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Introduction
Food security, defined in numerous ways, is commonly 
understood as ensuring access to sufficient, quality food 
for all, through availability, accessibility, and sustainable 
practices and prevent hunger [1]. A strong food security 
system ensures access to safe, nutritious food for a country’s 
population [2]. Aquatic animal production from fisheries 
and aquaculture worldwide reached 177.8 million tons in 
2020 [3-5]. For many people, especially in coastal cities, fish 
is an important source of food because they are high in 
vitamins and minerals, low in fat, and have a considerable 
source of protein. For the prevention of chronic diseases 
linked to diet, public health guidelines often include 1-2 
weekly servings of fish [6]. The internationally recognized 
definition of marine pollution encompasses the 
introduction of chemicals into the marine environment, 
either directly or indirectly through human activities, 
resulting in detrimental effects on biota and water quality [7]. 
Marine ecosystems face significant risk from industrial 
and domestic pollutant discharge [8,9]. The residence time 

of pollutants in estuaries results in a significantly greater 
impact on the coastal zone compared to inland river 
systems [10]. The presence of heavy metals and organic 
pollutants within marine environments constitutes a 
significant ecological concern. Heavy metal deposition in 
fish organs is influenced by metal concentration, exposure 
time, absorption, environmental factors (temperature, 
hardness, pH salinity, water and sediment metal levels, 
ecological needs), and fishing period and the water’s 
physical and chemical properties, and biological factors 
(age, feeding, size, gender). The primary organs of metal 
bioaccumulation are the gills, kidneys, and liver [11-13]. 

Heavy metal toxicity represents a major environmental 
and health concern, as exposure to these elements is 
associated with a wide range of adverse health effects. 
Although heavy metals have no essential biological 
role in the human body, their accumulation can impair 
physiological processes and disrupt normal biological 
functions. Prolonged retention of these toxic elements 
may result in chronic health conditions. The severity of 

Kafkas Univ Vet Fak Derg
31 (5): 697-708, 2025

DOI: 10.9775/kvfd.2025.34770

Abstract

Heavy metal (HMs) contamination in marine environments is a global concern, affecting 
fish health and seafood safety. This study examined the effects of HMs on 90 emperor 
fish from the Red Sea, focusing on metal levels in water and fish liver, blood parameters, 
and liver histopathology. Using inductively coupled plasma mass spectrometry, different 
levels of heavy metals were detected. While some metals, such as Pb, Cu, and Zn, were 
undetectable in seawater from both northern and southern regions, Ni, Fe, and Mn were 
higher in the north. As a result, compared to the South area, fish from the North showed 
a significant increase in serum hepatic enzymes, with ALT, AST, ALP, and GGT elevated 
by 27.3%, 36.9%, 11.6%, and 35.4%, respectively. Bilirubin levels were 20.5% higher in 
the North, indicating liver dysfunction. This matches liver histology findings, where the 
North area had a mean liver damage score of 2.0, indicating moderate hepatocellular 
degeneration, congestion, and prominent melanomacrophage centers. Conversely, the 
South area had a lower mean liver damage score of 0.5, reflecting mostly normal or mild 
changes and relatively intact liver structure. The study concludes that HMs poisoning 
significantly harms fish in the north, emphasizing the importance of biochemical 
and histopathological markers in assessing marine pollution and its risks to both 
environmental health and food safety.
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metal toxicity depends on the absorbed dose, the route of 
exposure, and the duration of contact [14]. Heavy metals 
exhibit several detrimental characteristics that make 
them particularly concerning from both environmental 
and biological perspectives. They possess long biological 
half-lives, allowing them to remain in organisms 
for extended periods without efficient metabolic 
elimination. Additionally, they have a high capacity for 
bioaccumulation and biomagnification, enabling them to 
concentrate in tissues and increase in abundance through 
the food chain. Their chemical stability contributes to 
strong environmental persistence, meaning they resist 
natural degradation processes and remain in ecosystems 
for decades or longer, posing sustained ecological and 
health risks [15]. 

The Red Sea represents a highly diverse and ecologically 
rich marine ecosystem, with more than 1.200 documented 
species of fish [16]. Sewage represents a significant 
environmental threat across the region. Coastal zones also 
host power and desalination plants, oil refineries, fertilizer 
production facilities, and chemical industries [17].

Fish and other seafood are frequently among the primary 
sources of metal exposure in the general population. 
When toxic metal concentrations in foods exceed 
permissible limits, they pose risks to human health and 
are prohibited from trade under many national and 
international regulations [18]. The experimental sites in 
Jeddah are subject to multiple contamination sources 
that significantly impact coastal water quality and marine 
ecosystems. The northern site (Dahaban) is near to 
Distillation Plant Dahaban which is a Water treatment 
plant. The southern site (Sarum) is close to the SAWACO 
seawater desalination plant and the Jeddah 2nd industrial 
city. These anthropogenic inputs may create distinct 
pollution gradients, making these locations ideal for 
comparative studies on heavy metal contamination and 
its effects on marine biota in the Red Sea ecosystem. This 
study investigates the effects of heavy metals on fish from 
the Red Sea, Jeddah. The research involves measuring 
the concentrations of selected heavy metals in seawater 
and fish liver, evaluating their impact on specific blood 
parameters, and examining histopathological alterations 
in fish liver tissue.

Materials and Methods
Ethical Approval

The animal study has been reviewed and approved by 
ZU‑IACUC committee. was performed in accordance 
with the guidelines of the Egyptian Research Ethics 
Committee and the guidelines specified in the Guide for 
the Care and Use of Laboratory Animals (2025). Ethical 
code number ZU‑IACUC/3/F/284/2025.

