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Abstract

The current study investigated the toxicological effects of lead acetate trihydrate on bioaccumulation,
hematology and histopathological changes in the gills and muscles of common carp (Cyprinus car-
pio). The fishes were divided into seven groups and were treated with different concentrations of lead.
Lead bioaccumulation was analyzed in gills and muscles with the help of atomic absorption. Gill
tissue absorbed the maximum concentration of lead, followed by muscles. After 24 hours, decrease
in the concentration of Hb (65.13+16.81) and RBCs (0.52+0.137) and a maximum increase in the
concentration of lymphocytes (91+21.30) with a dose of 30mg /I lead was observed. Results showed
that in every experiment, the amount of lead in the gills increased gradually with the increase of the
doses, as 259.83+58.4 with a dose of 5mg/l, 276.9+71.1 using dose of 10mg/l, 284.3+70.1 treated
with 15mg/l, 299.63+ 76.80 deal with 20mg/l , 310.26+ 79.61 by 25mg and 331.4+ 85.42 with a dose
of 30mg . A maximum decrease in the concentration of Hb (65.13£16.81) and RBCs (0.52+0.137)
and increase in the concentration of lymphocytes (91+£21.30) with a dose of 30mg /I was observed
from 24 hours exposure. Our findings suggest that common carp exposed to lead develop. histological
alterations such as epithelial lifting, interlamellar spaces, gill bridging, curling filaments, swelling,
fusion and cell necrosis, irregular and inflammatory cells were observed in gill tissues, while inflam-
mation,degenaration and necrosis of muscle fibers, edema of muscle bundles, and lesions were ob-
served in muscle tissues.

Keywords: Lead, Toxicity, Common carp, Bioaccumulation, Hematology, Histopathological Lead
toxicity in Common Carp

1. Introduction

Fish is a nutritious food item that contains high-quality, readily digested animal protein. ( Murtaza et
al.,2020) . It accounted for 17% of the animal protein in total protein consumption by the global
population in 2015. With a balanced amino acid composition, it is the best source of protein and a
great source of essential amino acids as well as polyunsaturated omega -3 (EPA and DHA) and -
6 (ALA) fatty acids (Afridi et al., 2019; Kamran et al., 2023).1t guards against cardiovascular disor-
ders, stroke, cancer, age-related molecular degeneration, and control of optical function (Kamran et
al., 2020; Yaqub et al., 2021).

Environmental pollution is a worldwide problem across the globe and has adverse impacts on human
health (Fereidoun et al., 2007). Over the last few decades, there is an increase in global concern over
public health due to increase in environmental pollution (Kimani, 2007). Comparatively, human ex-
posure to environmental pollutants is more intense nowadays to early days when life on earth came
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into existence (Schell et al., 2006).

Excessive concentrations of pollutants due to municipal wastes and burning of fossil fuels cause max-
imum damage to humans, animals, and plants including tropical rainforests, as well as the wider
environment (Nriagu and Pacyna,1988). Metals as an important environmental pollutant refer to any
metallic element that has a relatively high density and is toxic or poisonous even at low concentration.
Metals are widely distributed in aquatic bodies and are considered as essential in trace amount for
normal biological activities of aquatic fauna (Ahsan et al., 2014).

Non-essential heavy metal like Lead (Pb) have no known essential role in living organisms; exhibit
extreme toxicity even at very low (metal) exposure level and have been regarded as the main threat
to all forms of life including human health (Eisler, 1985; Jarup, 2003). The nonessential components
of lead may cause nephrotoxicity, neurotoxicity, decrease growth rate, survival, metabolisms, devel-
opment and several adverse health effects (Rahman et al., 2012; Yilmaz et al., 2010). Metals that
accumulate in higher concentration cause harmful effects on the blood and organs of the aquatic or-
ganism by reacting with enzymes, deoxyribonucleic acid, ribonucleic acid, and cellular proteins (Aka-
hori et al., 1999).

Fish is an important part of the human diet because of its high nutritional quality (Sioen et al., 2007).
However, nonessential trace elements in the edible tissues of fish have been detected due to their
bioaccumulation in organism (Burger and Gochfeld, 2005; Zhang and Wang, 2012) . However, fish
are relatively situated at the top of the aquatic food chain; therefore, they normally can accumulate
heavy metals from food, water and sediments (Yilmaz et al, 2007; Zhao et al, 2012).

