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Abstract: If the dose and duration of zinc oxide nanoparticle (ZnO-NPs) supplementation optimize, 

low concentrations of Zn nanoparticles can replace conventional Zn sources in diets of different 

species of fish. Since evaluating the cytotoxicity of any nutritional supplement is one of the 

requirements for optimizing the dose for a specified time, we conducted this study to investigate the 

effects of oral administration of ZnO-NPs on oxidative stress and certain biochemical biomarkers in 

common carp, Cyprinus carpio, as an experimental model. For this purpose, ZnO-NPs were orally 

administered to fish for 21 days at 0 (control), 5, 10 and 15 mg kg-1 feed. Administration of ZnO-

NPs (15 mg kg-1) significantly enhanced aspartate aminotransferase (AST), and lactate dehydro-

genase (LDH) activities in liver, and alanine aminotransferase (ALT), alkaline phosphatase (ALP), 

and LDH activities in kidney. Dietary ZnO-NPs increased glucose-6-phosphate dehydrogenase 

(G6PDH) activity in liver of fish. The results indicated that administration of 10 mg kg-1 and 15 mg 

kg-1 ZnO-NPs caused a significant increase in ALT and catalase (CAT) activities and 

malondialdehyde (MDA) levels in liver, AST and CAT activities and MDA levels in kidney. ZnO-

NPs decreased the liver ALP activity. Administration of 5 mg kg-1 ZnO-NPs significantly increased 

the cellular total antioxidant (TA) levels in various tissues. Therefore, we suggest that oral 

administration of 10 and 15 mg kg-1 ZnO NPs caused cytotoxicity and alterations in oxidative 

biomarkers, but 5 mg ZnO-NPs per kg feed had no side effects on oxidative stress and biochemical 

biomarkers in fish. 

  
Introduction 

Zinc is an essential trace element for finfish and plays 

a critical role in biological processes and physiology-

ical functions such as biosynthesis of hormones, 

enzymatic activity, and metabolism of proteins and 

carbohydrates (Wang and Wang, 2015). The activity 

of more than 300 enzymes and around 2000 

transcription factors in varied species of animals is 

closely related to zinc (Chen et al., 2015; Wang and 

Wang, 2015; Swain et al., 2016). Zinc ions 

specifically bind to the receptors of cell membranes, 

carriers and channels and regulate their activity 

(Swain et al., 2016). This element is vital in regulating 

the reception of cellular signals, metabolism of 

secondary messengers, the activity of protein kinases 
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and phosphatases, as well as the binding of 

transcription factors to DNA (Chen et al., 2015). 

Therefore, zinc deficiency can lead to a lower growth 

rate, increased mortality, cataracts, fins and skin 

erosion and dwarfism (Wang and Wang, 2015). The 

presence of tri-calcium phosphate in fish meal, phytate 

or phytic acid in soybean meal and other oil seeds and 

grains may reduce the bioavailability minerals, such 

as zinc and manganese in diet of freshwater fish, 

including carp and rainbow trout (Hossain et al., 

2003). Therefore, using zinc supplement in foodstuff 

may prevent zinc deficiency (Hossain et al., 2003). 

Nevertheless, one of the consequences of zinc 

supplements in foodstuff is an increase in Zn excretion 

from fish body and an increase in its concentration in 
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 the environment (Swain et al., 2016). That is why 

researchers are looking for ways to decrease zinc 

content in food supplements and increase its 

bioavailability in diets (Swain et al., 2016). With 

regard to the physiological, chemical and biological 

properties of zinc oxide nanoparticles (ZnO NPs), 

their usage in food supplements could be an 

appropriate strategy for the aforementioned problem 

(Swain et al., 2016). This has recently increased 

interests in using Nano zinc oxide as a food 

supplement, a growth promoter, an antioxidant and 

antimicrobial compound and an immune-modulatory 

agent in diets of varied species of farmed animals 

(Swain et al., 2015).  

