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The effects of propolis on gill, liver, muscle tissues of rainbow
trout (Oncorhynchus mykiss) exposed to various concentrations of

cypermethrin

Fuat Gulhan M.%; Selamoglu Talas, Z*"; Erdogan, K?; Orun, 1.2

Received: December 2013 Accepted: June 2014

Abstract

The aim of this study was to investigate the therapeutic effects of propolis for the toxicity of
cypermethrin (CYP) on histopathological changes in tissues of rainbow trout (Oncorhynchus
mykiss). CYP is one of the most toxic pyrethroids highly for the aquatic organisms. The fish
were exposed to three sublethal concentrations of CYP (0.0041, 0.0082 and 0.0123 ppm). In
addition, different concentrations of propolis (10, 20 and 30 ppm) were used in the
investigation for the period of 96 h. Propolis was collected by honeybees from different
plants to prevent oxidative damages as an antioxidant. The therapeutic concentration of
propolis was determined at 10 ppm. 10 ppm propolis was added to three cypermethrin
concentrations. Shorting the secondary lamellae , fusion of secondary lamellae, oedema,
necrosis, vacuolization and cartilage damage in gill tissue of fish exposed to CYP were
observed by histopatological analyses. Hepatic lesions in liver tissue of fish exposed to CYP
were characterized as hydropic degeneration, necrosis, mononuclear cell infiltration and
narrowing of sinusoids. The most common changes in muscle tissues at all concentrations of
CYP were nuclear proliferation and congestion. Besides, 10 ppm propolis on gill, liver,
muscle tissues of rainbow trouts showed significant therapeutic effects. Histological analysis
revealed that propolis may serve as an antitoxic agent against pesticide toxicity.
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Introduction

Pesticides are one of the largest groups of
toxic substances used in agricultural areas
to control insect vectors infesting human
agroculture products (Begum, 2004).
Accumulation of pesticides in organisms
in contaminated water is an important
aspect of environmental awareness,
because it may affect all members of the
food chain, including fish (Tarras-
Wahlberg et al., 2001). In addition,
chemical substances in the aquatic
environment not only cause certain injury
on organisms but also affect various
activities of fish and other organisms in
aquatic areas, and even may be Kkilled
(Palaniappan et al., 2008). The use of
synthetic pyrethroid insecticides has been
increasing steady in recent times. These
chemicals have been reported to be
potentially toxic for mammals
(Muthuviveganandavel et al., 2008).
Cypermethrin (CYP) is one of the most
toxic pyrethroids (Datta and Kaviraj,
2003a). CYP (R,S)a cyano-3-
phenoxybenzyl -2,2-dimethyl (1R,1S)-cis,
trans-3-(2,2-dichlorovinyl-cyclopropane
carboxylate) is a pyrethroid insecticide
which is broadly used for pest control in
industrial and agricultural areas because of
its low environmental persistence and
toxicity (Singh and Singh, 2008). It is
highly toxic for the aquatic organisms
including fish. The LCso (96 h) value of
this pesticide in the blood of rainbow trout
is 0.0082 ppm. The metabolism and
excretion of CYP in fish is slower than in
mammals and birds (Atamanalp et al.,
2002). Free radicals are important source
of toxic effects of pesticides and other
environmental toxic agents. Pesticides

cause oxidative stress, leading to the
production of free radical in cells (Gulhan
et al, 2012). Antioxidants play an
important role in counteracting free radical
induced damage to macromolecules.
Propolis is the most widely cited
antioxidant that prevent oxidative damage
to cell membrane induced by radicals
(Beyraghdar Kashkooli et al., 2011,
Gulhan et al., 2012; Talas et al., 2012).
The chemical composition of propolis is
mainly composed of flavonoids, terpenes,
amino acids and caffeic acid, phenyl esters
(Geckil et al., 2005). Due to a variety of
biological features, an exogenous supply
of nutrient such as propolis is desirable for
protecting fish from the toxicities of many
chemicals. Exposure of aquatic organisms
to wvery low levels or sublethal
concentration of pesticides in their
environment may result in histological
changes in some tissues (Rao, 2006a;
Velmurugan et al., 2007). Histopathologic
changes provide a rapid method to detect
effects of damaging in various tissuse and
organs (Mallatt, 1985). Gill, liver and
muscle are suitable organs for histological
study in order to determine the effect of
tissue damage (Korkmaz et al., 2009).
Pyrethroids are extremely lipophilic and
likely to be strongly absorbed by the gills,
even at very low concentrations (Smith
and Stratton, 1986). Tissue damages
caused by water-borne pollutants can be
easily monitored because fish gills
continuously come into contact with the
environment. Dyspnea is one of the early
indications of pesticide poisoning (Murty,
1986). Histological researches on fish
organs, particularly liver, continuously
proved to be remarkably sensitive tool to
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reveal detrimental effects in fish induced
by toxic agents (Mallatt, 1985; Cengiz and
Unlu, 2006).

