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ABSTRACT: Propolis, a resinous material produced by worker bees from the leaf buds and exudates of plants, is reported to possess various therapeutic properties. The aim of this study was to
investigate the effects of propolis on biochemical parameters and histopathologic findings in carp
Cyprinus carpio L. exposed to arsenic. A sublethal concentration of arsenic (0.01 mg l−1) and/or
10 mg l−1 propolis were administered to fish for 1 wk. Catalase (CAT) activities and malondialdehyde (MDA) levels were determined in liver, gill and muscle tissues in control, arsenic only,
propolis only and arsenic+propolis treatment groups. Results showed that CAT activity decreased
in the arsenic group compared to the control and propolis groups. CAT activity in the arsenic+
propolis group was significantly higher compared to the arsenic group. MDA levels in fish
exposed to 0.01 mg l−1 arsenic significantly increased compared to the control group. However,
MDA levels in the arsenic+propolis group were significantly lower compared to the arsenic group.
Histopathological changes in the liver, gill and muscle tissues of carp were examined by light
microscopy: various changes were observed in all tissues of fish in the arsenic group. Propolis
showed important antioxidant effects against arsenic toxicity in all fish tissues.
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Arsenic is the most widespread environmental
contaminant, arising through natural phenomena
such as weathering of geochemical sources and
from anthropogenic activities such as mining, metal
alloying and coal burning (Zhang et al. 2012). The
accumulation of arsenic in organisms in contaminated water is an important environmental issue,
because it may affect all members of a food web,
including fish (Shah et al. 2009). In aquatic environments, arsenic exists as As(III) and As(V) (Kavitha et
al. 2010). These types of arsenic can accumulate in
many aquatic organisms and may catalyse the oxidation of arsenite to arsenate and promote the formation of methylarsines through a biomethylation
reaction (Hughes 2002). Trivalent arsenic toxicity

may occur either directly by connecting with sulfphydryl (−SH) groups in proteins while arsenate
interferes with phosphorylation reactions, or indirectly by production of reactive oxygen species
(ROS). Partial oxidative stress may occur with
arsenic toxicity (Banerjee et al. 2009).
Oxidative stress has previously been analysed
using a lipid peroxidation assay (Orun et al. 2008,
Miranda et al. 2010). Increased levels of malondialdehyde (MDA), the last product of lipid peroxidation, are used as an indicator of local tissue damage
(Duran & Talas 2009, Miranda et al. 2010, Gulhan et
al. 2012). Lipid peroxides can change properties of
biological membranes, resulting in heavy cell damage. In order to minimize such damage, cells have
defence systems including both enzymatic (e.g. catalase) and nonenzymatic (e.g. flavonoid) processes.
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Histological changes in animal tissues provide a
rapid method to detect effects of irritants in various
tissues and organs. Liver, gill and muscle are considered the most important tissues, as toxic agents metabolized actively in organs such as the liver have the
tendency to accumulate in fish (Roy & Bhattacharya
2006), and the gills play a key role as a conduit
between the organism and its environment. Moreover, fish plays an important role in the diet of
humans and is most often consumed in the form of
fillets, i.e. muscle tissue.
External antioxidants and protective compounds
must be consumed when toxic agents exceed normal
levels. Identifying new antioxidants is an active field
of biochemistry. In recent years, several organic forms
of antioxidant molecules have been studied as possible natural therapeutic and preventive agents. Among
these natural agents, researchers have become interested in propolis (Talas & Gulhan 2009, Talas et al.
2012, Gülçin et al. 2010, Beyraghdar Kashkooli et al.
2011, Gulhan et al. 2012). Propolis is a brownish
resinous material collected by worker bees from the
leaf buds of trees such as birch, poplar, pine, alder,
willow and palm. Bees also use material exuded from
wounds in plants (e.g. lipophilic material on leaves,
mucilages, gums, resins, lattices) in order to manufacture propolis. Once collected, this material is enriched
with salivary and enzymatic secretions. It is then used
by bees to cover hive walls, fill cracks or gaps and embalm invading insects that have been killed in the
hive (Castaldo & Capasso 2002). Globally, propolis is a
popular agent for use in traditional medicine and as a
food supplement to benefit human health (Gülçin et
al. 2010). Propolis possesses various biological properties such as antibacterial, antifungal, antiviral, antiinflammatory, anticancer and immunomodulatory activities (Banskota et al. 2000). Biological actions of
propolis are generally attributed to its constituents of
plant origin, mainly phenolics (Burdock 1998). Flavonoids are well known to possess antioxidant effects
via their free-radical-scavenging and metal-chelating
properties (Rice-Evans 2001). Natural antioxidants
are essential for homeostasis in biological systems, including both fish and humans. Due to its antioxidant
and preservative effects, propolis may both prolong
the physiological functions of some aquatic organisms
and contribute to the health benefits of consumers of
aquatic animals (Talas & Gulhan 2009, Talas et al.
2012, Gulhan et al. 2012).
In this study, we evaluated histological changes
and biochemical parameters to understand the antioxidative effects of propolis on carp Cyprinus carpio
exposed to arsenic.