Moreover, using metal nanoparticles as a dietary 

and medical supplement is considered a new approach 

in pharmacology (Bahrami et al., 2017). Therefore, it 

is essential to study the side effects of these 

compounds on the health of experimental laboratory 

models (Bahrami et al., 2017). Dietary ZnO NPs are 

so small that are easily absorbed by the digestive 

system (Swain et al., 2016) and then distributed in 

different tissues, especially the liver (Swain et al., 

2016). This element can demonstrate its short-term 

effects on biochemical processes and physiological 

functions of cells (Muthuraman and Kim, 2015).  

Regardless of nutritional and commercial aspects 

of aquaculture, fish can be used as a model in 

pharmaceutical toxicology (Chen et al., 2017). Data 

on the toxic effects of zinc in diets of different species 

of animals abound (Vandebriel and De Jong, 2012; 

Pandurangan and Kim, 2015a; Pandurangan and Kim, 

2015b). Also, there are several studies on the toxic 

effects of environmental ZnO NPs on fish (Hao and 

Chen, 2012; Hao et al., 2013; Connolly et al., 2016; 

(Xiong et al., 2011; Cong et al., 2017; Fernández, 

García-Gómez and Babín, 2013); however, there is 

not much information on the toxicological effects and 

potential risks of ZnO NPs in high concentrations in 

diets of fish (Swain et al., 2016). Depending on the 

ZnO NPs concentration and the exposure duration, 

their cellular toxicity is attributed to oxidative stress, 

lipid peroxidation, and damage to the cell membrane 

and oxidative damage to DNA (Najafzadeh et al., 

2013; Pandurangan and Kim, 2015a; Pandurangan and 

Kim, 2015b). Using ZnO nanoparticles may not sound 

cost-effective, but using metal nanoparticles can be 

used as a novel approach in treating many difficult-to-

treat diseases such as cancer (Bahrami et al., 2017). 

Thus, the purpose of this study was to investigate 

consequences of using zinc oxide nanoparticles and to 

determine the nontoxic dose in foodstuff of common 

carp. 

 

Materials and Methods 

Fish: One hundred forty-four immature common carp, 

Cyprinus carpio (mean weight 20.5±2.5 g) were 

obtained from a local fish farm (Ahvaz, Khuzestan 

Province, Iran) and were randomly distributed into 

twelve circular tanks of 80 L capacity (12 fish per each 

tank) at the Department of Aquaculture (Khatam 

Alanbia University of Technology). Prior to the 

experiment, fish were adapted in tap water (24±2°C; 

pH, 7.4±0.2; 50% water exchange rate/day) for two 

weeks. The fish were subjected to artificial light (16 

L/8D). During the adaptation period, common carp 

were fed 2 times a day with commercial pelleted feed 

(3% of their body weight) according to the 

manufacturer’s recommendations (Beyza Feed Mill, 

Shiraz, Iran).  

Diet preparation: The formulated fish feed was 

enriched with nano-particles of zinc oxide (Iranian 

Nano-materials Pioneers Company, Iran; Table 1, 

Figs. 1-3). Nano-particles of zinc oxide were 

Figure 1. TEM micrographs of the Nano-ZnO powders (Adapted 

from Iranian Nano-materials Pioneers Company’s catalog). 
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supplemented at 5, 10 and 15 mg per kg feed for a total 

of three treatments. 

ZnO nanoparticles were prepared using distilled 

water and then ultrasonicated (10 min, 35 KHz, 

100/400W) using an ultrasound bath (Elma, Germany) 

(Banaee et al., 2016). Then, solutions were added to 

powdered feed in order to obtain nominal 

concentrations of 5, 10 and 15 mg ZnO NPs per kg. 

Each supplemented diet was mixed in a mixer for 30 

minutes and then homogenized into a paste by adding 

fish oil (20 mL kg-1) and distilled water into the food 

mixer. The amount of distilled water required for 

pelleting (20-40% of feed weight) was then added to 

the mixture and further homogenized. This mixture 

was passed through a meat grinder, producing string 

shapes, which were dried in an oven at 55°C for 12 h 

and then broken to produce 5 mm pellets. The pellets 

were packed and stored at -20°C in a freezer. The 

control diet was prepared by the same process, 

although no supplement was added. 

Experimental design: During the experimental period, 

fish fed commercial pelleted feed with 0 (control), 5, 

10 and 15 mg kg-1 ZnO NPs supplement for 21 days. 

