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Bioaccumulation of nickel and the effect of nickel on the 
iron level in the tissues and organs of wels catfish, Silurus

glanis L. were studied in the course of the present work. 
A number of blood parameters were determined e.g. erythro
cyte count (RBC), leukocyte count (WBC), haemoglobin con
centration (Hb ), haematocrit value (Ht ), and erythrocyte indi
ces (MCH, MCV, MCHC) were calculated. On stained blood 
smears erythrocytes and leukocytes were differentiated. Effect 
of nickel on the activity of alanine aminotransferase (ALT) 
and alkaline phosphatase (ALP) in the blood serum was stud
ied. 

INTRODUCTION 

In animal organs and tissues nickel occurs in concentrations of 0.X-X µgig. Its con

tent in the body fluids, however, is lower (Kabata-Pendias and Pendias 1979). Physiologi

cal function of this element consists in activation of arginase and carboxylase and in hor

monal activity increase. It also plays a significant role: in the processes of organic com

pound oxidation in the cell membranes, in stabilisation of the nucleic acid structure, and 

also in metabolism (Harper et al. 1983). It has been suggested that this element binds with 

plasmin, thus regulating its functions. 

All previous studies on nickel, focused mainly on its accumulation in fish organs 

(Tsoukali-Papadopoulou et al. 1989; Ray et al. 1990; Sreedevi et al. 1992b). The cognitive 

aim of the present work was to asses the rate of intake of this toxicant, its distribution dur

ing both short and prolonged exposure of a fish, and its effect on the iron content in the or

gans and tissues. Also, quantitative and qualitative changes of the blood were studied, as 
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well as the dynamics of the activity of alanine aminotransferase and alkaline phosphatase, 

inducible enzyme and excretion enzyme. The outlined above scope of the present study can 

be viewed as a practical one contributing to the general knowledge on the Wels catfish

increasingly more popular in aquaculture and praised for its economic importance. 

MATERIAL AND METHODS 

The material for the present study were wels catfish, Silurus glanis L., reared in the 

experimental station of the Agricultural University of Szczecin. The station is located at 

Nowe Czarnowo on a discharged canal of the cooling water of the Dolna Odra power plant. 

The fish weighing 195 g and measuring 28 cm on average were kept in 100-dm3 aquaria, 

5 in each, at l 9°C. During two weeks of acclimation they were fed the same pellet feed as

they received under the rearing conditions. The water in the tanks was changed daily and 

the catfish were in a good condition during the acclimation. Water hardness was 30°,

pH was 6.9 to 7.2, and the oxygen content-9.9 mg 02/dm3
. Water-soluble nickel nitrate 

served as the toxicant. 

In the short experiment the catfish were exposed to nickel nitrate for 24 hours in the 

concentrations of0.03, 0.06, 1, 10, 50, and 100 mg/dm3 of water. The lowest concentration 

of nickel used, represents the highest permissible concentration of this element in surface 

waters of the first, second, and third class of water purity (Anonymous 1991). During the 

prolonged exposure of the fish to the toxicant, the nickel concentration in the water was 

0.06 mg/dm3
• The exposure times were: 1, 3, 7, 14, 30, 45, and 60 days. The concentration

at the above-mentioned level has been selected because of the most distinct changes of the 

blood parameters studied. During both experimental treatments, the effects of the toxicant 

on the behaviour of the fish were monitored and the appearance and consistence of the in-

temal organs assessed after the end of the experiments. The skin, gills, muscles, intestine, 

liver, spleen, kidney and the blood were sampled for toxicological study. The blood served 

also for haematological study. The samples were subjected to dry mineralisation and to 

mineralisation with addition of concentrated HN03. Nickel and iron contents were deter

mined with flame atomic absorption spectrophotometer (FAAS) using Varian Techtron 

AA1200. 

Element contents in the tissues and organs were determined based on the calibration 

curve and they were expressed in µgig wet weight. 

The blood was collected from caudal vessels following the methods described by 

Blaxhall and Daisley (1973). The following parameters were determined: erythrocyte count 

(RBC), leukocyte count (WBC), haemoglobin concentration (Hb), haematocrit value (Ht), 

mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), and mean cor

puscular haemoglobin concentration (MCHC). Blood smears stained with May-Grunwald 
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and Giemsa method were prepared form each fish and the adult leukocytes and their juve

nile forms were identified (Ivanova 1983; Sopiiiska 1985; Sobecka 1986). Activity of ala

nine aminotransferase (ATL) and alkaline phosphatase (ALP) were determined in the blood 

serum using a Technicon apparatus. 

