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ABSTRACT 

 

In this study, the changes in the catalase, superoxide dismutase, carbonic anhydrase activities, and the 

levels of malondialdehyde in the muscle, liver, gill, skin, brain, and intestinal tissues of carps 

(Cyprinus carpio), in which 0.1 mg/L and 0.2 mg/L concentrations cyanide were added, were 

investigated. It was determined that the catalase, superoxide dismutase, and carbonic anhydrase 

activities of fish exposed to cyanide were inhibited in some tissues and increased in some tissues. 

Especially in 15-day experiments statistically significant decreases were observed in enzyme 

activities. It was observed that malondialdehyde levels, which are one of the important markers of cell 

damage of tissues generally increased with cyanide exposure. In this study, malondialdehyde levels 

increased statistically significant in the liver and intestinal tissues in the 3-day experiment and the 

muscle tissue in the 15-day experiment. 

 

Keywords: Cyprinus carpio, Cyanide, Enzyme, Lipid Peroxidation. 

 

1. INTRODUCTION 

 

Cyanide is a molecule formed by the triple bond of carbon and nitrogen atom. Cyanide and its 

compounds are used in various areas of industry like metal coating, rubber production, paint industry, 

and drug production. Cyanide is produced commercially to use in industry and it is also produced by 

some plant, insect, and bacteria species naturally. For instance, almond contains 297 mg/kg, wild 

cherry contains 140-370 mg/100g, and cassava contains 104 mg/100g cyanide [1]. Cyanide is released 

into the environment by natural means as well as industrial sources. After cyanide is used in industry, 

it is either chemically decomposed or stored in waste ponds. The discharge of cyanide as waste is also 

increasing day by day. Since cyanide is generally used with metal compounds, it also causes heavy 

metal pollution in the waters where it is discharged. In addition, high-bonding cyanide tends to form 

toxic complexes again [2]. 
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Cyanide can enter the water sources from a variety of sources, such as wastewater from the metal 

plating and iron and steel industries, mining, and pesticides [3]. Efforts are made to reduce these rates 

by passing the wastewater through various processes. Although it is reduced, due to the highly toxic 

nature of cyanide, even low concentrations pose a danger to aquatic life in natural waters. Fish are the 

most sensitive group of aquatic organisms to pollutants. Therefore, even at low concentrations, fish 

are adversely affected by cyanide toxicity, causing permanent problems even if death does not occur. 

It has been reported in the literature that concentrations of 0.01 and 0.1 mg/L may be toxic to fish [4].  

Wild et al. [5] reported that cyanide is in the range of 0.0001 - 0.05 mg/L in natural waters. EPA has 

also set the cyanide limit for freshwater environments as 0.052 mg/L [6]. 

 

Fish are the living species that are maximum affected by cyanide pollution in the aquatic environment. 

Being in the last link of the biological chain makes them so vulnerable. Cyanide causes various 

problems in fish, especially the lethal effect. When fish are exposed to 5-7.2 pg free CN
-
/L cyanide, 

their swimming and reproductive systems are damaged, while they are at risk of death when exposed 

to 20-76 pg free CN-/L cyanide [7]. David and Kartheek [8] found decreases in catalase, superoxide 

dismutase, glutathione peroxidase, and glutathione S-transferase activities in carp fish to which they 

applied sodium cyanide at a concentration of 0.1 mg/L for 10 and 20 days compared to the control 

group. For another freshwater fish species, Labeo rohita, it was reported that ATPase enzyme was 

inhibited in lethal (0,32 mg/L) and sublethal (0,064 mg/L) concentrations [9]; glycogen and pyruvate 

amounts decreased at sublethal (0,106 ve 0,064 mg/L) concentrations [10]; the levels of structural and 

soluble protein decreased at sublethal (0,2 mg/L) concentration [11]. Bonanno et al., found that blood 

thiocyanate levels in Amphiprion clarkii, to which they applied 50 ppm cyanide for 20 and 45 

seconds, reached levels of 301 - 468 ppb [12]. In a previous study, in which we tried to reveal the 

acute toxic effect of 0.5 mg/L cyanide, it was observed that cyanide at this concentration caused 

cellular damage and affected some antioxidant enzyme activities in carp [13]. 

 

In this study, it was aimed to determine the toxic potential of cyanide in aquatic environments and 

aquatic organisms, taking into account its dangerous properties. For this purpose, catalase, superoxide 

dismutase, and carbonic anhydrase activities and changes in malondialdehyde levels in muscle, liver, 

gill, brain, skin, and intestinal tissues of carp were investigated in the presence of cyanide. 