The content of toxic heavy metals in fish can counteract their beneficial effects; several adverse effects
of heavy metals to human health have been known for long time (Castro and Mendez, 2008). This
may include serious threats like renal failure, liver damage, cardiovascular diseases and even death
(Busaidi et al, 2011; Rahman et al., 2012).The excessive uptake of essential and nonessential metals
ends in accumulation in various tissues.Metals in higher concentration change the biological activities
of the fish (Canli and Atli, 2003). Consumption of such metal-contaminated fishes by human can
cause serious health issues (Kamaruzzaman et al., 2011). Metals deteriorate the ecological balance of
the aquatic environment (Vinodhini and Narayanan, 2008; Mastan, 2014) because fish are at the end
of the aquatic tropic level and they have a higher tendency to accumulate metals in their body (Mastan
,2014).

In the aquatic system, they diffuse radially and fish often being on the top of the aquatic food chain
are more susceptible to the hazardous effects as compared to terrestrial vertebrates and therefore is
critical to investigate and monitor its bioaccumulation pattern (Rauf, 2009; Kousar and Javed, 2014).
Heavy metals undergo metabolic activation that provokes a cellular change in the affected fish. The
tissue lesions and apoptosis arise from bioaccumulation, infections, diseases and parasites stimulate
necrotic alterations in the fish with an inflammatory defensive reaction (Roganovic — Zafirova et al.,
2003). It is imperative that histological biomarkers are the indicators of pollutants in the overall health
of the entire population in the ecosystem (Velkova — Jordanoska and Kostoski, 2005). The freshwater
fish, common carp (Cyprinus carpio L.) is of great commercial importance because it is the most
common fish widely consumed worldwide. Therefore, it can be a good model to study the responses
to various environmental contaminations. The investigation of histological changes in organs of fish
IS an accurate way to assess the effects of xenobiotics compounds in experimental studies. The aim
of the present study was to investigate heavy metal bioaccumulation, alteration in histopathological
and hematological indices in different organs like gills and muscles of common carp exposed to dif-
ferent concentrations of heavy metals.

Cyprinus carpio is distributed worldwide and is an economically important fish in tropical and sub-
tropical regions of Asia and Pacific. Because of its high value throughout Southeast and East Asia,
this species frequently adopted as an animal model for toxicological testing to determine the toxicity
of chemicals in the aquatic environment (Wang et al., 2011). The aim of the present study was to
investigate lead bioaccumulation, hematological and histopathological alteration in different organs
such as gills and muscles of common carp exposed to different concentrations of lead

Vol.31 No.3 (2024): JPTCP (1999-2013) Page | 2000


https://jptcp.com/index.php/jptcp/issue/view/79

Clinical Alterations Caused By Lead Exposure In Common Carp

Chemicals

Lead acetate trihydrate (Pb(C2H302)2.3(H20) was obtained from Sigma-Aldrich and Merck (Ger-
many). A stock solution of lead nitrate was prepared and diluted to appropriate concentrations for the
treatment.

2. Materials and Methods

Fish and Acclimatization

2.1.  Cyprinus carpio (Linnaeus 1758) is an exotic fish to India, generally known as scale carp. It
Is an extensively cultivated species and is commercially important. C. carpio is voraciously omniv-
orous and grows fast on artificial fish feed. Hence it is considered as one of the important species for
pisciculture. In the present study, we selected C. carpio with an average weight of 70g + 0.88 g. Prior
to employ in bioassay, fishes were kept in 200 L aquaria to be acclimatized to laboratory conditions
for two weeks. Commercial foods were used to feed the fish daily during the study period.

2.2. Experimental Design

Acclimatized vverage sized fish were transferred to glass aquaria for lead induced toxici
ty. were divided into seven group each containing 5 fishes in which six group were
treated with lead induced toxicity while control was exempted from this toxicity. The
treated group were exposed lead acetate for 1, 7, 14, 30, 45, and 60 day. For experimentation, a sample
size of 5 fish from stock population was shifted to both control and test aquaria, having 50 L water.
The experiment was conducted in semi-static conditions, following The Organization for Economic
Co-operation and Development (OECD, 1994) Guideline Number 203. Sub lethal concentration of
lead acetate trihydrate (CsH1207Pb. 3H20) was 30, 25, 20, 15, 10, and 5mgL " respectively. Control
group was run simultaneously for each experimental group having 5 fish.