After 21 days, 12 fish per group were sampled 

randomly and then anesthetized with clove powder 

solution (200 mg L-1). Fish were sacrificed by 

decapitation and dissected to remove the liver, and 

kidney. For enzymatic and biochemical analyses, 

tissue samples from the target organs were 

homogenized on ice in cold buffer 100 mM potassium 

phosphate (Sigma-Aldrich, Germany) pH 7.0 contain-

ing 2 mM of EDTA (Riedel-Haën, Germany). Tissue 

homogenates were centrifuged at 12,000x g for 15 

minutes at 4°C. The supernatant was removed and 

frozen at -25°C for further analysis. 

Biochemical Parameters Analysis: Aspartate amino-

transferase (AST), alanine aminotransferase (ALT), 

lactate dehydrogenase (LDH) and alkaline phos-

phatase (ALP) were determined by the method of 

(Moss and Henderson, 1999). Glucose-6-phosphate 

dehydrogenase (G6PDH) activity was measured by 

the method of Gómez-Milán and Lozano (2007). 

Protein levels in tissues were determined by standard 

procedures of (Johnson et al., 1999). For determin-

ations test kits from Pars Azemun Co, Iran, were used. 

CAT activity was determined as the decrease of 

absorbance at 450 nm due to hydrogen peroxidase 

Figure 2. SEM micrographs of the Nano-ZnO powders (Adapted 

from Iranian Nano-materials Pioneers Company’s catalog). 

Zinc Oxide ZnO 

Purity  +99.9 % 

Average Primary Particle Size (D50) 10-30 nm 

Specific surface area (SSA) 20-60 m2 g-1 

Color  White  

Bulk density 5.606 g cm-3 

 

Table 1. Zinc Oxide Nanoparticles Physicochemical Proprieties 

(Adapted from Iranian Nano-materials Pioneers Company’s catalog). 

Figure 3. The X-ray powder diffraction (XRD) curves of Nano-

crystalline ZnO (Adapted from Iranian Nano-materials Pioneers 

Company’s catalog). 
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consummation as described by (Góth, 1991), although 

with some modifications. Total antioxidant capacity 

was estimated according to the ferric reducing ability 

of plasma (FRAP) as described by (Benzie and Strain, 

1996) using TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) 

as a substrate. Malondialdehyde (MDA) content was 

assessed by modified thiobarbituric acid assay 

according to (Placer et al., 1996). All biochemical 

parameters were measured by UV/VIS spectro-

photometer (model Biochrom Libra S22).  

Statistical analysis of the results was carried out by 

one-way ANOVA; the data were checked for 

assumptions of normality and homogeneity (Shapiro-

Wilk test) and when necessary, they were 

appropriately transformed. The Duncan test was used 

to compare pairs of means and detect significant 

differences (P<0.05). The statistical analysis was 

performed at the significance level of 5%, using IBM 

SPSS 19. Data are presented as mean ±SD. 

Results 

During the experiment, mortality was not observed in 

the control group and fish fed ZnO NPs supplement.  

Hepatic biomarkers: The activities of hepatic marker 

enzymes are shown in Table 2. Activities of AST and 

LDH were found to be significantly increased in the 

15 mg kg-1 ZnO NPs-administrated group (P<0.05). 

Moreover, ALT, and CAT activities in liver tissue was 

enhanced by 10 mg kg-1 and 15 mg kg-1 ZnO NPs-

supplemented diets at day 21 compared to the control 

group (P<0.05).  Administration of ZnO NPs caused a 

reduction in ALP activities. In this study, dietary ZnO 

NPS significantly increased G6PDH activity in liver 

of fish (P<0.05). Compared with control diet, 10 and 

15 mg kg-1 ZnO NPs in the diet significantly enhanced 

malondialdehyde (MDA) levels in liver of fish 

(P<0.05). Supplementing 5 mg kg-1 ZnO NPs in the 

diet increased the total antioxidant levels in liver of 

fish (Table 2). 