The results obtained were subjected to single- and multi-variate analyses on the con

fidence level of95% and to regression analysis (Parker 1978; Podg6rski 1995). 

RESULTS 

During the short-time exposure of the fish to the toxicant the catfish showed dis

tinctly visible changes in their behaviour in three highest concentrations of nickel in the 

water. The fish were immobile, they gathered near the bottom and their reactions to light 

and sound were delayed. The skin was lighter than that on the fish in the remaining tanks. 

Petechiae occurred on their fins and gills. Anatomo-pathological examination of all fish 

except for control group and fish from the tank with 0.03 mg ofNi/dm3
, revealed conges

tion of the liver, particularly on its marginal parts. The fish exposed to three highest con

centrations of nickel in water showed also uneven coloration of the kidney and petechiae of 

the parietal peritoneum. 

The catfish exposed to nickel for 60 days showed in the last 10 days loss of appetite. 

Anatomo-pathological examination of the fish kept in water with nickel for more than 

30 days revealed excessively filled gall bladder and a minor congestion of the liver. After 

60 days of the exposure the kidney of the catfish were grey with occasional hyperaemic 

foci, while the structure of the organ was spongy, with liquefied spots. 

After 24 hours of exposure, all organs and tissues studied showed increased nickel 

content (Fig. 1 ). The highest content was observed in the gills and it was statistically dif

ferent form control sample in all concentrations of the toxicant. The concentrations of 

nickel in the spleen were statistically significant for all its exposure concentrations except 

the lowest. Blood, intestine, liver, skin, and kidney accumulated nickel in smaller extent 

and they differed statistically from control group in three highest concentrations. The low

est level of the toxicant was in the muscles and the correlation between its variable con

centration in water and its accumulation in the muscles was relatively low. 

The highest levels of nickel, during its action in stable concentration and variable ex

posure time, were observed in the kidney and the content of this element increased until the 

end of the experiment. The second highest accumulation rate of nickel was observed in the 

gills. The toxicant content in this organ constantly grew until day 45 of the experiment and 

than it systematically declined. The intestine, blood, spleen, and skin cumulated smaller 

amounts of nickel and differences between its content in all samples and control were sta

tistically significant. Smaller amounts of the toxicant were detected in the muscles of cat-
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fish, and the correlation between time and nickel accumulation was-as it was the case for 

the 24-hour experiment-relatively low (Fig. 2). 
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The result of short-time exposure of fish to the action of nickel were changes in the 

iron content in the tissues and organs of catfish (Table 1 ). The highest level of this micro

element was detected in the blood, where significant increase of its level in relation to con

trol group, was visible in four highest levels of the toxicant in water. Iron content in the 

gills showed also a steady increase and the differences between all samples and the control 

were statistically significant. In physiological state, iron is present in high amounts in 

spleen. The increase of the toxicant levels in the water was associated with its content de

crease in the latter organ. The same tendency was observed in relation to the iron present in 

the intestine and all nickel concentrations were statistically significant in relation to control 

group. In the liver and kidney under lower exposure concentrations of the toxicant the iron 

content increased, whereas the increase of nickel content was adversely correlated with the 

iron content in both organs. Changes in the content of the discussed microelement in the 

skin and muscles were statistically insignificant, with exception for its decrease in the mus

cles with the highest exposure concentration of the toxicant. 

Prolonged period of exposure to nickel in the concentration of 0.06 mg/dm3 of water 

had effect on the iron content in the tissues and organs of the fish studied (Table 2). The 

highest level ofthis microelement was recorded in the blood after three days of the experi

ment. Initial increase, followed by a decrease in iron content was observed also in the 

spleen and kidney and statistically significant differences were demonstrated on each level 

of the experiment. A small decrease in iron content was noted in the liver, gills, and the 

intestine of catfish and statistically significant differences in relation to control sample oc

curred in the two former organs. The iron content in the skin ranged from 2 ±1.29 to 

13 ±1.44 µgig, and in the muscles-from 2 ±0.7 to 3.8 ±0.4 µg/g of wet weight. No corre

lation was stated between the exposure time to nickel and the iron content in the muscles 

and skin. 