After the stipulated time, Three fishes from each group were sacrificed randomly including the un-
treated control aquaria were anaesthetized by MS 222 powder which were mixed with water in a
beaker and fish head was held in the beaker for few minutes. Fish were dissected manually, and the
required tissues were removed, weighted, and were stored at —20°C for further analysis.

2.3. Hematological Parameters.

For the examination of the hematological parameter, blood was drawn from the caudal vein just be-
hind the anal pore of common carp through a sterile heparinized syringe (5cc) having half the size of
the needle. After collection, the blood samples were transferred to ethylenediaminetetraacetic acid
(EDTA) tubes to prevent blood clotting. The blood was gently shaken in EDTA tubes so that the
blood gets mixed with the anticoagulation drops in the EDTA tube to prevent blood coagulation, and
then, the blood samples were observed through hematological analyzer.

2.4. Lead analysis.

2.4.1. Tissue Digestion

Frozen tissue samples of gills, intestine, muscle and skin were thawed, and blotted in blotting paper.
Known weights of gill, intestine, muscle and skin of each fish were shifted to 250 ml volumetric
flasks for digestion. Samples were digested according to methods described by Van Loon (1980) and
Du Preez and steryn (1992), with slight modification at the time of digestion , 5 ml nitric acid(55%)
and 1 ml perchloric acid (70%) were added to each flask and kept safely overnight. Next day a second
dose of 5 ml nitric acid (55%) and 4 ml perchloric acid (70%) was added to each flask. The flasks
were then placed on hot plate and allowed to digest at 200 to 250°C until a transparent and clear
solution was obtained. Dense white fumes from the flasks after brown fumes were an indication of
completion of the process of digestion.

Samples after digestion were cooled and diluted to 10 ml with distilled water by proper rinsing of the
digestion flasks. Samples were stored in properly washed glass bottles until the metal concentration
could be determined. Atomic absorption spectrophotometer (Spectra AA-10) was used to determine
the concentration of Pb?* in the tissue sample of each fish. A range of analytical standards for lead

Vol.31 No.3 (2024): JPTCP (1999-2013) Page | 2001


https://jptcp.com/index.php/jptcp/issue/view/79

Clinical Alterations Caused By Lead Exposure In Common Carp

was prepared from Merck stock solutions. Standard curves were prepared and calibrated against the
standard curves to know the concentration of lead present in samples.

2.5. Histological Studies.

After the fish dissection, portions of tissues (gills and muscles) were preserved in 10% formalin for
histological studies. The Bernet et al., (1999) procedure was adopted for the preparation of tissues for
histopathological examinations. The preserved tissues were processed in various grades of ethanol,
cleared in xylene, and impregnated with wax (mp; 72°C). Five-micron-thick sections were cut using
a rotary microtome (Accu-Cut® SRMTM 200 Sakura). Tissue sections were stained with hematoxy-
lin and eosin (H&E). Stained slides were observed and photographed under a high-resolution micro-
scope (Olympus DP71, U-CMAD3 Japan) fitted with a digital camera (Bell et al., 1999).

2.6. Statistical Analysis
All the statistical analyses were performed using student t-test. Data are presented as mean * standard
error (£S.E). P-values 0f<0.05 were considered significant.

3. Results

3.1. Bioaccumulation.

During dayl exposure, maximum concentration of lead was accumulated in gill tissue that was
331.4+85.4 pg/g. Similarly, in muscle tissue, lead was accumulated in maximum concentration that
was 121.5+31.24 ug/g respectively, as shown in Table 3. Likewise, treatment of fish for day 7 indi-
cated the maximum accumulation of lead in gill tissue that was 310.2+79.6 ug/g followed by
299.6+76.8, 284.3+70.1, 276.9+71.1 and 259.83+58g/g for 14,30,45 and 60 days respectively. Sim-
ilarly, in muscle tissue, lead was accumulated in maximum concentration that was 121.5+£31.24 p/g
for 24h followed by 110.56+27.7, 104.13+25.7, 98.53+25.1, 96.33+£24.7 and 91.76+23.4 ug/g for
7,14,30,45 and 60 days respectively, as shown in Table 3. Therefore, the present study demostrates
that gill and muscle tissues showed maximum affiliation towards lead accumulation depends on the
lead dose present in water. As in control group the lead amount is negligible.

