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Abstract

The present study was designed to investigate the cytotoxic effects and bioaccumulation
of heavy metals iron (Fe), zinc (Zn), copper (Cu), cadmium (Cd), lead (Pb), manganese
(Mn), nickel (Ni), and chromium (Cr) in different parts (muscle, gills, and liver) of Tilapia
zillii occurring in polluted drainage canal and fish farm, which is located in Abiece region
in front of village number 10, Alexandria governorate, Egypt. Results of water analysis
revealed the concentration of Cd, Pb, Mn, Ni, and Cr exceeded the limits defined by the
American Public Health Association (APHA) in the polluted drainage canal. In addition,
the concentration of Ni elevated to the standard limits of APHA and Cu was not detected in
the fish farm. Different types of chromosomal aberrations were recorded (e.g., stickiness,
fragmented chromosomes, centromeric gaps, chromatid break, chromatid deletion, and
tetraploid). Micronucleus frequency was found to be 5.58 in the polluted drainage canal
group and 0.32 in the fish farm group. Other nuclear abnormalities such as blebbed
nucleus, segmented nucleus, enucleated erythrocyte, kidney-shaped nucleus, heart-shaped
nucleus, polymorphic irregular nuclei, binucleated cell, nuclear fragmented erythrocyte,
long nucleus, putative fragmented notched nucleus, lobed nuclei, fused erythrocytes,
necrotic erythrocyte, and vacuolated nucleus were recorded. The total of erythrocytes
nuclear morphological abnormalities was 70.33% in the polluted drainage canal and 1.78%
in the fish farm.

Keywords Tilapia zillii - Heavy metals - Bioaccumulation factor - Chromosomal
aberration - Micronucleus test

Introduction

Heavy metals and toxins released into aquatic ecosystems from agricultural and indus-
trial discharges might affect human health and cause chronic diseases (Zyadah and
Abdel-Baky 2000). Fish can absorb heavy metals from water through the skin, gills,
and digestive tract (Rajeshkumar and Li 2018). Fish is an important source of protein,
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vitamins, elements, and polyunsaturated fatty acids for many humans. Consequentially,
toxin metals in aquatic environment are transferred throughout the food chain into
humans (Taweel et al. 2011).

Tilapia is one of the most important cultured freshwater fish in the world (Arumugam
et al. 2023) and is a key species in aquatic ecosystems as a community food source and an
economically important fish species for the 21* country (Fitzsimmons 2000). Tilapia sp.
represent about 43% of world total aquaculture production and about 66% of the total aqua-
culture production in Egypt (El-Sayed and Fitzsimmons 2023). Tilapia zillii can survive at
low dissolved oxygen, high ammonia levels, and salinity (El-Sayed 2006; Asad et al. 2010).

The bioaccumulation of toxic metals in the aquatic ecosystem may induce carcinogenesis
and genetic alterations in aquatic organisms (Osman et al. 2011) depending on the type of
metals and its concentration (Emon et al. 2023). It is crucial to biomonitor genotoxicity in
aquatic organisms for several reasons. First, from an ecological standpoint, it is crucial to
preserve genetic variety in natural populations for population survival and to avoid contam-
inant-induced mutations that skew genetic diversity (Jha et al. 2000). Second, it is crucial to
identify carcinogenic effects in aquatic creatures to evaluate their health and stop carcinogens
from passing through the food chain and affecting people (De Flora et al. 1991).

The bioaccumulation of heavy metals differs for each metal and between several organs
of the same organism. Concentrations of heavy metal were higher in the gills than in the
muscle tissue of Clarias gariepinus (Masoud et al. 2007; Zaghloul et al. 2020). The liver
cells of Clarias gariepinus obtained from the river Nile branch and the most contaminated
drainage canals at El-Fayoum governorate showed signs of mutagenic damage and geno-
toxicity (Zaghloul et al. 2020).

Several studies have demonstrated increases in cytogenetic abnormalities in aquatic
organisms. Toxic metals can cause changes in chromosome number (gain or loss of chro-
mosome) and changes in chromosome structure (deletion, break, duplication, and rear-
rangement). Soulivongsa et al. (2020) reported that there were seven types of chromosome
aberrations in Osteochilus vittatus, and the highest total number was a centromere gap of
chromosome aberrations. Anwar and Abu Shnaf (2023) reported that there were different
types of chromosomal aberrations (e.g., ring, deletion, centromeric attenuation, end—to—
end association, stickiness chromosomes, dicentric chromosome, endomitosis, chromatid
gap, and fragments) in O. niloticus, and ring chromosomes was the most common type.

Micronucleus (MNs) test is a common method used to investigate the impact of heavy
metal concentrations on genotoxicity in erythrocytes (Al-Sabti and Metcalfe 1995; Ali et al.
2008; Abu Shnaf et al. 2021; Shah et al. 2021). The micronuclei have a similar shape to
the main nucleus and separated from the main nucleus, but its diameter varies from 1/3 to
1/16 of the size of the main nucleus (Fenech 2000). Micronuclei occur during cell division
(anaphase) when a complete chromosome or its part fails to integrate into the nucleus of any
daughter cell as a result of genetic damage (Luzhna et al. 2013). The number of micronu-
clei has been used as a measure of chromosomal breakage and mitotic spindle machinery
failure (Ayllon and Garcia—Vazquez 2000). Other nuclear abnormalities as binucleated,
blebbed, lobed, and notched nuclei have been observed to be potential indicators of cytotox-
icity (Canedo et al. 2021; Sanchez-Galan et al. 2001; Ali et al. 2020). The rate of erythrocyte
nuclear morphological abnormalities in fish, including the frequency of micronuclei, is being
used as a genotoxicity biomarker (Carrola et al. 2014; Canedo et al. 2021).

