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Introduction
Aquatic organisms and wildlife are subjected to pollutant 
compounds and may cause intensive disruption in the ecosystem 
it may cause a decrease in biodiversity and biota in general 
[1]. Polycyclic aromatic hydrocarbons (PAHs) are a widespread 
class of environmental pollutants known to exert acutely toxic 
effects [2]. Phenanthrene (PHE), a three-ring PAH, is among US-
EPA priority PAHs because of its presence in the environment 
especially in aquatic ecosystems, this can be due to petrogenic 
and pyrogenic sources and it has been shown to exert toxicity 
in several marine species [3]. Bay and K region are found in PHE 
and they are classified as the smallest tricyclic PAH, the Bay 
and K regions react actively with other chemical compounds to 
form the main carcinogenic species [4]. PHE are used as a model 
substrate to carry out research on metabolism of carcinogenic 
PAHs. Recently, PAHs have got keen attention of researchers due 
to some compounds being highly carcinogenic or mutagenic [5]. 
These compounds can be accumulated in Fish and other aquatic 
organisms, basically from the aquatic environment through gills 
and through the process of taking inn food from the benthic 
sediment of the aquatic environment [6]. It is well known that, 

Fishes are suitable indicators of contaminants accumulation, 
any pollutant research on aquatic toxicity due to their high 
sensitivity to environment [7]. Any minimal changes may cause 
physiological and biochemical alteration in organ, tissues or 
pathways associated to the respective toxicant. In case of soluble 
petroleum hydrocarbons fishes are assumed to be the best bio 
accumulator [8].

Tilapia fish is endemic to Africa with the generic name of Tilapia 
is belonging to the group cichlids. This group is consisting of three 
main genera including Oreochromis, Sarotherodon and Tilapia. 
All the species of tilapia are nest builders and after fertilization, 
the eggs are secured in the nest by the parents. Immediately, 
the fertilized eggs are picked up by the parents in the mouth for 
incubation and hold for some days till hatching [9]. Tilapia are 
shaped much like sunfish or crappie but can be easily identified 
by an interrupted lateral line characteristic of the Cichlid family 
of fishes. They are laterally compressed and deep-bodied with 
long dorsal fins. The forward portion of the dorsal fin is heavily 
spined. Spines are also found in the pelvis and anal fins. There are 
usually wide vertical bars down the sides of fry, fingerlings and 
sometimes adults. Tilapias are African fish and Egyptian strains of 
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Abstract
Phenanthrene (PHE) is a constituent of Polycyclic Aromatic Hydrocarbon (PAH), 
considered as one of the most abundant marine pollutants with an organic root. 
It is mainly derived from pyrogenic and petrogenic sources. The aim of this study 
was to investigate the histological changes in gill’s structure of marine cultured 
tilapia fish larvae (Oreochromis spilurus). The larvae of the tilapia were ingested 
to phenanthrene mixed with fish food, they were fed twice a day for 14 days, the 
experiment was terminated on Day 14. The effect of phenanthrene on the gill’s 
structure was noticed and compared to the control group. As a result, there were 
noticeable histological changes on gills after treatment including, hypertrophy 
and fusion of the secondary lamellae. The mucus cell numbers in gill’s sections 
was increased in the treated group with 100 mg L-1 of phenanthrene until the 
termination of the experiment. Overall, the deleterious effect of phenanthrene on 
gills histology was evidence at 100 mg L-1 and further studies are recommended to 
study the histological effects of phenanthrene on other tissues of the tilapia fish.
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tilapia were found the best in regard to growth rates compared 
to other African tilapias when introduced to many countries [10].