Study Sites and Fish Sampling

This study was conducted from 2023 to 2024 in one of the 
major urban cities of the Kingdom of Saudi Arabia. Two 
sampling sites were selected, situated in the north and 
south of Jeddah. The northern site (Dahaban) is located 
about 50 km north of Jeddah city, at GPS coordinates 
22°03’11.5”N and 38°55’16.5”E. It includes fishing areas 
and is close to the Distillation Plant Dahaban, which 
is a Water treatment plant. The southern site (Sarum) 
is located on the southern corniche of Jeddah, at GPS 
coordinates 21°07’32.5”N and 39°10’48.7”E, close to 
SAWACO seawater desalination plant and the Jeddah 2nd 
industrial city (Fig. 1). 

Eighteen water samples were collected from each site to 
ensure the collection of representative data. A map showing 
the geographic locations of these sampling stations in 
the northern and southern regions of Jeddah. The sites 
were selected based on their contrasting environmental 
conditions and pollution levels. 

A total of 90 specimens of the emperor fish species, carset 
(Lethrinus lentjan, 21), Abu Bose (Lethrinus microdon, 12), 
Mohaysni (Lethrinus mahsena, 15),  Abu Sirin (Lethrinus 
obsoletus, 9), khorrami (Lethrinus nebulosus, 8), Abu 
Nuqtah (Lethrinus harak, 7), saqa (Lethrinus borbonicus, 
9), and abu Zahu - Kharmiya (Lethrinus xanthochilus, 9) 
were collected in a fish trap (cage) by local fishermen at 
each site. The species of fish were identified according 
to external features by Abu Shusha et al.[19]. Fish samples 
were kept alive in clean tanks containing aerated seawater 

Fig 1. Detailed map of Jeddah showing sampling locations
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and taken to the laboratory. For each fish, morphological 
measurements and blood drawn were taken. Then, all 
fish samples were dissected on the same day. The most 
abundant species of emperor fish were Lethrinus lentjan 
(Carset), Lethrinus mahsena (Mohaysni) and Lethrinus 
microdon (Abu Bose).

Water Analysis

The surface water samples from the north and south areas 
were collected in clean 1-L plastic bottles. All sample 
bottles were immediately transferred to a cool box to the 
National Water Company laboratory in Jeddah, where 
analyses were conducted on the same day of collection 
to avoid potential temporal effects on water quality 
parameters and heavy metal speciation.

Physicochemical Parameters

Each water sample was analyzed for water temperature 
(°C), pH, total dissolved solids (mg/L), and conductivity 
(µS/cm) using the multi meter (HACH, HQ40d, Loveland, 
CO, USA). Turbidity (NTU) was measured with the 
portable turbidimeter (HACH, 2100Q). Total hardness 
(mg/L), total alkalinity (mg/L), and chloride (mg/L) 
were determined using the AUTO Titration (Metrohm, 
905 Titrando, potentiometric titration, Switzerland). 
Ammonia (mg/L), nitrate (mg/L), sulfate (mg/L), 
and iron (mg/L) were measured with the Laboratory 
Spectrophotometer (HACH, DR 5000™ UV-Vis).

Heavy Metal Analysis

The seawater samples were acidified to pH <2 with 
ultrapure nitric acid immediately upon arrival at the 
laboratory and then subjected to membrane filtration 
(0.45 µm) to remove particulates. Acidification and 
digestion were performed in the laboratory on the same 
day as collection, rather than in the field, to ensure sample 
integrity while allowing precise control of reagent purity 
and digestion conditions. Seawater samples were then 
diluted and analyzed for copper (Cu), zinc (Zn), lead 
(Pb), manganese (Mn), cadmium (Cd), and nickel (Ni) 
using a Perkin Elmer NexION 300X Inductively Coupled 
Plasma–Mass Spectrometer (ICP-MS). The ICP-MS was 
selected for seawater analysis due to its superior multi-
element capability, very low detection limits (sub-µg/L), 
and high throughput, which are critical for trace-level 
determinations in complex saline matrices. The metals 
concentration was analyzed according to the American 
Public Health Association (APHA 3125) standard method. 
Metal concentrations in water samples are expressed  
as mg/L.

Morphological Parameters of Fish

In the laboratory, morphological measurements as 
conducted for all collected specimens. For each fish, the 

total body length was measured to the nearest centimeter 
using a tape measure on a flat surface, and the total body 
weight was recorded to the nearest gram using digital 
balance (OHAUS, Scout pro balance). The condition 
factors of fish samples were calculated using the following 
equation [17]: 

Condition Factor (K) = [body weight (g)/body length3 
(cm3)] *100. 

In addition, other parameters (standard length, total 
length, fork length, head length, eye diameter, and body 
depth) of each fish were measured in (cm). 

Biochemical and Hematological Parameters

The fish were anesthetized by adding 3-5 drops of clove oil 
to the water tank. Blood samples were withdrawn from the 
caudal vein using a heparinized syringe. Each blood sample 
was analyzed for the total cell count of red blood cells (RBCs), 
white blood cells (WBCs), neutrophils, lymphocytes, 
monocytes, eosinophils, basophils, hemoglobin (HGB), 
and platelets (PLT). A commercial kit for a complete blood 
count (CBC) from Bio-Lab Diagnostics Ltd. (Mumbai, 
India) was used to assess the blood cell count, following 
the manufacturer’s recommendations. A hemocytometer 
was used in blood cell count, in which the blood diluting 
fluid was prepared as described by Svobodova et al.[20]. The 
blood cells were counted on the counting chamber of a 
hemocytometer with the aid of a compound microscope.

In addition, blood samples were centrifuged at 2000 rpm for  
20 min to obtain blood serum which was kept frozen at –20°C 
until being processed for various biochemical analyses: 
total protein [TP, Cat no 04810716, Roche Diagnostics 
(Switzerland)], albumin [ALB, OSR6102, Beckman Coulter 
(USA)], total bilirubin [BL, DF30, Siemens Healthineers 
(Germany)], aspartate aminotransferase [AST, 3L82, Abbott 
Diagnostics (USA)], alanine aminotransferase [ALT, 3L52, 
Abbott Diagnostics (USA)], gamma-glutamyl transferase 
[GGT, 3L72, Abbott Diagnostics (USA)], and alkaline 
phosphatase [ALP, 3L62, Abbott Diagnostics (USA)]. The 
biochemical analyses of blood samples were analyzed by 
Dynex Best 2000 automated microplate Immuno analyzer 
(DSX Automated Elisa System, Germany, Listing# 835485).

