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This study was designed to investigate the therapeutic effects of Vitis vinifera L. seed extract (5 ppm
and 10 ppm) on gill and liver tissues histopathology of carp (Cyprinus carpio L. 1758) exposed to
cadmium chloride (CdCl.=Cd) (20 ppb) acute and subchronic period. A total of 140 fish in 14 groups
were used in the experiment. The experiment was designed as in two different periods (acute and
chronic) and 7 different dose groups (control, vehicle, V. vinifera seed extract 5 ppm, V. vinifera seed
extract 10 ppm, Cd 20 ppb, V. vinifera seed extract 5ppm + Cd 20 ppb and V. vinifera seed extract 10
ppm + Cd 20 ppb). At the end of the experiment, the gill and liver tissues dissected from the fish were
fixed, dehydrated, cleared, and paraffin impregnated. Appropriately sized blocks were prepared from
the tissues, sections of 5-7 um thickness were taken and covered by staining with hematoxylin-eosin.
Stained preparations were examined under a light microscope and photographed. It was determined
that all dose groups in the acute period and control groups were not different histopathological. It was
determined that the histopathological damage caused by the cadmium group in the subchronic period
and tissue damage were reduced in the dose groups with cadmium added with V. vinifera seed extract.
As a result of the study, it was concluded that V. vinifera seed extract could have a therapeutic effect
on the gill and liver tissues of carp exposed to cadmium.
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Uziim (Vitis vinifera L.) Cekirdegi Ekstraktlarmn Kadmiyuma Maruz Kalmis
Sazan Bahiklar1 (Cyprinus carpio L. 1758) Uzerindeki Terapotik Etkilerinin
Histopatolojik Incelemesi
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Bu ¢alisma, Vitis vinifera L. ¢ekirdegi ekstraktinin (5 ppm ve 10 ppm) kadmiyuma (CdCl>=Cd) (20
ppb) akut ve subkronik siire maruz kalan sazanlarm (Cyprinus carpio L. 1758) solungag ve karaciger
dokular1 histopatolojisi {izerindeki terapotik etkilerini arastirmak igin tasarlanmistir. Deneyde 14
grupta toplam 140 balik kullanilmustir. Deney iki farkl: siire (akut ve subkronik) ve 7 farkli doz grubu
(kontrol, vehicle, V. vinifera ¢ekirdegi ekstrakti1 5 ppm, V. vinifera ¢ekirdegi ekstrakt1 10 ppm, Cd 20
ppb, V. vinifera ¢ekirdegi ekstrakti Sppm + Cd 20 ppb ve V. vinifera ¢ekirdegi ekstrakt: 10 ppm + Cd
20 ppb) olarak tasarlanmistir. Deney sonunda baliklardan alinan solungag ve karaciger dokularina
fiksasyon, dehidrasyon, saydamlastirma ve parafin emdirme islemleri yapilmistir. Dokulardan uygun
biiyiikliikte bloklar hazirlanarak 5-7 pm kalinliginda kesitler alinip, hematoksilen-eozin ile boyanarak
kapatilmistir. Boyanmis preparatlar 151k mikroskobunda incelenerek fotograflari ¢ekilmistir. Akut
siire tiim doz gruplar1 ile kontrol gruplarinin histopatolojik yonden farkli olmadig: tespit edilmistir.
Subkronik siirede kadmiyum grubunun olusturmus oldugu histopatolojik hasarin ve V. vinifera
cekirdegi ekstrakti ilave edilmis kadmiyumlu doz gruplarinda ise doku hasarmm kismen azaldigi
belirlenmistir. Calisma sonucunda V. vinifera gekirdegi ekstraktinin kadmiyuma maruz kalmis sazan
baliklarinin solungag ve karaciger dokularinda terapdtik etki olusturabildigi kanaatine varilmustir.
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Introduction

