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Abstract
Water pollution greatly affects the life of aquatic ecosystem. 
Ethoxyquin (EQ) is one such toxic content, which is even pres-
ent in the food being presented to the aquatic beings. In this 
research work, the effects of ethoxyquin on the Oreochromis 
mossambicus, called tilapia fish is studied. The aimed fish spe-
cies is treated through the sublethal concentration of EQ. The 
effects of this toxic content on the aspects histopathological 
parameters were studied and the results were presented. Histo-
pathological analysis was attempted on the gill, liver and brain 
of the tilapia fish taken up for the study. The histological ab-
normalities that were seen were curling of secondary lamella, 
which was followed by disorder and rupture in the secondary 
lamellae. These changes were more widespread and more ap-
parent in the gills and liver of the Oreochromis mossambicus. A 
haemorrhage at the main lamellae and a swelling at the prima-
ry filament’s tip were also seen during the examination. Analysis 
of the brain, inferred that no severe damages to the neurons 
are reported. As a conclusion, the results of the current histolo-
gy examinations reveal that the EQ exposure caused moderate 
to severe damage to the gills and liver of the O. Mossambicus, 
whereas only moderate damage to the brain neurons. 
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Introduction
Water contamination worldwide is serious. Man-

made toxins damage water. These impurities render it 
unsuitable for food, sanitation, and fish survival. Toxic 
pollutants from industry, agriculture, and households 
harm aquatic habitats. Farms utilize pesticides, her-
bicides, and fungicides to eliminate disease-carrying 
insects (Christos and Spyridon, 2016). Treated re-
gions contaminate river-fed aquaculture ponds. Pes-
ticide-polluted rivers and aquaculture ponds. Fish ab-
sorb water and food contaminants, making them good 
pollution monitors. Household effluent toxicants may 
reduce fish populations or reproductive failure in 
aquatic species (Wendelaar Bonga, 1997; Minier et 
al., 2006). Environmental biomarkers include chem-
ical stress reactions. Morphological results have been 
employed as biomarkers, early reactions, or visible bi-
ological processes after acute or chronic pollution ex-
posure in biomonitoring studies (Lagadic et al., 2000; 
Winkaler et al., 2001; Oliveira Ribeiro et al., 2005; 
Miranda et al., 2008). Histopathological abnormal-
ities in fish may quickly and accurately detect acute 
and chronic damage and indicate contaminant-ex-
posed fish health (Winkaler et al. 2001 and Ayas et 
al. 2007). Animal diets with large dosages of the anti-
oxidant ethoxyquin (EQ; 6-ethoxy-1, 2-dihydro-2, 2, 
4-trimethyl qui-nolinq; E324) may be harmful. 

Ethoxyquin
Many animal and human foods include ethoxyquin 

(EQ), a synthetic antioxidant that prevents lipid and 
fat-soluble vitamin oxidation. Ethoxyquin, a 1, 2-dihydro-
quinoline, has three methyl substituents (at positions 2, 2, 
and 4) and an ethoxy substituent (at position 6), as shown 
in Figure 1.Ethoxyquin is thick, yellow to dark brown, 

Figure 1: structure of ethoxyquin
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stains badly and sextet mercaptan smells. EQ dissolves 
exclusively in organic medium because to its nonpolarity. 
Animal feed uses it to avoid lipid peroxidation. EQ is for-
bidden from human food (excluding spices like chile), al-
though it may be conveyed to people via feed if fish, poul-
try, or eggs are eaten. It protects carotenoids, xanthophylls, 
and vitamins against oxidation (like vitamins A or E). San-
toquin, Sanoflex, and Quinol are ethoxyquin alternatives. 
It was created to prevent isoprene oxidation cracking in 
the rubber industry (Alina Baszczyk etal., 2013). In the 
1980s, researchers found unfavourable effects in animals 
and people exposed to it, therefore they initiated new ex-
periments to evaluate its toxicity. EQ may cause medical 
problems in people and dogs (Alina Baszczyk et al, 2013). 
Human exposure to equilizer quinone (EQ) was defined 
at 0.005-0.05mgkg1 bw in 1998 based on canine research 
(Drewhurst, 1998; P. K. Gupta and A. Boobis, 2005). In 
this study, Oreochromis mossambicus is a model organism 
for ethoxyquin’s acute toxicity. 