The objective of the current study was
to investigate protective and therapeutic
effects of propolis against toxicity of CYP
at sublethal concentrations on histological
changes in gill, liver and muscle tissues of
Oncorhynchus mykiss.

Materials and metods
Experimental animals
In experiment, rainbow trouts
(Oncorhyncus mykiss), with an average
body weight of 240-250 g and length of

29.25£3.94 cm, were collected from a
freshwater  source  purchased  from
Camardi, Ecemis fish farm (Nigde,
Turkey). Fish were brought to laboratory
within 30 min in plastic tanks with
sufficient air. Fish were fed for 15 days in
a 8 x 5 x 15 m stock pond to be
acclimatized. After adaptation period, fish
were transferred to 200 L tank filled with
water. Fish are widely experimental
models to evaluate the health of aquatic
ecosystems and  toxicologic  status.
Physical and chemical properties of the
water are depicted in Table 1.

Table 1: Physico-chemical parameters of the water used in the experiment.

Parameter (ppm)

Before treatment

After treatment

Dissolved oxygen
Chemical oxygen demand
Suspended solids
Calcium

Sodium

Chloride

Total nitrogen

Hardness (CaCO:s)
Temperature (°C)

pH

7.8+0.2 76+0.1
151+£01 16.2+0.2
36.8+1.2 401+17
126.0+ 1.5 1141+1.1
224+0.8 19.7+0.7
16.0£1.5 18.0+1.4
58+0.2 6.8+0.3
1743 +3.1 168.2+2.8
1151 12+0.7
7701 7.7+£0.1

Preparation of propolis extractive solution

Afterwards, the extracts were filtered

Propolis extraction methods may influence
its activity, because different solvents
solubilize and extract different
compounds. The most common extracts
used in biological assays are ethanol,
methanol and water. In the present work,
propolis was obtained from a farm at
Kocaavsar village in Balikesir, Turkey.
Propolis was dissolved in ethanol as 30%,
protected from light and moderately
shaken for 1 day at room temperature.

twice, dried and stored in sealed bottles at
4°C until use (Mani et al., 2006).

Experimental design

10 ppm treatment (propolis was treated to
the animals in 10 ppm), 20 ppm treatment
(propolis was treated to the animals in 20
ppm), 30 ppm treatment (propolis was
treated to the animals in 30 ppm). In this
study, fish exposed to 0.0041 ppm
cypermethrin in CYP 1 group, fish exposed
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to 0.0082 ppm cypermethrin in CYP Il
group, fish exposed to 0.0123 ppm
cypermethrin in CYP 1l group, fish
applied to 0.0041 ppm cypermethrin+10
ppm propolis in CYP I+propolis group,
fish applied to 0.0082 ppm
cypermethrin+10 ppm propolis in CYP
I1+propolis group, fish applied to 0.0123
ppm cypermethrin+10 ppm propolis in
CYP Ill+propolis group and fish not
exposed as control group were used. Each
experimental group designed include 8 fish
with four replicates. A total of 80 fish
were used in this study. Each rainbow
trout was weighed just before starting the
study. Applications were carried out to the
animals for 96 h and not fed for 12 h
before in the study. Fish were fed to Excel
Pond trade mark pellet feed during
experiments. After all of application for 96
hours, fish were anaesthetised with clove
oil (Mylonas et al., 2005). Then, they were
sacrificed in accordance with the
guidelines for approved by the Committee
of Animal Experiments at Cumhuriyet
University, Sivas, Turkey.