A wide variety of pollutants due to industrialization and
agricultural activities enter and pollute freshwater
ecosystems (Rajeshkumar and Li, 2018). Anthropogenic
activities and pollutants (heavy metals, pesticides, PAH,
etc.) adversely affect aquatic ecosystems, thus reducing the
quality of the ecosystem and deteriorating its balance (Javed
et al, 2016). This significant amount of untreated
wastewater from domestic, industry and agriculture, which
deteriorates water quality, is discharged into the aquatic
environment and has negative effects on freshwater
organisms. One of these factors that negatively affect the
aquatic environment is heavy metals. As a result of heavy
metal pollution, either species or population densities may
decrease day by day. At the same time, these pollutants,
which cause ecological damage, accumulate in aquatic
organisms and pass to humans through the food chain and
adversely affect human health (Bonanno and Giudice 2010;
Gotze etal., 2014; Yong-Bo et al., 2014; Fatima et al., 2015).

Cadmium (Cd) is one of the most toxic heavy metals
with toxic effects discharged to the aquatic environment
with wastewater. The main sources of Cd are industrial and
agrochemical wastes (e.g., nickel cadmium battery industry,
lead mining, sewage, Cd-containing fertilizers, plastics,
vehicle tires, etc.). Cd mixed with water from these sources
is then taken up by aquatic organisms (Abbas et al., 2019).

In recent years, aquaculture has become important with
the increase in competition for food. Therefore, a scientific
approach is necessary for Cd detoxification and maintaining
the health of economically farmed fish. Histopathological
studies are one of the necessary parameters today to
determine the possible damage that may occur in fish.
Natural products such as plants and their extracts have
received much attention due to their ability to increase
appetite, stimulate growth, enhance immune ability, and
have anti-pathogenic properties in fish (Abdel-Tawwab,
2016; Abdel-Tawwab et al., 2018). In addition, it is
important to develop natural herbal extracts that can be
added to feeds in feed rationing techniques, in the fight
against growth and various diseases in a short time. Thus,
the application of these extracts can be beneficial both for
the protection of fish health and for economic gain.

Plants contain many biologically active compounds
(Mohammed et al., 2020a; Pehlivan et al., 2021). These
bioactive compounds are responsible for many biological
activities in living organisms (Sevindik, 2018; Mohammed
etal., 2020b; Mohammed et al., 2020c). It has been reported
that phenolics in grape content inhibit human LDL
oxidation. The monomeric phenols in its content show

Table 1. Experimental design

antimutagenic and antiviral properties (Saito et al., 1998). It
has been reported that black grape seed extract, which has
17 different chemical compounds in its structure, also
exhibits antioxidant properties (Meyer et al., 1997). Briefly,
antioxidant, anti-carcinogenic, antimicrobial and anti-
mutagenic properties of grape Vitis vinifera L. seed are
reported in the literature.

Carp is one of the most cultivated fish in the world. It is
a preferred species in aquaculture because of its high
nutritional value and low cost. Carp is frequently consumed
by Turkish low-income citizens in the domestic market. In
addition, carp is an indicator of the pollution status of inland
waters.

Therefore, in our study, different doses (5 ppm and 10
ppm) of ethanol-extracted extract of black grape seed (V.
vinifera), which is stated to have antioxidant, anti-
carcinogen, antimicrobial and anti-mutagenic properties in
the literature, for different durations (4 days and 30 days)
was applied to cadmium (20 ppb) exposed fish. At the end
of the study, it was aimed to determine the changes in gill
and liver histopathology in fish.

Material and Method

Animals and Ethics Committee

The fish used in the experiment were obtained from the
Ministry of Agriculture and Forestry, 7th Regional
Directorate of State Hydraulic Works, Yedikir Fisheries
Station. Ethics committee approval of the study was
obtained from Selcuk University Faculty of Veterinary
Medicine (approval letter dated 25.03.2014 and numbered
2014/14). The fish brought to the laboratory were put into
250 L aquariums and adapted for 20 days. The fish were fed
with pellet food during this period. The fish used in the
experiment were less than one-year-old, with an average
weight of 70-80 g and an average length of 15-17 cm.