Biochemical parameters Control  
5 mg ZnO-NPs per 

kg feed 

10 mg ZnO-NPs 

per kg feed 

15 mg ZnO-NPs 

per kg feed 

AST (U g-1 protein) 0.51±0.07a 0.53±0.21a 0.58±0.11a 1.27±0.33b 

ALT (U g-1 protein) 0.17±0.03a 0.20±0.02a 0.23±0.03b 0.26±0.05b 

ALP (U g-1 protein) 1.50±0.38a 0.99±0.08b 0.80±0.05b 0.82±0.17b 

LDH (U g-1 protein) 1.33±0.41a 1.34±0.15a 1.25±0.19a 1.87±0.32b 

G6PDH (U g-1 protein) 8.14±1.65a 18.36±2.32b 16.92±1.98b 16.49±2.77b 

CAT (kU g-1 protein) 7.31±2.17a 9.10±1.36a 21.38±2.91b 23.15±2.79b 

TA (µM g-1 tissue) 10.97±2.37a 26.64±5.27b 11.79±3.02a 10.71±0.88a 

MDA (µM g-1 tissue) 0.03±0.01a 0.03±0.01a 0.06±0.01b 0.19±0.05c 

- Different superscripts indicate the significant difference (P<0.05, Duncan’s multiple comparison). Data are expressed as Means ±S.D. 

- Aspartate aminotransferase (AST); Alanine aminotransferase (ALT); Alkaline phosphatase (ALP); Lactate dehydrogenase (LDH); Glucose-

6-phosphate dehydrogenase (G6PDH); Catalase (CAT); Malondialdehyde (MDA); Total antioxidant (TA). 

Table 2. Effects of dietary supplementation of Zinc Oxide nanoparticles (5, 10 and 15 mg kg-1 feed) on some biochemical biomarkers in liver of 

common carp (Cyprinus carpio). 

Biochemical 

parameters 

Control  5 mg ZnO-NPs per 

kg feed 

10 mg ZnO-NPs 

per kg feed 

15 mg ZnO-NPs 

per kg feed 

AST (U g-1 protein) 0.49±0.04a 0.46±0.05a 0.40±0.05b 0.33±0.06c 

ALT (U g-1 protein) 0.08±0.01a 0.06±0.01a 0.07±0.01a 0.13±0.01b 

ALP (U g-1 protein) 1.50±0.07a 1.54±0.29a 1.45±0.08a 2.12±0.60b 

LDH (U g-1 protein) 1.55±0.26a 1.65±0.14a 1.75±0.20a 2.02±0.41b 

CAT (kU g-1 protein) 2.87±0.86a 3.64±0.77a 4.88±1.08b 5.96±0.61c 

TA (µM g-1 tissue) 4.09±0.98a 9.18±2.83c 8.06±3.75bc 6.14±1.29ab 

MDA (µM g-1 tissue) 0.04±0.01a 0.03±0.01a 0.13±0.03b 0.26±0.06c 

- Different superscripts indicate the significant difference (P < 0.05, Duncan’s multiple comparison). Data are expressed as Means ± S.D. 

-Aspartate aminotransferase (AST); Alanine aminotransferase (ALT); Alkaline phosphatase (ALP); Lactate dehydrogenase (LDH); Catalase 

(CAT); Malondialdehyde (MDA); Total antioxidant (TA). 

Table 3. Effects of dietary supplementation of Zinc Oxide nanoparticles (5, 10 and 15 mg kg-1 feed) on some biochemical biomarkers in kidney of 

common carp (Cyprinus carpio). 
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Kidney biomarkers: CAT activity in kidney of fish fed 

with 10 and 15 mg kg-1 ZnO NPs-supplemented diet 

was significantly higher than that found in fish fed 0.0 

mg kg-1 ZnO NPs-supplemented diet (P<0.05). AST 

activity was found to be elevated after the 

administration of 10 and 15 mg kg-1 ZnO NPs. The 

findings demonstrated that ALT, LDH and ALP 

activities in kidney was enhanced in fish fed with 15 

mg kg-1 ZnO NPs as compared with control group 

(P<0.05). MDA levels statistically increased in kidney 

of fish fed with 10 mg kg-1 and 15 mg kg-1 ZnO NPs 

compared to the control group (P<0.05). The total 

antioxidant levels was significantly increased in 

kidney of fish fed with 5 mg kg-1 and 10 mg kg-1 ZnO 

NPs- supplemented diet on day 21 (Table 3). 

