The stock tank tap water was exchange by overflow of 500 L as a

daily and the water had the following quality parameters; temperature

(21.8± 1.5◦C), pH (8.1± 0.2), hardness (255± 2mg L−1) and dissolved

oxygen (6.2± 0.6mg L−1).

2.2 Determination of meloxicam LC50 24 h

Meloxicam sodium salt hydrate, purity 98% (Sigma-Aldrich) was used

for assessment its toxicity on fish. Stock solution for the exposure was



SHEIKHLANGI ET AL. 2087

TABLE 1 LC50 24 h of meloxicam on common carp.

Fish group

Concentration

(mg L−1)

Number of

exposed

Number of

death fish

after 24 h

1 0 10 0

2 0.5 10 0

3 1 10 1

4 5 10 2

5 10 10 3

6 20 10 7

7 50 10 10

Point

Lethal

concentration

(mg L−1)

95% confidence

limit

LC1 0.626 0.421–0.831

LC5 1.407 0.95–1.864

LC10 2.169 1.912–2.426

LC15 2.903 2.51–3.296

LC50 10.05 9.73–10.37

LC85 34.202 31.10–37.304

LC95 70.55 64.42–76.68

made by dissolving meloxicam into dimethylsulphoxide (5 mg mL−1)

due to its low solubility in water. Eighteen plexiglass aquaria (70 L vol-

ume) containing 10 fish per each aquarium were used to determine

the LC50 24 h static acute toxicity of meloxicam. Different concen-

trations of the meloxicam 0, 0.5, 1, 5, 10, 20 and 50 mg L−1 were

made up using the stock solution. After 24 h, the mortality of fish was

recorded. All fish during the bioassay trial were not feeding. The LC50

24 h was determined by the Probit analysis method of Finney (1978).

The LC50 value for 24 h was 10.05 ± 0.32 mg L−1 (Table 1). One-fifth

(2 mg L−1), one-tenth (1 mg L−1) and one-hundred (0.1 mg L−1) val-

ues of the LC50 24 h concentration were selected as the sublethal

doses.

2.3 Toxicity studies under sublethal concentration

2.3.1 Sublethal toxicity assay

At the end of acclimation period, 240 fish fingerlings were randomly

distributed into 4 groups and 3 replicates per each group (20 fish per

each replicate) in 12 plexiglass aquaria (70 L volume) and held under

the same temperature and photoperiod. Each day, 100% of test solu-

tions were renewed by water contained intended dose in order to

retention the meloxicam dose at stable concentration. The test was

performed base on the completely randomized design and directed

for duration of 28 days and mortality was not recorded. At the end of

trial, 16 fish were randomly decapitated from each group for further

analysis.During theexperimental period,water temperature, dissolved

oxygen and pH were measured daily and maintained at 21.8 ± 1.5◦C,

6.2± 0.6mg L −1 and 8.1± 0.2, respectively.

2.3.2 Haematological analysis and enzymes assay

Blood collection was immediately done from caudal vein using 2 mL

non-heparinized syringes. A volume of 1 mL was transferred into the

tubes containing 50 IU mL−1 sodium heparin (Alborz Darou Co.) for

haematological assays. Values of red blood cell (RBC) and white blood

cell (WBC)weremeasured (Jafarinejad et al., 2018). Haemoglobin (Hb)

value was measured by cyanmethaemoglobin method. Hct was mea-

sured according to the method described by Jung et al., 2003. Indexes

of erythrocyte, including MCV, MCH and MCHC, were measured

following these standard formulas:

MCV (fl) =
Hct (%) × 10

RBC count in millions∕mm3

MCH (pg) =
Hb

(
g dL−1

)
× 10

RBC count in millions∕mm3

MCHC
(
g dL−1

)
=

Hb
(
g dL−1

)

Hct (%)
× 100

Moreover, 1 mL blood of six fish in each treatment pooled and

then transferred into tubes without heparin for measurement serum

enzymes, including alanine aminotransferase (ALT), alkaline phos-

phatase (ALP), aspartate aminotransferase (AST), lactate dehydroge-

nase (LDH), catalase (CAT), superoxide dismutase (SOD), glutathione

peroxidase (GPX) and malondialdehyde (MDA) according to methods

described by Saravanan et al. (2012) and Gharaei et al. (2020).