Preparation of tissue samples for
histological analysis

After expposure period, all of the
experimental and control fishes were killed
for histopathological examination at the
end of 96 h. Gill, liver and muscle tissues
were fixed in 10% neutral formalin for 24
h. Fixed tissues were washed in running

tapwater for 24 and dehydrated properly
through ascending series of ethanol. Then
the tissues were cleared with xylene and
embedded in paraffin wax. In order to
specify the thickness of serial section for
histological purpose, generally sections
were cut at 4-5 um thickness and stained
with hematoxylin and eosin for light
microscopic examination, and sections
were examined for investigation of
histopathological lesions.  Histological
preparations were randomly examined
three times, and the results from each
observation were then combined for the
final data.

Results

Gill tissues of control, propolis and
CYP+propolis groups

No histopathological changes were
observed in the gill tissues of fish in
control group. The structural details of gill
tissues of rainbow trouts in control group
are shown in fig.1.a. The most common
changes at the three concentrations (10, 20,
30 ppm) of propolis were shorting of
secondary lamellae, fusion and
vacuolization. The histological changes
noticed in the propolis groups are shown in
fig.1.b, d. Fusion of secondary lamellae
was noticed in fish treated with 10 ppm
propolis for 96 h (Fig.1.b).
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Figure 1: (a). Gill structure of control fish. PL: Primary lamellae, SL: Secondary lamellae H&E, 100x.
(b). 10ppm propolis for 96 h. Fusion of the secondary lamellae. (1). H&E, 100x.
(c). 20ppm propolis for 96 h. (A) Vacuolization (B) Fusion of the secondary lamellae, (C)
Thinning of the secondary lamellae, Cartilage damage, H&E, 100x.
(d). 30 ppm propolis for 96 h. (A) Necrosis (Teleangiocctaxine). (B) Combination of secondary

lamellae, (C) Vacuolization H&E, 100x.
Vacuolization, fusion of secondary
lamellae, thinning of secondary lamellae,
cartilage damage were observed in fish of
20 ppm propolis group (Fig.1.c). Necrosis
(Teleangioectasiae),  combination  of
secondary lamellae and vacuolization were
observed in fish applied to 30 ppm
propolis for 96 h (Fig.1.d).
Histopathological results indicated that gill
was the primary target tissue affected by
CYP. The most common changes at the
three concentrations (0.0041, 0.0082,
0.0123 ppm) of CYP were reduced
thickness and shorting of secondary
lamellae. The histological changes noticed
in fish exposed to the CYP concentrations
are shown in fig.2, b-d. Shorteng and
thinning of secondary lamellae were
noticed in fish exposured to 0.0041 ppm

CYP for 96 h (Fig.2.b). A combination of
shorting of secondary lamellae, thickening
and vacuolization were observed in
animals exposued to 0.0082 ppm CYP for
96 h (Fig.2.c). Necrosis
(Teleangioectasiae), and a combination of
secondary lamellae and cartilage damage
were noticed in rainbow trout exposued to
0.0123 ppm CYP for 96 h (Fig.2.d). In the
groups administered CYP and propolis
together (10 ppm) (CYP I+Propolis, CYP
I1+Propolis, CYP IlI+ propolis); there
were  important changes in  the
histopathology of gill compared with only
CYP administered groups (CYP I, CYP II,
CYP III). Vacuolization was noticed in
fish exposed to 0.0041 ppm CYP+10 ppm
propolis for 96 h (Fig.3.b). Reduced
thickness of secondary lamellae and
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cartilage damage were noticed in fish fusion of secondary lamellae in fish of
applied to 0.0082 ppm CYP + 10 ppm 0.0123 ppm CYP + 10 ppm propolis group
propolis (Fig.3.c). Cartilage damage and were observed (Fig.3.d).