A small decrease in the haemoglobin level (from 5.2 to 4.8 mmol/1) occurred in the 

blood of fish following a 24-hour exposure to nickel in the concentration of 100 mg/dm3
• 

A visible haematocrit value drop accompanied the following nickel concentrations in wa

ter: 0.03, 1, 10, and 100 mg/dm3
• The lowest value of this parameter was 25% ±2, while 

the lowest-20% ±2. The erythrocyte count ranged from (0.96 _,_ l.72·1012/1). Initial in

crease in the erythrocyte count followed by a decrease was statistically significant in rela

tion to control for the following concentrations of nickel in water: 0.03, 50, and 100 

mg/dm3
. No significant differences in mean values of corpuscular haemoglobin concentra

tion were observed (MCHC 20 ±2.2 to 23 ±2.0 mmol/1). Differences in mean corpuscular 

haemoglobin (MCH 28 ±4 to 47 ±l.3·10-
12 g) and mean values of corpuscular volume 

(MCV 143 ±1.5 to 210 ±6.5 ft) were statistically significant for blood of catfish kept in 

water representing the two lowest concentrations of nickel. 
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Table l 

Changes in the iron content [mg/kg of wet weight] in organs and tissues of catfish subjected to different concentration of nickel

from the range of0-100 mg/dm3 

Blood Kidney Gills Liver Spleen Intestine Skin Muscles 
fmg·kg-

1
1 mg·kg-1

mg·kg-1
mg·kg-1

mg·kg-1
mg·kg-1

mg·kg-1
mg·kg-1

x SD x SD x SD x SD x SD x SD x SD x SD 
458.45 19.5 97.83 2.35 239.18 10.75 274.56 5.62 519.61 10.95 89.43 0.83 6.07 0.24 2.68 0.36 
465.97 26.14 96.7 6.15 341.71 12.91 269.9 2.31 495.27 1.43 92.85 1.06 5.8 0.08 2.54 0.19 
501.22 27.88 85.52 2.77 358.14 6.54 273.95 4.16 495.64 2.38 79.83 0.55 4.68 0.08 2.22 0.2 
584.41 24.16 104.71 2.63 349.98 6.01 276.03 4.08 498.5 2.01 77.51 0.89 4.83 0.08 2.39 0.1 
563.57 17.36 100.17 5.98 412.79 10.93 291.11 2.77 492.1 1.41 75.42 0.76 5.49 0.17 2.55 0.18 
624.31 31.35 85.52 1.44 448.32 9.8 260.62 4.31 474.19 4.44 73.22 0.99 5.72 0.11 2.41 0.17 
734.39 14.11 84.93 1.73 496.51 10.06 260.65 2.57 473.21 0.91 71.44 0.66 4.87 0.06 1.69 0.17 
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Table 2 

Changes in the iron content [mg/kg of wet weight] in organs and tissues of catfish subjected 
to a constant concentration of nickel (0.06 mg/dcm3) in time, within the range of0-60 days 

Blood Kidney Gills Liver Soleen 
Day mg-kg-1 mg·kg-1 mg•kg-l mg-kg-I mg,kg-1

Mean SD Mean SD Mean SD Mean SD Mean 
0 494 13.38 109 2.43 220.88 0.3 224.82 1.59 421 
I 527 7.39 107 3.01 217 0.45 213.02 0.66 431 
3 555 13 125 0.41 220.98 1.22 214 1.09 436 
7 531 9.66 128 1.55 228.29 0.77 221.54 1.03 441 

14 533 8.61 127 1.04 224.2 0.76 214.49 0.89 422 
30 539 8.11 131 1.15 219.34 1.23 216.64 0.45 426 
45 526 5.34 133 0.95 217.36 1.18 216.4 0.83 418 
60 527 2.95 124 1.3 210.7 0.76 214.48 0.36 417 

In this experimental treatment a distinct decrease in leukocyte count from 17.66 to 

4.29·109/1 was observed. The highest difference in relation to control was recorded for the 

concentration of 0.06 mg Ni/dm3 in water. The differences between individual values and 

control sample were statistically significant for all experimental treatments. 