The objectives of this study were undertaken to determine the concentrations of heavy
metals (Fe, Zn, Cu, Cd, Pb, Mn, Ni, and Cr) in the water and the bioaccumulation of heavy
metals in different parts of Tilapia zillii and evaluate the cytotoxic effects on Tilapia zillii,
which were collected from two sites in Alexandria governorate, Egypt.
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Materials and methods
Study location and sampling

Sampling was carried out in Alexandria governorate, Egypt. The water and fish samples
were collected from two different locations that had different levels of contamination.

o Site (1)—polluted drainage canal (Abiece region in front of village number 10): it
is considered the polluted site because of agricultural practices, industrial activities,
transportation, and urban activities.

o Site (2)—fish farm (Abiece region): it is considered the control site because it is the
main source for commercial breeding of fish.

Water sampling

Water samples were collected in triplicates at a depth of 25 cm below the water surface.
Polyethylene bottles (1000 ml) were used for collections. Samples were transported imme-
diately to the laboratory after collection and kept at 4 °C until analysis to estimate the
heavy metal concentrations through flame atomic absorption spectrophotometry (APHA
2005). Water temperature and dissolved oxygen (DO) were measured in the morning using
a YSI® Pro20 Dissolved Oxygen Meter (Pentair Aquatic Eco—Systems, Inc. Apopka, FL).
Other water quality parameters such as pH, nitrate, nitrite, total hardness, total chlorine,
total alkalinity, and total ammonia were measured using EasyStrips (Tetra®EasyStrips,
United Pet Group, Inc. USA).

Fish specimen collection

A total of 30 Tilapia zillii fish (15 fish per site) with body length 10-12 cm and body
weight 80-100 g were collected. The samples were transferred alive with water to fish
genetic lab, Faculty of Agriculture (Saba—Basha), Alexandria University, Egypt, where
they were placed in glass boxes with an oxygen supply. Fish samples were identified
according to Bishai and Khalil (1997).

Heavy metal analysis in water and fish samples

The heavy metal concentrations in the water samples were determined using the
PerkinElmer AAnalyst—400 flame atomic absorption spectrophotometer with hollow
cathode lamp (iron (Fe), zinc (Zn), copper (Cu), cadmium (Cd), lead (Pb), manganese
(Mn), nickel (Ni), and chromium (Cr)). A total of 1 g from each tissue (muscle, gills, and
liver) for each sample was dried in an oven at 160 °C for 6 h and homogenized separately
in a mortar and mixed with 4 ml of H,SO, and 4 ml of H,0, in a flask. The solution was
transferred to a 100 ml volumetric flask and diluted with distilled water to 100 ml volume.
After filtration the heavy metal concentrations in the solution were determined with the
same method which applied in the water samples (Seehy et al. 2009). Data was reported as
mg/kg for fish tissues and as mg/L for water samples.
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Bioaccumulation factor

The bioaccumulation factor (BAF) was calculated according to the following equation
(Zhang et al. 2015):
M tissue (mg/kg)

BAF =
M water (mg/1)

where M tissue is the metal concentration in fish organ and M water is the metal concentra-
tion in water.

Analysis of chromosomal abnormalities

Fish were euthanized by exposing to overdose of tricaine methane sulfonate (MS—222)
(200-250 mg/L) and gills were removed. Chromosomal preparations were carried out
according to Seehy et al. (2009) with some modifications. The gills were cut into small
pieces and mixed with 0.075 M potassium chloride (KCI), gently homogenized, and left for
15-20 min at room temperature. One layer of nylon mesh was used to filter the homogen-
ate. The filtrate was centrifuged for 12 min at 1200-1500 rpm. The supernatant was then
discarded. The pellet was then suspended in methanol and glacial acetic acid (3:1), left
for 1 h, and centrifuged. The fixative was changed after 30 min by centrifugation. Cell
suspension was kept overnight at —18 °C. Cells in fixative were dropped onto clean glass
slides and air dried. Spread cells were stained for 5 min with 10% Giemsa (pH = 6.8).
At least 300 scorable metaphase for each area was examined for stickiness, fragments,
gaps, chromatid break, chromatid deletion, tetraploid ... etc. and recorded for chromosome
abnormalities.

Micronucleus (MNs) test

MN:ss tests were carried out according to the protocol of Souza and Fontanetti (2006) with
some modifications. Smear slides with 50 pl of gill blood were air dried and then fixed in
absolute methanol for 10 min followed by 10% Giemsa staining (pH = 6.8). Two slides
were made for each fish and three fish for each location. 1000 cells were examined per slide
under a X1000 optical microscope. Normal nucleus (N) and nuclear abnormality (NA) fre-
quencies were calculated as follows:

(Number of cells with normal nucleus)
%N = x 100
(Total number of cells)

(Number of cells containing nuclear abnormalities)
%NA = x 100
(Total number of cells)

Nuclear abnormality (NA) shapes were scored into one of the following categories:
micronucleus (MN), blebbed nucleus (BN), segmented nucleus (SN), enucleated eryth-
rocyte (EE), kidney—shaped nucleus (KSN), heart—shaped nucleus (HSN), polymorphic
irregular nuclei (PN), binucleated cell (BC), nuclear fragmented erythrocyte (NFR), long
nucleus (LN), notched nucleus (NN), and lobed nuclei (LBN), fused erythrocytes (FE),
necrotic erythrocyte (NE), and vacuolated nucleus (VN). The total of the frequencies of all
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types of erythrocyte nuclear morphological abnormalities (MN+BN+SN+EE+KSN+HS
N+PN+BC+NFR+LN+NN+LBN+FE+NE+VN) was also calculated per location.