Tilapia fishes evolved from marine ancestors even though they 
are mostly freshwater water organisms. This may form or explain 
the basis why most of these fishes are able to withstand a wide 
range of water salinity. Their growth and reproduction can be 
achieved in brackish water. Sometimes few species carry out their 
reproduction and other physiological processes in a water bodies 
with high salinity. Although, few studies have been carried out on 
marine culture tiapia, relative to the large information available 
on their culture in freshwater habitat. Less freshwater ecosystems 
in different part of the world and competition for such natural 
resources has led to increased pressure to develop aquaculture 
in brackish water and sea water. Hence, the first aquatic organism 
that one may consider for aquaculture in brackish water and 
seawater is tilapia [11]. 

Different processes are carried out by the fish using the gills, 
these are gas exchange, ammonia excretion, osmoregulation and 
acid-base balance, but most importantly, contact of gills with 
pollutants can alter gills function and anatomy [12]. Resultant 
changes can include epithelial damage, necrosis and, the collapse 
of lamellae [13]. The functional results of these variations in 
function and structure may affect aquaculture productivity, for 
example, gaseous exchange, impairment of osmoregulation, 
reduced growth which if left unaddressed can result in the 
mortality of stock [14].

The nature and degree of toxicity depends on many factors, 
including the chemical form, the pH and temperature of the water, 
the length of exposure and the life stage of the fish being exposed 
[15]. Moreover, the long-term exposure to high doses of toxic can 
also have a considerable impact on fish health and physiological 
function with subsequent decreases in or suppression of growth, 
hemoglobin concentration and haematocrit values [16].

The investigation of the toxicity, histological changes potential of 
PAHs in marine organisms became very useful tool of risk pollution 
assessment as well as the environmental conditions evaluation 
[17]. Limited work has been done in the past on marine cultured 
tilapia fish (Oreochromis spilurus), exposed to phenanthrene [5]. 
Hence, the investigation of this study has been focused on the 
changes in gills structure and mucus cell distribution of marine 
cultured tilapia (Oreochromis spilurus) at larvae stage, were 
induced to different concentration of phenanthrene. On this 
study will reveal for the first time the possibility of Phenanthrene 
to penetrate histological system of marine tilapia.

Materials and Methods
Experimental fish and exposure conditions
MarineTilapia fish (Oreochromis spilurus) larvae were fed 
phenanthrene spiked feed for 14 days in the month of November, 
2018. Oreochromis spilurus larvae were obtained from Jeddah 
Fisheries Research Centre (JFRC) which is located at 21°48'22.9"N, 
39°02'07.7"E in the north of Jeddah. The fish was transported 
to the laboratory and maintained into glass aquariums (70 cm x 
40 cm x 51 cm) filled with 16.8 L of aerated sea water. For each 

treatment, 20 larvae of marine tilapia were kept in aquarium. 
Water parameters such as temperature, pH and salinity were 
measured, using the methods of APHA (1995), the values of 
which were 27 ± 1ºC, 7.1 ± 0.5 and Salinity, 41±0.5%, respectively 
[18]. The water in each of the experimental aquarium were not 
changed during the 14 day trial, but only aerated. The fishes were 
acclimatized to the laboratory condition for two weeks before 
use for the experiments [19].

Test solutions and food preparations
Phenanthrene crystals (99.5% pure, Sigma) were dissolved 
in absolute ethanol first, then stock solution (1 mg mL-1) was 
prepared and stored at -4ºC in amber bottle. For making the 
test solutions of desired concentrations, the stock solution 
was further weakened with distilled water accordingly. For the 
preparation of phenanthrene-spiked food, the stock solution was 
diluted to preferred concentrations and mixed with food of the 
fish (TetraMin, Melle, Germany). The test dose concentrations 
were 0 mg L-1 (Control) and 100 mg L-1. The mixed food was 
stored in lined wall tubes with Teflon in order to avoid sticking 
of phenanthrene to the tube wall. Then, the tubes were caped 
and kept on roller at -4oC for 24 h to ensure mixing of food with 
phenanthrene properly. The tubes were opened occasionally 
for removing the ethanol vapors. After 24 h of mixing, the food 
was centrifuged, eliminated the water and then freezed [20]. 
Extra care was taken as phenanthrene solutions and spike food 
was light sensitive and hence, it was kept in the dark [21]. For 
treatment tilapia with phenanthrene, Spike-food mixed with 
different concentrations of phenanthrene (0 and 100 mg L-1) was 
fed to fish twice a day for 14 days [20].