 

2. SUBJECTS AND METHODS 

 

2.1. Test Environment, Fish Nutrition, and Anesthesia 

In this study, sump systems consisting of 30x40x60 cm aquariums were used. Each system consisted 

of 5 aquariums, 4 aquariums, and 1 cleaning tank (Figure 1).  
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Figure 1. Experiment aquarium model (Each blue box means an aquarium). 

 

The aquarium at the bottom of the system was determined as a cleaning tank and no fish were placed 

in this aquarium. A motor was added to the bottom aquarium and the circulation of the water in the 

system was ensured. Thus, aquariums with homogeneous water quality were obtained. Organic wastes 

were kept by the fiber material placed in the bottom aquarium. At the same time, an ultraviolet lamp 

was operated for 2 hours a day to clean the microorganisms in the water. The temperature of the 

waters in the aquariums is set at 22°C. To ensure the oxygenation of the water, an air stone was 

attached to each aquarium and the oxygen content of the aquarium water was not reduced below 6 

mg/L. Aquarium maintenance was followed regularly. The water quality in the aquariums is kept at a 

level that does not adversely affect the health of the fish [14]. No fish died during the experiment. 

 

Fish, whose height and weight were measured, were randomly placed in each aquarium as 4 fish. 

Since each system consisted of 4 aquariums, 16 fish were used in each group. Fish were fed with 

commercial feed at the rate of 1% of live weight. Sodium cyanide (NaCN) was used as the cyanide 

source (0.1 mg/L and 0.2 mg/L). The experiment continued for 3 days and 15 days. 

 

At the end of the experiment, the fish were taken from the aquariums and transferred to the anesthesia 

pool. Clove oil (600 mg/L), which is both healthier and more effective than other chemical 

anesthetics, is used as an anesthetic agent [15, 16]. 
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2.2. Biochemical Analysis 

Fish taken from anesthesia were dissected and muscle, liver, gill, skin, brain, and intestinal tissues 

were removed. They were washed with physiological water and kept at the temperature of -80°C until 

the analysis are made.  Before the biochemical analysis, the tissues were homogenized within 50 μM, 

pH = 7.4 cooled phosphate buffer at 8000 rpm for two minutes. The supernatant obtained after the 

homogenates were centrifuged at 9500 rpm at +4°C for 30 minutes was used for the biochemical 

analysis. 

 

In the experiments, catalase (CAT) activity analysis was carried out according to the method 

determined by Aebi [17]. According to this method, the decrease of hydrogen peroxide in the presence 

of CAT was monitored spectrophotometrically at a wavelength of 240 nm. CAT analysis was carried 

out following the order specified in Table 1. 

 

Table 1. CAT activity measurement procedure. 

 Blind Experiment 
Phosphate buffer 0.01 ml - 

H2O2 solution 3.00ml 3.00ml 

Sample - 0.01 ml 

 

The specific catal activity calculation is as follows: 

 
𝑛𝑘𝑎𝑡

𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
= [(

𝛥𝐴𝑐

𝑡
) (

1

𝜀𝐻2𝑂2
) (

1

𝜀
) (

𝑉𝑇

𝑉𝑆
) (

1000L

10L 
)]

𝐷𝐶

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
                                                     (1) 

(ΔAC: Absorbance change, ε H2O2 (molar absorption coefficient of H2O2) = 40,98 M
-1

cm
-1

, VT: Total 

volume, VS : Sample volume, DC : Dilution coefficient) 

 

Measurement of superoxide dismutase (SOD) activity is based on spectrophotometric monitoring of 

the effect of SOD enzyme on the autoxidation of 6-hydroxy dopamine at wavelengths of 490 nm. [18, 

19, 20, 21]. SOD analysis was carried out following the order specified in Table 2. 

 

Table 2. SOD activity measurement procedure. 