MATERIALS AND METHODS
Preparation of propolis extract solution
The chemical composition of propolis is very complex. Over 300 components have been identified to
date, and its composition is variable, depending upon
the local flora. In our study, propolis was collected
from a farm in the village of Kocaavsar in Balikesir,
Turkey. Propolis was dissolved to 30% in ethanol,
protected from light and moderately shaken for 1 d at
room temperature. The extract was then filtered
twice, dried and stored in sealed bottles at 4°C until
use (Mani et al. 2006).

Experimental design
Carp were obtained from Azatli Dam Lake in
Nigde, Turkey. Fish were acclimatized for 15 d in a
200 l tank. Airflow in the tank was continuously provided and fish were given artificial dry food once
daily. Physical and chemical properties of tank water
are provided in Table 1.
After acclimatization, fish were randomly assigned
to one of 4 experimental treatment groups, each consisting of 28 animals (4 replicate tanks per treatment,
each tank containing 7 fish). The average weight of
the fish was between 500 and 600 g.
Fish in the first group were used as controls and
were given no treatment. Propolis at an antioxidant
concentration of 10 mg l−1 (Talas & Gulhan 2009), was
administered to the tank water for the second group
for 1 wk, and the fish were not fed for 12 h before the
application. Arsenic (As2O3) (98% pure; Aldrich) at
0.01 mg l−1 (Schlenk et al. 1997) was added to the
third group of tanks for 1 wk, and they were not fed
for 12 h before. Both 10 mg l−1 propolis and 0.01 mg
Table 1. Parameters (mean ± SD) of the water used in the
experiment
Parameter (mg l−1)
Dissolved oxygen
Chemical oxygen demand
Suspended solids
Calcium
Sodium
Chloride
Total nitrogen
Hardness (CaCO3)
Temperature (°C)
pH

Before
treatment
7.7 ± 0.2
15.4 ± 0.6
34.8 ± 1.2
122.0 ± 1.5
21.7 ± 0.8
15.0 ±1.5
5.3 ± 0.2
170.3 ± 4.1
18.9 ± 0.7
7.6 ± 0.3

After
treatment
7.6 ± 0.5
16.8 ± 0.4
41.4 ± 1.2
110.1 ± 1.4
17.3 ± 0.7
17.0 ±1.6
6.2 ± 0.3
167.2 ± 1.9
21 ± 0.3
7.7 ± 0.2
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l−1 arsenic (As2O3) were added to the last group of
tanks for 1 wk; these fish were also not fed for 12 h
beforehand (Talas et al. 2012). At the end of the treatment period, we randomly sampled 2 fish from each
tank for assessment of biochemical parameters; thus
8 fish (4 replicates) were sampled per treatment.
The experiments were performed in accordance
with the guidelines for fish research from the
National Institute of Health and approved by the Ethical Committee of the Science Institute at Nigde University, Nigde, Turkey.