Collection of Liver Tissue for Heavy Metal Analysis 

The dissected liver was removed and weighed to calculate 
the liver weight to body weight ratio then it was divided into 
liver tissue which will be fixed in 10% buffered formalin 
for histopathological examination. The other liver lobe will 
be frozen and kept at -20°C until biomarker analysis. Also, 
the concentrations of heavy metals iron (Fe, mg/kg), zinc 
(Zn, mg/kg), copper (Cu, mg/kg), manganese (Mn, mg/
kg), nickel (Ni, mg/kg), lead (Pb, mg/kg), and cadmium 
(Cd, mg/kg) were measured in liver tissue using atomic 
absorption spectrophotometer (BIO RAD, SmartSpec 
Plus spectrophotometer). Liver digests were analyzed by 
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Atomic Absorption Spectrophotometry (AAS) because 
tissue matrices often require matrix-matched calibration, 
and AAS provides robust, cost-effective quantification for 
individual metals at higher concentration ranges. All metal 
determinations followed the APHA Method 3125 standard 
protocol, and results are reported as mg/L for water and 
mg/kg wet weight for liver samples. The liver tissues were 
transferred to an oven set at 80°C for 8 h until completely 
dried. Dry tissues were then digested in a mixture of 
concentrated nitric (HNO3) and perchloric acids (HClO4) 
according to the method described by Neugebauer et al.[21]. 
The mixture in a flask was gently shaken and placed on a 
hot plate until the tissues were completely digested to clear 
solutions. Then, the concentration (mg/L) of heavy metals 
in the solution is measured using an atomic absorption 
spectrophotometer.

Collection of Liver Tissue for Histological 
Examination

Fixed liver in phosphate-buffered formal saline was 
dehydrated and embedded in paraffin as blocks. Then 
they were sectioned (8 μm thickness), spread on glass 
slides, and stained with haematoxylin and eosin (H & E) [22].

Statistical Analysis

The statistical analyses for the data were conducted using 
the Statistical Package for the Social Sciences (SPSS). 
Significant differences between the north and south areas 
were tested using two-sample t-tests at a probability level 
of P<0.05.

Results
Physicochemical Parameters of Seawater

The physicochemical parameters of seawater at the north 
and south areas are presented in in Table 1. Surface 
water temperature and total hardness were relatively 

consistent between the two sites. Electrical conductivity 
and total dissolved solids (TDS) were slightly higher 
in the northern area compared to the southern area. A 
notable difference in pH was observed, with the southern 
area showing a significantly higher pH than the northern 
area (P<0.01). Additionally, turbidity was significantly 
higher in the north than in the south (P<0.01). Total 
alkalinity was significantly greater in the southern site 
compared to the northern site (P<0.05). The sulfate 
concentration was higher in the north than in the south 
(P<0.05). No noticeable differences were observed in 
chloride and nitrate levels between the two locations, and 
ammonia concentrations remained below detectable levels 
(<0.1 mg/L) across all samples.

Heavy Metals in Water 

Table 2 displays the amounts of heavy metals in water 
samples taken from the north and south locations. All 
samples had cadmium (Cd), lead (Pb), copper (Cu), and 
zinc (Zn) levels below the limit of detection, which is less 
than 0.002 mg/L. The north had greater quantities of nickel 
(Ni) than the south. The northern samples had slightly 
higher concentrations of iron (Fe) than the southern ones. 
The north area had a higher concentration of Mn in water 
samples compared to the south area.

Morphological Parameters of Fish

Table 3 and Table 4 display the data for each fish species 
from the north and south areas with respect to their total 
body weight, liver weight, standard length, fork length, 
body depth, head length, eye diameter, condition factor 
(K), and hepatosomatic index, which is the ratio of liver 
weight to body weight. The total body weight of L. lentjan 
was highest in the northern region, whereas that of L. 
borbonicus was lowest. When compared to other species 
in the south, L. xanthochilus had the highest total body 

Table 1.  Mean ± SE of physicochemical parameters in seawater from two areas

Parameters North South P Value

Temperature (°C) 22.143±0.15 22±0 0.9 NS

Electrical Conductivity (mS/cm) 62.09±0.93 61.84±0.05 0.89 NS

Total dissolved solids (mg/L) 41942.86±1046.96 39820±20 0.75 NS

pH 7.45±0.14 8.082±0.03** <0.01

Turbidity (NTU) 9.14±1.08** 5.38±0.20 <0.01

Total Hardness(mg/L) 7862.43±55.64 7898.4±22.77 0.99 NS

Total Alkalinity(mg/L) 180±10.19 210.4±6.14* <0.05

Ammonia(mg/L) <0.1 <0.1 -

Chloride(mg/L) 34423.86±2408.54 29236.2±713.84 0.13 NS

Nitrate(mg/L) 1.02±0.31 1.19±0.08 0.89 NS

Sulfate(mg/L) 861.86±316.12* 349.4±48.55 <0.05

Two- sample t-test, * P<0.05; ** P<0.01, NS: Not significant
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weight while L. obsoletus had the lowest. The liver weights 
of the northern L. lentjan and L. nebulosus were higher than 
those of the other species, whereas the liver weights of the L. 
microdon were much lower. Liver weight was highest in L. 
mahsena and lowest in L. obsoletus in the southern region.

In the northern region, L. lentjan had the longest total body 
length, whilst L. borbonicus had the shortest. The total body 
length of L. xanthochilus was the longest in the southern 
region, whilst that of L. obsoletus was the shortest.