3.2. Hematology

Lead toxicity reduces the concentration of hemoglobin (65.13+16.81***) and RBC,s
(0.52+0.137***) to the maximum extent over 24h exposure. Similarly, WBC, s and monocytes also
end with increase in their concentration against various doses of lead, but the maximum increase was
noticed against 60 days exposure as the dose was minimum, this is because the body is releasing more
of these cells to fight at the start of infection and inflmation. At 24 hours exposure the decreased
counts of WBCs and monocytes with severe sepsis is caused by excessive netosis (cell death), as the
lead dose was 30mg/l which is comparatively high than other treated groups.The increase in the WBC
count can be correlated with an increase in antibody production, while lymphocyte against the toxic
media of lead ends with increase in concentration and the maximum increase was noticed at chronic
60 days exposure as shown in Table 2. Increase in the number of white blood cells and lymphocytes
are a normal reaction to a toxicant, which demonstrates the protective responses of immune system
under toxic conditions Monocytes showed an increase in the concentration against various doses of
lead except for 24 hours exposure as shown in Table 1.

3.3. Histopathology. Various pathological alterations against lead toxicity have been observed as
shown in Figures 1 and 2.

4. Discussion

Metals accumulation in fish tissues depends on the exposure concentration and time as well as other
factors such as temperature, age, interaction with other metals, water chemistry and metabolic activity
of the fish (Heath 1995).The current study was conducted which aimed at analyzing the accumulative
concentration of heavy metals such as lead to scrutinizing the effect of such accumulation on hema-
tological parameters, gill and muscle tissues of common carp after exposing the fish for 1, 7, 14, 30,
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45 and 60 days against lead concentration for specific time periods. Gills are the first target of water-
borne pollutants and heavily prone to accumulation of heavy metals due to the constant contact with
the external environment and the main place for the uptake of heavy metals (Ruiz-Picos and E.
L opez, 2012). The extremely branched morphology of gill tissues and the movement of water
through it result in maximum accumulation of heavy metal (Ruiz-Picos and E. L"opez, 2012).The
heavy metals do not contact directly with the muscle tissues, as compared to gill tissues which are
completely exposed to an aquatic environment which correlates with the present study (Frances et al,
1998). Intake of pesticides and toxic metals via gills ends in accumulation of these toxic chemicals in
gills, thus damaging the gills’lamella which in turn affects the ion exchange mechanism during os-
moregulation (Mallatt,1985) . It has been reported that the accumulation of heavy metals in gills is
because of its thinnest epithelium among all the organs of the body through which metals can easily
pass (Yousafzai and Shakoori, 2006).

It has been reported that that heavy metals accumulated maximum in the gills of Labeo dyocheilus
and Wallago attu (Wilson and Taylor, 2010; Yousafzai, 1992). In addition to it, other studies have
also reported that higher concentration of heavy metals is a usual trend of bioaccumulation in different
fishes mostly in gills such as Channa punctatus (Yousafzai, 1992) and Wallago attu (Bhatnagar, 1992)
In gill and muscle tissues of fishes, all the heavy metals absorb in different quantities according to
the availability of heavy metals (Zirong and Shijun, 2007). Lead accumulation in Anabas testudineus
showed usual differences with a high degree of organ specificity after 30 days of exposure to a sub
lethal concentration of lead (Camusso, 1995). Other studies found that the lowest concentration of Pb
was detected in the muscle, skin, and gill tissues (Mary, 2015). Another study indicated that concen-
trations of heavy metals on wild fish were higher in skin samples than in the muscle tissues (Altinok
and Murseli, 2007).

The use of haematological techniques in fish culture has growing importance for toxicological re-
search, enironmental inspecting and fish health conditions. Pb significantly changes the blood param-
eters of fish (Shah, 2006; Tawari, 2008; Stanley et al., 2010). In this study WBC,s lymphocytes and
monocytes also end with increase in their concentration against various doses of lead. The increase
in the WBC count can be correlated with an increase in antibody production, which helps in survival
and recovery of the fish exposed to sublethal concentrations of Pb (Joshi and Tsai, 2002) .The results
of the present study are in good agreement with earlier work that reported a decrease in RBC count,
haemoglobin content of freshwater fish exposed to toxicants (Blahova et al., 2014). Decline in eryth-
rocyte and hemoglobin concentration was observed against lead in comparison with the control group
in the present findings which is in correlation with Santos and Hall (1990) that sub lethal concentra-
tions of lead exposure have resulted in hemolytic anemia due to break down of red blood cells along
with reduction in red blood cells and Hb . Our results were also in the agreement with (Gross et al.,
1975) which demonstrated that decrease in erythrocyte count and hemoglobin concentration may per-
haps be due to the blocking of genes in bone marrow or can be due to impairment in intestinal mem-
brane to absorb enough amount of iron or may be hypoxic conditions and destruction of hematopoi-
esis that have been induced by exposure of specimen to selected toxicants. Similarly Reduction of Hb
and RBC accompanied by a compensatory response (increased hematopoietic rate) in lead-intoxicated
rainbow trout (Ahmed et al., 2022). A severe microcytic anemic state was reported in Barbus con-
chonius exposed to 47.4 pg/l of lead (decrease in RBC, Hb) (Tulaby et al., 2020) .