  

Discussion 

The required amount of zinc in diets of farmed 

common carp is between 15-30 mg kg-1 feed which is 

usually added as mineral salts, including zinc oxide or 

zinc sulphate (Davis and Gatlin, 1996). Due to the use 

of oil seeds in the base diet, the bioavailability of Zn 

may decrease for fish (Gupta et al., 2015). Since the 

physiological function of zinc is affected by its way of 

transfer and storage in the aquaculture (Muralisankar 

et al., 2014), using zinc supplement in the form of 

nanoparticles may solve this issue. Therefore, we 

evaluated the influence of ZnO NPs in common carp 

on preventing zinc deficiency in the long term. We 

aimed at assessing oxidative stress biomarkers (as a 

general biomarker) in tissues of ZnO NPs-treated carp. 

Common carp were fed 5, 10, and 15 mg kg-1 ZnO 

NPs in a 21-day experiment.  

AST and ALT activities are important in cellular 

nitrogen metabolism, oxidation of amino acids, and 

liver gluconeogenesis (Murray et al., 2003). The 

increased activity of AST and ALT in tissues of ZnO 

NPs-treated fish may indicate the increased rate of 

proteins metabolism in cells. A similar increase of 

AST and ALT activities were previously reported by 

(Fazilati, 2013) in the serum of ZnO NPs-treated rats. 

In contrast, a decrease of plasma ALT and AST 

activities was observed in chicken broilers that were 

fed with ZnO NPs supplement dietary (Fathi, 2016).  

ALP plays a significant role in phosphate 

hydrolysis and in membrane transport and it also acts 

as a good biomarker of stress in biological systems 

(Murray et al., 2003). The administration of ZnO NPs 

for 21 days caused a significant decrease in ALP 

activity in liver of fish. An increase in zinc level in 

liver can account for a reduced ALP activity because 

high levels of zinc can have deterrent effects on ALP 

activity (Farah et al., 2012). Increased ALP activity in 

kidney may be due to the effects of ZnO NPs on 

transphosphorylation activity as well as a metabolic 

dysfunction in cells. 

An increase in LDH activity in liver, and kidney 

may be caused by metabolic stress (Muthuraman and 

Kim, 2015). Metabolic stress in hepatic and renal cells 

is dose-dependent. An increased LDH is reported in 

lung cells of rats and myoblast cell line of mice 

(Muthuraman and Kim, 2015; Kao et al., 2012. 

Muthuraman and Kim (2015) found that ZnO NPs 

increased AST, ALT, ALP and LDH activities and 

their mRNA expression in C2C12 cells. An increase 

in AST, ALT, LDH and ALP activity was observed in 

plasma of common carp treated with high doses of 

ZnO NPs (Lee et al., 2014). Zinc toxicity depends on 

the concentration of free ions (Kool et al., 2011). 

Increasing the concentration of zinc ions in the 

cytoplasm and influx of Zn+2 from cytosol to 

mitochondria can affect permeability and stability of 

mitochondrial membrane, trigger caspase activation 

and cell apoptosis (Pandurangan and Kim, 2015b; Kao 

et al., 2012). Acidic lysozyme accelerates the release 

of Zn+2 ions which accompanies the oxidative stress 

and damage to mitochondrial membrane (Fröhlich and 

Fröhlich, 2016). In high concentrations, ZnO NPs may 

disturb the homeostasis of ion in cytoplasm (Kao et 

al., 2012) and accordingly disturb the biochemical 

balance in cells.  

G6PDH is the rate-limiting enzyme in the pentose 

phosphate pathway and a key contributor to 

carbohydrate and fatty acid metabolism (Murray et al., 

2003). Previous studies show that alterations in 

G6PDH activity are critical for cells (Mehrpak et al., 

2015). G6PDH plays an important role in cell growth 

by providing NADPH and therefore leading to 
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 regulation of the redox activity (Stanton, 2012). 