Similarly, in the northern region, L. lentjan had the longest 
forks and L. borbonicus the shortest. In the southern region, 
L. xanthochilus had the longest forks and L. obsoletus the 

Table 2. Mean ± SE of some heavy metal concentrations in water from two areas

Heavy Metals North South WHO 
(2011) P Value

Cd(mg/L) <0.002 <0.002 0.003 0.99 NS

Pb(mg/L) <0.002 <0.002 0.01 0.95 NS

Cu(mg/L) <0.002 <0.002 2.00 0.99 NS

Zn (mg/L) <0.002 <0.002 3.00 0.99 NS

Ni (mg/L) 1.68±1.32* 0.18±0.05 0.05 <0.05

Fe (mg/L) 0.077±0.006 0.070±0.006 0.30 0.98 NS

Mn (mg/L) 1.04±0.22 0.67±0.19 0.50 0.045 

Two- sample t-test; * P<0.05; ** P<0.01; NS: Not significant

Table 3. Mean ± SE of morphological parameters of fish from two areas

Area Species Total Body Weight 
(g)

Liver Weight 
(g)

Total Body Length 
(cm)

Condition Factor 
(K)

Hepatosomatic 
Index

North

L. lentjan 397.24±26.01 3.90±0.35 30.11±0.79 1.42±0.03 1.01±0.07

L. obsoletus 240.25±0.25 2.60±0.2 25.7±0.10 1.46±0.025 1.05±0.05

L. nebulosus 226.5±36.5 3.45±0.95 24.75±1.05 1.48±0.05 1.49±0.18

L. mahsena 193.58±20.28 2.60±0.37 22.49±0.76 1.63±0.03 1.30±0.09

L. microdon 165.29±37.80 1.68±0.44 22.60±1.55 1.30±0.05 1.02±0.11

L. borbonicus 165.15±22.85 1.80±0 22.30±0.40 1.48±0.13 1.11±0.15

South

L. xanthochilus 221.25±68.75 1.85±0.55 25.40±2.10 1.30±0.09 0.84±0.01

L. mahsena 218.67±45.20c 3.13±0.84 23.23±1.25 1.70±0.09 1.40±0.08

L. harak 183.08±11.79 2.34±0.23 23.18±0.54 1.41±0.02 1.22±0.09

L. obsoletus 126.4±0.2 1.15±0.15 21.25±0.5 1.31±0.12 0.80±0.01

Table 4.  Mean ± SE of morphological parameters of fish from two areas

Area Species Fork Length 
(cm)

Standard Length 
(cm)

Body Depth 
(cm)

Head Length 
(cm)

Eye Diameter 
(cm)

North

L. lentjan 28.23±0.71 25.70±0.65 10.08±0.28 8.44±0.25 1.65±0.04

L. obsoletus 24.55±0.05 22.45±0.25 8.50±0.1 7.70±0.2 1.75±0.15

L. nebulosus 23.30±0.70 20.95±0.55 8.35±0.45 6.95±0.25 1.60±0.1

L. mahsena 21.12±0.70 19.71±0.85 8.67±0.25 6.52±0.21 1.65±0.07

L. microdon 21.03±1.39 19.38±1.29 7.45±0.29 6.55±0.53 1.54±0.04

L. borbonicus 20.70±0.20 19.65±0.15 8.10±0.80 6.20±0 1.45±0.15

South

L. xanthochilus 23.70±2.20 22.0±1.90 7.25±0.15 7.75±0.85 1.90±0.10

L. mahsena 21.77±1.16 20.27±1.16 8.97±0.52 6.63±0.33 1.60±0

L. harak 21.70±0.51 19.77±0.49 7.70±0.19 6.37±0.18 1.60±0.04

L. obsoletus 19.75±0.5 18.1±0.1 7.15±0.05 6.05±0.15 1.45±0.05
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shortest. Similar patterns emerged when looking at the 
standard length, with L. lentjan being the longest in the 
northern region and L. borbonicus and L. microdon were the 
shortest. Standard length was greatest for L. xanthochilus 
and lowest for L. obsoletus in the southern region. Among 
the northern species, the body depth in north area was 
the highest in L. lentjan and whereas was the lowest in L. 
microdon. The body depth in south area of L. mahsena was 
the highest, whereas L. obsoletus was the lowest among 
other fish species.

Head length was greatest in L. lentjan in the northern 
region and lowest in L. borbonicus. The southern region 
showed the greatest head length in L. xanthochilus and 
the shortest in L. obsoletus. In terms of eye diamester, 
the northern species of L. obsoletus had the largest 
measurement, while the southern species of L. borbonicus 
had the smallest. In the southern region, L. obsoletus had 
the smallest eyes and L. xanthochilus the biggest.

In the northern region, L. mahsena had the greatest 
condition factor (K) value, whilst L. microdon had the 
lowest. While L. obsoletus and L. xanthochilus displayed 
the lowest values in the southern area, and L. mahsena 
had the highest. In the northern region, L. nebulosus had 
the greatest hepatosomatic index, whilst L. lentjan and L. 

obsoletus had the lowest. The hepatosomatic index was 
highest in L. mahsena and lowest in L. xanthochilus and L. 
obsoletus in the southern region.

Biochemical Blood Analysis

The biochemical analysis of fish serum from the North 
and South areas revealed significant differences across 
several liver function markers, protein metabolites (Table 
5). Fish from the North area exhibited higher mean 
values for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), and 
gamma-glutamyl transferase (GGT) compared to those 
from the South area, suggesting increased hepatic enzyme 
activity and possible hepatocellular stress or damage 
in the North. In addition, albumin, bilirubin and total 
protein concentrations were slightly higher in the North 
area, further supporting altered liver function or protein 
metabolism in the North relative to the South.