The Experimental Design

14 groups were designed in which control, vehicle and 5
doses of extract were administered orally using gavage once
a day for 30 days in two different periods (Table 1). 140 fish
were randomly distributed, with 10 fish in each group.
Samples for histopathological examination were taken on
days 4 and 30. The dose of cadmium used in the experiment
was arranged according to Drastichova et al. (2004) "Effect
of cadmium on hematological indices of common carp (C.
carpio)" article. The experimental design was renewed daily
to keep the dose constant.

Acute period (4 days) N_ Subchronic period (30 days) N

1. Group (Al): Control group 10 1. Group (S1): Control group 10

2. Group (A2): Vehicle (%0.09 ethanol) 10 2. Group (S2): Vehicle (%0.09 ethanol) 10

3. Group (A3): CdCl; (20 ppb) 10 3. Group (S3): CdCl> (20 ppb) 10

4. Group (A4): V. vinifera seed extract (5ppm) |10 4. Group (S4): V. vinifera seed extract (5ppm) 10
5. Group (A5): V. vinifera. seed extract (10 ppm) | 10 5. Group (S5): V. vinifera seed extract (10 ppm) 10

6. Group (A6): V. vinifera seed extract (5 ppm) +
CdCl; (20 ppb)

7. Group (A7): V. vinifera seed extract (10 ppm) +
CdCl, (20 ppb)

10 6. Group (S6): V. vinifera seed extract (5 ppm) + CdCl; (20 ppb) 10

10 7. Group (S7): V. vinifera seed extract (10 ppm) + CdCl, (20 ppb) 10
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Table 2. Quality Criteria of the Water Used in the Experiment

Parameter Duration (day)  Control Vehicle V. vinifera seed extract (5ppm)
o 4 11.8 +0.2 12.4 £0.1 12.4 +£0.3
Water temperature (°C) 30 12.1£0.1 124203 12.3£0.2
Dissolved O 4 7.8+0.1 7.1+£0.3 7.9+0.2
2 30 7.4£0.1 7.0£0.2 7.840.1
H 4 7.6+0.1 7.94+0.1 7.6+£0.2
P 30 7.6£0.2 7.8+0.1 7.9+0.2
. . 4 27.4+1.2 31.6£1.4 28.0+£0.8
Dissolved suspended solid (mg/L) 30 28.0+0.8 32.4+0.9 27.6+0.7
4 152.4+1.3 147.6£1.1 153.1£1.2
Hardness (CaCOs) 30 148 4+1.4 1523212 152.31.2
. 4 4.6+0.2 5.2+0.4 4.7+0.1
Ammonium NHa-N (mg/L) 30 4.7+0.1 53402 5.040.4
Parameter V. vinifera seed Cd (20 ppb) Cd + V. vinifera seed Cd + V. vinifera seed
extract (10 ppm) PP extract (5 ppm) extract (10 ppm)
Water temperature (°C) 13.1£0.4 12.3+0.2 13.2+0.3 12.140.1
P 12.4 +£0.3 13.1+£0.4 12.3+0.2 12.4 +£0.3
Dissolved O 7.0+£0.3 7.4+0.1 7.0+£0.2 7.8+0.1
2 7.9+0.2 7.0+0.3 7.4+0.1 9+0.2
H 7.8+0.1 7.6+0.1 7.9+0.2 7.6:0.1
P 7.620.1 7.9+0.1 7.6£0.2 7.6£0.2
. . 32.4+0.9 27.5+£0.6 31.8+0.7 27.6+£0.7
Dissolved suspended solid (mg/L)| 57745 28.0+0.8 31.8+0.4 274412
148.4+1.4 152.3+1.2 147.5+1.1 152.5+0.9
Hardness (CaCOs) 147511 152.5+0.9 147.6+1.1 153.141.2
. 5.1+0.3 4.7+0.1 5.3+£0.2 4.8+0.1
Ammonium NH,-N (mg/L) 47+0.1 4.6+0.2 47+0.1 5.140.3
Table 3. Index of gill lesions by groups
Control Vehicle V. vinifera seed cadmium Cadmium + V. vinifera
GILL (960.09 ethanol) extract application seed extract application
4days 30days 4days 30days 4days 30days 4days 30days 4days 30 days
Epithelial separation in the i + i i i i + .t i ++
secondary lamellar
Shortening of the secondary i i i i i + + et i —
lamellar
Clubbed in secondary lamellar | - - - - - - - ++ - +
Falttening in the secondary i i i i i i i et i .
lamellar
Cartilage damage - - - - - - - ++ - +
Table 4. Index of liver lesions by groups
Vehicle (%0.09 V. vinifera seed . Cadmium + V. vinifera
. Control i Cadmium .
Liver ethanol)  extract application seed extract application
4days 30days 4days 30days 4days 30days 4days30days 4 days 30 days
Hemorrhage - - - + - + - +++ - ++
Extracellular degeneration - - - - + + ++ + ++
Mononuclear cell Infiltration - - - - - + + +++ - ++