Statistical analysis

All statistical analyses were carried out using IBM SPSS software version 27. Data were
presented as mean + SD for all experiments and subjected to one way ANOVA; significant
difference were assessed using Duncan’s (Duncan 1955) multiple comparison test at P <
0.05 and highly significant at P < 0.0001. The relationship between the concentrations of
heavy metals in water (mg/L) and in Tilapia zillii tissues (ppm) and relationship between
the frequencies (%) of normal nucleus (N), nuclear abnormalities (NA), and the concentra-
tions of heavy metals in water (mg/L) were investigated through correlation analyses (Pear-
son’s test, two—tailed).

Results
Water quality parameters

The values of water quality parameters from the polluted drainage canal and the fish farm
are shown in Table 1. The pH of all water samples ranged between 7.5 and 8.2 which is
within the WHO standard (6.5-8.5) (WHO 1997).

Concentrations of heavy metals in water samples

Concentrations of heavy metals (Fe, Zn, Cu, Cd, Pb, Mn, Ni, and Cr) in water samples
are shown in Table 2. The average concentrations of Fe, Zn, Cd, Pb, Mn, and Cr did not
exceed the permissible limits of American Public Health Association (APHA 2005) in the
fish farm. However, Cu was not detected in the fish farm. The average concentrations of Fe,
Zn, and Cu did not exceed the American Public Health Association (APHA 2005) in the
polluted drainage canal. However, the Cd, Pb, Mn, Ni, and Cr concentrations exceeded the

Table 1 Water quality parameters

of water samples collected from Parameters Location

the polluted drainage canal Polluted drainage canal Fish farm

and fish farm, which is located B

in Abiece region in front of Temperature (C) 28.67+1.15 26.00+0.00

village number 10, Alexandria DO (mg/L)" 5.80+0.92 7.60+0.17

governorate, Egypt pH 7.47+0.58 8.20£0.35
Nitrate (ppm) 46.67+11.55 40.00+0.00
Nitrite (ppm) 0.43+0.12 0.40+0.17
Total hardness (ppm) 75.00+0.00 75.00+0.00
Total chlorine (ppm) 0.13+0.12 0.07+0.12
Total alkalinity (ppm) 180.00+00.00 160.00+34.64
Ammonia (mg/L)" 0.07+0.01 0.05+0.01

Data are mean=+SD withn =3
"p < 0.05
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standard. The water samples from both locations were polluted with Ni which exceeded
the standard (Table 2). Concentrations of heavy metals in water samples from the polluted
drainage canal were significantly higher for all examined metals than the fish farm.

Concentrations of heavy metals in fish samples

The average concentration of Fe, Zn, Cu, Cd, Pb, Mn, Ni, and Cr in Tilapia zillii muscle,
gills, and liver samples from the polluted drainage canal and the fish farm is shown in
Table 3. Ni and Cr accumulated in the muscles from both areas were significantly different
(P < 0.05).

Bioaccumulation factor

The bioaccumulation factor of Fe, Zn, Cu, Cd, Pb, Mn, Ni, and Cr in Tilapia zillii muscle,
gills, and liver samples from the polluted drainage canal and the fish farm is shown in
Table 4. Result showed that the concentrations of the most metals in the organs were in the
order of liver > gills > muscle.

Correlation between the concentrations of heavy metals in water (mg/L)
and in Tilapia zillii tissues (ppm)

The Pearson coefficient (7) has indicated that the concentrations of different heavy metals
in various organs of Tilapia zillii collected from the polluted drainage canal were greatly
dependent on the concentrations of these metals in the raw water (Table 5). The relation-
ship between concentrations of heavy metals in fish organs and external water environment
was variable between negative and positive correlations. In polluted drainage canal, levels
of Fe, Mn, and Cr in water exhibited positive correlation with those in all organs of Tilapia
zillii. In addition, Pb in water showed a strong positive correlation with Pb in muscles and
gills, despite the strong negative correlation in livers. Pb in water showed a strong positive
correlation with that in gill tissue in the fish farm and Zn in water showed a strong positive
correlation with Zn in liver tissue in the fish farm (Table 5).

Chromosomal aberrations

The diploid chromosome number of 7. zillii was 2n = 44 (Fig. la). Different types of
aberrations were observed in gill cells of 7. zillii. Both structural and numerical types of
chromosomal aberrations are shown in Fig. 1 and Table 6. Structural chromosomal aber-
rations included stickiness (Fig. 1b), fragmented chromosomes (Fig. 1c), centromeric gaps
(Fig. le), chromatid break (Fig. 1f), and chromatid deletion (Fig. 1g), while numerical
chromosomal aberrations included polyploidy (Fig. 1h).

The current study showed that there is a very significant increase in the number of chro-
mosomal aberrations between the polluted drainage canal and the fish farm (Table 6).