2.3.3 Measurement of gene expression

Total RNA extraction was carried out from the liver, gill, kidney and

brain of fish at the experimental groups (n = 6 from each group)

using the Takapou Zist kit following the manufacturer’s instructions.

RNA purity, cDNA synthesis and evaluation of mRNA expression level

of CAT, SOD and GPX in different organs by fluorescent real-time

quantitative PCR were performed according to methods described by

Gharaei et al. (2010). The special primers for CAT, SOD, GPX and β-
actin (as the housekeeping gene) were designed in accordance to the

cDNA sequences of common carp in GenBank (Table 2) (Jiang et al.,

2016). The conditions for PCR were initial denaturation at 95◦C for

5 min and followed by 35 cycles of 95◦C for 20 s, 60◦C for 30 s and

72◦C for 1 min and a final extension for 7 min at 72◦C. Each reaction

for PCR, the 20 μL contained 0.5 μL of each primer (15mM), 2 μL of the
diluted first strand cDNA product, 10 μL of green qPCR Master Mix

(Yekta Tajhiz Azma Co.) and 7 μL of sterilized double-distilled water.

Three technical replicates for each sample were evaluated and the
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TABLE 2 Real-time PCR primer sequences and thermocycling condition.

Genes

Name

primer Primer sequence (5′–3′) Accession no.

Tem. primer

(◦C)

SOD F TGGCGAAGAAGGCTGTTTGT JF342355AJ 60.4

R TTCACTGGACCCGTCT

CAT F CTGGAAGTGGAATCCGTTTG JF411604 54.5

R CGACCTCAGCGAAATAGTTG

GPX F CCTTCCCATCCCACCAGTTT FJ656211 60

R TGCGGAGTCACCGTTCACAT

β-actin F CGTGATGGACTCTGGTGATG M24113 60

R TCGGCTGTGGTGGTGAAG

Abbreviations: CAT, catalase; GPX, glutathione peroxidase; SOD, superoxide dismutase.

TABLE 3 Serum values of liver enzymes activity in common carp exposed to four meloxicam levels: control (0 mg L−1), low (0.1mg L−1),
medium (1mg L−1) and high (2mg L−1) for a 28-day period.

Parameters Control

Dose

Low Medium High

AST 122 ± 15.7 126.3 ± 13.3 117 ± 17.9 119 ± 11.8

ALT 6.7 ± 2.2a 8.3 ± 1.5b 10.5 ± 2.1c 15 ± 2d

ALP 35.7 ± 5.1a 33.7 ± 4.3a 63.5 ± 4.95b 91 ± 6.7c

LDH 732.3 ± 117.4 747.7 ± 112 736 ± 95.2 697 ± 108

Note: Values (mean± SE; n= 6) are expressed in IU L−1. Statistically significant differences at the different doses are indicated by different letters (p< 0.05).

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase.

threshold cycle was characterizedmanually for each run. PCR efficien-

cies and gene expression data analysis were performed in accordance

withmethods explained by Gharaei et al. (2010).

2.3.4 Histopathological assessment

At the end of the experiment for histopathological investigation, three

fish were randomly selected from each group. All fish were euthanized

using with 200 mg L−1 MS222 (Faggio et al., 2014) and dissected for

tissue sampling with the size of 1 × 1 × 0.5 cm3 from liver, brain, kid-

ney and gill organs. Tissue preparation with routine protocol (fixation

in 10% neutral buffered formalin, embedding in paraffin, sectioning at

5 μm with microtome and staining with haematoxylin–eosin staining

method)was performed (Sharifpour et al., 2004). Finally, all slideswere

submitted to light microscopy for examination of probably lesions.

