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This research was conducted to determine the effects of dietary bentonite on copper toxicity in rainbow trout
(Oncorhynchus mykiss). Fish were fed with a commercial feed including 0, 500 and 1000 mg/kg Cu and 0, 1 and
2% bentonite for 4 months. Final evaluation was made by determining hematology and enzyme activities. It was
determined that bentonite did not prevent the toxicity of fish in the presence of 1000 mg/kg copper since there

were significant changes in enzyme activities of fish. It may be suggested that adding 2% bentonite to fish feeds
prevents Cu toxicity. Further studies are needed in different fish species living various environments in order to
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introduce it commercially.

I. INTRODUCTION

Rapid changes in aquaculture sector requires some necessi-
ties related to fish feed and put pressure on researchers to
search new ways to increase the total production without
disturbing fish health. Economically and sustainable aqua-
culture is promoted, in particular in feed studies, by using
different feed additives. Usage of organic products in the
aquaculture sector have been increasing from last decade.
Copper (Cu) is an essential trace element found in small
amounts in a variety of cells and tissues with the highest
concentrations in the liver [1, 2, 3]. Studies on copper tox-
icity have reported that this metal reduce fish resistance to
certain diseases, change swimming behavior, cause oxida-
tive stress, effects osmoregulation, blood structure, and en-
zyme activity [4].

Since fish is an important food source for humans and other
organisms, physiological and biochemical changes in fish is
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important for the future of the ecosystem [5]. Pollutants
in aquatic environment can pose adverse effects on growth,
physiology, reproduction and survival risk of aquatic organ-
isms especially on fish [6].

Bentonites belong to a smectites group of clay minerals
formed as a result of weathering of volcanic ashes [7]. Ben-
tonite is a natural substance, economic, easy accessibility,
and simple usage. In animal nutrition, clay minerals are
used for their adsorption/absorption properties [8] and po-
tent detoxifier [9]. Such characteristics of this clay indicate
that there will be more use in the fisheries field in the com-
ing years.

Although the toxic effect of copper metal has been reported
in many studies, researches on the physiological effects of
the bentonite clay on the rainbow trout are limited. There-
fore, this research is aimed to determine the effects of ben-
tonite on copper toxicity by testing hematology and some

© The Author(s). Published by TAF Publishing. This is an Open Access article distributed under a Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License



http://crossmark.crossref.org/dialog/?doi=10.20474/Japs-5.2.4&domain=pdf
 talatyanik@yahoo.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

2019

enzyme activities of juvenile rainbow trout.

II. MATERIALS AND METHODS
A total of 900 juvenile rainbow trout (Oncorhynchus mykiss)
with 16 + 2 gr were randomly replaced to research tanks.
After a-15 days of acclimatization period, fish were fed with
0%, 1% and 2% bentonite including feeds for 12 weeks.
Control group did not have bentonite and copper. Since the
maximum permissible level of copper was reported as 665
mg Cu/kg by [10], feed was added 0, 500 and 1000 mg/kg
Cu based on each bentonite level.
The experimental water had neutral pH, 8 to 9 mg/L dis-
solved oxygen, 10.5 £ 0.5 °C temperature, and 220 mg/L of
total hardness.
Blood samples were collected from each tank after anes-
thetizing with clove oil for hematological analyzes [11].
Blood samples were analyzed hematologically and bio-
chemically [11, 12]. MCV, MCH and MCHC values were cal-
culated according to [13].
Enzyme activities (G6PD and 6PGD) were determined by
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methods given in [11, 14, 15].

A. Statistical Analyzes

The data were subjected to Analysis of Variance (ANOVA)
by using SPSS and Duncan test used for determination of
differences between means at alpha 0.05.

IIIl. RESULTS

The growth of a living can be realized by storing energy
in the body, putting out digested foods, and moving some
chemical substances in the body in different directions. All
of these procedures are performed by the blood vessels
forming the blood and blood pathways [16]. The basic func-
tions of blood are oxygen transport to tissues, feeding of
tissues, maintenance of acid-base balance and removal of
metabolic waste products from tissues. For this reason, any
disorder that occurs in a blood has a significant effect on
the physiological activities of the whole body. Hematologi-
cal parameters and enzyme activities determined from the
experiment after 4 months of feeding period are shown in
Table 1.