  Blind Experiment 

0.05 M phosphate buffer (pH 7.4)  740 µl 690 µl 

Sample  - 50 µl 

0.01 M 6-OHDA solution  10 µl 10 µl 

 

The specific SOD activity calculation is as follows: 
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𝐸𝑈

𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
=

[(

𝐴𝐵−𝐴𝑆
𝐴𝐾

2
)𝐷𝐶(𝑉𝑇−𝑉𝑆)(

3 𝑚𝐿

𝑉𝑆
)]

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
                                                                                                   (2) 

(EU: Enzyme Unit, AB: Blind absorbance, AS: Sample absorbance, DC: Dilution coefficient, VT: Total 

volume, VS: Sample volume) 

 

Carbonic anhydrase (CA) activity depends on the principle of having the ability to hydrolyze ester 

components by this enzyme. CA, p-nitrophenyl acetate, hydrolyzes to p-nitrophenol or p-

nitrophenolate. This product indicates absorbance spectrophotometrically at 348 nm wavelength [22, 

23]. CA analysis was carried out following the order specified in Table 3. 

 

Table 3. CA activity measurement procedure. 

 Blind Experiment 

0.05 M TRIS buffer (pH 7.4) 1.3 mL 1.3 mL 

Sample - 0.1 mL 

Substrate 1 mL 1 mL 

Pure water 0.7 mL 0.6 mL 

 

The specific CA activity calculation is as follows: 

 
𝐸𝑈

𝑚𝑔 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
= (

𝐴𝑙𝑎𝑠𝑡−𝐴𝑓𝑖𝑟𝑠𝑡−𝐴𝑏𝑙𝑖𝑛𝑑

5
) (

𝐷𝐶

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
)                                                                       (3) 

Alast: Last absorbance, Afirst: First absorbance, Ablind: Blind absorbance, DC: Dilution coefficient 

 

The molar absorption coefficient of p-nitrophenol and p-nitrophenolate formed as a result of the 

activity of the CA enzyme (ε): 5.4x10
-3

M
-1

cm
-1

, the molar absorption coefficient of p-nitrophenyl 

acetate used as a substrate (ε): 0.4x10
-3

M
-1

cm
-1

. Dividing the absorption difference at 348 nm 

wavelength used in the formula by 5 gives the ion concentrations of p-nitrophenol and p 

nitrophenolate. 

 

Malondialdehyde (MDA), is a product of lipid peroxidation and shows a colorful reaction with 

thiobarbituric acid (TBA).  The reaction of MDA with TBA is read on a spectrophotometer at 532 nm 

wavelength [24]. MDA analysis was carried out following the order specified in Table 4. 

 

Table 4. MDA activity measurement procedure. 

 Blind Experiment 

TCA (10%) 2.5 ml 2.5 ml 

Plasma - 0.5 ml 

Distilled water 0.5 ml - 

It was incubated in a 90°C water bath for 15 minutes. It was kept on ice for 15 minutes. 
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Supernatant 2 ml 2 ml 

TBA (0.675%) 1 ml 1 ml 

It was incubated in a 90°C water bath for 15 minutes. It was kept on ice for 15 minutes. 

 

According to the results obtained, the concentration-absorbance graph was obtained. The 

concentration values of the samples were calculated by considering this graph. Protein determination 

was carried out using the Bradford method which is based on reading the complex at 595 nm 

wavelength [25]. In protein determination, firstly, a standard graph was obtained by using bovine 

serum albumin, which contains 1 mg of protein in 1 mL. In the calculation, the concentrations of the 

samples were determined from the standard graph. For the determination of protein in the tissue, the 

procedures were applied in the order indicated in the table below, and the absorbance was measured at 

595 nm wavelength after a 10-minute waiting period. 

 

Table 5. Protein amount measurement procedure. 

 Blind Experiment 

Protein dye 5 mL 5 mL 

Sample - 0.1 mL 

Pure water 0.1 mL - 

 

2.3. Statistical Analysis 

In this study, SPSS 22 program was used for statistical analysis. Tables were created by calculating 

the mean and standard error values. The statistical difference between the groups which contain 

different concentrations of cyanide (0.1 mg/L and 0.2 mg/L) was determined by the One-Way 

ANOVA test. The statistical difference between the groups in which cyanide was applied at different 

times was determined by using Student's t-test. The results were analyzed at p<0.05 significance level. 

  

3. RESULTS AND DISCUSSION 

 

3.1. Catalase Activities 

Cyanide is a molecule that forms intracellular reactive oxygen species and leads to the accumulation 

of hydrogen peroxide and superoxide anion [26, 27]. CAT is a crucial enzyme that provides the 

defence of cells against oxidative stress. It converts the hydrogen peroxide molecule, which occurs in 

metabolic events such as phagocytosis and mitochondrial electron transport, into water and oxygen 

gas. Also, it tries to eliminate the loss of function that occurs because of various pollutants in the 

metabolism. In such circumstances, CAT activity could be inhibited. In this study, it was observed 

that the CAT activities of C. carpio exposed to cyanide at concentrations of 0.1 and 0.2 mg/L for three 

and fifteen days decreased compared to the control group (Table 6).  
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Table 6. CAT activities of fish used in the study. 