Preparation of tissues for biochemical analyses
After the treatments, fish were anaesthetised with
clove oil. Tissues of fish were removed, frozen in
liquid nitrogen and stored at −80°C until used. The
tissues were separated into 2 parts for determination
of total protein level, catalase (CAT) activity and
lipid peroxidation. Tissues were weighed and then
homogenized in 100 ml of 2 mM phosphate buffer,
pH 7.4, using a PCV Kinematica Status Homogenizer. Homogenized samples were sonicated for
1.5 min (30 s sonications interrupted by 30 s pauses,
on ice). Samples were then centrifuged at 12 000 × g
(15 min, 4°C), and the supernatants, if not used
immediately for the enzyme assays, were kept
frozen at −80°C. Supernatants were used for the
determination of total protein and CAT activity. The
second part of the tissue homogenate was used for
lipid peroxidation analysis. Tissues were washed 3
times with ice-cold 0.9% NaCl solution and homogenized in 1.15% KCl. The homogenates were
assayed for malondialdehyde (MDA) levels (Orun et
al. 2005).
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react with the production of pink pigment with a
maximum absorption at 532 nm. The reaction was
performed at pH 2 to 3 at 90°C for 15 min. The samples were mixed with 2 volumes of cold 10% (w/v)
trichloroacetic acid for protein precipitation. The
precipitate was pelleted by centrifugation, and an
aliquot of the supernatant was reacted with an
equal volume of 0.67% (w/v) TBA in a boiling water
bath for 10 min. After cooling, absorbance was read
at 532 nm. The results are expressed as nmol g−1
wet tissue.
CAT activities in the tissues were determined by
measuring the composition of hydrogen peroxide at
240 nm, according to the method of Aebi (1984), and
are expressed as kU g−1 protein, where kU is the firstorder rate constant.

Preparation of tissue samples for
histological measurement
After each exposure, both the experimental and
control fish were sacrificed for histopathological examination. Liver, gill and muscle tissues were transferred to 10% formaldehyde solution for 24 h for fixation. Following fixation, the tissues were washed for
24 h with running tap water in a beaker. The tissues
were dehydrated in graded ethyl alcohol solutions.
Tissues were cleared twice in xylene and embedded
in paraffin. Sections (5−10 µm thick) were made and
stained with haematoxylin and eosin, and all sections
were examined under light microscopy. We haphazardly selected 3 different fields of view per slide per
fish, and the results from each observation were combined for the final results.

Statistical analysis
Total protein assay
Supernatants of tissues were used to determine
total protein levels. The total protein level was quantified by the colorimetric method of Lowry et al.
(1951) using BSA as the standard.

SPSS 16.0 for Windows was used to analyse the
data. Differences between biochemical parameter
means were determined using Duncan’s multiple
range test in which the significance level was defined
as p < 0.05. Data are given as means ± SD (n = 8).

Determination of MDA levels and CAT activity

RESULTS

Lipid peroxidation in the tissues of carp was
measured according to the concentration of thiobarbituric acid (TBA) reactive substances. The amount
of MDA was used as an index of lipid peroxidation
(Yagi 1984). In the TBA test reaction, MDA and TBA

Biochemical assay
Changes in biochemical parameters, viz. CAT activities and MDA levels, in liver, gill and muscle tissues
of carp exposed to 0.01 mg l−1 arsenic and 10 mg l−1
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Table 2. Cyprinus carpio. Changes in mean ± SD (n = 8) catalase activities (kU
g−1) of liver, gill and muscle tissues of carp in control, propolis only, arsenic
only and arsenic+ propolis groups. Within rows, values with different superscripts are significantly different (Duncan’s multiple range test, p < 0.05)
Tissue

Control

Propolis

Arsenic

Arsenic+
propolis

Liver
Gill
Muscle

45.53 ± 1.45a
1.59 ± 0.08a
2.06 ± 0.12a

44.11 ± 1.12a
1.56 ± 0.06a
1.96 ± 0.14a

21.49 ± 1.22c
0.87 ± 0.02c
0.80 ± 0.11c

37.83 ± 0.78b
1.26 ± 0.04b
1.46 ± 0.13b

Table 3. Cyprinus carpio. Changes in mean ± SD (n = 8) malondialdehyde levels (nmol g−1) of liver, gill and muscle tissues of carp in control, propolis only,
arsenic only and arsenic+propolis groups. Within rows, values with different
superscripts are significantly different (Duncan’s multiple range test, p < 0.05)
Tissue