@ Springer



Aquaculture International

WNIWOIYO = IJ) PUE ‘[oYO1U = IN ‘9suesuewl = UJA ‘ped] = q4 ‘wntwped = p)) 1oddod = n) ‘ourz = uzZ ‘uor = 9,

anssn ysy ur Jruy d[qrssiuiad WwnwIxew nogqe UoNeuLIoful ou = I ‘Pajodjap Jou = pu

1000°0 > =4 "dnoi3 yoea 10y senssn juaraIp Suoure (3s9) a5uer aydnnw s,uesun(y) ydirosradns oures o) Aq pamo[[oO} I8 GO'()= J J& ISIP JOU Op Jey) SUBIUI ‘MOI B UTHIA\

01 pSO'0FSLO pS0'0FS90 p€0'0F IS0 OC0FLI'E LTOFIET ,S0°0F98°0 D
u 2S0'0F0S'T pI80°0FLYO 2100F62°0 q80°0F8L0 ,S0'0F09°0 p€0'0F 810 IN
100 qS0'0FSH0 0I'0F0L0 pc0'0F81°0 >£00F1€°0 ?0'0F 10 pC0'0F61°0 UN
0¢ pC00FIE0 pl00F6£0 pEI0FS9T @9 TFLT0S 2CSTFOLIY 01 TFEO6'LL qd
g0 pl00F¥T0 pI70FCE0 pl0°0FS00 FOTFLYTT q0S0F00'6 ,0§°0F009 PO
0¢ pu opu p0S'0F006 0STF0STT PO TFE8CT 08 0F0STI no
ov 299°61 FECTHT pS9TF00'89 00TF00°LE 200°0CF00°00¢ Q9T 0T +19891 2qI9°E€F00 VST uz
001 pSTOFLY'8 LI0FLTT 29007990 9T EFISTS q00°'SF00°0% »86'TF10°8C od
AT SIID aposnIy AT STITD aTosny
AEQQV sy (wdd) syred yuazayip ut uonnquusiq (wdd) syred yuazagyip ur uonnqLysiq
Q[qIssiuLIad LRy ysLy [euRd SFeUIRIp PANJ[OJ o[BI

ur pajedoy st

syur] oqrssturtad o) Yiim paredwod pue )dASH ‘9reIoUIdA0S BLIpURXI[Y ‘(] Joquunu 95e[[IA JO JUOIJ UT UOITAI 9091qY
yoryM ‘wirey ysy pue [eued oSeurelp pajnjiod oY) wolj pejod[od arom sojdwes “(wdd) (g=u) senssn 17712 vidpjif Ul S[e)OW AABSY JO SUONEBIUAOUOD) € d|qe]

pringer

Qs



Aquaculture International

Table 4 Bioaccumulation of Metal? Polluted drainage canal Fish farm

heavy metals in Tilapia zillii

tissues (samples were collected Distribution in different parts (ppm) Distribution in different parts (ppm)

from the polluted drainage canal

and fish farm, which is located Muscle  Gills Liver Muscle  Gills Liver

in Abiece region in front of

village number 10, Alexandria Fe 28.59 40.82 83.22 0.99 1.92 12.83

governorate, Egypt) Zn 248.39 272.04 32258 482.61 886.96 1856
Cu 96.15 12177  173.08 nd nd nd
Cd 200 300 389 5 32 24
Pb 487.06 289.38  314.19 41.25 9.75 7.75
Mn 0.86 1.86 1.41 1.80 7.00 4.50
Ni 3.43 4.29 5.57 7.83 7.83 25.00
Cr 2.61 3.97 9.61 6.38 8.13 9.38

*Fe = iron, Zn = zinc, Cu = copper, Cd = cadmium, Pb = lead, Mn =
manganese, Ni = nickel, and Cr = chromium

nd = not detected

Table 5 Relationship between the concentrations of heavy metals in water (mg/L) and in Tilapia zillii tis-
sues (ppm). Samples were collected from the polluted drainage canal and fish farm, which is located in
Abiece region in front of village number 10, Alexandria governorate, Egypt. Pearson correlation coefficient
(r), two—tailed

Location Tissues  Concentrations of heavy metals in water® (mg/L)
Fe Zn Cu Cd Pb Mn Ni Cr

Polluted Muscle 1.00" 042 087 0.00 0.88 095 —-0.98 0.55
dralfiage Gills 1.00" —0.04 —0.28 0.00 0.90 024  —0.87 0.98
cana Liver 098 076 087 —028 —008 036 019 0.97
Fish farm Muscle 024 -087 nd -050 -076 076 —091 0.63
Gills -033 -033 nd -0.51 087 —087 0.09 —-0.87
Liver -096 098 nd 050 —0.72 012 -028 —0.87

#Fe = iron, Zn = zinc, Cu = copper, Cd = cadmium, Pb = lead, Mn = manganese, Ni = nickel, and Cr = chromium
nd = not detected
“P=0r<0.01

Micronucleus (MNs) test

The examination of peripheral blood smears from the fish under study showed that nor-
mal erythrocytes had an oval shape and an ellipsoid centric nucleus with a clearly defined
border (Fig. 2a). There were found to be the following nuclear abnormalities: some small,
non—refractive circular or ovoid particles in the cytoplasm that resemble a nucleus with
respect to staining properties were considered as micronuclei (Fig. 2b), blebbed nucleus
appeared as a small evagination of the nuclear envelope that resembles a micronucleus
(Fig. 2c), segmented nucleus as an asymmetrical hourglass—shaped nuclei (Fig. 2d), enu-
cleated erythrocyte as a red blood cells without a nucleus (Fig. 2e), kidney—shaped nucleus
appeared as nuclei with a kidney—shaped profile (Fig. 2f), heart—shaped nucleus appeared
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Fig. 1 Photomicrographs of normal metaphase complements of Tilapia zillii in gills (a), stickiness (b),
fragmented chromosomes (c), fragmented nucleus (d), centromeric gaps (e), chromatid break (f), chromatid
deletion (g), and tetraploid (h)

as nuclei with a heart—shaped profile (Fig. 2g), polymorphic irregular nuclei outlines and
no consistent pattern (Fig. 2h), binucleated cell contains two nuclei that are relatively sim-
ilar in size and not attached (Fig. 2i, j), nuclear fragmented erythrocyte (Fig. 2k), long
nucleus (Fig. 21), nuclei showing a deep invagination toward the center were considered a
notched nucleus (Fig. 2m), some lobed nuclei were observed (Fig. 2n), different shapes of
fusion (Fig. 20, p), necrotic erythrocyte (Fig. 2q), and vacuolated nucleus with a vacuole
that surround the nucleus (Fig. 2r).