 Catalase (nkat/mg protein) 

3 Days 15 Days 

C 0.1 mg/L 0.2 mg/L C 0.1 mg/L 0.2 mg/L 

Muscle 0.015±0.00 0.009±0.00 0.011±0.00 0.018±0.00
a
 0.011±0.00

b
 0.011±0.00

b
 

Liver 1.303±0.09 0.932±0.11 1.053±0.10 1.354±0.12 1.081±0.07 1.096±0.05 

Gill 0.042±0.00 0.028±0.00 0.036±0.00 0.095±0.03 0.028±0.00 0.033±0.01 

Skin 0.015±0.00 0.010±0.00 0.016±0.00 0.036±0.00 0.140±0.00 0.120±0.00 

Brain 0.009±0.00 0.001±0.00 0.002±0.00 0.002±0.00 0.001±0.00 0.001±0.00 

Intestine 0.192±0.03 0.080±0.01 0.062±0.02 0.092±0.03 0.122±0.04 0.175±0.05 

 (C: Control; Values shown with different letters contain statistical significance) 

 

Only fish exposed to cyanide at concentrations of 0.1 and 0.2 mg/L for fifteen days increased their 

CAT activities in intestinal tissues compared to the control group. When the literature is examined, the 

studies are seen that CAT activities decrease depending on the applied chemical. David et al. [28] 

reported that NaCN decreased CAT activities in various tissues of fish in their study they carried out 

with fingerlings of common carp.  When lethal and sublethal cyanide exposure, it was reported that 

the most significant decrease was seen in liver tissues, and then in gill, muscle, and brain tissues [28]. 

In another study, it was reported that exposure to 0.1 mg/L cyanide concentration for ten and twenty 

days decreased CAT activities in the liver tissues of carp fish compared to the control group [8].  

When the related results in the literature are examined, it is understood that the findings of this study 

are coherent with the findings in the literature. When cyanide enters the living body, it forms a 

complex with the cytochrome c oxidase enzyme and prevents the functioning of enzymes such as 

CAT by blocking the antioxidant enzyme system. If this condition occurs at the acute level in high 

concentration, it is also reported to cause rapid death [28, 29]. 

 

3.2. Superoxide Dismutase Activities 

SOD is another antioxidant enzyme that operates collectively with CAT. SOD catalyzes the free 

oxygen radical that formed in the cell to gaseous oxygen and hydrogen peroxide. In this study, while 

SOD enzyme was inhibited in muscle and skin tissues of C. carpio exposed to cyanide for three days, 

SOD activity increased in the liver, brain, gill, and intestinal tissues. SOD activities of muscle, liver, 

and intestinal tissues of C. carpio exposed to cyanide at concentrations of 0.1 mg/L and 0.2 mg/L for 

fifteen days decreased, and SOD activities of brain and gill tissues increased (Table 7).  

 

Table 7. SOD activities of fish used in the study. 

 Superoxide dismutase (EU/mg protein) 

3 Days 15 Days 

C 0.1 mg/L 0.2 mg/L C 0.1 mg/L 0.2 mg/L 

Muscle 48.92±1.84 45.27±1.18 44.03±1.5 46.84±1.06
a
 46.17±1.02

ab
 41.95±1.48

b
 

Liver 67.28±2.06 76.14±3.46 72.89±4.65 94.36±15.35 72.71±2.62 74.26±3.87 

Gill 12.38±6.15 32.27±7.3 39.43±5.83 24.67±6.23
a
 40.72±5.32

ab
 50.3±3.68

b
 

Skin 79.66±2.66 69.28±5.38 71.26±2.37 89.61±1.30
a
 108.96±3.95

b
 79.11±4.06

a
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Brain 85.57±3.71 91.89±1.84 95.43±1.66 75.13±1.04 80.65±0.91 84.36±6.14 

Intestine 55.22±1.14 66.72±5.05 55.78±8.42 71.31±4.46
a
 51.14±2.25

b
 56.47±3.34

b
 

 (C: Control; Values shown with different letters contain statistical significance) 

 