Liver
Gill
Muscle

Control

0.18 ± 0.02c
1.63 ± 0.13c
1.13 ± 0.09c

Propolis

Arsenic

Arsenic+
propolis

0.19 ± 0.03c
1.79 ± 0.21c
1.25 ± 0.10c

0.54 ± 0.05a
2.89 ± 0.23a
3.29 ± 0.27a

0.24 ± 0.02b
2.14 ± 0.18b
1.85 ± 0.12b

propolis are shown in Tables 2 & 3. CAT
activities of liver, gill and muscle tissues
of carp in the propolis group did not
change compared to the control group
(p > 0.05; Table 2). CAT activities in
liver, gill and muscle tissues of the arsenic group significantly decreased (p <
0.05) compared to the control group.
We found significant improvements in
CAT activities of all tissues in the arsenic+propolis group compared to the
arsenic group (Table 2).
MDA is an important indicator for
oxidative damage, and MDA levels of
liver, gill and muscle tissues in the
propolis group did not change compared to the control group (p > 0.05;
Table 3). Compared to the control
group, significant increases (p < 0.05) in
MDA levels of liver, gill and muscle tissues were observed in fish exposed to
arsenic, but we found that MDA levels
of tissues were lower in the arsenic+propolis group compared to the
arsenic group (p < 0.05; Table 3). According to the biochemical data, propolis may contribute to the antioxidative
defence system of carp at a concentration of 10 mg l−1. This tolerance can be
explained by the antioxidant effects of
propolis.

Histology
Liver. Hepatocytes are located
among the sinusoids, forming cordlike structures known as hepatic cell
cords. Hepatocytes have a roundish
polygonal cell body containing a clear
spherical nucleus typically with 1 nucleolus. No histopathological changes
were observed in livers of the control
fish (Fig. 1a). The histological changes noted in the propolis group,
including infiltration of mononuclear
cells, are shown in Fig. 1b. In the
arsenic group, we observed infiltration of mononuclear cells, hydropic
degeneration and congestion in the
liver tissues (Fig. 1c). In the arsenic+
propolis group, significant changes in
the liver tissues were observed. We
found important differences in the

Fig. 1. Cyprinus carpio. Liver structure of (a) control fish; (b) fish treated only
with propolis (arrow shows infiltration of mononuclear cells); (c) fish treated
only with arsenic, showing congestion (A), hydropic degeneration (B) and infiltration of mononuclear cells (C); and (d) fish treated with arsenic+propolis,
showing congestion (A) and hydropic degeneration (B). All images: H&E
stain
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histopathology of the liver between this group and
the group that was treated with only arsenic. Congestion and hydropic degeneration were noticed in
the arsenic+propolis group (Fig. 1d).
Gill. Gills comprise primary lamellae, with secondary lamellae found on the lateral sides of the primary
lamellae. The surface of the gill lamellae is covered
with simple squamous epithelial cells, and capillaries
separated by pillar cells run parallel along the surface. The primary lamellae are lined by a thick stratified epithelium between the secondary lamellae.
This region contains the mucous cells and chloride
cells. No histopathological changes were observed in
the gill of the control fish (Fig. 2a). The most common
change in the propolis group was vacuolization
(Fig. 2b). Histopathological results indicated that the
gill was the primary target tissue affected by arsenic:
vacuolization, necrosis (telangiectasias) adjacent to
the secondary lamellae, cartilage damage, and fusion
and shortening of the secondary lamellae were noted
in the arsenic group (Fig. 2c). In the arsenic+propolis
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group, we observed important differences in the
histopathology of the gill as compared to the arsenic
group, including shortening and thickening of the
secondary lamellae (Fig. 2d).
Muscle. No histopathological changes were observed in the muscle of control fish (Fig. 3a). Nuclear
proliferation was apparent in muscle tissue of the
propolis group (Fig. 3b), as well as in the muscle tissues of the arsenic group (Fig. 3c). In the arsenic+
propolis group, we observed greater nuclear proliferation compared to the arsenic group (Fig. 3d).