Hematological Parameters of Blood

The values of WBCs, RBCs, platelets, hemoglobin, 
neutrophils, lymphocytes, monocytes, eosinophils, and 
basophils in blood fish samples are shown in Table 6.  
In this study, the average hematological parameters  
during the study period were higher in the northern 

Table 5. Mean ± SE of biochemical parameters in fish serum from two areas

Parameter Unit North Area South Area P Value

Liver Function Markers

ALT U/L 30.48±4.32* 23.94±8.92 <0.05

AST U/L 41.29±5.91* 30.16±10.25 <0.05

ALP U/L 70.56±10.21* 63.20±13.80 <0.05

GGT U/L 35.89±6.87* 26.50±9.75 <0.05

Protein and Metabolites

Albumin g/dL 4.60±0.52 3.86±0.78b 0.75 NS

Bilirubin mg/dL 1.06±0.18 0.88±0.14 0.62 NS

Total Protein g/dL 6.63±0.39 6.50±0.74 0.81 NS

Two- sample t-test; * P<0.05; ** P<0.01; NS: Not significant

Table 6.  Mean ± SE of hematological parameters in fish blood from two areas

Hematological Parameters North South P Value

WBCs (cells/cubic millimetre) 12.26±0.97×103 9.05±1.06×103 0.67 NS

RBCs (cells/cubic millimetre) 4.67±0.60×106 6.32±0.58×106 0.58 NS

Platelets (cells/cubic millimetre) 783.42±76.71* 630.5±60.19 <0.05

Haemoglobin (g/dl) 10.7±0.53 12.23±0.59 0.15 NS

Neutrophil (%) 31.83±1.87 45.00±3.78* <0.05

Lymphocyte (%) 53.17±2.50* 42.83±2.07 <0.05

Monocyte (%) 11.00±1.2 9.33±1.43 0.11 NS

Eosinophil (%) 3.52±0.61 2.17±0.60 0.23 NS

Basophil (%) 0.5±0.15 0.67±0.21 0.74 NS

Two- sample t-test; * P<0.05; ** P<0.01; NS: Not significant
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area for some parameters. Conversely, levels of RBCs, 
hemoglobin, neutrophils, and basophils were higher in 
the southern area.

Although white blood cell counts were greater in the 
northern region than in the southern region, this difference 
did not reach statistical significance (P>0.05). Relative 
to this, there was no discernible difference between the 
north and the south in terms of RBC levels; nonetheless, 
southern levels were higher. Northern platelet counts were 
significantly greater than southern ones (P<0.05). While 
there was no statistically significant difference, northern 
regions had lower hemoglobin levels and southern regions 
had greater ones. In the south, there was a noticeable and 
statistically significant rise in neutrophil counts when 
contrasted with the north (P<0.05). On the other hand, 
there was a slight but noticeable increase in lymphocyte 
counts in the north. The north had somewhat higher 
numbers of monocytes and eosinophils, whereas the 
south had somewhat higher levels of basophils. But these 
variations did not reach a statistically significant level.

Heavy Metal Determination in Liver 

Table 7 presents an analysis of heavy metal concentrations 
in the liver tissue. The accumulation pattern varied 
between the two areas: the North area showed higher 
concentrations of most metals, including Iron (Fe), Zinc 
(Zn), Manganese (Mn), Cadmium (Cd), and Nickel (Ni), 
may suggesting a broader and more intense source of 
industrial or multiple pollution sources in that region. 
Conversely, the South area had higher levels of Copper 
(Cu) and Lead (Pb), which could point to different 
contamination sources, such as agricultural practices (e.g., 
copper-based pesticides) or historical use of leaded fuel. 
The high levels of Cd are especially concerning because 
this metal has no biological role and is known to cause 
extensive cellular damage, impair neurological functions, 
and lead to organ failure. This data provides a clear and 
compelling explanation for the physiological changes 
previously observed in these fish. The significantly 
elevated liver enzymes (ALT, AST) are classic biomarkers 

of liver cell damage and necrosis, directly linked to the 
toxic effects of these accumulated metals. 

Histological Examination of Fish Liver

The liver of fish from south area: The largest portion 
of the liver consists of hepatic tissue, while a smaller 
portion includes pancreatic tissue, blood sinusoids, and 
bile ducts. In some specimens, vacuolated hepatocytes 
with deeply stained nuclei, exocrine pancreatic tissue 
surrounding the portal vein, and connected to blood 
sinusoids were observed (Fig. 2-A). Their cytoplasm 
is filled with lipids in the form of large lipid droplets. 
Additionally, histological examination revealed blood 
congestion in the blood sinusoids of most of the studied 
fish. Bile ducts, mostly located near the central vein in the 
liver tissue and close to exocrine pancreatic tissue (Fig. 
2-B,C), were also observed. Furthermore, some specimens 
displayed exocrine pancreatic tissue surrounding the 
portal vein, separated from hepatocytes by wide spaces 

Table 7. Mean ± SE of heavy metal concentrations (mg/kg wet weight) in 
liver tissue of fish from two areas

