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Abstract

The present study was undertaken to investigate the effects of lead (Pb) either alone
or with Vitamin E (VE) plus Selenium (Se) on histopathological changes in Cyprinus
carpio. For this purpose, 120 common carp with an average weight 65.50+0.25 g, and
total length 17.4+£2.5 cm were randomly divided into 6 treatment groups in duplicate.
Each of the six treatment groups was fed the formulated diets for 10 weeks at a daily
rate of 3% body weight throughout the experiment as the following: Treatment 1 (T1)
serve as control group; Treatment 2 (T2) were fed diet mixed with VE + Se (300 mg kg-
! d.w); Treatment 3 (T3) were fed diet mixed with Pb (20 mg kg™ d.w; Treatment 4 (T4)
were fed diet mixed with Pb (30 mg kg™ d.w); Treatment 5 (T5) were fed diet mixed
with Pb (20 mg kg™ d.w) with VE+Se; Treatment 6 (T6) were fed diet mixed with Pb
(30 mg kgt d.w) with VE+Se. After 10 weeks feeding trail 3 fish tank™ (6 fish
treatment™) were dissected out liver and kidney were removed and fixed in 10%
formaldehyde solution for histopathological studies. The liver of control group
exhibited a quite normal architecture, while the fish exposed to Pb showed vacuolation
and necrosis. These hepatic alterations were more evident in fish exposed to (30mg kg™
dw). The kidney exhibited Bowman space dilatation, acute cellular degeneration and
necrosis. The quantitative histopathology revealed abnormalities in kidney and liver in
all dietary Pb treated groups alone and with VE+Se. The severity of lesion in both
organs were significantly different (P<0.05) in Pb groups in comparison to Pb with
VE+Se groups. These results indicated that histopathology could be used as a tool for

assessing the risk of contaminants in the environment.
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Introduction

Heavy metal contamination has been reported in aquatic organisms (1,2). This
heavy metal could induce harmful toxicological effects, when present in high levels in
aquatic ecosystem (3). Indeed, it is possibly toxic when the internal available level
increases the ability of the physiological detoxification process. These pollutants build
up in the food chain and are responsible for detrimental effects and death in the fish (4).
Lead has the potential to harmfully affect the human and animal health. It exerts
physiological, biochemical, and neurological dysfunctions in animal and humans (5).
The optimum limits for lead in the food of animal origin ranged between 0.01-1.00
mg/kg. Dietary uptake of metals is a main cause of long-term contamination in wild fish
(6), and there is a renewed interest in the nutritional and toxicological effects of metals
in the food of fish (7). Data demonstrating that the antioxidant defense could be playing
an essential role in decreasing some hazards of heavy metals (8, 9). Fish are widely used
to assess the health of the aquatic environment and physiological changes act as
biomarkers of environmental pollution. They are however, endangered by water borne
pollutants transferred along the food chain (10). Because fishes are an important food
resource and a major aquatic ecosystem component, it is important to assess the adverse
effects of lead on fishes. The main pathway of vitamin E plus selenium in the defence
by immune system is perhaps the protection of cell membranes and other cellular
organelles of immune cells against lipid peroxidation (11). From the viewpoint of fish
culture, the common carp is the most extensively cultivated species. Hence, this study
was undertaken to examine the effect of dietary Pb alone or with VE plus Se on
histological aspects of kidney and liver of common carp, Cyprinus carpio.
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Materials and Methods
Experimental Design: A hundred fifty healthy of C. carpio with an average weight
65.50£0.25 g, and length 17.4+2.5 cm was obtained from a commercial fish farm of
Babil, Irag. They were acclimated to the laboratory conditions for two weeks prior to
the experiment. After the acclimation, 120 fish were randomly transferred to (12
tanks) filled with chlorine-free tap water; each tank with dimension (150 x 80 x 50
cm) has 10 fishes. Then the fish were divided to the tanks into 6 treatment groups in
duplicate as described previously in diet preparation. Each of the six treatment
groups were fed the formulated diets at a daily rate of (3%) body weight throughout
the experiment (10 weeks) as the following: Treatment 1 (T1) serve as control
group; Treatment 2 (T2) were fed diet mixed with VE + Se (300 mg kg™ d.w);
Treatment 3 (T3) were fed diet mixed with Pb (20 mg kg™ d.w; Treatment 4 (T4)
were fed diet mixed with Pb (30 mg kg™ d.w); Treatment 5 (T5) were fed diet mixed
with Pb (20 mg kg™ d.w) with VE+Se; Treatment 6 (T6) were fed diet mixed with
Pb (30 mg kg™ d.w) with VE+Se. The experimental fishes were preserved under a
12 hour light/dark cycle. Every day after feeding (about one hour) the tanks were
cleaned from the remnants. Water of the tanks was changed every two days. The
chemo-physical parameters of the water were measured during the experimental
period Water temperature was (23.53+0.80 °C) measured using a thermometer; pH
(7.30+0.30) and dissolved oxygen (DO) (5.90+0.50) were measured using an
electric meter. After 10 weeks feeding trail 3 fish tank™ (6 fish treatment™) were
dissected out liver and kidney were removed and fixed in 10% formaldehyde
solution for histopathological studies.
Histology: The liver and kidney were removed carefully and were fixed in 10%
formaldehyde solution for 24 h. According to (12), the samples were processed as
usual in the standard method of dehydration through a series of alcohols to remove
extra water (70% for 24 h, 90% industrial methylated spirit, then cleared in xylene to
remove the extra alcohols and finally embedded in paraffin wax (58-60 °C for 1-2 h)
before being sectioned at 5 um using a rotary microtome. The specimens were
stained with haematoxylin and eosin following usual method. Photographed were
taken using a digital camera (Olympus camedia C-2020 Z) at total magnifications of
x 400 (zoom on the camera was x2.5). Descriptions of histopathology were done for
the images according to (13).
Statistical analysis: Statistical analysis was achieved using Sigma Plot v11.0 software.
Statistical differences between exposed groups and respective control group were analysed
using ANOVA and multiple range test at a 5% significant level (P<0.05).