Oreochromis mossambicus (THILAPIA) 
Figure 2 shows southern and eastern Africa’s most 

farmed fish, Oreochromis mossambicus, tilapia, which 
thrive at pH 5–9.Salt-tolerant tilapia is cultivated. They 
may adapt quickly to ocean salinity. Mozambique-blue 
“Florida Red” tilapia is popular. Light green or yellow 
with subtle banding is native. Adults may be 39 cm (15 
in) and 1.1 kg (2.4 lb). Male tilapia develops quicker 
in aquaculture. Aquaculture-friendly Mozambique ti-
lapias are resilient and simple to grow. Mozambican 
tilapias have large dorsal fins with spines. The Mo-
zambique tilapia can endure water temperatures be-
tween 50 and 100 degrees Fahrenheit, but not over 55 
degrees. They eat macroalgae, rooted plants, detritus, 
diatoms, insects, tiny fish, and plant debris. Thus, it’s 
versatile. It communicates by urine. Fish urine may 
influence opposite-sex behaviour. Urogenital phero-
mones help male Mozambique tilapias interact. 

 
Figure 2: Oreochromis mossambicus

Table 1
Biological Features of Tilapia Fish
Kingdom Animalia
Phylum Chordata
Class Actinop terygii
Order Cichli formes
Family Cichlidae
Genus Oreochromis
Species O. mossambicus
Binomial name Oreochromis mossambic

Median Lethal and Sub Lethal 
Concentrations 

The median lethal concentration (LC50) of a chem-
ical in air or water kills 50% of test animals. An LC50 
study may help compare the toxicity of insecticides 
with the same active component in different formula-
tions. Laboratory estimations are helpful but difficult 
to understand. Pesticides at sublethal levels are benefi-
cial in the field. Sublethal effects occur when an organ-
ism or population survives toxicant exposure. Biologi-
cal, physiological, demographic, or behavioural effects 
may occur. Sublethal dosages don’t kill experimental 
subjects (Desneux et al., 2007). Sublethal effects may 
affect life span, development, population growth, fer-
tility, fecundity, sex ratio, malformations, behaviour, 
feeding, searching, and oviposition. 

Histopathology 
Histopathology studies tissue abnormalities. This 

method helps detect organ or tissue-damaging sub-
stances [6]. The chemical and animal’s metabolic rate 
will determine the organ investigated. Histopatholog-
ical alterations may indicate environmental pollution 
by organic chemicals and show adaptability to degen-
eration, helping diagnose and cure illness. Short- and 
long-term exposure to sublethal ethoxyquin concen-
trations affects water quality, oxygen consumption, 
haematological, and histopathological parameters. 

In this research work, histopathological studies 
were made on the thalapia fish, subjected to sub lethal 
concentration of EQ with 1/10 LC50.

MATERIALS AND METHODS
All the materials and chemicals used in this re-

search study were maintained sterile throughout the 
study. They are purchased from local commercial sup-
pliers and are of analytical grade. The reagents used 
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were Ethoxyquin (EQ) (6-ethoxy-1, 2-dihydro-2, 2, 
4-trimethyl quinolin), was the reagent used, pur-
chased from Sigma Aldrich, Germany. 

Methodology

Experimental Fish
Oreochromis mossambicus was collected from 

Kerala and maintained in the culture room. They 
were maintained in well-aerated tubs of 40 liter ca-
pacity, which was dechlorinated and sustained with 
fresh water maintaining light and dark at 12: 12 hrs. 
Each fish is of 5 to 10 gms in weight. The fishes 
were checked against injury or infection by keep-
ing in 0.2% of potassium permanganate solution 
for 2-4 min (Singh & Zahra, 2016). The fishes were 
acclimatized in laboratory conditions for 6-10 days. 
During acclimatization they were fed with com-
mercial diet, and were not given feed 24hrs before 
the experiment. 