DISCUSSION

Organs of fish were selected on the basis of functional criteria that made them preferential targets,
i.e. for heavy metal metabolism (liver), heavy metal
uptake (gill) and effects of arsenic on the quality of
fish fillets (muscle). Production of free radicals, which
can be caused by arsenic, plays an important role in
damage and loss of function in tissues
and organs (Garg et al. 2009, VenturaLima et al. 2009, Talas et al. 2012).
Lipid peroxidation, which results from
the oxidative injury of saturated and
unsaturated lipids, has been broadly
used as a marker of the induction of
oxidative damage in fish suffering
from environmental stress induced by
heavy metals (Gioda et al. 2007). In
our study, MDA levels increased in all
of the studied tissues after exposure to
arsenic. These findings strongly suggest that arsenic caused generalized
oxidative stress in the fish. Thus, the
elevated production of ROS may be
due to arsenic toxicity, although other
effects, such as enzymatic inhibition or
genotoxic damage, may also occur.
In recent years, ecotoxicological
studies have investigated free radical
damage and oxidative stress in different fish exposed to toxic metals
and organic pollutants (e.g. cadmium,
mercury, copper, arochlor and contaminated sediments; Orun et al.
2008, 2011, Gulhan et al. 2012, Talas
Fig. 2. Cyprinus carpio. Gill structure of (a) control fish; (b) fish treated only with
et al. 2102). Extensive tissue lipid
propolis (arrows show vacuolization); (c) fish treated only with arsenic, showing
peroxidation caused increased MDA
vacuolization (A), necrosis (teleangiectasias) (B), a combination of secondary
levels in liver, gill and muscle tissues
lamellae and cartilage damage (C) and fusion and shortening of the secondary
(Berntssen et al. 2003, Orun et al.
lamellae (D); and (d) fish treated with arsenic+propolis, showing shortening and
thickening of the secondary lamellae. All images: H&E stain
2008, 2011).
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Atli et al. (2006) reported that metals
(Cd2+, Cu2+, Cr2+ and Zn2+) stimulated
CAT activity in the liver of Nile tilapia
Oreochromis niloticus and that CAT
activity was inhibited by Ag+ and Cd2+
in vivo. The inhibition of CAT activity
was related to the binding of metal
ions to −SH groups of the enzyme, increased hydrogen peroxide and/or
superoxide radicals. CAT is the primary enzyme in scavenging H2O2, so
more H2O2 is available for the production of hydroxide free radicals when
CAT activity is inhibited (Atli et al.
2006).
In our study, CAT activities of liver,
gill and muscle decreased with heavy
metal exposure in the fish. The oxidative changes in various biochemical
parameters of fish exposed to some
toxic agents and heavy metals such as
Cd2+ and Cr3+ have been reported
(Talas et al. 2008, Li et al. 2010a,b,
2011). Similar findings have also been
reported by other researchers (Orun et
al. 2008, 2011, Ventura-Lima et al.
Fig. 3. Cyprinus carpio. Muscle structure of (a) control fish; (b) fish treated only
2009, Oliva et al. 2012).
with propolis; (c) fish treated only with arsenic; and (d) fish treated with arSome natural therapeutic and presenic+propolis. Images in panels b, c, and d show nuclear proliferation. All
images: H&E stain
ventive agents are available to defend
against arsenic damage. Propolis is
Increased MDA levels in aquatic organisms exone of these natural therapeutic bee products (which
posed to heavy metals have been demonstrated in
also include pollen and royal jelly). These natural
some studies (Ates et al. 2008, Orun et al. 2008, 2011,
antioxidants are essential for homeostasis in many
Pandey et al. 2008, Ruas et al. 2008). As a marker of
biological systems both in fish and humans. Increasoxidative stress, MDA levels of liver, gill and muscle
ing CAT activity after propolis application to fish
in our study increased in fish exposed to arsenic, but
exposed to arsenic may be related to the antioxidant
these increases were much less marked in tissues of
effects of propolis. Our results are in accordance with
fish in the arsenic+propolis group. In this case, oxidaearlier studies (Ramanathan et al. 2003, Nandi et al.
tive stress was reduced with the application of propo2008).
lis. These results provide direct evidence for the proHistological findings are important in supporting
tective role of propolis, which confers therapeutic
biochemical assays. Histological changes in animal
properties on the antioxidative defence system against
tissues provide a rapid method to detect effects of
heavy metals. According to biochemical data, a
irritants, especially chronic effects, in various tissues
propolis concentration of 10 mg l−1 may contribute to
and organs (Velmurugan et al. 2007). Liver tissue of
the antioxidative defence system of carp.
fish is considered a major site of storage, biotransThe first line of defense against damaging effects
formation and excretion of heavy metals such as
of ROS is antioxidant enzymes such as CAT. Superarsenic, and alterations in liver function are often
oxide dismutase catalyses the dismutation of O2…− to
indicative of pollution. The liver suffers from serious
H2O2, and CAT reduces H2O2 to 2H2O (Atli et al.