Frequencies (%) of normal nucleus (N), nuclear abnormalities (NA), and total NA in
erythrocytes of Tilapia zillii are summarized in Table 7. Overall, the most frequent abnor-
mality in the polluted drainage canal group was the polymorphic irregular nuclei, sequen-
tially followed by LN, BC, SN, MN, KSN, HSN, LBN, FE, BN, EE, VN, NN, and finally
NE. The polymorphic irregular nucleus was 13.17% of the total of erythrocyte nuclear
morphological abnormalities (70.33%). The most frequent abnormality in the fish farm
group was the PN, sequentially followed by SN, MN, LN, and finally LBN. The polymor-
phic irregular nucleus was 0.70% of the total of erythrocyte nuclear morphological abnor-
malities (1.78%). MN frequency was found to be 5.58 in drainage canal group and 0.32 in
fish farm group (Table 7).

Correlation between the frequencies (%) of normal nucleus (N), nuclear
abnormalities (NA), and the concentrations of heavy metals in water

Results from correlation analysis performed between the frequencies (%) of N and NA are
shown in Table 8. In the polluted drainage canal, the mean frequencies of MN were posi-
tively correlated with the concentration of Cu (r = 0.95), Pb (r = 0.96), and Ni (r = 0.95).
The frequencies of BN were also correlated with the concentration of Fe (r = 0.72), Cu (r
= 0.69), Cd (r = 0.97), Pb (r = 0.65), Mn (» = 0.97), and Ni (r = 0.69). There was also a
positive relation between the frequencies of PN and the concentration of Pb ( = 0.90). On
the other hand, no positive correlations were found between the frequencies of PN and the
concentration of Fe, Zn, Cu, Cd, Mn, Ni, and Cr.

@ Springer



Aquaculture International

(100°0> &) dnoi3 [onuod 3y} 0) paredwod USYM JUBOYIUTIS Sem OUIIHIC

.0 0 L0 L€ S LIz 6T L.ST LSLT 00§ [0,
0 0 0 I 4 L 01 01 06 001 €
0 0 0 1 4 8 Il 8 6 001 C
0 0 0 1 1 9 8 L €6 001 [ (dnoi3 jonuoo) wrrej ysty
i AL L .6 9T L9ET 902 2Ll 8T 00§ feI01,
S L € € 01 33 €9 Y Sy 001 €
€ S 4 € 6 9 89 09 or 001 C
€ S C € L 99 SL LS ey 001 I [euED 9FeUTRIp PaIN{0d
AprofdAjog suomepp@ earg sden suowSer]  ssounNS suonel ST S0
-19q® [EWOSOWOIYD JUBLIOQER  S[[90 [BULIOU pourwexd
SUOTIBLIDQE [BLIOSOWOIYD JO sadA} Jo Joquunu oy ], JoIoqunu [elo],  JoIqunN  JOIqWNN  JOJqWNN  [ENpIAIpU] uoneO0|

(1dASH ‘yuoWUIoA0T BLIPUBXQ[Y ‘UOISAI 9031qQY) WLIR] YSY Y3 pue (]

Joquinu oSe[[IA JO Juolj ur [eued oSeurelp paynjjod oY) woy Pajod[[0d d1om sojdwies ‘117712 vidpy1] JO S[[9J [[IS Oy} UI SUONELISGE [BWOSOWOIYD Jo sadA) Jo Joquinu oy], 93|qel

pringer

As



Aquaculture International

Fig.2 Photomicrographs showing cells with normal nucleus (a) and nuclear abnormalities (arrows) in
peripheral blood erythrocytes of Tilapia zillii: micronuclei (b), blebbed nucleus (c¢), segmented nucleus
(d), enucleated erythrocyte (e), kidney-shaped nucleus (f), heart-shaped nucleus (g), polymorphic irregular
nuclei (h), binucleated cell (i and j), nuclear fragmented erythrocyte (k), long nucleus (1), putative frag-
mented notched nucleus (m), lobed nuclei (n), different shapes of fusion (o and p), necrotic erythrocyte (q),
and vacuolated nucleus (r)

In the fish farm, the mean frequencies of MN were positively correlated with the concen-
tration of Cd (r = 1.00) and Pb (r = 0.87). There was also a positive relation between the
frequencies of PN and the concentration of Pb (r = 0.50), Mn (r = 0.87), and Ni (r = 0.91)
(Table 8).