Results and Discussion

Histopathological studies:

Kidney: All tubules, glomeruli and other features of the kidney appeared normal, with well-
developed and the histological study exhibited a typical structural organization of the
nephros in both the control group (untreated fish) (Fig. 1 A) and in VE plus Se group (T2)
(Fig. 1 B). Results of this study revealed that levels of Pb create a range of histopathological
alterations in the kidneys of exposed fish (Fig. 1 C-F). These changes, including
melanomacrophage infiltration in tubules, Bowman space dilation, degenerative changes in
the form of cytoplasmic vacuolation, acute cellular degeneration of the tubular epithelium,
hydrobic degeneration and necrosis in the tubular epithelium. However, the extent of the
damage was not severe in the kidney in (T5 and T6) (Pb plus VE and Se) groups.
Quantitative analysis showed that these changes were significantly increased (P< 0.05) in all
treated groups (i.e., T3, T4, T5 and T6) compared to (T1 and T2). Also, there were
significant differences (P<0.05) between (T3 and T4) (Pb alone without VE and Se) in
comparison to (T5 and T6) (Table 1).
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Fig. (1) Photomicrographs of the kidney of C. carpio affected by dietary lead either

alone or with VE plus Se at S pm thickness. [A] Control kidney showing normal

renal tubules (RT) and the Bowman’s space (BS) well defined [B] T2 showing
normal histology of the kidney; [C&F] dietary Pb treatment groups showing
melanomacrophages aggregate (M), Bowman’s space dilation (BS), cellular
degeneration (CD), necrosis (N) and hydrobic degeneration (HD) in renal tubules.
H&E, Scale bars: 50 pm.
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Table (1) Histopathological changes presented as a percentage in the kidney of C.
carpio L. exposed to dietary Pb alone or with VE plus Se for 10 weeks

Lesion (% Bowman space Melanomacrophage Acute cellular Necrosis
Treatments dilation (BS)% infiltration (M)% degeneration (CD)% (N)%

T1 5.0 £0.02° 14.0+0.02° 2.0+0.00° 0.0+0.00?
T2 3.0 +0.07° 10.0+0.042 0.0 £0.00% 0.0+0.00°
T3 34.0 +0.00° 38.0+0.09° 22.0 +0.08° 18.0 +0.90°
T4 38.0 +0.05" 42.0 £0.01° 31.0 +0.30° 22.0 £0.10°
T5 27.0 +0.02° 27.0 £0.05° 17.0 £0.02° 11.0 +0.08°
T6 25.0 +0.05° 34.0 +0.03" 13.0 +0.00¢ 14.0+0.05°

Data are mean + S.E. Groups with different alphabetic superscripts indicate significantly different at P < 0.05.

Rresults of this study indicated that exposure to dietary levels of Pb create a variety
of histopathological alterations in the kidney of exposed fish, including: Bowman space
dilation, melanomacropgage infiltration, acute cellular degeneration and necrosis.
Similar lesions on Tilapia fish were recorded by (14). Kidney is the basic organ to be
influenced by contaminants in the water (15). Due to the vital role of the kidney in the
elimination of injurious substances, the numerous histological changes observed in the
kidney could be a sequence from PDb toxicity which indicated the contribution of kidney
in excretion of Pb from the body. The hydropic swelling observed in this study was very
in line to those detected in Nile tilapia (Oreochromis niloticus) which exposed to
contaminated sediments(16). The occurrence of tubule degeneration, together with the
necrosis in the kidney in the present study shows that there was a damage in the kidney
after exposure to Pb. (17, 18), observed that the polluted kidneys of carp fish appear
acute degeneration, interstitial nephritis and renal necrosis and mononuclear cell
infiltration. These changes are partially seen in this study.