Heavy Metal North Area South Area P Value

Fe (mg/kg) 2.31±0.30** 1.40±0.11 <0.01

Cu (mg/kg) 0.86±0.10 1.25±0.12* <0.05

Zn (mg/kg) 2.79±0.15** 1.55±0.16 <0.01

Pb (mg/kg) 1.59±0.11 2.19±0.16* <0.05

Mn (mg/kg) 2.01±0.12 1.68±0.10 0.88 NS

Cd (mg/kg) 4.26±0.22** 2.79±0.20 <0.01

Ni (mg/kg) 2.44±0.26** 1.29±0.11 <0.01

Two- sample t-test; * P<0.05; ** P<0.01; NS: Not significant

Fig 2.  Histological sections of liver of south area showing: (A) Vacuolated 
hepatocytes (H) with deeply stained pyknotic nuclei, exocrine pancreatic 
tissue (*) surrounding portal vein (PV) and connected with blood sinusoids 
(S). Note: the melano–macrophage center (MMCs) inside the exocrine 
pancreas (X 400 H&E). (B): Another liver section with numerous congested 
blood sinusoids (s) between deeply stained acidophilic hepatocytes (H), 
exocrine pancreatic tissue (*) surrounding portal vein (PV) and bile duct 
(BD). Note: The exocrine pancreatic tissue separated from hepatocytes by 
wide space (blue star), blood exudate (yellow arrows) and brown pigments 
(black arrow) (X 200 H&E). (C): numerous congested blood sinusoids (s) 
between deeply stained acidophilic hepatocytes (H), exocrine pancreatic 
tissue (*) surrounding portal vein (PV) and bile duct (BD). Note: The 
exocrine pancreatic tissue separated from hepatocytes by wide space (blue 
star), blood exudate (yellow arrows) and brown pigments (black arrow) (X 
200 H&E). (D): accumulation of brown pigments (black arrows) between 
the vacuolated hepatocytes (H) (X 400 H&E). (E): vacuolated hepatocytes 
with deeply stained pyknotic nuclei (H), melano–macrophage center 
(MMCs)and exocrine pancreas (X 400 H&E). (F): numerous congested 
blood sinusoids (s) between deeply stained acidophilic hepatocytes (H) 
and surrounding the central vein (CV). Note: the presence of brown 
pigments (black arrow) between the hepatocytes (X 400 H&E)
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containing blood exudate and brown pigments (Fig. 
2-C). The bile ducts are lined with cuboidal cells and are 
visible between the hepatocytes (Fig. 2-B). The presence 
of hemosiderin pigments was noted on hepatocytes, 
near blood sinusoids of fish from the southern area, 
and between the vacuolated hepatocytes (Fig. 2-D,F). 
Numerous congested blood sinusoids were observed 
between deeply stained acidophilic hepatocytes (Fig 2F). 
The melano-macrophage center (MMC) is a special type 
of macrophage that contains various pigments, appears 
as a pigment cluster, and is surrounded by a capsule of 
simple squamous epithelium. Moreover, some MMCs 
were found surrounded by exocrine pancreatic tissue 
within the interstitial tissue, as well as located in the 
hepatic parenchyma (Fig. 2-A,E,F). These macrophages 
have small peripheral nuclei and contain various pigments 
in their cytoplasm, including brown melanin pigments.

The Liver of Fish From the Northern Area

 The liver of fish from the northern area shows that the 
parenchymal hepatocytes are radially arranged around a 
central vein in cords of two cells thick. Narrow, straight 
blood sinusoids stemming from the central vein separate 
each cord. These sinusoids are covered by typical 
elongated endothelial cells with flattened nuclei (Fig. 
3-A). The H&E-stained sections reveal hepatocytes with 
a normal appearance of vacuolar cytoplasm, likely due to 
numerous lipid droplets, with small amounts of cytoplasm 
and rounded, vesicular nuclei (Fig. 3-B). The pancreatic 
exocrine tissue is distributed within the liver as part of 
the hepatopancreas. Microscopic observations indicate 
that pancreatic cells are differentiated from hepatic tissue 
by their basophilic basal part and eosinophilic apical 
cytoplasm (Fig. 3-B,D). The epithelium of bile ducts is 
simple (Fig. 3-C). Hepatocytes that are highly vacuolated 
and degenerated, showing nuclear karyolysis, along with 
a dilated and congested central vein with a thick wall 
and clumps of brown pigments, were observed (Fig. 
3-E). In some specimens, a C-shaped hyaline, acidophilic 
structure, possibly a worm, surrounded by a connective 
tissue capsule and located near the central vein, was seen 
(Fig. 3-F). Cells from the MMC aggregations are situated 
close to the hepatic blood vessels, bile ducts, and alongside 
the hepatopancreas (Fig. 3-A,D).  Liver histology findings 
showed that the North area had a mean liver damage score 
of 2.0, indicating moderate hepatocellular degeneration, 
congestion, and prominent melanomacrophage centers. 
Conversely, the South area had a lower mean score of 0.5, 
reflecting mainly normal or mild changes and a relatively 
intact liver structure. 

Discussion
In this study, we measured physicochemical parameters 
and heavy metal concentrations in seawater and examined 

the metabolic responses of emperor fish in northern 
and southern Jeddah, Red Sea. The results show that the 
northern area had higher average values for electrical 
conductivity (EC), total dissolved solids (TDS), chloride, 
sulfate, and turbidity, while the southern area had higher 
pH, total alkalinity, total hardness, and nitrate levels. 
Statistically significant differences were found for pH, 
turbidity, sulfate, and total alkalinity (P<0.05).

All regions have mean pH values within the WHO-
recommended 6.5-8.5 range. The north has lower 
pH levels (6.82-8.00) could be due to organic matter 
decomposition, whereas the south has higher pH values 
(up to 8.15) could be due to algal photosynthesis reducing 
CO₂ concentrations. CO2 absorption from saltwater 
raises pH [23]. Many investigations in contaminated Al-
Kumrah found pH levels of 6.62 and 7.00. In Jeddah city, 
various studies found pH of 7.84 in Rabigh and 8.31 in 
Al-Shoaibah [24]. The average TDS in two locations was 
greater than 30,000 mg/L, indicating that they were saline 

Fig 3.  Histological sections of liver of north area showing: (A): Hepatic 
cell cords (H) radiating from the central vein (CV) and separated by 
blood sinusoids (S), exocrine pancreatic tissue (*) surrounding portal 
vein (PV) and blood sinusoids (S). Note: the melano–macrophage center 
(MMCs) and bile duct (BD) (X 100 H&E). (B): vacuolated hepatocytes 
(H) with vesicular nuclei and exocrine pancreatic tissue (*) surrounding 
the melano-macrophage center (MMCs). Note: the blood sinusoid (S) 
between the hepatocytes (X 400 H&E). (C): highly vacuolated hepatocytes 
(H) with nuclear karyolysis, degenerated exocrine pancreatic tissue (*) 
and bile ducts (BD). Note: the melano-macrophage center (MMCs) and 
the blood sinusoid (S) (X 200 H&E). (D): A higher magnification of the 
previous section shows highly vacuolated hepatocytes (H) with nuclear 
karyolysis, degenerated exocrine pancreatic tissue (*) and bile ducts (BD). 
Note: the melano-macrophage center (MMCs) and the blood sinusoid 
(S) (X 400 H&E). (E): highly vacuolated and degenerated hepatocytes 
(H) with nuclear karyolysis, dilated and congested central vein (CV) with 
thick wall and contained clumps of brown pigments (green arrows) (X 
400 H&E). (F): vacuolated hepatocytes (H) with deeply stained pyknotic 
nuclei and appearance of C- shaped hyaline acidophilic structure (may be 
worm) (*) surrounded by connective tissue capsule (CT) located adjacent 
to the central vein (CV) (X 400 H&E)