Discussion

Water pollution is the greatest public health problem and environmental facing aquaculture
in Egypt (Anwar 2003). In this study, all water quality parameters were within standards
and suggested that the water conditions from the polluted drainage canal and the fish farm
were suitable for fish to live (Boyd 1982). Fe, Zn, Cu, Cd, Pb, Mn, Ni, and Cr in the pol-
luted drainage canal and the fish farm were significantly different (P < 0.05). However, the
Cd, Pb, Mn, Ni, and Cr concentrations in the polluted drainage canal and Ni concentration
in the fish farm exceeded the limits of water standard. Fe, Zn, Co, Cu, and Mn are classi-
fied as essential metal elements that have poisonous potentials when they are higher than
the safe levels (Canli and Atli 2003). Cd, Pb, Ni, and Cr are classified as non—essential
metal ions that may cause toxicities as they are at trace levels. Several studies have reported
that toxic metals at high levels could cause genotoxicity, mutation, and cancer for aquatic
animals and humans (Tchounwou et al. 2012).

Heavy metals and toxins can enter the aquatic system from different natural and anthro-
pogenic sources. So, in the polluted drainage canal, there are industrial activities that can
introduce toxic metals to water. In addition, discharge of different treated and untreated
liquid wastes to the water may introduce large quantities of toxic metals to the water. Gaber
et al. (2013) found that the El-Rahawy drain at El-Rahawy village, Egypt, has greater
amounts of heavy metals in the water than the river Nile, and this is because sewage and
other pollutants are discharged there. Fish blood and tissues were very toxic when exposed
to heavy metals (Rajeshkumar and Munuswamy 2011). Gaber et al. (2013) reported that
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Table 7 Frequencies (%) of

normal nucleus (N), nuclear Frequencies (%) * Location
abnormalities (NA), and total Polluted drainage canal Fish farm
NA in erythrocytes of Tilapia
zillii collected from the polluted N* 29.67+3.27 98.33+0.38
e o ol iy
(Abiece region, Alexandria BN 3.17+£0.98 nd
government, Egypt) SN 7.17+1.60 0.38+0.10
EE 2.50+0.84 nd
KSN 4.42+0.49 nd
HSN 3.67+0.52 nd
PN 13.17+2.14 0.70+£0.09
BC 8.00+0.98 nd
NFR 1.17+£0.98 nd
LN 8.50+0.84 0.22+0.12
NN 1.83+0.41 nd
LBN 3.67+0.82 0.17+0.05
FE 3.50+0.84 nd
NE 1.67+1.03 nd
VN 2.33+£0.82 nd
Total NA” 70.33+£3.28 1.78 +0.21

Data given as mean+SD (n=3 fish/location). 2000 red cells were
counted/fish

N = normal nucleus, MN = micronuclei, BN = blebbed nucleus,
SN = segmented nucleus, EE = enucleated erythrocyte, KSN = kidney-
shaped nucleus, HSN = heart-shaped nucleus, PN polymorphic irregular
nuclei, BC = binucleated cell, NFR = nuclear fragmented erythrocyte,
LN = long nucleus, NN = notched nucleus, LBN = lobed nuclei,
FE = fused erythrocytes, NE = necrotic erythrocyte, VN = vacuolated
nucleus, and total NA = total of erythrocyte nuclear morphological
abnormalities

“Difference was significant when compared to the control group
(P<0.001)

nd = not detected

the bad water quality due to pollution increased blood parameters in African catfish Clarias
gariepinus caught from El-Rahawy drain than those of river Nile.

In the present study, results of the heavy metal analysis showed that Cd, Pb, Mn, Ni,
and Cr in water in the polluted drainage canal and Zn, Cd, Pb, and Mn in T. zillii mus-
cle samples exceeded the permissible limits defined by (APHA). The concentrations of
the most metals in the organs were in the order of liver > gills > muscle. Similar results
reported that the muscle has less accumulation than the gills and liver (Ben Salem et al.
2014; Rajeshkumar and Li 2018; Varol et al. 2020). Our results showed that Fe, Zn, Cu
Cd, and Ni indicated higher bioaccumulation in the liver. However, Pb recorded higher
concentration in muscle. Dissimilar results reported the highest levels of Pb in the liver of
Cyprinus carpio, Pelteobagrus fulvidraco (Rajeshkumar and Li 2018), and Dicentrarchus
labrax (Zaghloul et al. 2024). Generally, metals accumulate in higher extent in fish liver
followed by gills and kidney (Ben Salem et al. 2014). The liver is recognized as the active
central site of metal absorption and storage and plays a critical role for both excretion and
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Table 8 Correlation analysis between the frequencies (%) of normal nucleus (N), nuclear abnormalities
(NA), and the concentrations of heavy metals in water (mg/L)

Location Frequencies ~ Metal®

(%)* -
Fe Zn Cu Cd Pb Mn Ni Cr
Polluted N 093  0.10" -036 0.63 -042 0.63 -036 0.10
drainage  \pN -033 —0.62 095 019 096 019 095 ~0.58
canal BN 072 015 069 097 065 097 069 050
SN -0.75 -091 0.69 -028 074 -0.28 0.69 —-0.89
EE 1.00™  0.95 0.00 0.87 -0.06 087  0.00 0.96
KSN 033 0.62 -095 —-0.19 —-096 -0.19 -095 0.58
HSN 000 -033 100" 0.0 0.10°  0.50 1.00"  —0.28
PN -037 -0.05 -093 —0.79 0.90 -0.79 -093 -0.10
BC 0.50  0.19 0.87 0.87 083 087 087 0.24
NFR -0.72 -091 0.69 -028 074 -0.28 0.69 —-0.89
LN -0.50 -0.76 0.87 0.00 090 000 087 -0.72
NN 0.00 033 —1.00" —0.50 —1.00" —0.50 —1.00" 0.28
LBN 0.00 033 —1.00" —050 —1.00° —0.50 —1.00" 0.28
FE -050 -0.19 -087 —-087 —0.83 -0.87 -0.87 —024
NE -0.87 —-066 —050 —100" —044 —100" —0.50 —0.69
VN 000 -033 100" 0.0 1.00°  0.50 1.00™  —0.28
Fish farm N 087  0.95 nd 0.19 -033 -0.78 -0.97 095
MN —-0.33 0.50 nd 1.00™  0.87 0.50 -042 050
BN nd nd nd nd nd nd nd nd
SN -098 —050 nd 0.50 0.87 1.00™ 0.8 —-0.50
EE nd nd nd nd nd nd nd nd
KSN nd nd nd nd nd nd nd nd
HSN nd nd nd nd nd nd nd nd
PN -095 —0.87 nd 0.00 050 087 091 —-0.87
BC nd nd nd nd nd nd nd nd
NFR nd nd nd nd nd nd nd nd
LN -037 -095 nd -0.78 -033 019 091 —-0.95
NN nd nd nd nd nd nd nd nd
LBN —0.66 —1.00" nd -0.50 000 050  0.10 —1.00™
FE nd nd nd nd nd nd nd nd
NE nd nd nd nd nd nd nd nd
VN nd nd nd nd nd nd nd nd