Generally, SOD is inhibited by the joining of pollutants in the body. When the findings obtained in the 

study were examined, it was observed that the SOD enzyme was inhibited in only two tissues in a 

three-day exposure to cyanide, and more tissues in a fifteen-day exposure to cyanide. Accordingly, it 

can be said that the increase of cyanide exposure time mostly inhibits the SOD activity of C. carpio 

tissues. However, it was also determined that the SOD activities of some tissues of C. carpio 

increased with cyanide exposure. It may well be argued that the tissues that increase their activity do 

this as a reaction to cyanide exposure. David and Kartheek [8] reported that SOD activities were 

inhibited in the liver tissues of the C. carpio exposed to 0,1 mg/L cyanide. They related this condition 

to the deformation caused by reactive oxygen types in tissues after cyanide enters metabolism.  In a 

previous study conducted by us, it was concluded that the SOD enzyme was inhibited in the liver 

tissue of C. carpio exposed to cyanide at a concentration of 0.5 mg/L for three days and increased its 

activity in the brain, muscle and gill tissue [13]. Responses of living things to pollutants vary 

according to many parameters such as exposure duration, temperature,  pH, and metabolic condition. 

As a result, when we considered results derived from fish that were exposed to cyanide for 15 days, it 

could be seen that SOD activities were inhibited in more tissues. This condition shows that SOD 

inhibition can increase with higher concentrations and longer duration. 

 

3.3. Carbonic Anhydrase Activities 

CA is a metalloenzyme that contains zinc in its active site and catalyzes the hydrolysis of carbon 

dioxide and water. CA has particular importance for fish that have gill respiration. CA is responsible 

for the excretion of ammonia, ion regulation, osmoregulation, and acid-base balance in fish gills [30]. 

Besides, it is also known that the CA enzyme has the mission of destructing free oxygen radicals and 

preventing oxidative stress [31]. In this study, it was determined that the CA activities of C. carpio 

exposed to cyanide for three days increased in muscle, intestine, and skin tissues and decreased in 

liver and brain tissue (Table 8).  

 

Table 8. CA activities of fish used in the study. 

 Carbonic anhydrase (EU/mg protein) 

3 Days 15 Days 

C 0.1 mg/L 0.2 mg/L C 0.1 mg/L 0.2 mg/L 

Muscle 0.068±0.00 0.104±0.00 0.102±0.00 0.135±0.02
a
 0.087±0.01

a
 0.075±0.00

b
 

Liver 2.352±0.50 1.145±0.34 1.136±0.11 1.191±0.11 2.778±0.75 2.418±0.35 

Gill 0.244±0.01 0.236±0.02 0.369±0.01 0.233±0.02 0.215±0.01 0.232±0.01 

Skin 0.371±0.03 0.553±0.13 0.453±0.07 0.348±0.03 0.450±0.08 0.419±0.04 

Brain 0.229±0.03 0.228±0.03 0.200±0.02 0.292±0.03 0.279±0.02 0.309±0.04 

Intestine 1.078±0.17 1.088±0.16 1.119±0.29 1.079±0.19
a
 0.716±0.24

ab
 0.475±0.08

b
 

 (C: Control; Values shown with different letters contain statistical significance) 
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In addition, it was determined that the CA activities of the gill tissues of fish exposed to 0.1 mg/L 

cyanide concentration decreased, while the CA activities of gill tissues of the fish exposed to 0.2 mg/L 

cyanide concentration increased. The results derived from the muscle, liver and intestine tissues of 

fish exposed to cyanide for 15 days are opposite of the ones exposed to cyanide for three days. The 

inhibition of CA activities in the muscle and intestine tissues is found to be statistically significant 

(p<0,05) for the fish exposed to cyanide of 0.2 mg/L for 15 days. Alım et al. [32] purified the CA 

enzyme found in the gills of tuna (Thunnus thynnus) and analyzed the inhibition effect of various 

metals for the CA enzyme in vitro. As a result of the study, they determined that the inhibition effects 

of metals were in the form of Ag
+
> Cu

2+
> Pb

2+
> Zn

2+
> Cd

2+
> Co

2+
 and that Ag

+
 metal was a strong 

CA inhibitor. They also mentioned that CA activity can be a good toxicology biomarker. Ceyhun et al. 

[33] investigated the effects of 0.25, 1.0 and 2.5 µg/L concentrations of deltamethrin, a pesticide, on 

CA activity in rainbow trout gill tissue and reported that it significantly inhibited CA activities within 

24 to 48 hours.  