2.4 Data analysis

All data were analysed for normality and homogeneity of variance by

Shapiro–Wilk’s and Leven’s tests. The one-way analysis of variance

(ANOVA) was used for analysis the data related to haematological and

enzymological indices and the mRNA levels followed by Tukey’s HSD

test for post hoc analyses. All statistical analyseswere carried out using

SPSS software v. 22.0 (SPSS, Inc.) and statistical significance was set at

5%. All data were showed asmean± SE.

3 RESULTS

Long-term meloxicam exposure had a dose dependent effect on some

liver enzymes activity in common carp (Table 3). With increasing

meloxicam concentration, ALT and ALP values decreased significantly

(p<0.05) in treatment groups as compared to the control after 28days.

The results of haematologic parameters are shown in Table 4. After

28 days of exposure, theRBC,Hct andHb level for all treatment groups

were significantly higher (p < 0.05) than the control group. Exposure

with the medium and high dose of meloxicam resulted in higher level

of Hct compared to the control and low-dose groups during the trial

period (p< 0.05).

The effects of different treatments on the CAT, GPX SOD enzyme

activities as well as MDA level are shown in Table 5. Further anal-

ysis indicated that SOD and CAT enzyme activities of common carp

exposed to the high dose of meloxicam were decreased significantly

compared to the control group (p < 0.05). MDA level in common

carp increased in groups received meloxicam dose dependently and

achieved the highest level at the high dose of meloxicam. The level of

GPX activity of common carp decreased significantly (p < 0.05) with

increasingmeloxicam concentration up to 2mg L−1 on 28 days.
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TABLE 4 Haematologic parameters of common carp exposed to four meloxicam levels: control (0 mg L−1), low (0.1mg L−1), medium (1mg L−1)
and high (2mg L−1) for 28-day period (mean± SE; n= 6).

Parameters Control

Dose

Low Medium High

WBC (×103 cells mm−3) 93.93 ± 8.41 85.87 ± 4.62 89.6 ± 6.22 81.73 ± 2.64

RBC (×106 cells mm−3) 0.83 ± 0.23b 1.43 ± 0.19ab 1.3 ± 0.17ab 1.64 ± 0.44a

Hb (g dL−1) 6.03 ± 1.25b 8.47 ± 0.32a 10.05 ± 1.06a 9.17 ± 0.42a

Hct (%) 19.57 ± 4.18a 20.1 ± 1.31a 20.1 ± 2.83a 21.9 ± 2.59a

MCV (fL) 115.30 ± 4.8b 140.55 ± 5.6a 154.61 ± 8.1a 133.53 ± 7.4a

MCH (pg) 72.65 ± 3.6a 59.23 ± 2.9b 77.30 ± 4.7a 55.91 ± 3.2b

MCHC (g dL−1) 63.00 ± 4.1a 42.13 ± 3.9b 50.00 ± 2.7ab 41.87 ± 3.1b

Note: Statistically significant differences at the different doses are indicated by different letters (p< 0.05).

Abbreviations: Hb, haemoglobin; Hct, haematocrit; RBC, red blood cell.

TABLE 5 Antioxidant and non-antioxidant capacity parameters in common carp exposed to four meloxicam levels: control (0 mg L−1), low
(0.1mg L−1), medium (1mg L−1) and high (2mg L−1) for 28-day period (mean± SE; n= 6).

Parameters Control

Dose

Low Medium High

Antioxidant

CAT 109.7 ± 5.5a 100 ± 4.8ab 97.7 ± 7.5ab 94.3 ± 8.6b

GPX 410.7 ± 21.9a 354.5 ± 19.1b 305.3 ± 9.5c 206 ± 12.2d

SOD 34.2 ± 2.4a 26.7 ± 0.8b 26.7 ± 3.7b 22.8 ± 3.2b

Non-antioxidant

MDA 20.7 ± 1.9b 20.8 ± 1.3b 22.3 ± 0.95ab 24 ± 1.7a

Note: Statistically significant differences at the different doses are indicated by different letters (p< 0.05).

Abbreviations: CAT, catalase; GPX, glutathione peroxidase;MDA, malondialdehyde; SOD, superoxide dismutase.