TABLE 1
HEMATOLOGY PARAMETERS AND ENZYME ACTIVITIES IN RAINBOW (MEAN + STANDARD DEVIATION)
Bentonite (%) 0 1 2
Copper (mg/kg) 0 500 1000 0 500 1000 0 500 1000
Hb (g/100 ml) 8.84+0.9 7.543.5bc 9.940.0a 9.010.5ab 8.941.0ab 9.04-0.5ab 10.54+0.1a 9.540.8ab 6.71+0.9¢
Hct (g/100 ml) 8.51+0.6d 6.743.6abc 9.04+0.1a 8.310.5cd 8.3+1.2abcd 6.8+1.1abc 9.740.0bcd 9.14+0.5a 6.01+0.8ab
RBC [106/mm3) 0.97+0.03ab  0.81+0.4b 1.11+0.02a 0.9440.02ab  0.98+0.09ab  0.92+0.1ab 1.134+0.02a 1.06£0.09a 0.7640.08b
WBC (103/mm3) 11.7+0.5ab 8.5+5.5b 13.140.2a 11.4+0.2ab 12.3+2.1a 10.8+1.3ab 13.7+£0.1a 12.7+1.2a 8.5+1.5b
PLT (103/mm?) 229.0£56.5abc 179.5+49.0c  246.01+2.3ab  246.54+50.2ab 258.0£16.1a 177.0£30.0c  246.0+24.2ab 244.51+22.5ab 199.5+1.7bc
MCV (um?) 87.5+4.0a 81.8+4.0bcd  80.743.1cd 88.7£3.3a 84.3+5.0abc  73.711.4e 85.9+2.6abc  86.412.6ab 78.2+1.7de
MCH (pg/cell) 90.5+6.7a 94.6+3.7 a 88.8+2.2a 95.6+3.7a 91.1+2.6a 100.2+21.3  92.54+33a 89.6+0.1a 87.9+28a
a
MCHC (pg/cell) 126.2+10.6abc 137.0£16.1ab 156.6+0.7d 114.3+6.4abc 143.5+0.0a 112.54+2.0bc  106.6+£1.8abc 102.2£2.5bc  101.6+£10.4c
G6PD (EU/mg pro-  0.0940.02 0.10+0.01 0.12+0.01 0.061+0.01 0.04+0.00 0.08+0.01 0.09+0.06 0.06+0.03 0.30£0.04a
tein) b b b b b b b b
6PGD (EU/mg pro-  0.07£0.00bc  0.04+0.01bc  0.1940.09b 0.054+0.04bc  0.0540.02bc  0.154+0.01bc  0.01£0.00c 0.06+0.09bc  0.3740.27a
tein)

Hemoglobin is a protein molecule in red blood cells and
has duties as; carrying oxygen to the tissues of the body
and carrying carbon dioxide, which produced by cells, from
the tissues to organs. When the effect of copper bentonite
application on hemoglobin value was investigated, it was
determined that there were changes according to groups
and periods, in the present research. In terms of statistics,
the difference between the groups was found to be signifi-
cant (p < 0.05).

There were fluctuations with respect to hematocrit values
in all groups. The hematocrit value of the 1% bentonite
added group was close to that of the control group (Ta-
ble 1).

Red Blood Cells (RBC) are the largest number of blood cells.
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They contain globulin and iron-containing hemoglobin to
give blood red color red. Hemoglobin containing globulin
and iron, give red color to blood. The most important duty
of these is transporting oxygen from the gills to the tissues
and carbon dioxide from the tissues to the gills, via includ-
ing hemoglobin. At the end of the study period, the highest
erythrocyte counts were obtained as 1.13 + 0.02, 1.06 +
0.09and 1.11 + 0.02 in 0 mg Cu/kg+ 2% Bentonite, 500 mg
Cu/ kg + 2% Bentonite, and 1000 Cu/ kg + 0% Bentonite
groups, respectively.

Leukocytes are defense cells of organisms and species with
alarge number of leukocyte cells are able to fight pollutants
more effectively. The highest leukocyte counts were ob-
tained in the 0 mg Cu/kg+ 2% Bentonite and 1000 Cu/ kg +
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0% Bentonite groups at the end of the study period. In the
current study, only the low dose of the copper group (500
mg/kg) showed a decrease in leukocyte number as com-
pared to the control group. In the high dose group (1000
mg/kg Cu, the highest value was reached among the other
groups. This alteration was found as statistically signifi-
cant. Although the amount of leukocyte increased in the
bentonite added groups, similar values were obtained com-
pared to the control.