While freshwater fish release ions such as H
+
, NH4

+
 and HCO3 by diffusion, they absorb Na

+
 and Cl

-
  

ions that form salt. This condition is known as osmoregulation and CA activity is vital for the regular 

occurence. Literature findings and data obtained from this study show that various chemicals inhibit 

CA activity in metabolism. This condition can even result in the death of living things. However, in 

the findings obtained in this study, it was observed that the CA enzyme increased its activity in some 

tissues with the presence of cyanide. It could be said that the increase of CA enzyme in various tissues 

is for the reason of tolerating stress conditions resulted from cyanide.    

 

3.4. Malondialdehyde Levels 
Lipid peroxidation can be briefly defined as the degradation of fats as a result of oxidation. This event 

occurs in unsaturated fatty acids of cell membrane phospholipids [34]. Lipid peroxidation is one of the 

most significant indicators of cell injury. MDA that occurs during the lipid peroxidation process is 

frequently used today as a good biomarker of oxidative damage [35, 36]. Oxidative stress caused by 

cyanide in metabolism is primarily responsible for the formation of lipid peroxidation in the cell. In 

this study, C. carpio were exposed to cyanide of 0.1 mg/L and 0.2 mg/L concentrations. When the 

findings were examined, it was observed that MDA levels increased in all tissues except brain and gill 

tissues after exposure to cyanide for three days (Table 9).  

 

Table 9. MDA amounts of fish used in the study. 

 Malondialdehyde (nmol/mL) 

3 Days 15 Days 

C 0.1 mg/L 0.2 mg/L C 0.1 mg/L 0.2 mg/L 

Muscle 168.22±33.63 257.23±31.34 251.38±33.34 152.18±29.64
a
 254.25±28.47

b
 290.52±28.69

b
 

Liver 114.20±16.22
a
 196.55±14.05

b
 162.24±25.59

ab
 83.29±13.39 124.00±4.19 148.47±9.44 

Gill 176.20±9.45 173.56±17.10 168.87±21.12 135.72±15.59 157.24±11.62 167.24±12.03 

Skin 58.94±21.46 94.18±7.42 75.76±17.12 38.00±19.36 70.72±15.78 76.53±16.03 

Brain 99.80±19.34 99.65±21.03 86.12±10.34 100.28±14.32 102.09±16.27 111.86±18.09 

Intestine 101.65±8.24
a
 145.77±10.37

ab
 166.35±18.23

b
 134.82±14.78 179.53±35.75 167.29±19.83 

 (C: Control; Values shown with different letters contain statistical significance) 
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Especially in the liver, which is an organ with a high metabolic rate, MDA levels increased 

statistically significantly. Hermenean et al. [37] determined that the MDA amounts in the liver and 

kidney tissues of Leuciscus cephalus they caught from the parts of the Tur River rich in metals such as 

iron, zinc, copper, cadmium and lead in Romania were quite high. It was determined that MDA levels 

increased significantly in the liver and gill tissues of carp exposed to permethrin as a different toxic 

substance [38]. David and Kartheek [8] reported that 0.1 mg/L NaCN concentration significantly 

increased the amount of lipid peroxidation in carps. Fish contain polyunsaturated fatty acids, which 

have a very important role in the maintenance of cell membrane-bound functions. The high MDA 

ratio and lipid peroxidation obtained in this study may be due to the high content of polyunsaturated 

fatty acids in fish.     

 

4. CONCLUSIONS 

 

When the results obtained from this study were examined, it was seen that the degree of effect of 

cyanide in different tissues of C. carpio was not the same. It was determined that the liver, gill and 

skin tissues of C. carpio exposed to cyanide at concentrations of 0.1 mg/L and 0.2 mg/L were the 

most adversely affected. This condition indicates that even though cyanide does not show a vast 

amount of accumulation in metabolism, it generates tissue damage in the living things it enters.  

 

The reaction of a tissue against a chemical agent may differ from organism to organism. In the same 

organism reaction of different tissues may also differ. In this study, it can be said that the different 

levels of enzyme activities in C. carpio exposed to cyanide at 0.1 mg/L and 0.2 mg/L concentrations 

for three and fifteen days may be due to the different biochemical effects of cyanide in different 

tissues. 

 

Increased lipid peroxidation in the cell is one of the important markers of cell damage. In this study, a 

general inference can be drawn as cyanide can cause cell injury since the MDA level, which is a 

product of lipid peroxidation, is on the rise as a result of cyanide exposure. 
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