F IGURE 1 Superoxide dismutase (SOD)mRNA levels in gill, liver, kidney and brain of juvenile common carp exposed to four meloxicam levels:
control (0 mg L−1), low (0.1mg L−1), medium (1mg L−1) and high (2mg L−1) for 28 days. Results are themean± SD (n= 6). Meansmarked by
different letters differ significantly (p< 0.05).

The relative mRNA expression of SOD, CAT and GPX gene in

gill, liver, kidney and brain of common carp after 28 days is shown

in Figures 1–3. ANOVA demonstrated that there was a signifi-

cant effect of meloxicam doses in different tissues on the mRNA

levels of SOD, CAT and GPX genes. SOD, CAT and GPX tran-

script levels decreased with increasing meloxicam doses in target

tissues of common carp when compared with the control group.

The lowest level of SOD, CAT and GPX mRNA was found in kid-

ney, gill and gill of fish exposure to meloxicam after 28 days,

respectively.
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F IGURE 2 Catalase (CAT) mRNA levels in gill, liver, kidney and brain of juvenile common carp exposed to four meloxicam levels: control
(0 mg L−1), low (0.1mg L−1), medium (1mg L−1) and high (2mg L−1) at 28 days. Results are themean± SD (n= 6). Meansmarked by different
letters differ significantly (p< 0.05).

F IGURE 3 Glutathione peroxidase (GPX)mRNA levels in gill, liver, kidney and brain of juvenile common carp exposed to fourmeloxicam levels:
control (0 mg L−1), low (0.1mg L−1), medium (1mg L−1) and high (2mg L−1) at 28 days. Results are themean± SD (n= 6). Meansmarked by
different letters differ significantly (p< 0.05).

After 28 days, assessment of hepatic tissue showed no prominent

lesion in fish exposure to medium dose of meloxicam (0.2 mg kg−1)

in comparison with the control group. Hepatocytes vacuolisation with

pyknotic nuclei in centrilobular and periportal zones and disarrange-

ment of hepatic cords were the significant lesions of the liver tissue in

fish exposure tomedium and high dose of meloxicam (1 and 2mg kg−1)

in comparison with the control group (Figure 4). Moreover, the brain,

gill and kidney tissues were normal in all groups.

4 DISCUSSION

Low doses of the drug lead to toxic effects on non-target animals, so

investigations on the acute toxicity of these compounds may provide

prepare an active pattern and toxicity for drugs (Hoeger et al., 2008;

Malarvizhi et al., 2012). In this study, the 24 h LC50 value of meloxi-

cam to the commoncarp fingerlingswasdetermined10.05mgL−1. Fish

mortality during acute exposure may be because of abnormal physio-

logical changes such as heart abnormalities and spinal deviation (Van

Hecken et al., 2000;David&Pancharatna, 2009). Previous studies have

clearly shown that long-term exposure of meloxicam induces toxicity

in different species and make the ecological risks (Nair et al., 2006;

Tubbs et al., 2011; Burukoglu et al., 2014; Montesinos et al., 2015;

Sriuttha et al., 2018). The toxicity of meloxicam on mortality, develop-

ment, hatching rate, behaviour andbreeding rate has not been stated in

aquatic animals.However, chronic exposuremeloxicamat environmen-

tal concentrations may have lesser effects on non-target organisms

(Furst et al., 2002).

The haematological and biochemical alterations are extensively

exploited as markers for assessing toxic stress, health status and inner

ambience of the organism (Lavanya et al., 2011; Li et al., 2016); more-

over, these profiles may also be used for assessing the chronic toxicity

of chemicals (Tellez-Banuelos et al., 2009; Saravanan et al., 2011).