In fish, the thrombocyte cells have phagocytic ability and
participate in the defense mechanism. These cells express
the intracellular and extracellular molecules, including the
link between innate and subsequently acquired immunity
and immunological functions.

Cell indices of erythrocytes such as MCV and MCH are used
for classification of anemic situations and determination of
cell activities of erythrocytes [17]. At the end of the trial,
there was a decrease in the MCV value in almost all groups
compared to the control. The MCH differences among the
groups were found significant (p < 0.05). As the result of
measurement of the exposed fish blood, the highest mean
MCH value was found in as 100.2 + 21.3 pg in 1000 mg/kg
Cu+ 1% bentonite group and the lowest MCH was found as
87.9 &+ 2.8 pg in the 1000 mg/kg Cu+ 2% bentonite group.
The MCHC value associated with hemoglobin content was
highest in 1000 mg/kg Cu+ 1% bentonite group as 136.3 =
31.6 g/100m], at the end of the trial period.

The livings are equipped with an Antioxidant Defense
System (ASS), which contains several enzymes and vi-
tamins to protect them from the effects of oxidative
Important enzymes of carbohydrate metabolism
are Glucose-6-Phosphate Dehydrogenase (G6PD) and
6-Phosphogluconate Dehydrogenase (6PGD). G6PD, the
first enzyme of the pentose phosphate pathway, is an im-
portant antioxidant enzyme involved in the cellular defense

stress.

mechanism against oxygen cytotoxicity [18].

The pentose phosphate pathway is quite important in that it
is the only oxidative pathway for glucose oxidation in cells
with a basic energy source glucose, such as erythrocytes
and brain cells, composed of two different stages that per-
form two specific functions.

The first stage is the oxidative and irreversible phase; at
this stage, G6P is transformed into pentose phosphates and
CO2; NADP + is reduced to NADPH. The second phase is
a non-oxidative and reversible state; in which the pen-
tose phosphates are converted into glycolytic intermedi-
ates. The speed and direction of reactions in the pentose
phosphate pathway will vary depending on the requirement
for intermediate products. Another important function of
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the pentose phosphate pathway is the synthesis of ribose-
5-phosphate, which is required for DNA and RNA synthesis.
In terms of G6PD and 6PGD enzyme activities in the present
study, highest values were obtained in the 1000 Cu/ kg + 0%
Bentonite group and 1000 Cu/ kg + 2% Bentonite group at
the end of the trial period.

IV. DISCUSSION
Clay mineral can increase pellet rate durability when added
to complete feed at concentrations of between 1 and 5%
[19]. Since bentonite is authorized for use as anti-caking
agents in food and can be reasonably assumed to demon-
strate similar properties when applied to feed or feed ma-
terials [20].
Hematocrit is expressed as a percentage of the volume of
erythrocytes in blood. Itis an important parameter because
of reflecting the oxygen carrying capacity of blood and the
function of erythropoietic tissues. Changes in dehydration,
nutrition, erythrocyte synthesis, and membrane permeabil-
ity cause changes in hematocrit levels. Hemodilution (in-
crease in the proportion of water present in blood) is de-
fined as a mechanism to reduce the concentration of foreign
substances in circulatory systems. Some reports say that;
decreased hematocrit levels may be a consequence of in-
creased blood volume in the blood tissue as well as reduced
hematocrit levels in the contaminating effect may be due to
hemodilution due to disorder in osmoregulation, osmotic
hemolysis of erythrocytes or impairment of hemoglobin
synthesis by affecting iron metabolism [21, 22, 23].
Rehulka [24] reported that the percentage of hematocrit
in healthy trout (0. mykiss) ranged from 29.4% to 41.1%.
Similarly, McCarthy et al,, [25] reported that the hematocrit
value in healthy rainbow trout (0. mykiss) varied between
30-49%. It has been determined that chemical applications
reduce hematocrit in different fish species [26, 27, 28, 29].
The findings we have obtained from our study are consis-
tent with these literatures. In most cases dietborne metal
has produced no significant effects [10, 30, 31] observed
slight reductions in hematocrit and/or hemoglobin with in-
creasing dietary Cu concentrations.
Hematological parameters such as the erythrocyte count,
hematocrit value, and hemoglobin concentration are very
reliable indicators for determining the oxygen-carrying
case as well as metal contamination in the aquatic environ-
ment. In the present study, it is thought that the decrease
in the rainbow trout’s erythrocyte count, hematocrit value,
and hemoglobin concentration is caused by a decrease in
the hem protein synthesis and the anemic state. It has been
reported that changes in hematologic parameters may be
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due to hematopoietic tissue deterioration as well as osmotic
changes induced by metal toxicity [32]. Gill and Epple[33]
reported that anemia with membrane permeability alter-
ation and erythrocyte disintegration triggered metal toxic-
ity. In addition, they reported that metal damaged erythro-
poiesis due to the toxic effect of hematopoietic tissues such
as the kidney and spleen. The decrease in blood cells and
hemoglobin suggests that the pollutant is hemotoxic effec-
tive to fish.