Moreover, antioxidant enzyme activities are 

dependent on an adequate supply of NADPH. Thus, 

G6PDH activity should be increased to provide 

sufficient NADPH (Stanton, 2012). An increase in 

G6PDH activity following ZnO NPs administration is 

a cellular physiological response to cope with reactive 

oxygen species (ROS). Although low levels of ZnO 

NPs are nontoxic, increased G6PDH activity was still 

observed which indicates that G6PDH may act as a 

bio-sensor and response to very low levels of free 

radicals (Sauer, 1998). An increase in the activity of 

G6PDH can eliminate ROS by using NADPH (Sauer, 

1998). However, a decrease of G6PDH activity was 

observed in the liver of white sucker, (Catostomus 
commersonii) exposed to zinc oxide nanoparticle 

(Dieni et al., 2014) 

ZnO NPs have antioxidant properties (Nagajyothia 

et al., 2014; Nagajyothia et al., 2015). The results of 

this study show that administering low concentrations 

of ZnO NPs may enhance total antioxidant capacity of 

the cell by increasing the activity level of enzymatic 

(SOD and CAT) and non-enzymatic (protein 

antioxidants and glutathione) antioxidant system, 

reducing the ROS level and inhibiting the activity of 

nitric-oxide synthase and NADPH oxidase (Prasad, 

2014). Furthermore, Zn inhibits the influence of lipid 

peroxidation products on the cellular antioxidant 

system (Prasad, 2014). Muthuraman et al. (2014) 

showed that ZnO NPs increased antioxidant enzyme 

activities, and their mRNA expression in the co-

cultured C2C12 (mouse myoblast cell line) and 3T3-

L1 cells.  

Previous studies indicate that ZnO NPs may 

remove free radicals, increase the efficiency of the 

cellular antioxidant defense system, increase the 

enzymatic activity of antioxidant defense system and 

reduce malondialdehyde level (Dawei et al., 2010) and 

consequently protect cells against ROS and oxidative 

damages (Badkoobeh et al., 2013). Zn, a cofactor of 

superoxide dismutase (SOD), regulates the process of 

converting superoxide to hydrogen peroxide (Prasad, 

2014). Therefore, an increase in CAT activity in 

hepatic and renal cells of fish which were fed 10 and 

15 mg kg-1 ZnO NPs could be a response to increased 

H2O2 in these cells. Saddick et al. (2015) found that 

Oreochromis niloticus and Tilapia zillii which were 

exposed to low concentrations of ZnO NPs (500 μg L-

1) showed an increase in CAT activity and gene 

expression of antioxidant enzymes in brain tissue. On 

the other hand, increased concentration of ZnO NPs 

(2000 μg L-1) significantly decreased CAT activity 

and gene expression of antioxidant enzymes. 

Similarly, CAT activity decreased in liver, and 

intestine of zebrafish which were exposed to ZnO NPs 

(Xiong et al., 2011). 

Zn has antioxidant properties and a key role in 

inhibition and removal of free radicals; therefore, it 

can act as an antioxidant in low concentrations (Swain 

et al., 2016). Nonetheless, we found that the increased 

amount of ZnO NPs in foodstuff increased lipid 

peroxidation in tissues. We suggest that an increase in 

MDA level in liver, and kidney could be an 

appropriate biomarker of lipid peroxidation in 

common carp after oral exposure to ZnO NPs. Our 

findings correspond with those of (Syama et al., 

2013). They reported that ZnO NPs are not toxic at 

low concentration, but at higher concentrations 

increase ROS through increased MDA levels (Syama 

et al., 2013). Muthuraman et al. (2014) found that ZnO 

NPs increased reactive oxygen species (ROS) and 

lipid peroxidation (MDA) in 3T3-L1 adipocytes. An 

increase in MDA is reported in C. commersonii (Dieni 

et al., 2014), C. carpio (Hao and Chen, 2012; Hao et 

al., 2013), Oncorhynchus mykiss (Connolly et al., 

2016), and zebrafish (Xiong et al., 2011) which were 

exposed to ZnO NPs. Cytotoxic effects of ZnO NPs, 

depending on their concentration and exposure 

duration, may be caused by ZnO NPs accumulation in 

the liver, the occurrence of oxidative stress, damage to 

DNA and an increase in lipid peroxidation 

(Najafzadeh et al., 2013). ZnO NPs produce free 

radicals, cause cellular toxicity and therefore lead to 

oxidative damages, inflammation and programmed 

cell death (Kumar et al., 2011; Umrani and Paknikar, 

2014).  