Parameters, such asHb, RBC,WBC counts andHct percentage, may

be susceptible to certain contaminants and are often exploited to diag-

nose the physiological status of organisms (Van Vuren, 1986; Adhikari

et al., 2004). In this study, the RBC value was enhanced in high dose

groupandHb,Hct valueswere increased indifferent groupsexposed to
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F IGURE 4 Histological structure of liver of common carp showing histopathological alterations due to 28 daysmeloxicam exposure at
different concentrations. (A) Liver section of control fish shows normal construction of portal vein (black arrow) restricted by pancreatic tissue
(blue arrow); (B) liver section of fish exposed tomedium dose (1mg L−1) of themeloxicam shows the increased vacuolation in hepatocytes (black
arrows); (C) liver section of fish exposed to high dose (2mg L−1) of themeloxicam, shows the increased vacuolisation in hepatocytes (black arrows);
stain: H & E; 400×magnification.

meloxicam for 28 days while WBCs that are involved in regulating the

function of immune system was not changed. Similar studies showed

that ibuprofen sublethal toxicity alterations in haematological parame-

ters possibly change in RBC production in Indian major carp, Cirrhinus

mrigala (Saravanan et al., 2012). Also, increasing Hb and Hct values

might be due to replacing oxidized denatured Hb by the toxicant and

to providemore oxygen for tissues (Nussey et al., 1995).

Another reason for increasing Hct level is RBCs swelling and res-

piratory capacity is impairment in fish due to gill damage (Nemcsok &

Boross, 1982). Likewise, Li et al. (2016) indicated that chronic exposure

of rainbow trout (Oncorhynchus mykiss) to carbamazepine drug causes

increases in Hb, Hct, MCV andMCH contents.

In the aquatic ecosystem, toxicants effect may appear at cellular

or molecular level which can alter biochemical parameters of organ-

ism significantly (Kavitha et al., 2010). Enzymes like AST, ALT, ALP and

LDH are good candidates for monitoring organism health (Suvetha

et al., 2010; Lavanya et al., 2011). Among these enzymes, AST and

ALT are widely used for assessing tissue damage and relevant stress

indices in aquatic bioassays (Jung et al., 2003). In this study, serum

AST and LDH levels showed no statistical differences among the

groups. On the other hand, increasing doses of meloxicam signifi-

cantly increased the ALT and ALP enzyme levels. Since NSAIDs cause

releasing metabolites conjugated with glucuronic acid and hepatic

immunological response (Bailey & Dickinson, 2003), alteration of ALT

and ALP may show hepatotoxicity. Structural damage from exposure

to toxicants in liver and kidney of fish causes leak these enzymes into

blood stream and increase their plasma concentrations (Kavitha et al.,

2012). The agglomeration and linkage of toxicants in cell membranes,

cytoplasm and mitochondria may induce structural lesion and decom-

position of cells which in results enhancing of AST and ALT enzymes

into blood stream. On the other hand, under stress status, organisms

may diminish the toxic effect via enhancing metabolism rate of pro-

tein and carbohydrate that may alter AST and ALT activities and their

enhancement is a recovery process to spoiled metabolism (Reddy &

Venugopal, 1991).

Antioxidant enzymes are the first defence system against oxidative

stress in tissue injury by phagocytosis and radicalization (Jafarinejad

et al., 2018). SOD, CAT and GPX enzymes play main role of neutral-

ize of the reactive oxygen species (ROS) produced in damaged organs

(Gharaei et al., 2020). SOD is the main enzyme responsible for com-

pensating the toxic effects created by ROS presence. Moreover, SOD

converses toxic superoxide anions into hydrogen peroxide (H2O2) as

the first step of antioxidation defence (Gao et al., 2018). Afterwards,

CAT and GPX enzymes convert H2O2 to H2O. CAT reduces H2O2

produced in metabolism of long-chain fatty acids in peroxisomes and

GPX acts as catalyzer in reduction of H2O2 and lipid peroxide (Win-

ston & Digiulio, 1991; Mohammadi et al., 2020) and accordingly they

remove ROS. In the present study, the activity of SOD, CAT and GPX
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decreased significantly in fish exposed to meloxicam compared with

control group. This finding is consistent with that of Li et al. (2016)

showed the decreasing of CAT enzyme activity in rainbow trout after

exposure to carbamazepine because of the overwhelming production

of H2O2 by SOD. Gao et al. (2018) demonstrated that the diclofenac,

naproxen and ibuprofen decrease antioxidant enzyme activities (SOD,

CAT and GPX) on common carp due to disruption of the antioxi-

dant system and increasing lipid peroxidation and imbalance of GSH

(reduced glutathione)/GSSG (oxidized glutathione) ratios.