‘.’
h
A

(c) CYP II (O. 0082ppm) (d) CYP III (0.0123ppm)

Figure 2: (a). Gill structure of control fish. PL: Primary lamellae, SL: Secondary lamellae H&E, 100x
(b). 0.0041 ppm CYP for 96 h. (A) Shortening of secondary lamellae (B) Thinning of the secondary
lamellae, H&E, 100%
(c). 0.0082 ppm CYP for 96 h. (A) Combination of secondary lamellae (B) Shortening of secondary
lamellae and thickening (C) Vacuolization, H&E, 100x
(d). 0.0123 ppm CYP for 96 h. (A) Necrosis (Teleangioectasiac) (B) Combination of secondary
lamellae (C) Cartilage damage H&E, 100x%.
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Figure 3: (a). Gill structure of control fish. PL: Primary lamellae, Sl: Secondary H&E, 100x.
(b). 0.0041 ppm CYP+10ppm propolis for 96 h, Vacuolization, (1), H&E, 40x.
(c). 0.0082 ppm+10ppm propolis for 96 h, (A) Thinning of the secondary lamellae (B) Cartilage

damage, H&E, 40x.

(d). 0.0123 ppm CYP+10ppm propolis for 96 h, (A) Cartilage damage (B) Fusion of the secondary

lamellag, H&E, 40x.

Liver tissues of control, propolis and
CYP+propolis groups

There was no histological change in
the liver tissues of control fish. Structural
details of liver tissues of fish in control
group are shown in figd.a The
histological changes noticed in propolis
groups are shown in Fig.4.b-d. Infiltration
of mononuclear cells was observed in 10
and 30 ppm propolis groups for 96 h
(Fig.4.b,d). Congestion, narrowing of
sinusoids and hydropic degeneration in the
liver tissues of fish treated with30 ppm
propolis are shown in fig.1.d. Congestion
in the group treated with 20 ppm propolis
was observed (Fig.4.c). In liver tissues of
fish exposed to three CYP concentrations
for 96 h significant changes were seen.
Congestion and infiltration of
mononuclear cells occured in all the

concentrations of CYP for 96 h (Fig.5.b-
d). In the groups administered CYP and
propolis (10 ppm) together (CYP
I+Propolis, CYP  IlI+Propolis, CYP
[11+Propolis); there were important
differences in the histopathology of liver
compared to those administered with CYP
only (CYP I, CYP II, CYP Ill). Narrowing
of sinusoids and hydropic degeneration
were noticed in fish applied with 0.0041
ppm CYP + 10 ppm propolis for 96 h
(Fig.6.b). Necrosis, narrowing of sinusoids
and hydropic degeneration were observed
in fish applied to 0.0082 ppm CYP + 10
ppm propolis for 96 h (Fig.6.c).
Congestion and infiltration of
mononuclear cells were determined in fish
applied with 0.0123 ppm CYP+10 ppm
propolis for 96 h (Fig.6.d).
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(c) Propolis (20 ppm) (d) Propolis (30 ppm)

Figure 4: (a). Liver structure of control fish, H&E, 200x.
(b). 10 ppm propolis for 96 h. Infiltration of mononuclear cell, (1), H&E, 200x.
(c). 20 ppm propolis for 96 h. Congestion, (1), H&E, 200x.
(d). 30 ppm propolis for 96 h. (A) Congestion (B) Infiltration of mononuclear cell (C) Narrowing
of sinusoids and hydrophic degeneration, H&E, 200x%.

2, 3%
(a) Control

Figure 5: (a). Liver structure of control fish H&E, 200x.
(b). 0.0041 ppm CYP for 96 h. (A) Congestion (B) Infiltration of mononuclear cell H&E, 200x%.
(c). 0.0082 ppm CYP for 96 h. (A) Congestion (B) Infiltration of mononuclear cell H&E, 200x.
(d). 0.0123 ppm CYP for 96 h. (A) Congestion (B) Infiltration of mononuclear cell H&E, 200x.
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Figure 6: (a). Liver structure of control fish, H&E, 200x.

(b). 0.0041 ppm CYP + 10 ppm propolis for 96 h, Narrowing of sinusoids and hydrophic

degeneration, (1), H&E, 200x%.

(c). 0.0082 ppm+10 ppm propolis for 96 h, (A) Necrosis (B) Narrowing of sinusoids and

hydrophic degeneration, H&E, 200x.