Kafkas Univ Vet Fak Derg
ALSOLMY, MOMINKHAN, MELEBARY

705

water, which ranged from 30.000 to 40.000 mg/L. The Red 
Sea’s high salinity and geographical location caused TDS 
concentrations to rise in the Shuaiba region to 38.600 to 
48,400mg/L [25]. In addition, EC analyzes water’s dissolved 
ions and increased ion content from wastewater discharges 
drove EC similarly [26]. The average EC at Safaga along 
the Egyptian red sea was 60.6 mS/cm. Elevated chloride, 
nitrate, and phosphate concentrations in sewage flow may 
explain the observed increases in electrical conductivity 
and temperature in these two regions [27]. 

The low ammonia levels (<0.1 mg/L) in both regions may 
suggest minimal sewage impact. Rising nitrate levels in 
the south may indicate human-caused fertilizer loading, 
which may boost phytoplankton productivity. Younis et 
al.[25] discovered minimum ammonia concentrations in 
Shuaibah, Red Sea water samples, ranging from 0.03 to 0.11 
mg/L. Nitrogen forms, released effluents, phytoplankton 
uptake rate, and nitrification or denitrification in the 
research region may be affected by human activities. The 
north had turbidity levels above 5 NTU, which might be 
due to sedimentation and effluents, whereas the south 
met the clarity norms. Human impact appears to have 
decreased in the south. The northern spike may be due to 
more sewage and soil particles entering the sea [27].

Natural geochemical characteristics and mineral-rich 
discharges may have created increased overall hardness 
and alkalinity in the north [28]. Higher alkalinity in both 
places may raise carbonate concentrations, which buffer 
water. GoA’s coastal waters have increased buffering ability 
due to the high concentration of calcium carbonates in the 
water column [29].

Both regions have chloride and sulfate levels above the 
WHO recommendations, which are ≤250 and ≤500 mg/L, 
respectively. High chloride levels indicate environmental 
salinity and possibly industrial inputs, especially near 
desalination plants. Sulfate levels, however, are lower than 
in other studies, suggesting a lack of anthropogenic impacts. 
Al-Taani et al.[29] found that Cl concentrations ranged 
from 13.500 to 35.000 mg/L and sulfate concentrations 
from 2.600 to 8.900 mg/L, indicating that desalination 
plant discharge may cause a significant concentration of 
chloride ions in the water, which is similar to the current 
study in the south.

In general, the north of Jeddah had the highest mean 
values for most metrics. The discharge of treated and 
untreated sewage and industrial effluents from enterprises 
and factories may cause these results. This is comparable 
to Red Sea areas affected similarly [30]. In the present 
study, the means of Cd, Pb, Cu, and Zn were below the 
detection limit in two areas. In addition, Ni, Fe, and Mn 
were higher in the north area compared to the south area. 
The concentration of most heavy metals in seawater in 

the north and south areas was below the WHO standards, 
except Mn and Ni. The concentrations of Mn, and Ni 
in the water of the south area were slightly higher than 
permitted ones, while those in the water of north area had 
greatly exceeded them. 

The rise in heavy metal levels in seawater is directly linked 
to human activities. This correlation is supported by 
the findings of Al-HasawiHassanine [24], which reported 
elevated levels of heavy metals in the Al-Khamra area 
of Jeddah, likely attributed to anthropogenic sources. 
The concentrations of Cd, Cu, Fe, Mn, Zn, Ni, and Pb 
collected from were significantly higher in this study 
compared to the current study. ICP-MS is selected for 
water analysis due to its ultra-trace sensitivity, which 
allows reliable measurement of elements at extremely low 
concentrations (down to parts per trillion), matching the 
low analyte content and simple matrix of water samples. 
In contrast, AAS is well-suited for biological samples 
like liver because it effectively manages moderate-to-
high analyte concentrations and performs reliably in less 
complex organic matrices, while also being cost-effective 
for routine single-element quantification. 

Fish morphological parameters varied widely. These 
variations in total length, body weight, and condition 
factor are normal and due to species, age, sex, and size. 
Fish size may fluctuate due to high water metal levels [31]. 
Lethrinus lentjan in the north and xanthochilus in the 
south had the highest mean overall length and weight 
in this study. In Lethrinus obsoletus, overall length and 
weight averaged lowest. The current study matches 
GabrMal [32], who found a link between length and weight 
for the top ten coral reef fish species from southern 
Jeddah. Shellem et al.[33] showed an average total length 
of 27.2 cm for Jeddah Lethrinus xanthochilus, supporting 
the current study. Lethrinus lentjan averaged 27.31 cm in 
Egypt [34], similar to the current study.

The condition factor K values indicate fish health, and 
greater K values reduced illnesses [35]. A condition factor 
greater than one indicates fish fitness, which is supported 
by the current study’s K value of 1.30-1.70, indicating 
healthy body weights. The hepatosomatic index (HIS) is 
the main metabolic indicator in animals. Varea et al.[36] 
reported 1.42 and 0.47 condition factors and HSI in Viti 
Levu, Fiji’s Lethrinus harak in the wet season.