Gills histology
To assess changes to gills histopathology, two fish were randomly 
selected from each aquarium and prepared for histology. The 
gills of control and experimented fish were fixed in 10% neutral-
buffered formalin for 12-24 h. The samples were then subjected 
to common histological assessment (desiccated and rooted in 
paraffin). Small sections of 5 µm were excised and stained with 
hematoxylin and eosin [22,23].

Results
All samples were observed using the light microscope under (10x, 
40x and 100x) magnification of objective lens and photographs of 
histological structures were captured. As a result, gills samples 
from tilapia fed with feed that is not treated with Phenanthrene, 
control group (0 mg L-1), showed that there were no changes from 
normal gills histology such as normal structure of lamellae and 
filaments, Primary and secondary lamellae, apperance of pillar 
cell, Normal Epithelium (NE) and Erythrocytes (E) in the lamellae 
(Figures 1-3).

Thereafter, gills samples from fish fed with feed treated with 100 
mg L-1 phenanthrene, showed a series of level of expression in 
epithelial hyperplasia. Changes including, small proliferations 
of epithelial cells, epithelial lifting and lamellar deformations as 
characterized by hyperplasia of the mucous and chloride cells of 
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epithelial cells, leading to complete lamellar fusions, with rupture 
of blood vessel forming hematoma, fusion of the secondary 
lamellae and presence of goblet cells and hyperemia. Hypertrophy 
(hydropic degeneration) was also a frequent alteration observed 
in the treated fish (Figures 4-6).

Upon the observation under the light microscope, the changes in 

fish gills become more severe with obvious effect on higher level 
of phenanthrene. The change in cell shape, size and structure 
can easily be observed. Besides some noticeable deviations 
to the structure of the gills tissues, i.e., lifting of the lamellar 
epithelium were observed compared to the control. Ultimately, 
the impairment was more severe when the fish was subjected to 
highest concentration.

Normal gills histology of Oreochromis spilurus larvae 
showing normal appearance of lamellae and filaments 
(Magnification 10x).

Figure 1
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Magnified normal gills histology of Oreochromis 
spilurus larvae showing the normal structure, Primary 
Lamellae (PL), secondary Lamellae (SL), Pillar Cell (PC), 
Normal Epithelium (NE) and Erythrocytes (E) in the 
lamellae (Magnification 40x).

Figure 2
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Magnified normal gills histology of Oreochromis 
spilurus larvae showing normal appearance of Pillar 
Cell (PC), Normal Epithelium (NE) and Erythrocytes (E) 
in the lamellae (Magnification 100x).

Figure 3

Gills of Oreochromis spilurus larvae treated with 100 
mg L-1 phenanthrene showing small proliferations of 
epithelial cells, complete fusions of secondary lamellae 
(Magnification 10x).

Figure 4



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2019
Vol.3 No.1:24

This article is available in: http://www.imedpub.com/aquatic-pollution-and-toxicology4

Journal of Aquatic Pollution and Toxicology 
ISSN 2581-804X

Discussion 
In aquatic organisms, for example fish, gills are one of the 
most sensitive organs which gets damaged easily once the fish 
is exposed to broad spectrum of pollutants, even at minimal 
concentration levels [24]. The various function of the gills such 

gaseous exchange (respiration), excretion and osmoregulation, as 
a result of large surface area in contact with the external aquatic 
environment makes the gills particularly sensitive to changes in 
environmental chemical and physical status [25,26].

In the present study, the effect of gradual accumulation of 
phenanthrene in fish tissue (i.e., gills) was evaluated for 0 mg L-1 
and 100 mg L-1 as control group and treated group respectively. 
For this research, larvae of marine tilapia fish (Oreochromis 
spilurus) were selected due to their wide range of adaptability in 
nature and higher survival in poor quality water [27].