MDA is a non-enzymatic antioxidant and acts as a lipid peroxida-

tion and health status of biological layers which rich unsaturated fatty

acid (Khosravi-Katuli et al., 2018). In this study, meloxicam in medium

andhigh concentrations caused significant increase in the level ofMDA

compared to control group. This founding maybe relevant to agitation

of oxidative stress by meloxicam, since MDA is the final product in

lipid peroxidation process (Gharaei et al., 2020). The increasing MDA

level in response to meloxicam exposure was also reported in previ-

ous studies (Villegas et al., 2002; Amin et al., 2017). It is demonstrated

that increase in MDA level was closely accompanied by increased lipid

peroxidation, DNA lesion, altered calcium and sulfhydryl homeosta-

sis which results disturbances in antioxidant defence system (Ayala

et al., 2014). In principle, antioxidant enzymes are inactivated by cross-

linking MDA to them, which results in increase of ROS accumulation

andmacromolecular damage aggravation (Khan & Rampal, 2014).

Relative mRNA expression of SOD, CAT and GPX gene indicated

a significant fluctuation among all treatment groups, implying meloxi-

cam involvement through antioxidant process and this effect was

dose dependent. Previous studies proved that meloxicam induced

liver and kidney toxicity by damage to protein synthesis, alteration

in a number of enzymes in hepatocytes and renal functional capac-

ity (Amin et al., 2017; Huerta et al., 2005). However, the effects of

meloxicam on the expression of antioxidant enzyme mRNA levels in

fish are not consistent with previous researches. In our research,

decreasing SOD, CAT and GPX gene expression could be depend on

expression of transcription factor Nrf2 and Keap1, which induce the

expression of proantioxidant genes (Ristow & Schmeisser, 2011). This

responsemay account for the decreased glutathione levels and antiox-

idant enzyme activities. However, decreasing the antioxidant gene

expression by increasing meloxicam doses overwhelms disruption of

antioxidant status perhaps because of the prolonged duration of drug

treatment.

The results of the present study demonstrated that high doses

of meloxicam lead to oxidative stress via a reduction of antioxidant

enzymes production (SOD, CAT and GPX). Consequent of oxidative

stress and free radical’s redundant production, lipid peroxidation asso-

ciated with DNA breakage occurs in affected cells. Hence, tissue

damage and necrosis are histological markers (Muazzam et al., 2019).

Hepatic lesions in the medium and high doses of meloxicam include

hepatocytes vacuolisation (degeneration) with pyknotic nuclei in cen-

trilobular zone, disarrangement of hepatic cords, caseous necrosiswith

haemorrhage and fibrin accumulation. These observations, although

not specific, represent highly severe damage of liver tissue (Pal et al.

2012), which can lead to necrosis or apoptosis (Jarrar & Taib 2012).

In conclusion, the results from the present study indicate that

exposure to meloxicam produces oxidative stress in common carp, as

revealed by their elevated ALT, ALP, RBC, Hb, Hct, MCV and MDA

levels and decreasing SOD, CAT and GPX activity and their gene

expression. Moreover, the histological assay showed that the high

dose of meloxicam cause to cellular damages and necrosis in liver

of fish. Many studies have demonstrated the ameliorating outcome

of NSAID on oxidative stress. However, in our study meloxicam with

low, medium and high doses caused haematological, hepatic, renal

and gene toxicities, which this response was dose dependent. The

results indicate that a more identification on the end point of tox-

icology of this specific pharmaceutical drug and its toxicity effect

on freshwater fish provide important knowledge on secure levels in

the lentic ecosystems. So, more surveys are required, in order to

provide more complementary knowledge about genotoxicity mech-

anisms of meloxicam including other metabolic and physiological

pathways.
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