(d). 0.0123 ppm CYP + 10 ppm propolis for 96 h, (A) Congestion (B) Infiltration of mononuclear

cell, H&E, 200x.
Muscle tissues of control, propolis and
CYP+propolis groups
There was no histological change in the
muscle tissues of fish in control group.
Structural details of muscle tissues of fish
in control group are shown in Fig.7.a. The
histological changes in muscle tissues of
propolis groups are shown in fig.7.b-d.
Nuclear proliferations in all of the
concentrations of propolis (10, 20 and 30
ppm) for 96 h, were noticed (Fig.7.b-d).
There were nuclear proliferations in the
muscle tissues of fish exposed to 0.0041
and 0.0123 ppm CYP concentrations for
96 h (Fig.8.b,d). Nuclear proliferation and
difference in size of muscle fibers were

observed in 0.0082 ppm CYP group
(Fig.8.c). In the groups administered CYP
and propolis (10 ppm) together (CYP
I+Propolis, CYP  IllI+Propolis, CYP
I11+Propolis); there were important
changes in the histopathology of muscle
tissues compared to CYP only groups
(CYP I, CYP 1I, CYP HI). The most
common changes at all groups
administered of CYP and propolis together
(10 ppm) (CYP I+Propolis, CYP
[1+Propolis, CYP Ill+propolis ) were
nuclear proliferation (Fig.9. b-d). Also,
congestion in CYP ll+propolis (10 ppm)
group was determined (Fig.9.c).
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Figure 7: (a). Muscle structure of control fish, (1), H&E, 100x.
(b). 10 ppm propolis for 96 h. Nuclear proliferation, (1), H&E, 100x.
(c). 20 ppm propolis for 96 h. Nuclear proliferation, (1), H&E, 100x.
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Figure 8: (a). Muscle structure of control fish. (1), H&E, 100x.
(b). 0.0041 ppm CYP for 96 h. Nuclear proliferation, (1), H&E, 100x.
(c). 0.0082 ppm CYP for 96 h. Difference in size of muscle fibers, (1), H&E, 100x.
(d). 0.0123 ppm CYP for 96 h. Nuclear proliferation, (1), H&E, 100x.
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Figure 9: (a). Muscle structure of control fish. (1), H&E, 100x.
(b). 0.0041 ppm CYP + 10 ppm propolis for 96 h, Nuclear proliferation, (1), H&E, 100x.
(c). 0.0082 ppm + 10 ppm propolis for 96 h, (A) Congestion (B) Nuclear proliferation,

H&E, 100x.

(d). 0.0123 ppm CYP + 10 ppm propolis for 96 h, Nuclear proliferation, (1), H&E, 100x.

Discussion
Wastewater contains a large-scale of
organic pollutants, including

organochlorine compounds (cypermethrin,
deltamethrin,  DDT),  organometallic
compounds and many metal ions,
including cadmium (Cd), chromium (Cr),
copper (Cu), iron (Fe), mercury (Hg) and
lead (Pb) (Livingstone et al., 1992). All of
these toxic agents are powerful oxidants.
Since the discovery of the importance of
free radical reactions and the mechanisms
of toxicity of many harmful compounds
(xenobiotics), there have been great
interest on investigating pro-oxidant and
antioxidant processes, mainly in living
organism (Gulhan et al., 2012). It is
known that pollutants stimulate ROS
production and the resulting oxidative

damage may be an indicator of toxic
damage in aquatic organisms exposed to
contamination (Livingston, 2001). ROS
produced in living organisms are
detoxified via antioxidant defense systems.
The antioxidant systems, including
nonenzymatic  antioxidants such as
vitamins, phenolic compounds, flavonoids
in aquatic organisms have been
investigated (Talas et al., 2012; Gulhan et
al., 2012). Gills generally absorb water-
soluble pesticides and liposoluble foreign
compounds. Thus, the organophosphate
compounds can easily pass through cell
membrane systems of rainbow trout.
Consequently, biotransformation of
insecticides occur in gills, causing
poisoning of cells, and damaging tissues
(Fanta et al., 2003). Respiratory distress is
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one of the early symptoms of pesticide
intoxication (McDonald, 1983). Extreme
absorbtion of cypermethrin through gills
makes the fish as an undefended target for
toxic damage (Srivastav et al., 1997).
Histopathologic  changes provide an
important method to detect effects of
damaging in tissues and organs (Mallatt,
1985).