Plant Extract

The seeds of black grape (V. vinifera) used in the study
were collected from Gaziantep province in June-2013.
Healthy seeds were dried in an oven and crushed into small
pieces in a mechanical shredder. The crushed seeds were
weighed 100 grams and placed in the cartridges of the
Soxhlet Device (Gerhardt EV 14). It was extracted for 12
hours at 60-80°C with 500 mL of 96% pure ethyl alcohol
(Merck) for each cartridge in a Soxhlet device. After the
obtained extracts were filtered with Whatman no:4, they
were concentrated under high vacuum in a Rotary
Evaporator (Heidolph Hei VAP HB Digit) at 40°C. The

obtained extracts were stored at +4°C until the start of the
experiment (Goyal et al., 2009; Dasari et al., 2012).

Water Quality Criteria
Water criteria in aquariums are shown in table 2.

Histopathological Examination

Gill and liver tissue pieces taken after dissection were
placed in tissue tracking cassettes and labeled. The
cassettes were kept in 10% formaldehyde solution for at
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least 24 hours for fixation. The cassettes removed from the
fixative were washed in tap water for 24 hours. The tissue
samples in the cassettes placed on the Leica TP1020 model
tissue tracking device were dehydrated, cleared and
impregnated. After the appropriate paraffin blocks were
prepared using the Leica EG1160 model tissue blocking
device, 5-6 p thick sections were attached to the slide using
a Leica RM 2125RTS model rotary microtome. After the
slides were stained with the procedures in accordance with
the Harris Hematoxylin Eosin staining method, they were
closed with entellan and examined under a Leica DM3000
model light microscope (Korkmaz and Orun, 2020;
Erdogan et al., 2021).

Results and Discussion

Proper water quality is critical for maintaining healthy
aquatic organisms, including fish (Svobodova, 1993). In
recent years, heavy metal contamination of aquatic systems
due to increased natural and anthropogenic activities has
increased public health and ecological concern
(Ramachandra et al., 2018). The global concern may be
from the tendency of heavy metals to cause toxic damage
to living organisms, especially aquatic organisms, and
ultimately to humans (Bahnasawy et al., 2011). Fish are
frequently exposed to toxic chemicals such as heavy
metals, which pollute the aquatic environment and have
devastating effects on the ecological balance of the
environment and various aquatic organisms (Adebayo,
2017). Cadmium, a toxic heavy metal, is gaining increasing
importance as an environmental hazard to both humans and
wildlife (Satarug and Moore, 2012).