Similar results were reported in (MVutukuru, 2005) that decrease in hemoglobin content occurs due to
lead and causes alteration in synthesis of hemoglobin. Deficiency in hemoglobin and erythrocyte
count of all exposed fish may be due to hemolysis or may be due to inhibition of enzymes necessary
for hemoglobin synthesis. Monocytes have an important role in phagocytosis and also in ingestion of
large particle such as necrotic cellular debris, large microorganism as well as effective against the
toxicant environment (Jiraung et al., 2007). Similarly, in the present study, lead exposure caused
maximum decrease in monocytes at 24 h to cope with the stress environment. Increase in lymphocyte
counts against lead at 24 h was observed in the present study which is in correlation with the results
documented by (Witeska et al., 2010) who reported that fish species are susceptible to the deleterious
effects of heavy metals as reflected in the blood changes such as lymphocytosis, anemia, and
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eosinophilia. The heavy metal damage is an important factor in many pathological and toxicological
processes (Hemalatha and Banerjee, 1997).

In this study observed changes in gills such as hyperplasia, lamellar fusion, epithelial necrosis, and
edema were generally attributed to the toxic effects of lead. Similar alterations in the gills have also
been reported in the fish exposed to metal Pb (Ayoola and Alajabo, 2012). Gills are good indicators
of aquatic pollution (Munshi et al., 1996). The gills of lead nitrate treated fish showed degener- ative
changes in gill filaments and secondary lamellae. These results are also in agreement with Hadi and
Alwan (2012) who reported similar changes in gills of fresh water fish, Tilapia zillii, exposed to
aluminium. According to Nath and Banerjee (Nath and Banerjee,1995) in muscle tissues, different
histological alterations such as necrosis of muscle fibers, swelling, degeneration of muscle fibers,
edema of muscle fibers, enlarged lesions in the epidermis of muscle tissue, inflammation, and zig-
zag of muscle fibers were noticed at 7 days against 6.83 ppm concentration of lead.

5. Conclusion

Lead toxicity was documented in common carp (Cyprinus carpio) through examination of gill and
muscle tissues, as well as haematological indicators. When exposed to lead, the concentrations of Hb,
RBCs decreased, nevertheless the concentration of WBCs, monocytes and lymphocytes increased in
ascending order after exposure. Edema like gill tissues absorbed the highest possible concentration
of lead at 24 hours exposure as the lead dose was maximum. After gills ,muscles absorbed lead over
24 hours of exposure. The inflammation and necrosis of muscle fibres and in gill tissues were maxi-
mum on day 1 and decreased gradually till day 60. Histological changes such as epithelial raising,
interlamellar gaps, curling filaments, swelling and fusion of cells, irregular cells, death of epithelial
cells, and cellular necrosis and degeneration were seen in muscle fibres.

Table 1: Hematological indices in the blood of Cyprinus carpio exposed to lead for 1,7 and 14
days under toxic conditions.

Lead exposed fish | Control (n=3) day 1 day 7 day 14

groups MeanS.E Treated(n=30) Treated(n=3) Treated(n=3)
Mean+S.E Mean+S.E Mean+S.E

RBCs 1.43+0.370 0.52+0.137*** 0.62+0.160* 0.69+0.178*

Hemoglobin 71.7+£18.50 65.13+16.81*** 66.13+17.07* 67.1+17.31*

WBCs 32.4+8.359 32.16+8.304*** 32.4148.359*** 33.5648.638***

Lymphocyts 68.6+17.71 69.66+17.93*** 71.66+18.44* | 74+18.93**

Monocytes 9.633+2.484 11.33+£2.878*** 10.66+2.707*** 11.66+2.964***

Table 2: Hematological indices in the blood of Cyprinus carpio exposed to lead for 30,45 and
60 days under chronic conditions.