Conclusively, the results revealed the different and obvious 
changes in gills structure in the group of tilapia treated with 100 
mg L-1 phenanthrene. Changes such as necrosis and edemas of 
branchial lamellae and was confirmed that the phenanthrene 
has bioaccumulated in the fish. These results are in line with 
many previous findings that were of the same suggestions for 
the effect of different pollutants on fish gills [25,28]. In another 
study, Cerqueira and Fernandes, pointed out that as the gills 
are the principal site for gaseous exchange, ionic and osmotic 
regulation and acid-base balance, then histopathological 
changes to these structures will result in respiratory disturbance 
and electrolyte imbalance. In many studies, fish gills have been 
reported to react non-specifically to pollutants, which means 
different exposure to different pollutants can lead to similar 
reactions and changes in anatomical structure and physiology of 
gills tissue and therefore be regarded as evidence of response 
to stress in general [29]. 

It is considered that hyperplasia which leads to reduction in the 
respiratory surface and epithelial lifting which can also leads 
to the increase in the water-blood barrier, present defensive 
mechanisms of gills when exposed to pollutants. However, these 
alterations may lead to respiratory impairments. Similar findings 
were reported by Koca et al. where they explain the degenerative 
changes as a result of the direct effects of high concentrations of 
xenobiotics on the gills [30].

Conclusion
Our investigation indicates that obvious changes were observed in 
gills cells of the marine cultured tilapia (Oreochromis spilurus) at 
larvae stage across the different concentration of Phenanthrene. 
From the observation under the light microscope, the changes 
in fish gills become more severe with clear effect on high level 
of phenanthrene dose. Our finding revealed that, the effect of 
phenanthrene can be attributed to changes in cell shape, size and 
structure of fish gills and confirms the possibility of phenanthrene 
as a pollutant with degenerative effect on cells of tilapia and 
possibly other organisms.

Significance Statement
This study discovered the effect of an important member of 
polycyclic aromatic hydrocarbon (Phenanthrene) on an aquatic 
organism using marine cultured tilapia fish (Oreochromis spilurus) 
as a model organism. To the best of our knowledge, this is the 
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Magnified gills of Oreochromis spilurus larvae treated 
with 100 mg L-1 phenanthrene showing Epithelial Lifting 
(EL), Hypertrophy (HT) and presence of goblet cells in 
secondary lamellae (arrowheads) (Magnification 40x).

Figure 5
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Magnified gills of Oreochromis spilurus larvae treated 
with 100 mg L-1 phenanthrene showing Epithelial 
Lifting (EL), Hypertrophy (HT), Hyperplasia (hy) of 
epithelial cells leading to complete lamellar fusions, 
with rupture of blood vessel forming hematoma (Black 
circle) (Magnification 100x).

Figure 6



2019
Vol.3 No.1:24

© Under License of Creative Commons Attribution 3.0 License 5

Journal of Aquatic Pollution and Toxicology 
ISSN 2581-804X

Acknowledgments
The authors are grateful to King Abdulaziz University (KAU), Umm 
Al-Qura University (UQU) and Jeddah Fisheries Research Center 
(JFRC), Saudi Arabia for encouragement and support. Moreover, 
we extend our cordial thanks to King Abdulaziz City for Science 
and Technology (KACST) for financial support: Grant (NO. 1-18-
01-009-0182) to complete this work successfully.

first study performed to investigate the changes in gills structure 
of marine cultured tilapia (Oreochromis spilurus) larvae exposed 
to different concentration of phenanthrene. This study will help 
the researchers to uncover the critical areas of marine pollutants 
and toxicology using Oreochromis spilurus as a model organism 
that many researchers are yet to explore. Thus, a new theory on 
phenanthrene toxicity in marine environment using Oreochromis 
spilurus as model organism may be arrived at.
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