*N = normal nucleus, MN = micronuclei, BN = blebbed nucleus, SN = segmented nucleus, EE = enucleated
erythrocyte, KSN = kidney-shaped nucleus, HSN = heart- shaped nucleus, PN = polymorphic irregular nuclei,
BC = binucleated cell, NFR = nuclear fragmented erythrocyte, LN = long nucleus, NN = notched nucleus, LBN
= lobed nuclei, FE = fused erythrocytes, NE = necrotic erythrocyte, and VN = vacuolated nucleus

bFe = iron, Zn = zinc, Cu = copper, Cd = cadmium, Pb = lead, Mn = manganese, Ni = nickel, and Cr
chromium

nd = not detected
"P<0.05, ""P=0r<0.01
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detoxification (Kim and Kang 2004). Gills can be more susceptible to contamination than
other organs owing to permanent contact with the water and have a fast respiratory. Several
studies reported that the gills were sensitive and target tissue for water pollution monitor-
ing (Suchana et al. 2021).

Concentrations of heavy metals in fish organs and external water environment were var-
iable between negative and positive correlations and metal accumulation varied between
organs. Accumulation of heavy metals by aquatic organisms may be selective or passive;
and differences in accumulation of heavy metals could be as a result of differences in eges-
tion, assimilation, or both (Rajeshkumar and Li 2018). The concentrations of heavy metals
in aquatic organism have been extensively studied over the past several decades. Accord-
ing to research, the accumulation of heavy metals in aquatic organisms is dependent on
the metal types, species, size, habit of the organisms, and the tissues (Rajeshkumar and Li
2018; Zaghloul et al. 2024).

Data of chromosomal aberration frequency in the present study showed that there was
a positive correlation with the concentrations of heavy metals in fish. Various chromo-
somal aberrations were observed in the spreads of gill cells of Tilapia zillii at the pol-
luted drainage canal. These aberrations include stickiness, fragmented chromosomes, frag-
mented nucleus, centromeric gaps, chromatid break, chromatid deletion, and tetraploid. It
has been observed that the percentage of stickiness in the chromosomes was very highly
significantly increased at the polluted drainage canal, compared to that of the control group
(fish farm). This finding coincides with that of Seehy et al. (2009) who reported that the
stickiness was the most common type in the Nile tilapia collected from the polluted drain-
age canal in Alexandria governorate, Egypt. Stickiness is a form of unknown chromosomal
“agglutination” that gives chromosomes a sticky or pycnotic appearance. Stickiness may
result in the creation of sticky bridges at anaphase and sticky adhesion between two or
more chromosomes. Abnormalities during S—phase in DNA duplication lead to chromo-
somal aberration (Gemble et al. 2022). Changes in chromosome number (gain or loss of
single chromosome or sets of chromosomes) and changes in chromosome structure (break,
deletion, rearrangement, ..., etc.).

Various chromosomal aberrations were observed in Nile tilapia Oreochromis niloticus
population collected from five locations in Minia governorate, Egypt, and ring chromo-
some was the most common type (Anwar and Abu Shnaf 2023). Samples collected from
irrigation drain and Bahr Yousef reported the highest aberration frequency. Chromosomal
aberration frequency was positively correlated with the heavy metal concentrations where
their concentration exceeded the limits defined by WHO in the surface water of irriga-
tion drain and Bahr Yousef as well as the Pb concentration in muscles (Anwar and Abu
Shnaf 2023). In addition, chromosomal abnormalities were reported for O. niloticus when
exposed to diet contaminated with Cd, Cu, and their mixture (El-Serafy et al. 2015). Chro-
mosomal aberration frequency (chromatid deletion, chromatid gap, chromosome gap, ring
chromosome, fragments, stickiness, haploidy and polyploidy) was increased in the channel
catfish Channel punctatus due to the toxic metals (Yadav and Trivedi 2009). Several stud-
ies have reported that the genotoxicity of heavy metals especially Ni, Cd, and Pb affected
the aquatic fish. Ni and Cd can induce point mutation, deletion, ploidy, and DNA damage
(Silbergeld 2003; Soulivongsa et al. 2020). Pb may cause indirect genotoxicity, DNA dam-
age, mitogenesis, and alterations in gene transcription (Silbergeld 2003).