Levels of alanine aminotransferase (ALT) in the blood serum of catfish ranged from 

42 ±0.5 to 27 ±3 IU/dm3
, and it was statistically different from control sample in the fol

lowing water concentrations: 0.06, 1, 50, and 100 mg Ni/dm3
. Differences in the toxicant 

concentrations did not change significantly the values of alkaline phosphatase. They ranged 

from 11 ±1.6 to 18 ±1.2 IU/dm3
. 

Presence of myeloblasts, promyelocytes, and myelocytes was recorded in the blood 

of catfish kept in water of the highest concentration of the toxicant. Metamyelocytes and 

rod-like neutrophiles were present in the blood of all fish and they constituted 0.2 + 2.2% 

and 1.2 + 8.8%, respectively. Two highest concentrations of the toxicant were associated 

with vacuoles found in the cytoplasm and nucleus of segmented neutrophiles. Pseudo

eosinophiles occurred in the blood of catfish kept in water containing 1 mg/dm3 of nickel. 

The number of the latter cells grew significantly in the blood of fish exposed to nickel in 

two higl1est concentrations. It amounted to 2.2 ±0.3%. The number ofmonocytes also grew 

and the differences between the numbers of those cells in control sample (4.4% on the av

erage) and other samples studied were statistically significant for each sample. The highest 

number of monocytes (26.8%) was observed in the blood of catfish placed in water con

taining 0.06 mg/dm3 of nickel. In the remaining samples the number of those cells 3--4 

times exceeded the number of monocytes in control sample. The number of lymphocytes 

decreased along with increasing concentrations of the toxicant in .water. Single lympho

blasts and prolymphocytes (1.8%) occurred in the blood offish above the water concentra-
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tions of 0.06 mg Ni/dm3
. The content of those forms associated with the highest nickel

concentrations in water reached the level of 5 .6%. Erythrocytes of fish kept in water of the 

highest nickel concentrations exhibited abnormalities in their shape and size. A high num

ber of erythrocytes with hypochromatic cytoplasm and weakly stained nucleus with loose 

structure of chromatin occurred. Two highest nickel concentrations in water were associ

ated with numerous shadows of disintegrating blood cells. Stain edges occurred around the 

erythrocytes with very bright cytoplasm. 

Changes in the haemoglobin levels occu.1Ted in the blood of fish exposed for 

a long time to nickel in the concentration of 0.06 mg/dm3 . Increase in the haemoglobin 

levels become visible since third day of the experiment. The highest values amounting to 

15.2 ±0.6 mmol/1 were observed after 45 days. Haematocrit values fluctuated and the 

changes followed the tendencies exhibited by the haemoglobin value changes. The differ

ences between control and experimental samples were statistically significant after 7, 14, 

30, 45, and 60 days of catfish exposure to nickel. A distinct increase in the number of 

erythrocytes was observed after 30 days of experiment (1.67 ±0.15· 1012/1). The highest val

ues of this parameter (0.79 ±0.02·1012/1) occurred in the blood offish exposed to the toxi

cant for the longest time. The mean concentration of haemoglobin in a red blood cell 

(MCHC) was the highest in the blood sampled after 45 days (37 ±2 mmol/1), while the 

lowest-after 60 days of exposure to a constant concentration of nickel in water (19 ±2.6 

mmol/1). Mean corpuscular haemoglobin (MCH) and the mean corpuscular volume (MCV) 

were the highest past days 45 and 60 of the experiment, respectively. The above parameters 

reached the lowest values after 30 days of exposure (66 ±5.6-10-12 g and 208 ±19 fl, re

spectively). As early as in the first day of the experiment, a sudden decrease in the leuko

cyte count was noted. Only in the terminal phase of the experiment it reached a level simi

lar to control (15 ±0.5· 109/1). 

The highest activity of alanine aminotransferase was recorded in the serum of catfish 

after one-day exposure to nickel dissolved in water. It amounted to 53 ±5.4 IU/dm3
• In time 

ALT values decreased to drop below the value of control, which was 19.6 ±1.1 IU/dm3
. In 

samples collected after 1, 3, and 7 days of experiment a decrease in alkaline phosphatase 

content was noted in the blood serum of fish. The enzyme reached the highest value of its 

activity in day 30 (21.6 ±1.9 IU/dm3) gradually decreasing towards the end of the experi

ment to the level of 19.2 ±0.9 IU/dm3
• Statistically significant differences in relation to 

control sample were observed after 30, 34, and 60 days of fish organism exposure to

nickel.