Fish are key organisms for assessing the ecological
status of rivers based on biomarkers (Scardi et al., 2008;
Hermoso and Clavero, 2013; Fonseca et al., 2016;). In
addition, their histopathology is the standard method for
assessing both short term and long term. It is known that
exposure to cadmium adversely affects fish morphology
and physiology of fish. For example, morphological
changes have been reported in the gill (Al-Mansoori,
2006), liver (Ikram and Malik, 2009; Deore and Wagh,
2012) and kidney (Amin et al., 2013) in fish. Fish gills are
among the primary target organs of environmental
pollutants, as they are in direct contact with water and are
characterized by large surface area and absorption rates of
chemicals (Pandey et al., 2008). Pathological changes in
the gill epithelium are often the result of exposure to
pollutants, particularly heavy metals (Fonseca et al., 2016),
the severity of which depends on pollutant concentration
and duration of exposure (Tchounwou et al., 2012). The
liver is the organ most associated with the detoxification
and biotransformation process because of its function,
position, and blood supply. It is also one of the organs most
affected by water pollution (Camargo and Martinez 2007).
Pollutants in water can cause histopathological lesions in
the liver.

Recently, herbal feed supplements have been used to
increase immunity and antioxidant capacity and reduce
heavy metal toxicity in fish (Kalavathi and Saradhamani,
2017; Abdel-Tawwab et al., 2018). It has also been
reported that herbal extracts have various beneficial
properties for fish (Chakraborty and Hancz, 2011; Bulfon
et al., 2015; VVan Hai, 2015; Reverter et al., 2017).
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Figure 1. Acute period gill histopathology

A1l: Control group gill (HE200X), A2: Vehicle group gill
(HE200X), A3: Cadmium exposed group gill (HE 200X), A4: Grape
seed (V. vinifera) extract (5 ppm) applied group gill (HE 200X), A5:

Grape seed (V. vinifera) extract (10 ppm) applied group gill (HE 200X),
A6: Grape seed (V. vinifera) extract (5 ppm) applied to Cd exposed
group gill (HE 200X)
Arrows show shortening in the seconder lamellae, A7: Grape seed (V.
vinifera) extract (10 ppm) applied to Cd exposed gill (HE 200X)

It is stated that black grape and its seeds significantly
prevent tumour formation and progression, prevent hepatic
cancer, prevent coagulation by inhibiting platelet
aggregation, and are beneficial to the cardiovascular
system with its pathophysiological effects. It is also known
for its antifungal, antiviral, anti-inflammatory, antioxidant,
antibacterial and anti-cancer effects.

In this study, the apparent histopathological effect of
cadmium in the acute dose and duration was not observed
in the gill tissue, but shortening, flattening (unification) and
epithelial separation in the secondary lamellae were
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observed in the subchronic dose and duration. Considering
the histopathological damage caused by the cadmium
group in the subchronic period, it was determined that V.
vinifera seed extract partially reduced tissue damage in the
plant extract-added cadmium dose groups (Figure 1 and
Figure 2). The intensity of some histopathological changes
in the gill tissue is shown in Table 3.

Figure 2. Subchronic period gill histopathology
Al: Control group gill (HE200X) Arrows show separation in the
epithelial of the seconder lamellae, A2: Vehicle group gill (HE200X),
A3: Cadmium exposed group gill (HE 200X) A- Flattening in the
seconder lamellae, B- Cartilage tissue damage, C- Shortening in
seconder lamellea, A4: Grape seed (V. vinifera) extract (5 ppm) applied
group gill (HE 200X) Arrows show shortening in the seconder lamellae,
Ab5: Grape seed (V. vinifera) extract (10 ppm) applied group gill (HE
200X), A6: Grape seed (V. vinifera) extract (5 ppm) applied to Cd
exposed group gill (HE 200X) A- Flattening in the seconder lamellae C-
Shortening in seconder lamellea, S7: Grape seed (V. vinifera) extract (10
ppm) applied to Cd exposed group gill (HE 200X)

As a result of the study, cadmium did not cause a
significant histopathological effect in acute duration and dose
groups in liver tissue. Bleeding (hyperemia), mononuclear cell
infiltration and degeneration in the extracellular area were
observed in the subchronic period and dose. Considering the
histopathological damage caused by the cadmium group in the
subchronic period, it was determined that V. vinifera L. seed
extract partially reduced tissue damage in the cadmium dose
groups with plant extract added (Figure 3 and Figure 4). The
intensity of the histopathological changes in the liver tissue is
shown in Table 4.