- Liver: Liver of control fish (T1) and (T2) groups revealed a normal structure

(architecture) and there were no pathological alterations. The hepatocytes exhibited

a homogenous cytoplasm and a large subcentral or central spherical nucleus (Fig. 2

A and B). The histopathological changes of the liver after exposure to Pb (Fig. 2 C,
D, E and F) revealed important changes including: hypertrophy of hepatocyets,
nuclear piknosis, necrosis, mononuclear cells (MNCs), infiltration (monocytes/
macrophages and lymphocytes) (Fig. 2 E). As well as, necrosis and cytoplasmic
vacuolation. The extent of damage was not severe in (T5 and T6). Quantitative
analysis showed that these changes were significantly increased (P<0.05) in all
treated groups (T3, T4, T5 and T6) compared to (T1 and T2) groups. Also, there
were significant differences (P<0.05) between (T3 and T4) groups relative to (T5
and T6) groups (Table 2).
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Fig. (2) Photomicrographs of the liver of C. carpio affected by dietary lead either alone or with VE
plus Se at 5 pm thickness. [A] Control liver showing normal hepatocytes [B] T2 show normal
histology of the liver; [C&F] dietary Pb treatment groups showing nuclear piknosis (NP), necrosis
(N) mononuclear cells infiltration (MNCs) and cytoplasmic vacuolation (CV). H&E, Scale bars: 50
pm.

Table (2) Histopathological changes presented as a percentage in the liver of C.
carpio L. feeding dietary Pb alone or with VE plus Se for 10 weeks

Lesion Nuclear piknosis Necrosis Mononuclear cells Cytoplasmic vacuolation

(%) (NP)% (N)% infiltration (MNCs)% (CV)%

T1 5.0+0.01° 0.0£0.00° 3.0+0.05°% 0.0+0.00°

T2 7.0£0.08° 0.0 +0.00° 2.0 +0.01° 0.0 +0.00°

T3 28.0 + 0.90° 42.0 +5.00 16.0 + 2.00° 67.0 + 0.05°

T4 25.0 + 1.50° 34.0 + 7.00° 14.0 + 1.50° 70.0 + 3.50°

T5 23.0 + 0.60° 28.0 + 0.40° 13.0 + 0.60° 38.0+0.90°

T6 34.0 + 0.80° 25.0 + 0.90° 17.0+0.80° 32.0+2.60°

Data are mean + S.E. Groups with different alphabetic superscripts indicate significantly different at P < 0.05.
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Two factors were detecting the detrimental effect of HM pollution on histology of
fish liver, the period of the exposure and the concentration of the specific metal and that
fish liver histology might be used as a model for demonstraing the interactions between
environmental factors and hepatic structures and functions (19). The monitor of
histological abnormalities in fish liver is a greatly sensitive and accurate method to
evaluate the effects of xenobiotic compounds in the field and investigational researches
(20). Since the liver expected to be the primary target organ with the detoxification and
biotransformation process this, given an exceptional bioindicator of aquatic
contamination (21). The most common changes of liver after Pb exposure were reported
to include nuclear pyknosis, cytoplasmic vacuolation and moderate mononuclear cells
aggregation and necrosis. The presence of vacuoles in hepatocyte in the cytoplasm
which could be lipids and glycogen, and can be related to the normal metabolic function
of the liver (22). (23), explained that increased vacuolization as a cellular defence
mechanism against injury of contaminants to hepatic cells and this process are
responsible for accumulating injurious substances and stopping them from interfering
with the biological actions of these cells. Some researchers suggested that vacuoles
formation in the hepatic cells acts as a marker of degenerative changes due to metabolic
damage, which possibly related to exposure to contamination (24). In addition, the
cytoplasmic vacuolization could be indicated to an imbalance between the rate of
production of lipids and glycogen in the parenchymal cells and the release of these
substances in the circulation (25). The aggregation of inflammatory cells could be
indicated to the reaction of melanodialdehyde in oxidative stress developed by Pb
exposure as evidenced by increased of TBARS. The present observations are in line
with those found by numerous researchers who studied the impacts of different
contaminants in fish (26, 27). Also, the necrosis and the cellular degeneration could be
attrabuited to metal accumulation consequence in hepatic tissue. Fish generally
accumulate higher levels of metals in liver than other organs (28). (29) reported that the
contaminants have the ability of inducing disarrangement of cell membranes resulting in
their degradation. In addition, (30), described that the necrosis in the liver cell might be
due to inhibition of production of DNA required for the development and growth of the
liver. Our results are also in agreement with (31), how reported the similar changes in C.
carpio exposed to dietary Cu for 10 weeks. The current study approves the worth of
histopathology in evaluating the effects of HM in the aquatic ecosystem. In addition, the
use of different parameters, histology being one of them, may contribute in
environmental monitoring. In conclusion, histopathological changes in liver and kidney
tissues following exposure to dietary Pb alone or with VE plus Se indicating that the
histopathology are a powerful tool for evaluating the environmental contamination.
Additionally, VE plus Secould be used as a feed additive in diet to produce that effect
and act as an antioxidant.
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