In the blood picture-myeloblasts and promyelocytes were found in selected smears 

of the fish exposed to nickel for the longest time. The same tendency was observed in rela

tion to myelocytes (19.6%), metamyelocytes (12.6%), and rod-like neutrophiles (5%). 
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A distinct drop in the number of segmented-nucleus neutrophiles was observed on blood 

smears of all fish. The differences were statistically significant in relation to control sam

ple. The share of these cells in control was 9% on average, while only l o/o--after 30 and 

45 days. Their cytoplasm was abundant in vacuoles and their nuclei did not undergo suffi

cient divisions. The monocyte numbers slightly increased in consecutive days of the ex

periment. Lymphocytes constituted the most numerous group in the blood picture assessed. 

Their number was significantly different in relation to control sample at all levels of the 

experiment. Presence of activated lymphocytes as well as small cells was stated. After 

prolonged exposure of the toxicant the nuclei of lymphocytes divided. The percentage of 

the immature forms of these cells, similarly as eosinophils and basophils was low and sta

tistically insignificant. 

Red blood cells showed a tendency for a rouleau formation, especially after 45 days 

of experiment. Basophilic erythroblasts were also observed in the blood of this group of 

fish-some 3 """ 5 in a single view field. The blood picture of fish exposed for nickel for 60 

days featured a distinct drop in erythrocyte count, anisocytosis, uneven outer edge of cells 

with the stain halo, and toxic granulations, present in the cytoplasm of cells. Similarly as 

during a short exposure to nickel, shadows of disintegrating blood cells were visible, al

though they occurred in smaller nun1bers. 

DISCUSSION 

Element content in the tissues and organs of fishes is positively correlated with their 

amounts added to the water. The relative content was as follows: gills> blood> kidney> 

intestine> skin> liver> spleen> muscles. Sreedevi et al. (1992b) after four days of carp 

exposure to nickel dissolved in water, found out that the highest accumulation of this ele

ment occurred in the gills followed by the liver, muscles, and the kidney of fish. On the 

other hand Ray et al. (1990) studying for 4 days the dynamics of nickel accumulation in 

tissues of Clarias batrachus noticed that the highest amounts of this element were found in 

the kidney, followed by the liver, gills, and the intestine. The reason behind the discrepan

cies between the cited above authors, were probably different exposure times of nickel as

sumed in the experiments. 

During the prolonged exposure of fish to nickel present in water (0.06 mg/dm3
) the 

most of this toxicant accumulated in the kidney, with a distinct increase after 14 days. 

Taking into account the appearance of this organ, assessed during the anatomo-pathological 

study-it can be concluded that the excretory potential of the kidney decreased in the 

course of prolonged nickel exposure (Gardner and Yevich 1970). Ray et al. (1990) reached 

a similar conclusion studying results of a 30-day exposure to nickel on Clarias batrachus.
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The above authors determined that the organs most vulnerable to toxicants are kidneys and 

gills. The same sequence of nickel accumulation was recorded in the presently studied cat

fish. Stagg and Shuttelworth (1982), based on their study results on effects of a prolonged 

copper exposure on the organism of a flounder, also found out that the strongest action of 

the toxicant was observed on the gills and kidney, where processes of osmotic and ionic 

exchange take place. The associated stress causes increased permeability of the epithelium 

while the toxicant itself destroys the structure of the soft tissue, exposed on the direct way 

to its action. 

Relatively high amounts of nickel were accumulated in the intestine where the nickel 

was delivered in two ways: with the blood, through ionic exchange and through water and 

food. The latter way does not allow forgetting about a significant role of the food chain in 

transmission of pollutants to its higher levels (Pujin et al. 1990). 

It has been demonstrated that the amounts of heavy metals accumulated in the liver, 

many times exceeded the amounts accumulated in the muscles (Hanna 1989; Hellou et al. 