Many researchers have reported degenerative changes
in tissues of animals in response to contamination by
various toxic substances (Andhale et al., 2011; Mukke,
2012). Histological changes in fish are a remarkable and
promising area for understanding the extent to which
structural organization changes in organs due to
environmental pollution (Selvanathan et al., 2013).

The primary target of aquatic pollutants is the gills,
which are in direct contact with the environment.
Therefore, it is stated that contamination of fresh water
with metals causes histopathological changes in fish gills
depending on metal concentration and exposure duration
(Tchounwou et al., 2012; Hermenean et al., 2017). Heavy
metals may have effects on filament epithelial
proliferation, lamellar fusion and epithelial necrosis in the
gills (Fonseca et al., 2017). It has been reported that water
quality induces histopathological changes including
occlusion of blood vessels and aneurysms in the gills
(Santos et al., 2014).

Jayakumar and Subburaj (2017) reported that
secondary lamellar erosion, lamellar fusion, blood vessel
constriction, secondary lamellar damage, hyperplasia,
vacuolation have identified shortening of epithelial
secondary lamellae in gill histopathological examination of
Heteropneustes  fossilis exposed to subletal Cd
concentrations. Similarly, Thophon et al. (2003) reported
gill lesion in sea bass Lates calcarifer exposed to Cd. Bais
and Lokhande (2012) observed lamellar epithelial
hypertrophy, dysfunction of gill lamellae, and blood
congestion in Ophiocephalus striatus exposed to cadmium
chloride. On histopathological examination of Cirrhunus
mrigala exposed to cadmium, they reported swelling at the
tip of the gill lamellae, misalignment of the cells, shrinkage
of the epithelial cell of the primary gill lamellae and
damage to the blood capillaries, fragmented cells, necrosis
of the secondary gill lamellae, and cell atrophy (Prabhaha
et al., 2012). Studies on pollution have also reported that
water pollution causes histological changes such as
hyperplasia, fragmentation of epithelial cells, and edema of
epithelial cells (Abalaka, 2015; Mustafa et al., 2020).
Rahman et al. (2019) reported that exposure to heavy
metals caused hyperplasia and fusion of gill lamellae in the
gills of Oreochromis niloticus.

Similar findings were reported in the gill examination
of Auchenoglanis occidentalis fish collected from Tiga
Dam, Nigeria by Abalaka (2015). In addition, Mustafa et
al. (2019) reported similar observations in gill tissues of C.
carpio and Carasobarbus luteus collected from the Tigris
River. According to Pantung et al. (2008) reported
histological changes such as hyperplasia of chloride cells,
fragmentation of epithelial cells, edema of epithelial cells
in hybrid catfish (Clarias macrocephalus x Clarias
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gariepinus) exposed to Cd in water. In this study, a number
of changes were noticed in the gills of fish exposed to Cd.
These occurred as hypertrophy, hyperplasia of gill
epithelium, mucous cell hypertrophy and proliferation,
mucus hypersecretion, proliferation of eosinophilic
granule cells, and interlamellar cell hyperplasia,
respectively. The first histological changes may be due to
the first defence mechanism (Naigaga, 2002).