LC50 of EQ 
Ethoxyquin concentration 5-25 mg/L is applied 

to five different groups with 15 fishes each group. 
The mortality is observed for 96 hrs. LC50 values 
were determined by probit analysis (Finney, 1971). 
The concentration of ethoxyquin at which 50% of the 
exposed fishes undergoes mortality at a specific pe-
riod (96 hr) is considered as LC50 or median lethal 
concentration

Selection of sublethal concentrations 
Based on the median lethal concentration for 96 hr 

duration, sublethal concentrations representing one-
tenth of 96 h-LC50 was chosen for further toxicolog-
ical analysis. 

Toxicity Induction 
Fishes were divided into eight groups, with nine 

specimens in each group. Group I was negative 
control group i. e. without toxicant. In group II to 
VIII sub lethal concentration of 96h – LC50 (ie, 1/10 
th of medial lethal concentration) was added and 
exposed to various time intervals like 24hr, 48hr, 
72hr, 96hr (means short term exposure) and 5 days, 
10 days and 15 days (means long term exposure), as 
tabulated in Table 2.Each group were analyzed after 
the time of exposure for the hematological param-
eters analysis. 

Table 2
Induction of EQ toxicity

Groups Time Period
Group I Control (without EQ) 
Group 11 24 hr
Group 111 48 hr
Group 1V 72 hr
Group V 96 hr
Group VI 5 days
Group VII 10 days
Group VIII 15 days

 

Histopathological Analysis
Before being fixed in Bouin’s and 10% neutral for-

malin for 24 and 48 hours, respectively, the tissues 
were washed in fish saline (64% NaCl) and blot dried. 
After that, tissue blocks were made, and slices were 
cut using a rotatory microtome to a thickness of 6 m. 
They were then fixed in DPX after being treated with 
various degrees of ethanol, stained with Ehrlich’s hae-
matoxylin and eosin, and mounted. The slides were 
then examined and photographed using an image mi-
croscope. 

RESULTS AND DISCUSSIONS

Histopathological Analysis
To determine the extent to which a test substance is 

hazardous in the animal, histopathological alterations 
may be seen; nevertheless, it is crucial to choose the 
proper organs for this purpose. Liver and kidneys are 
the primary organs responsible for toxin metabolism 
and excretion. The current research evaluated the his-
tology of the hepatobiliary and central nervous sys-
tems as well as the gills. 

Gills
Gas exchange, ionic control, acid-base balance, and 

the excretion of nitrogenous waste are all performed 
at the gill epithelium in fishes. The transport of dif-
ferent solutes through the epithelium regulates the 
last three processes. Gill epithelium morphology has 
been shown to be altered by a number of environmen-
tal contaminants (including heavy metals, acid rain, 
and organic xenobiotics). Furthermore, the epithelial 
transport pathways involved in the fish gill model are 
similar to those reported in the human gut and kid-
ney, sites of action of several environmental toxins. 
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                                   (a) Control gill                                                                                 (b) 24hr gill 
 

      
                                   (c) 48hr gill                                                                                  (d) 72hr gill 
 

      
                                    (e) 96hr gill                                                                                 (f): 5 day gill 
 

         
                                    (g) 10 day gill                                                                               (h) 15 day gill 

Figure 3.Gills Under Examination
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As the toxicants generate alterations at lower levels of 
biological organisation prior to organismic changes, 
histological changes in fish gill should become a quick 
“early warning system” for water quality evaluation in 
sublethal and chronic circumstances. 