Lead exposed fish Control (n=3) | day 30 day 45 day 60

groups Mean+S.E Treated(n=3) Treated(n=3) Treated(n=3)
Mean+S.E Mean+S.E Mean+S.E

RBCs 1.43+0.370 0.76+0.198* 1.40+0.375 1.31 £0.340***

Hemoglobin 71.7+£18.50 68.23+£17.61*** 68.86+£17.78*** 69.78+17.95**

WBCs 32.4+8.359 33.234£8.577*** 33.53+8.641 34.2348.83

Lymphocyts 68.6+£17.71 76.66+19.57 87+19.77 91+21.30™

Monocytes 9.633+2.484 11.66+2.964** | 12.6+3.221 14.33+3.651

Table 3: Accumulative concentration of copper, lead, and chromium in gill and muscle tissues
observed after 1, 7, 14, 30, 45 and 60 days of treatment (unit: pg/g).

Lead Control Dayl treated | Day7 treated Dayl4 treated | Day30 treated | Day4b5 treated Day 60 treated
exposed (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

groups MeantS.E Meant S.E Mean+S.E Meant S.E Meant S.E Mean +S.E Mean +S.E
Gills 209.5+53.2 331.4+85.4* 310.2+79.6* 299.6+76.8* 284.3+70.1*** 276.9+71.1* 59.83+58.4***
Muscles 82.4+21.15 121.5+31.24* | 110.56+27.7** 04.13+25.7*** 98.53+25.1*** 96.33+24.7** 91.76+23.4***
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Gills: Edema(E), Lamellar telangiectasias (L T), Curling of secondary lamellae (CSL),
Degeneration of primary lamellae (DPL), Hypertrophy of primary lamellae (HPL)

Vol.31 No.3 (2024): JPTCP (1999-2013) Page | 2005


https://jptcp.com/index.php/jptcp/issue/view/79

Clinical Alterations Caused By Lead Exposure In Common Carp

Degeneration of secondary lamellae (DSL), Lamellar telangiectasias (L T),Fusion of secondary
lamellae (FSL), Edema (E), Hypertrophy of pillar cells (HPC), Hypertrophy of primary
lamellae (HPL).

Gills: Edema (E), Lamellar Telangiectasias (L T), Curling of secondary lamellae (CSL),
Degeneration of primary lamellae (DPL), Hypertrophy of primary lamellae (HPL).

E).
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Gills: Degeneration of secondary lamellae (DSL),Edema (E),Lamellar Talen (LT), Fusion
of secondary lamellae (FSL), Degeneration of Primary lamellae (DPL)

Fig. 1. Photomicrographs showing histological structures of gills of lead acetate trihydrate
treated C. carpio fish stained with Hematoxylin and Eosin. (1a) Control gill (1b) 30 mg/I treated
gill; (1c) 25 mg/l treated gill (1d) 20 mg/l treated gill; (1e) 15 mg/l treated gill (1f) 10 mg/I treated
gill and 5mg /I treated qill

myofibrils (BM)

Muscle: Increase inter myofibril space (11MS), Leukocyte myofibril necrosis (LMN),
degeneration (D), break myofibril (BM).

Vol.31 No.3 (2024): JPTCP (1999-2013) Page | 2007


https://jptcp.com/index.php/jptcp/issue/view/79

Clinical Alterations Caused By Lead Exposure In Common Carp

Muscle: Increase intermyofibrillar space (11IMS), Leukocytic infiltration (L1), Vacuolar
degeneration (VD), Break myofibril (BM).

Muscle: Increase inter myofibril space (I11MS), Leukocyte Myofibril necrosis (MN),
Degeneration (D), Break myofibril (BM),

Muscle: Leukocytic infiltration (IL), Vacuolar degeneration (VD), Increase inter myofibril
space (11MS),Break myofibril (BM).
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Muscle: Increase inter myofibril space (I11MS), Vacuolar degeneration
(VD), Sloughing (S), Myofibril necrosis (MN)

Fig.2. Photomicrographs showing histological structures of gills of lead acetate trihydrate
treated C. carpio fish stained with Hematoxylin and Eosin. (2h) Control muscle (2i) 30 mg/I
treated muscle ; (2j) 25 mg/l treated muscle (2k) 20 mg/l treated muscle; (2L) 15 mg/l treated
muscle (2m) 10 mg/l treated muscle and (2n) 5mg /I treated muscle.
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