The livers of emperor fish from two regions have higher 
ALT, AST, ALP, and GGT. The north region fish have 
higher liver enzymes than south area fish, may indicate 
persistent toxicity from ambient habitat toxicants. This 
contradicts Al-HasawiHassanine [24] who analyzed liver 
enzymes in Jeddah-trapped emperor fish Lethrinus 
harak. Results indicate greater amounts of total protein, 
albumin, and bilirubin in the northern area, with no 
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significant difference (P<0.05). Liver structural alterations 
that reduce aminotransferase and deamination may raise 
plasma protein levels. Total protein and albumin are 
essential fish metabolites. Fish total protein and albumin 
levels are important indicators for aquatic ecosystem 
toxicity [37]. Serum biochemistry ranges vary by species 
and are regulated by seasonal changes, water temperature, 
nutrition, fish age, and sex [38]. Thus, greater liver functions 
in the north may indicate higher pollution exposure than 
in the south.

Elevated liver enzymes, such as aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma-
glutamyl transferase (GGT), are commonly observed 
in individuals exposed to heavy metals like lead (Pb), 
cadmium (Cd), and mercury (Hg). These enzymes are 
released into the bloodstream when hepatocytes are 
injured or undergo necrosis, often as a result of cellular 
stress and the toxic effects of heavy metals. The primary 
mechanism behind this association is the induction of 
oxidative stress: heavy metals increase the production 
of reactive oxygen species (ROS), disrupt antioxidant 
defense systems, and damage cell membranes, leading to 
hepatocyte dysfunction and death. This oxidative stress 
induces the leakage of intracellular enzymes into the 
circulation, which serves as a sensitive indicator of liver 
injury and early hepatic toxicity in both epidemiological 
and experimental studies

Hematological parameters were selected based on their 
recognized sensitivity and importance in toxicological 
research. The results of this study are similar to those 
of El-Hamed et al.[39] which they assessed many blood 
parameters (WBCs, hemoglobin, neutrophil, monocyte, 
and eosinophil) in Lethrinus harak fish from Safaga, Egypt. 
However, in contrast to this study, the RBCs values were 
lower, whereas the lymphocyte values were higher. In the 
current study, the means of WBCs, platelets, lymphocyte, 
monocyte, and eosinophil were higher in the north area. 
On the other hand, the means of RBCs, hemoglobin, 
neutrophil, and basophil were higher in the southern area. 
Stressful conditions often lead to decreased RBC counts 
and hemoglobin levels in fish. This stress-induced anemia 
serves as a valuable indicator for assessing environmental 
stress. This finding agrees with RBCs and hemoglobin 
levels in the current study where its level was less in the 
northern area. According to Javed et al.[40] who observed 
increased WBC in Channa punctatus fish. Leukocytosis 
may be indicative of the extent of tissue damage and stress 
caused by heavy metals, potentially reflecting an activated 
immune response [41]. So, this finding agrees with WBC 
levels in the current study where its level was high in the 
northern area.

Fish growth is negatively affected by contaminated food 
that contains high levels of heavy metals. A clear indicator 

of metal toxicity in fish is the stunted growth [42]. The 
mean concentrations of Fe, Zn, Mn, Cd, and Ni in liver 
tissue of fish from the north area were higher than fish 
from south area. On other hand, the mean of Cu and Pb 
were high in the south area. A significant difference was 
found in all concentrations of heavy metals in the emperor 
liver between the two areas at (P<0.05) expect Mn. In the 
present study, the concentration of most heavy metals 
at two areas were below the FAO standards expect Cd 
and Mn in two areas and the Pb concentration on south 
area. Several studies have shown the effect of heavy metal 
pollution on liver tissue in emperor fish collected from 
the Red Sea, Jeddah Coast, Saudi Arabia [43]. The liver is 
essential for detoxification and storage, serving as a key 
organ for both the accumulation and elimination of heavy 
metals from the body. The liver tissues tend to accumulate 
higher levels of heavy metals compared to muscle tissue, 
which is the primary edible portion and typically exhibits 
lower concentrations. This occurrence can happen even 
when the levels of heavy metals in water are low or not 
detectable [44]. 

Thus, south-area emperor fish livers have better 
histological structure than north-area fish. This study 
found MMCs in the hepatic parenchyma of all fish species 
from two regions. MMCs aggregates contain Kupffer-
like phagocytic cells. Al-Khumrah and Sudanese Red Sea 
investigations have found MMCs. Large MMC densities 
are usually linked to degenerative and necrotic liver 
diseases [23,24]. Several northern specimens had extremely 
vacuolated and degraded hepatocytes with karyolitic 
nuclei. Many vacuolar structures and dark particles 
were found. Histological changes in fish liver tissue may 
be due to Kupffer cells, which detoxify contaminants or 
fat buildup in hepatocytes [31]. Also, in Jeddah fish like 
Lethrinus harak [23,24] and Naso hexacanthus [45]. Lipid 
droplets were observed in both locations, but the southern 
area’s cytoplasm had larger droplets, indicating more lipid 
buildup. Severe fatty infiltration caused hepatomegaly and 
pale liver tissue. Histologically, hepatocytes had extensive 
lipid droplets. In necrotic hepatocytes, these droplets 
showed as empty vacuoles as Mohammed et al.[46]. Some 
current study specimens have blood sinusoids and central 
venous congestion. This study agrees with Jenjan et al.[47], 
who found central venous congestion caused by larger 
hepatocytes with hydronic degeneration. Dilatation 
congests Siganus rivulatus hepatic blood sinusoids and 
arteries. Agree with Mohamed et al.[48] in S. rivulatus 
and MahmoudAbd El Rahman [49] in Mugil capito fish. 
Hepatocyte deterioration and blood sinusoidal congestion 
were found. Jasim Aldoghachi et al.[50] also found liver 
deterioration and sinusoidal congestion in Pb and Cd-
exposed fish. in conclusion, the results of this study show 
that Lethrinus fish, which were collected the northern 
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shore of Jeddah, are negatively affected by heavy metal 
pollution in terms of their liver function, blood parameters, 
and tissue structure. There may be dangers to human and 
environmental health from the elevated concentrations 
of Mn, Ni, Pb, and Cd, which surpassed international 
safety limits. The results highlight the critical need for 
monitoring and controlling coastal contamination and 
provide support for the idea that Lethrinus species can be 
useful bioindicators of marine pollution.
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