In this study, the most common
histological changes at all concentrations
of propolis were shorting  secondary
lamellae, fusion and vacuolization. Similar
findings such as the lifting of epithelial
layer from gill lamellae, necrosis, shorting
and degeneration of secondary lamellae,
and clupshaped lamellae in the gills of
Lepistes reticulatus exposed to
cyphenothrin were observed by Erkmen et
al. (2000). Aneurism, epithelial necrosis,
secondary lamellae showing fusion, lifting
of epithelium have also been observed in
Gambusia affinis (Cengiz and Unlu, 2003).
Jiraungkoorskul et al. reported the fusion
and thickening of secondary lamella in
Nile tilapia after three months following
exposure to 5 and 15 mg/l glyphosate
herbicide (Jiraungkoorskul et al., 2003).
Yildirim et al. reported the hyperemia,
fusion of the secondary lamella and
telangiectasis after exposure to 5 g/l
deltamethrin for 48 h (Yildirim et al.,
2006). Fanta et al. (2003) studied the
histopathology of Corydoras paleatus
contaminated with sublethal levels of
organophosphorus pesticides in water and
food. They examined effects of
contamination with a sublethal
concentration of methyl parathion, through
water or food in tissues. These researchers

showed the epithelial hyperplasia and
oedema on gill tissues (Fanta et al., 2003).
Observed necrosis, shorting of secondary
lamellae and thickening, vacuolization of
gill epithelium are direct responses to the
toxic effects of CYP. The distance to reach
the blood stream of toxicant is increased .
Thus, the shorting, reduced thickness and a
combination of secondary lamellae and
vacuolization are increased in fish gills.
Gill necrosis might serve as a defensive
mechanism leading to a decrease in the
respiratory surface and an increase in the
toxicant blood diffusion distance (Majeed
etal., 2014).

In the present study, there were
important differences in the histopatology
of gill in groups co-administered with
CYP and propolis compared to groups
administered various concentrations of
CYP. Vacuolization was noticed in gill of
fish applied with 0.0041 ppm CYP+10
ppm propolis for 96 h. Cartilage damage
were noticed in group administrated with
0.0082 ppm CYP+10 ppm propolis for 96
h. We noticed a decrease in damage of gill
tissues after the administration of propolis.
Reduction of the damage is thought to be
as a result of therapeutic effects of propolis
and its components. Datta and Kaviraj
(2003b) estimated efficiency  of
supplementation of ascorbic acid to
eleminate the stress of deltamethrin on
freshwater catfish Clarias gariepinus. C.
gariepinus displayed various symptoms of
stress when  exposed to deltamethrin.
Korkmaz et al. (2009) studied 0.22 and
0.44 ug/l cypermethrin + control diet, 0.22
and 0.44 pg/l cypermethrin + ascorbic
acid supplement diet for 20 days in Nile
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tilapia. These results exhibited that
ascorbic acid may serve as an antitoxic
agent against pesticide toxicity in fish.
Liver is the organ that contains the major
concentration of pesticide residues and
help in determining the levels of damage
as a consequence of this process (Fanta et
al., 2003).

In  present study, infiltration of
mononuclear cells in liver tissues of fish
treated with 10 and 30 ppm propolis was
noticed. In  addition,  congestion,
narrowing of sinusoids and hydropic
degeneration in 30 ppm propolis group
was observed. Only congestion in 20 ppm
propolis group was observed. The
congestion and infiltration of mononuclear
cells in all concentrations of cypermethrin
for 96 h, were observed.

Similar observations have been carried
out by several researchers. Cengiz et al.
(2001) emphased that there were hepatic
lesions, including degeneration,
hypertrophy,  sinusoids  enlargement,
hemorrhage, pycnosis position of nuclei,
vacuolization of cell cytoplasm, infiltration
of mononuclear lymphocyte in fish
exposed to pollutants. In another study,
cloudy swelling, focal necrosis and
vacuolization have been reported in the C.
paleatus exposed to methyl parathion
(Fanta et al., 2003). Cengiz and Unlu
(2006) determined the hypertrophy of
hepatocytes, increasing kupffer cells,
circulatory disturbance, narrowing of
sinusoids and focal necrosis in the liver of
G. affinis exposed to deltamethrin.
Korkmaz et al. (2009) showed the
histopathological lesions such as, nuclear

pycnosis,  narrowing of  sinusoids,
congestion, hypertropy of hepatocytes,
vacuolar degeneration, necrosis and fatty
degeneration in the tissue of nile tilapia
induced to cypermethrin in their study . In
other study, hyperplasia, disintegration of
hepatic mass, focal coagulative necrosis
were seen in Labeo rohita exposed to
cypermethrin (Sarkar et al., 2005).