The number of leukocyte cells is influenced by physiolog-
ical and environmental factors. One of the most common
responses in fish exposed to toxic substances is the reduc-
tion in the percentage of lymphocytes and the increase in
heterophils [21]. Aquatic contaminants suppress activation
and immune system of fish with a great variety according
to the duration of pollutants exposure, toxic substance con-
centration, and fish species [34].

Platelets play an important role in hemostasis (stop bleed-
ing) and in the blood clotting process. In case of bleeding
due to adhesive formation, they form a plug. Serotonin from
the pulp-forming influences the vessel walls, narrowing the
veins and thus reducing blood loss. Coagulation time for
teleost fish is 5 minutes. In the case of stress, the blood co-
agulation system is more active in fish, which can increase
the platelets count. Thrombocytopenia has negative effects
on fish. Because these cells are not only responsible for
blood clotting but also for controlling the fluid flowing from
the superficial wounds in the fish. High levels of glucocor-
ticoids cause a decrease in the number of platelets and an
increase in clotting time. The causes of this increase and
decrease are valid within the platelet values obtained from
our study. Erythrocyte indices (MCV, MCH, MCHC) are as-
sociated with hematocrit, erythrocyte count, the density of
hemoglobin and indicate the size or diameter of erythro-
cytes and the amount of hemoglobin. These indexes help
in the differential diagnosis of anemia types. These anemia
types are shaped like this; Macrociter anemia in the case of
increased MCV values, micrositer anemia in case of MCV val-
ues decrease, hyperchromic in case of increase of MCH val-
ues, hypochloremia in case of MCH decrease.

The importance of G6PD and 6PGD in metabolism has been
known for many years. For the production of enzymes in the
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GSH antioxidant defense mechanism, NADP is used, which
is synthesized in the pentose phosphate metabolic pathway
with G6PD and 6PGD combination. Therefore, G6PD and
6PGD are thought to be antioxidant enzymes. G6PD and
6PGD enzymes have been found to decrease significantly in
fish exposed to pollution. These enzymes are the first en-
zymes of the pentose phosphate pathway and the change in
their amounts is being the potential targets of toxic chemi-
cals [35].

In fish, enzyme activities vary depending on tissue, metal
concentration and duration. It is believed that at all tested
bentonite concentrations, G6PD and 6PGD activities giving
close results to the control group may be effective by the in-
activation of bentonite metal-binding proteins and MT.

The increase in groups A7 and A9 can be interpreted as a
result of these enzymes reacting immediately to oxyradicals
that are introduced into fish by metals [36].

At the anemia, tissue oxygen hypoxia develops as the
blood's oxygen transport capacity decreases and the
amount of oxygen required for the tissues decreases. Be-
cause of the hypoxic effect, the functions of the tissues are
impaired; so the statement of the anomaly occurs in many
systems. Hemolysis; is the destruction of erythrocytes be-
fore their normal lifespan is complete. Young erythrocytes
have richer G6PD content than the mature erythrocytes. If
the activity of the enzymes is impaired, the old erythrocytes
disappear in the transition to the hemolytic phase. Since
reticulocytes released to renew lost cells have a high en-
zyme level, an increase in enzyme activity can be observed
at this stage [37].

V. CONCLUSION

It has been observed that bentonite application causes
changes in enzyme activities, hematological indexes of fish.
But it is not clear to what mechanism bentonite influences
these parameters. We think that this effect may originate
directly or indirectly through some intermediate routes. It
needs for further and more detailed studies to better ex-
plain this mechanism.
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