morphological alterations in fish exposed to heavy
2006). Van der Oost et al. (2003) investigated the
metals and is the main organ for detoxification (Venimpact of heavy metals (Cd2+, Cr3+) in an environtura-Lima et al. 2009). Alterations in the liver may
mental survey and found that antioxidant enzyme
thus be useful as markers that indicate prior expoactivities decreased in fish exposed to heavy metals.
sure to environmental stressors.
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In our study, the infiltration of mononuclear cells,
Identifying pathological alterations in organs followhydrophic degeneration and congestion were obing contact with toxicants is useful as a biomarker of
served in the livers of fish exposed to arsenic. We
exposure to and effects of pollutants. All of our
found important histopathological differences in the
histopathological observations indicated that expolivers of fish in the arsenic+propolis group compared
sure to sublethal concentrations of arsenic caused
to the group that was treated only with arsenic. Our
destructive effects in the gill, liver and muscle tissues
results are also in accordance with previous reports
of Cyprinus carpio.
(Pedlar et al. 2002, Roy & Bhattacharya 2006). ConExperimental studies on the elimination of toxic
gestion and hydrophic degeneration were observed
substances such as arsenic in fish are also very imin liver tissues of the arsenic+propolis group. These
portant for human health. Certain antioxidant agents
analyses show that the damage in liver tissue of the
can be used to eliminate and suppress the damage
propolis group was less severe relative to the arsenic
caused by toxic substances. Our study indicated that
group.
propolis can repair the deterioration caused by
Necrosis and desquamation of secondary lamellar
arsenic in fish, as revealed by our analyses of bioepithelium, intraepithelial oedema, fusion of adjacent
chemical parameters and the histological assay. The
secondary lamellae, haemorrhage at the primary
therapeutic properties of propolis are mostly attrilamellae, hypertrophy and hyperplasia of epithelial
buted to phenolic components such as flavonoids.
cells have been shown in experimental investigations
Flavonoids have beneficial biological effects, includ(Erkmen et al. 2000, Cengiz & Unlu 2003). Erkmen et
ing antibacterial, antiviral, anti-inflammatory, antial. (2000) reported lifting of the epithelial layer from
allergic, antioxidant and vasodilatory activities. Propothe gill lamellae, necrosis and degeneration of the
lis caused a protective effect against arsenic damage
secondary lamellae, oedema, shortening of the secin carp. We suggest that propolis can be used for proondary lamellae, and club-shaped lamellae in the gills
tection of tissues and organs against degenerative
of guppies Lebistes reticulatus (= Poecilia reticulata)
diseases in fish caused by the accumulation of arexposed to cyphenothrin. Shorter gill lamellae, fusion,
senic. Numerous chemical components of propolis
complete destruction of the lamellae, increased vachave been reported, and this variety is primarily
uolation and an irregular appearance of gill lamellae
influenced by the botanical and geographical origins
were observed in P. reticulata exposed to chlorpyrifos
of propolis. More than 300 compounds including
(De Silva & Samayawardhena 2002). Our results thus
volatile organic compounds, flavonoid aglycones,
corroborate results of previous studies (Pandey et al.
phenolic acids and their esters, phenolic aldehydes,
2008, Monteiro et al. 2010).
alcohols and ketones, sesquiterpenes, quinones, couWe observed vacuolization, necrosis adjacent to
marins, steroids and amino acids have been reported
the secondary lamellae, cartilage damage and fusion
among the components of propolis (Nakamura et al.
and shortening of the secondary lamellae in gills of
2010, Beyraghdar Kashkooli et al. 2011). The most
carp exposed to arsenic. In the arsenic+propolis
common compounds found in propolis include phegroup, histopatological changes were evident in the
nolics, which play an important protective role
gills, including shortening and thickening of the secagainst oxidative stress caused by toxic agents such
ondary lamellae, compared to carp exposed to only
as xenobiotics and heavy metals. Flavones, coumararsenic. These changes in gill tissues were due to the
ins and many other phenolic compounds also have
therapeutic effects of propolis.
antioxidant activities as metal chelators and donors
Fish plays an important role in the human diet. Fish
of hydrogen (Marcucci et al. 2000). All of these comfillets may be affected by heavy metals, such as
pounds are responsible for the biological and pharmaarsenic, which can cause structural damage. We obcological activities of propolis.
served only nuclear proliferations in the muscle tisIn the future, this work may shed light on investigasues of both the arsenic group and the arsenic+
tions of biological activities of new extracts from natpropolis group. Several studies have investigated the
ural products such as propolis in aquatic organisms.
effects of heavy metals in fish muscle tissues (e.g.
Palaniappan & Vijayasundaram 2008, Garg et al.
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