The results obtained from the present study showed 

that ZnO NPs given orally to fish could induce dose-
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dependent effects on oxidative stress biomarkers and 

biochemical parameters. On the basis of these results, 

it is deduced that supplementation of 5 mg kg−1 ZnO-

NPs had no side effect on biochemical parameters in 

liver and kidney tissue of common carp. Nevertheless, 

to ensure the safety of using ZnO NPs as a food 

supplement, future studies should consider effects of 

these NPs in non-toxic concentrations on other 

physiological indicators such as growth, reproduction, 

the immune system. 
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 چکیده فارسی

 

  بیوشیمیایی پارامترهای برخی بر روی اکسید نانوذرات خوراکی مکمل تاثیر

 (Cyprinus carpio) معمولی کپور ماهی در
  

 محیسنی محمد حقی،دوستنعمت بهزاد ،*بنایی مهدی طاهری، سمیه

 .ایران بهبهان،( ص) الانبیاء خاتم صنعتی دانشگاه زیست، محیط و طبیعی منابع دانشکده شیلات، گروه

 

  چکیده:

 جایگزین تواندمی روی نانوذرات پایین هایغلظت شود، سازیبهینه( ZnO-NPs) روی اکسید ذرات نانو مکمل تجویز زمانمدت و دوز کهدرصورتی

بهینه ضروریات از یکی خوراکی افزودنی هرگونه سلولی سمیت ارزیابی کهآنجایی از. شود ماهیان مختلف هایگونه غذایی رژیم در روی متداول منابع

 بیوشیمیایی هایشاخص برخی بر ZnO-NPs خوراکی مصرف تأثیر بررسی منظوربه مطالعه این ما است، مشخص زمانمدت در مصرفی دوز سازی

 نانوذرات هدف، این به نیل برای. ایمکرده طراحی آزمایشگاهی مدل یک عنوانبه( Cyprinus carpio) معمولی کپور ماهی در اکسیداتیو استرس و

 خورانده ماهیان به روز 21 مدت به غذا کیلوگرم هر ازای به گرممیلی 15 و 10 ،5 ،(کنترل) صفر هایغلظت در خوراکی مکمل صورتبه روی اکسید

 کبد در را( LDH) دهیدروژنازلاکتات و( AST) آمینوترانسفرازآسپارتات فعالیت داریمعنی طوربه( کیلوگرم بر گرممیلی 15) ZnO-NPs تجویز. شد

 فسفات-6 گلوکز فعالیت ZnO NPs خوراکی تجویز. داد افزایش کلیه در را LDH و( ALP) فسفاتازآلکالین ،(ALT) آمینوترانسفرازآلانین و

 افزایش به منجر ZnO-NPs کیلوگرم بر گرممیلی 15 و 10 تجویز که دهدمی نشان نتایج. داد افزایش ماهیان کبد در را( G6PDH) دهیدروژناز

 سطح و CAT و AST فعالیت افزایش نیز و کبد در( MDA) آلدهیددیمالون سطح افزایش همچنین و( CAT) کاتالاز و ALT فعالیت دارمعنی

MDA شودمی کلیه در. Zno NPs فعالیت کاهش سبب ALP گرممیلی 5 تجویز. شد کبد در ZnO-NPs اکسیدانآنتی سطح دارمعنی افزایش سبب 

 سمیت بروز به منجر ZnO-NPs گرممیلی 15 و 10  خوراکی تجویز که کرد عنوان چنین توانمی بنابراین. گردید مختلف هایبافت در( TA) تام

 هایشاخص بر جانبی عوارض گونه هیچ ZnO-NPs کیلوگرم بر گرممیلی 5  مصرف که حالی در شد، اکسیداتیو هایشاخص در تغییر و سلولی

 .نداشت ماهیان در اکسیداتیو استرس و بیوشیمیایی

 .بیوشیمیایی پارامترهای کپور، ماهی اکسیداتیو، استرس روی، نانواکسید :کلمات کلیدی

 