1992). The liver binds the toxicants with thiol groups creating metalo-thioneins and thus 

removing them from organismal fluids. The above process contributes to the lowering of 

the concentrations of the toxic substance circulating in the organism. Roch and McCarter 

(1984) determined a direct proportion between the concentration of a toxic compound and 

the amounts of metalo-thioneins in the liver. The amounts of nickel in the blood of catfish 

studied increased gradually towards day 30 of the experiment to stabilise for the next thirty 

days. The graph illustrating the accumulation pace of this compound shows a picture simi

lar to a plateau. A similar course shows a curve illustrating the pace of nickel accumulation 

in the spleen, which is associated with the structure and function of this organ. 

The skin and muscles gathered the smallest amounts of nickel after 60 days of expo

sure. During a comparative study on metal content in tissues of catfish, reared in water 

bodies of the Czech Republic Svobodova et al. (1995) noticed relatively low concentra

tions of cadmium, copper, chromium, and zinc in the muscles. On the other hand, lead and 

mercury attained sometimes higher values than in the liver and gonads. Therefore the ac

cumulation levels of metals in the muscles are not equal. Windom et al. (1987) suggested 

that the accumulation level of metals in the muscles depends on the size and age of fish, 

and also on the toxicity level of the chemical compounds affection the organism. 

The effect of a toxicant on an organism can be determined through changes of iron 

content in the organs and tissues of fish studied. In the first experimental treatment the iron 

content in the blood and gills grew constantly, declining at the same time in the spleen, 

liver, and the skin. The content of nickel in the kidney and liver decreased also with two 

lowest concentrations of this element in the water. In a healthy organism the pool of serum 

iron is constantly supplemented by the iron supplied by intestinal absorption, stored in the 
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liver and spleen. The principal source, however, is the iron provided by physiological dis

integration of erythrocytes. Iron release from erythrocytes takes place in the liver and 

spleen, where old blood cells are phagocyted by macrophages. Macrophages have ability to 

decompose hem and to rely iron to transferin (Williams et al. 1990). Transferin provides 

iron in the process of erythropoiesis (Stratil et al. 1985) and it better binds iron from mu

cous cells of the intestine. Whanger (1973) suggests that cadmium hinders intestinal ab

sorption blocking iron binding potential in mucous cells. Similar conclusions were reached 

studying lead poisoning cases in humans (Krechniak 1994). It is therefore possible, that 

other heavy metals, in this number also nickel, may play a similar role. Transferin mole

cule, instead of iron ions, can bind to bivalent copper, zinc, magnesium, and cobalt ions 

(Malkiewicz 1983). It is therefore very likely that it can bind also to nickel ions. The above 

process would be a good explanation for the declining content of iron in the organs of the 

catfish studied. 

Substantial numbers of disintegrating blood cells were visible in the blood picture of 

fish in both experimental treatments. The reason behind such a state was probably a de

structive influence of nickel on cell membranes of erythrocytes through binding of the 

toxicant with immunoglobulins or through disturbance of the activity of erythrocyte en

zymes, especially those responsible for reduction of glutathione and thiol groups of pro

teins (Sun et al. 1985). According to Kleczkowski et al. (1998) the excessive loss of gluta

thione, increased release of iron to intracellular spaces, peroxidation, destruction of cell 

membranes, and release of metal ions to the surrounding tissues should be attributed to free 

oxygen radicals. The latter are formed in an organism under influence of iron and copper 

ions, to name just a few causes. The effect of the described processes is instability of hae

moglobin, structural changes in erythrocytes and increased susceptibility to haemolysis. 

Consequently the pool of the serum iron from disintegrating erythrocytes increases, while 

the iron content in the spleen decreases, especially during a short exposure of fish to nickel 

in high concentrations. 

In the present study a significant decrease in erythrocyte count, haematocrit, and the 

leukocyte count was observed in the blood of catfish as a response to 24-h exposure to in

creasing concentrations of nickel in the water. The haemoglobin values fluctuated with the 

prevailing declining tendency. A similar effect was described by Areechton and Plumb 

(1990) and Singh et al. (1992) who subjected fish to pesticides. The observed symptoms, 

suggest onset of anaemia caused by a disturbance of haemopoiesis through the presence of 

toxicant or by balance disturbance in cell membranes through acetylcholine hydrolysis in 

body fluids by erythrocytic cholinesterase. The decrease of the numbers of circulating 

erythrocytes can be explained by a response of fish organism to ACTH increase as a result 

of stress caused by the presence of nickel. People and animals poisoned with chemical sub-
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stances, in this number heavy metals, typically show a decreased production of erythro

cytes, their shortened viability, and less effective erythropoiesis. In vitro exposure of iso

lated erythrocytes to lead demonstrated that this element disturbs the action of cation 

pump, and probably also limits the activity of ATP-ase of cell membranes, leading to their 

destruction (Wiliams et a. 1990). The above authors mentioned, that a decrease in the 

number of erythrocytes in the circulating blood not necessarily has to be associated with 

decreasing iron level. Even in cases of anaemia caused by iron deficiency, the level of this 

element, in the initial phase of the disorder does not change and even sometimes rises. 