Number of normal cells, cell number with chromosome aberrations, and types of
chromosomal aberrations from two different locations were significantly different (P <
0.001) due to heavy metal concentrations in the environment as well as their concentra-
tion in the fish organs. The percentage of chromosomal aberrations was 57.3% in the gill
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cells of Tilapia zillii from the polluted drainage canal and 8.3% in the fish farm. This
study showed that the chromosomal aberrations increased statistically in Tilapia zillii
collected from the polluted drainage canal in Alexandria, Egypt, compared to fish col-
lected from the fish farm.

The higher number of MN represents the highest level of trace element pollution and
other trace contamination in the bodies of aquatic organisms (Dourado et al. 2016). The
concentration of Zn, Pb, Cu, and Cd in Nile tilapia was accompanied by a rise in the
frequency of micronuclei (El-Sappah et al. 2022). However, it is not always the case.
For instance, the levels of pollutants in the sediments, bile, or liver of the white croaker
Genyonemus lineatus did not consistently correlate with aberrant abnormalities in the
erythrocyte nuclear morphology (Carrasco et al. 1990). In binucleated cell, the nuclear
membranes of the two nuclei should be intact; they should be approximately equal in
size, staining pattern, and intensity and may touch but not overlap each other (Fenech
2000). Frequency of binucleated cell is an indicator of abnormal cell division due to the
blocking of cytokinesis, which could result in genetic imbalance in the cells and may be
involved in carcinogenesis (Rodilla 1993).

This study demonstrated that the PN type was the most frequent abnormality in the
erythrocyte occurring in Tilapia zillii in both groups. However, the total of erythrocyte
nuclear morphological abnormalities was 70.33% in the polluted drainage canal and
1.78% in the fish farm. Similar results have been reported with the highest frequency of
polymorphic type occurring in the erythrocyte of the grey mullets (Carrola et al. 2014).
The total average frequency of the nuclear morphological abnormalities in the erythro-
cyte of the grey mullets ranged from 73% in the Mondego to 108% in the Ave. The poly-
morphic type was the most frequent abnormality in the erythrocyte, sequentially fol-
lowed by the blebbed/lobed/notched, the segmented, the kidney shaped, the vacuolated,
the micronucleus, and finally the binucleated. The polymorphic type was typically >
50% of the total erythrocyte nuclear morphological abnormalities (Carrola et al. 2014).
Irregularly shaped nuclei was the most frequent abnormality observed in the erythrocyte
of gilthead sea bream Sparus aurata (L.), while the frequency of micronuclei, binucle-
ated, and vacuolated nuclei was significantly lower. In addition, Strunjak-Perovic et al.
(2009) concluded that the nuclear abnormalities in the erythrocyte of gilthead sea bream
Sparus aurata (L.) may originate from genetic disorders not necessarily induced by
pollutants and that the expression of those non—pollution—related erythrocyte nuclear
abnormalities may depend on environmental conditions, such as salinity, dissolved oxy-
gen, and temperature.

The result showed that the mean percentage of MN was 5.58% in the polluted drainage
canal and 0.32% in the fish farm. The highest frequency of MN biosynthesis occurring
in European minnow Phoxinus phoxinus (Ayllon and Garcia—Vazquez 2000), eel Anguilla
anguilla (Sanchez-Galan et al. 2001), crucian carp Carassius auratus gibelio Bloch., Nile
tilapia Oreochromis niloticus (Seehy et al 2009), brown trout Salmo trutta (Sanchez-Galan
et al. 1998), common carp Cyprinus carpio (Garcia-Medina et al. 2017), African mudfish
Clarias gariepinus (Alimba et al. 2017), and zebra fish Danio rerio (Canedo et al. 2021).

According to Seehy et al. (2009), the percentage of normal cells in the Nile tilapia fish
farm group was observed to be 93.3%, while the percentage of micronuclei was found to be
3.7%. However, the drainage canal group showed that 21.5% of the cells had micronuclei
and 78.5% of the cells were normal. It was observed that there is significant mutagenicity
(micronuclei and nuclear abnormalities) in blood cells of 7. zillii in the polluted drainage
canal when compared to the fish farm. The concentration of heavy metals negatively affects
T. zillii fish.
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The frequency of MN at polluted sites in control mussels and caged in the Ligurian Sea
ranged from 1.8 to 24% (Nigro et al. 2006), in the Algerian coast ranged from 1.2 to 11.8%
(Taleb et al. 2009), and in the coast of Greece ranged from 2 to 12% (Kalpaxis et al. 2004).
The higher frequency of MN (11.6%) was reported in Caetagena (Fernandez et al. 2011).
This study could be used as criteria for determining the bioaccumulation and genotoxic
effects of different toxic metals in various tissues of Tilapia zillii, which may be used to
prevent the inflow of polluted domestic and industrial sewage in the aquatic environment.

Conclusions

The current study was conducted to investigate the cytotoxic effects and bioaccumulation
of heavy metals in different parts of Tilapia zillii. Various chromosomal aberrations were
observed in the gill cells of Tilapia zillii and stickiness was the most common. A diversity
of the nuclear abnormalities in erythrocyte of the Tilapia zillii was found in the fish. The
total average frequency of the nuclear abnormalities ranged from 70% in the polluted drain-
age canal to 2% in the fish farm (unpolluted). The erythrocyte nuclear abnormalities found
were divided as follows: MN, BN, SN, EE, KSN, HSN, PN, BC, NFR, LN, NN, LBN, FE,
NE, and VN. This study suggested that the concentrations of heavy metal negatively affect
T. zillii fish. Heavy metals can poison humans; therefore, we should enforce strict control
methods to keep the concentrations of heavy metal below the acceptable limits in the fish
we consume.
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