®

Figure 3. Acute period liver histopathology
Al: Control group liver(HE200X), A2: Vehicle group liver
(HE200X), A3: Cadmium exposed group liver (HE 200X) Arrows show
extracellular degenerations, A4: Grape seed (V. vinifera) extract (5
ppm) applied group liver (HE 200X) Arrows show extracellular
degenerations, A5: Grape seed (V. vinifera) extract (10 ppm) applied
group liver (HE 200X), A6: Grape seed (V. vinifera) extract (5 ppm)
applied to Cd exposed group liver (HE 200X) Arrows show extracellular
degenerations, A7: Grape seed (V. vinifera) extract (10 ppm) applied to
Cd exposed group liver (HE 200X)
Arrows show extracellular degenerations

The toxicity effect of heavy metals on fish liver has
been studied by many researchers. Histopathological
changes such as hepatocytes degeneration, vacuolization,
congestion of hepatic tissues, subcapsular vacuolization,
necrosis, indistinct cell borders and pycnotic nuclei were
detected in liver of Cd-exposed C. batrachus (Selvanathan,
2013).

Figure 4. Subchronic period liver histopathology
S1: Control Group liver (HE200X), S2: Vehicle Group liver
(HE200X) A- Hemorrhage, B- Mononuclear cell infiltration, S3:
Cadmium exposed group liver (HE 200X) A- Hemorrhage, B-
Mononuclear cell infiltration, S4: Grape seed (V. vinifera) extract (5
ppm) applied group (30 days) liver (HE 200X) Arrows show
extracellular degenerations, S5: Grape seed (V. vinifera) extract (10
ppm) applied group liver (HE 200X) A- Hemorrhage B- Mononuclear
cell infiltration C- Extracellular degeneration, S6: Grape seed (V.
vinifera) extract (5 ppm) applied to Cd exposed group liver (HE
200X) Arrows show extracellular degenerations, S7: Grape seed (V.
vinifera) extract (10 ppm) applied to Cd exposed group liver (HE
200X) A- Hemorrhage B- Mononuclear cell infiltration
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Degenerative changes such as hepatocellular
dissociation, necrosis and hypertrophy were observed in
the freshwater fish O. striatus exposed to cadmium
chloride (Bais and Lokhande, 2012). Rahman et al. (2019)
reported hepatopancreatic cell necrosis and degeneration in
fish exposed to heavy metals. In the histological
examination of liver sections of H. fossilis exposed to Cd
concentrations, it has been reported that hepatocyte
rupture, vacuolization, hemorrhage, cellular necrosis,
increased pycnotic nuclei, and melanomacrophages were
reported (Jayakumar and Subburaj, 2017).

It has been reported that herbal extracts have various
beneficial properties for fish (Chakraborty and Hancz,
2011; Bulfon et al., 2015; Van Hai, 2015; Reverter et al.,
2017).

Rahman et al. (2019) reported that Indian lotus
ameliorated gill and liver histopathological alterations in
heavy metal exposed tilapia. Zahran et al. (2019) reported
that fish fed a diet fortified with Chlorella vulgaris reduced
to some extent the histopathological changes induced by
chronic sodium arsenite. Similar results were seen in O.
niloticus fed with Thunbergia laurifolia leaf extract and
exposed to lead (1) nitrate (Palipoch et al., 2011).

The histopathological data of the gill and liver in the
subchronic period of Cd exposure obtained in this study
and the therapeutic results obtained as a result of V. vinifera
seed extract application are similar to the findings in the
literature. These results indicated that dietary
supplementation of V. vinifera seed extract could have
protective effects against the Cd toxic effects of C. carpio
and therefore serve as a useful feed additive for application
in the aquaculture industry.

Conclusion

As a result of the study, it was concluded that V.
vinifera seed extract has a therapeutic effect on the gill and
liver histopathology of carp exposed to cadmium. It can be
used in food ration in fish farms to feed fish. Thus, we can
have the opportunity to produce quality fish in a short time
by preventing histopathological anomalies that may occur
in fish due to water quality or environmental conditions.
Investigation of the molecular mechanism of action of the
protective and curative effect of black grape seed V.
vinifera extract will make a great contribution to this field.
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