Mean corpuscular haemoglobin (MCH) increases proportionally to the nickel content in the 

water, similarly as mean corpuscular haemoglobin (MCV). Considering the shortened life 

span of erythrocytes and the associated disorders in oxygen transport-it is a natural, de

fensive reaction of the organism. Decrease in haemoglobin content, erythrocyte count and 

increase ofMCH and MCV accompanied intoxication of carp, exposed for 24 hours to cy

permetrin (Reddy and Bashamohideen 1989). The authors compared the obtained results 

with symptoms ofhypochromic microcytic anaemia, associated with iron deficiency, which 

in turn leads to a decrease in haemoglobin synthesis. Microcytic anaemia in fish coincides 

usually with haemolytic anaemia (Stoskopf 1993). Cypermetrin caused also an increase of 

MCHC in the blood of carp, which in humans, according to Aleksandrowicz (1969), occurs 

only in congenital sphaerocytosis. 

Effects of nickel are the most distinct during prolonged exposure of an organism to 

its action. A distinct decrease in erythrocyte count after 60-day exposure of catfish to nickel 

was accompanied by a decrease in haemoglobin concentration, following its initial in

crease. The same reaction was described by Niimi and Lowe-Jinde (1984) who studied ef

fects of mercury on rainbow trout and Dawson (1979)--on American flounder. The expo

sure caused a substantial increase ofMCV factor, and no changes in MCH. A similar effect 

was observed for the above coefficients in the blood of catfish studied. The MCHC value 

decreased, but this parameter was confined to the limits determined for healthy catfish 

(Mares 1996, Svobodova et al. 1997). Chmielnicka (1994) describing mechanism of toxic 

action of lead, determined that anaemia and disorders of alimentary tract and kidney func

tion were associated with latter stages of this disease. The above-mentioned element inhib

its activity of enzymes involved in synthesis on hem. Inhibiting activity of ferrohelatase 

causes an increase of free porfirines in the erythrocytes and an increase of iron in the blood 

serum of catfish. It is worth to mention, that changes in kidneys occurred, especially in the 

catfish exposed to the toxicant for the longest time. 

A distinct decrease in the number of white blood cells (WBC) was observed in both 

experimental treatments, while a decrea5e in percentage share in-blood smears. Accord

ing to Tomaszewski (1997) the cause ofleukopoenia can be hindering of granulopoiesis or 
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lymphopoiesis, induced by primary or secondary changes in haematopoietic organs. An

other cause can be inhibition of white blood cell maturation and their release from tissue 

reservoirs. Srivastava and Sahai (1987) explain occurrence of leukopoenia by an organis

mal response to a stress caused by toxic compounds. The authors suggest that both proc

esses can be associated with occurrence of allergic reactions. 

An increased number of juvenile erythrocytes along with intensified haemolytic 

changes were visible in stained blood smears, which was an effect of regenerative mecha

nism. A toxic granulation occurred in the erythrocyte cytoplasm of fish exposed for the 

longest time for the toxic compound. Eiras (1990) studying pathologic variability of red 

blood cells in different fish species, suggested that such changes are effect of antropogenic 

water pollutants. In addition, the catfish studied shown hypochromatic anaemia, anisocyto

sis and poikilocytosis. Very similar changes in eels, as a reaction to pollutants, described 

Orecka-Grabda (1986). 

An increase in the number of young leukocytes and their degenerative changes were 

observed in the white-blood-cell system, especially during long exposure to the action of 

nickel. Vacuolisation occurring in the nuclei and the cytoplasm of these cells is a result of 

oxygen management disorders (Begeman and Rasteter 1979), while degenerative changes 

in the nuclei of granulocytes and agranulocytes are explained by an effect of a toxicant to 

haematopoietic tissue. 