In the application of cypermethrin and
propolis (10 ppm), there were important
differences in the histopathology of liver
compared with only administered to
various concentrations of CYP. Narrowing
of sinusoids and hydropic degeneration
were noticed in 0.0041 ppm CYP + 10
ppm propolis group. Necrosis, narrowing
of sinusoids and hydropic degeneration
were observed in fish applied with 0.0082
ppm CYP + 10 ppm propolis for 96 h.
Congestion and infiltration of
mononuclear cells were determined in
0.0123 ppm CYP + 10 ppm propolis
group. The treatment by propolis having
antioxidant properties were observed in
damaged tissues of fish by different
concentrations of CYP. The histological
findings of other researchers showed
parallelism with the results of our study
(Datta and Kaviraj, 2003b; Korkmaz et al.,
2009).

Fish fillet has an important role in the
human diet. The muscle of rainbow trout is
significant in determining the freshness of
fillet quality in values above or below
optimal condition. Stress and excessive
muscle activity lead to insufficient amount
of oxygen. Fish fillet may be affected by
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toxic agents such as CYP and be damaged
structurally.

In this study, the various concentrations
of propolis (10, 20 and 30 ppm) caused
the nuclear proliferations. In the muscle
tissues of fish exposed to 0.0041 and
0.0123 ppm of CYP concentrations, only
nuclear proliferations were observed.
Nuclear proliferation and different size of
muscle fibers were seen in 0.0082 ppm
CYP group.

Our findings in muscle tissues exposed
to cypermethrin are also in accordance
with results of other studies (Rabitto et al.,
2005; Korkmaz et al., 2009). In the
application of CYP and propolis; the most
common change was nuclear
proliferations. In addition, congestion was
determined in CYP Il + propolis group.

Biomolecules (proteins, nucleic acids,
lipids, and glycogen) are among the
structures affected by toxic agents, which
may cause histological changes. Proteins
contribute to the structure and physiology
of the cells and play an important role in
cell metabolism. The decrease in protein
content is presumably a physiological
adaptation of fish to oxidant stress caused
by the pesticide. In order to overcome the
stress factors, fish requires high energy.
This energy demand might lead to the
stimulation of protein catabolism (Sancho
et al., 1997). This fact can be correlated
with increasing oxidative stress in
Oncorhyncus  mykiss  exposed  to
cypermethrin. Histologic changes as a
result of decreasing protein in Clarias
batrachus exposed to fenvalerate were
declareted by Tripathi et al. (2002) and
other researchers (Das and Mukherjee,

2003; David et al., 2004). The decreasing
protein levels in tissues may be a role of
compensatory mechanism under
cypermethrin stress.

Depletion of glycogen in the tissues is
an indication of typical stress response of
the fish challenging with pesticides (Rao,
2006b). Decrease in muscle glycogen
content of Channa punctatus exposed to
lambda cyhalothrin and permethrin were
reported by Saxena and Gupta (2005). The
reductions in liver and gill glycogen
content were also observed in C. batrachus
exposed to cypermethrin (Begum, 2005).
In our study, histological changes occurred
by exposure to cypermethrin may consider
as a result of damaging effects on the
biomolecules such as proteins, lipids of the
fish.

In conclusion, the propolis and its
polyphenolic compounds are effective to
reduce histological changes originated
from oxidative stress. Propolis has been
used from early times, a better
understanding of the actions of its
polyphenolic compounds on the immune
response will provide a scientific basis for
the better therapeutic application and
reorganize its use. This work may shed
light on investigations about biological
activities of new extracts of natural
products such as propolis on aquatic
organisms.
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