Per se examination of liver functions is based on three types of clinical tests, per

formed on humans. The first one consists in measuring time needed for removal of a toxic 

substance from the blood. The second method covers monitoring of the concentration 

changes of thioneins, produced by an organism or substances catalysed by liver e.g. biliru

bins. The third approach consists in examining the blood serum for activity of the enzymes, 

which are usually present in higher concentrations in the liver parenchyma. Their elevated 

activity in the blood indicates an irritation or dysfunction of this organ. 

The lowest activity of ALT was observed with the concentration of 0.06 mgNi/dm3 

of water and this level was maintained for the other concentrations of the toxic compound. 

The highest activity of this enzyme, almost three times higher, than that of control sample, 

was observed in second experimental treatment after one day of exposure for nickel. ALT 

activity, with small fluctuations, gradually decreased, to retain after 60 days the initial 

value. After 30 days of the experiment, the highest ALP activity, almost two times higher 

in relation to control sample, was observed. 

A low activity of aminotransferases is associated with renal failure (Murray et al. 

1995). An increase in enzyme activity occurs usually along with increased activation of 

compensative mechanisms in the liver, understood as a form of adaptation to prolonged 

stress caused by the presence of a toxicant (Sredevi et al. 1992a). Singh and Reddy (1990) 
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noticed that along with prolonged exposure time of Heteropneuses fossilis to copper the 

activity of ALP and ALT increased. The growth curve for both enzymes assumes a similar 

course to the results observed in wels catfish. 

CONCLUSIONS 

1. The results obtained, justify the statement, that both factors nickel concentration in the

water and prolonged exposure time had effect on organism of wels catfish. The

amount of the toxicant in tissues and organs of fish was in direct proportion to its

amount in the water, but the pace ofits build-up in organs and tissues was variable.

2. Nickel accumulation in tissues and organs caused disorders in distribution of iron,

particularly in the blood, gills, intestine, and skin.

3. Short exposure to nickel caused symptoms of developing anaemia in catfish, while

prolonged exposure-a toxic poisoning.

4. Changes in activity of alanine aminotransferase indicated worsening renal failure. In

crease in alkaline phosphatase indicated a liver damage, resulting from active detoxifi

cation function and nickel accumulation in this organ.

5. A minimal nickel accumulation in the muscles is caused probably by their least exten

sive blood supply and different structure of the blood vessels. It is particularly signifi

cant from a point of view of a consumer.
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EwaSOBECKA 

ZMIANY ILOSCI ZELAZA W NARZAJ)ACH I TKANKACH SUMA EUROPEJSK1EGO 
SIL UR US GLANIS L. POD WPLYWEM DZIALANIA NIKLU 

STRESZCZENIE 
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Badano bioakumulacjie niklu w sk6rze, skrzelach, miiesniach, Wlltrobie, nerce, sledzionie, jeli
cie i krwi suma europejskiego Silurus glanis L. Badano takze wpJ:yw niklu na poziom zelaza 
w narzlldach oraz oznaczano we krwi liczbie e1ytrocyt6w (RBC), leukocyt6w (WBC), ilosc hemo
globiny (Hb), hematokryt (Ht), obliczano wskazniki czerwonokrwinkowe (MCH, MCV, MCHC). 
W barwionych rozmazach r6znicowano krwinki biale i czerwone. W osoczu badano wplyw niklu 
na aktywnosc aminotransferazy alaninowej (ALT) i fosfatazy zasadowej (ALP). Po 24 godz. eks
pozycji na dzialanie niklu, ilosc jego wzrosla we wszystkich badanych narz1tdach i tkankach w na
stiepuji:tcym porzi:tdku: jelito > skrzela > krew > nerka > sk6ra > w1ttroba > miiesnie. Najwiiecej 
zmian zaobserwowano przy stiezeniu 0,06 mgNi/dm3 w wodzie. Po 60-dniowej ekspozycji na 
dzialanie toksykantu kumulacja niklu przebiegla w spos6b nastiepuji:tcy: nerka > skrzela > jelito > 
krew > sledziona > sk6ra > w1ttroba > miiesnie. W tkankach i narZ!ldach sum6w w obu wariantach 
doswiadczenia zauwazono zmiany zawartosci zelaza, a takze wybranych parametr6w krwi i ak
tywnosci ALT i ALP. 
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