The following conclusions were drawn from a his-
topathological examination of gills exposed to EQ for 
the various exposure times. Figure 3 demonstrates the 
structure of the gills, including the primary gill lamella 
(PGL), secondary gill lamellae (SGL), and a single lay-
er of epithelial cells (E) supported by pillar cells (PC). 
Epithelial cells have mucous cells intercalated between 
them. The control gill is shown in Figure 3.(a). All fil-
aments are edematous (E-SGL) and detached from the 
surface after 24 hours of exposure as in Figure 3 (b). 
There is no inflammation, epithelial lifting, or lamel-
lar fusion in this control segment depicted in figure 3 
(c), but after 48 hours of exposure, all of the filaments 
are swollen and edematous (E-SGL), and the lining 
epithelium becomes separated from the surface (DE). 
Hemorrhage is seen on the PGL scan. The epithelium 
did not raise, and there was no evidence of inflam-
mation or lamellar fusion. Most SGL are bloated, bal-
loon-shaped, and hypertrophic in the 72-hour portion 
as in figure 3 (d). Massive bleeding is also been report-
ed in PGL. In contrast, 96 hours of exposure painted 
in Figure 3 (e) displays inflamed SGL (IN-SGL), where 
filaments grow thick owing to epithelial proliferations 
and inflammatory cell infiltration, and where inflam-
mation, epithelial lifting, and lamellar fusion are not 
seen. There was some little epithelial lifting seen. 
Figure 3 (f) depicts the inflamed state of the SGL on 
day 5.Detachment of the epithelial lining and moder-
ate epithelial lifting (EL). Both PGL and SGL exhibit 
haemorrhage after 10 days of exposure (Figure 3 (g)), 
but only SGL exhibits full lamellar fusion (F-SGL) af-
ter that long. Inflammatory cell infiltration, vacuoles 
(V), and haemorrhage are all seen in filaments after 
15 days of exposure as in figure 3 (h), and SGL partly 
fused. Inflammatory cell infiltration, vacuole (V) de-
velopment, and haemorrhage are all seen in filaments. 

Liver
The liver is the major source of metabolism and 

drug biotransformation, thus liver cells are a logical 
choice for toxicological and pharmacological testing 
(Ayas et al. 2007 and Lemes & Braccini, 2004). Indeed, 
in vivo liver toxicity testing comprises a large portion 
of in vitro toxicology. High throughput in vitro liver 

models would be a great resource and enable the shift 
to a greater use of the alternative toxicity testing meth-
ods. 

Histological examination of liver exposed to EQ for 
varying time exposures yielded the following findings. 
Typical hepatocytes (NH) and pigmented macrophages 
(PMN) may be seen in the control liver’s (Figure 4 (a)) 
regular architectural layout (PM). Hepatocytes with 
abnormally expanded nuclei and a loss of granular 
cytoplasm were seen in a 24-hour slice as in Figure 4 
(b). Hemorrhage (HE) is seen in the interstitium, and 
sections taken after 48 hours reveal hepatocytes with 
abnormally enlarged nuclei and a loss of granular cyto-
plasm as in Figure 4 (c). Hemorrhage in the interstitial 
tissue (HE). Histological examination of the liver at 72 
hours revealed hepatocytes with abnormally expanded 
nuclei as shown in Figure 4 (d). Vacuolization (VH) and 
cytoplasmic membrane (PM) proliferation (moderate) 
are seen in the interstitial tissue. Figure 4 (e) shows the 
degeneration and necrosis of hepatocytes after 96 hours 
after slice (NH). Extensive bleeding might be seen in 
the interstitial tissue (HE). On day 5, necrotic and de-
graded hepatocytes are shown in Figure 4 (f). Excessive 
haemorrhage (HE) and proliferation of PM were seen 
in the interstitial tissue. The 10th day histology depict-
ed in figure 4 (g) exhibits deteriorated and necrotic 
(NH) hepatocytes and haemorrhaged (HE). Vacuolar 
degeneration (VD) and necrosis are seen in the intersti-
tial tissue and 15-day-old hepatocytes as in Figure 4 (h). 
Even after being exposed for 15 days, PM aggregated in 
large quantities. 

Brain
When compared to other vertebrates, fish usually 

have relatively smaller brains. In addition to regulating 
posture, detecting light, and keeping tabs on saccadic 
activity are among its many uses. In this work, the neu-
rotoxicity of ethoxyquin was evaluated by histological 
examination of brain tissue. The following conclu-
sions were drawn from histological study of brain tis-
sue exposed to EQ for varying time of exposure. The 
usual structure of a neuron (N) in the brain is shown 
in the control Figure 5 (a). After being exposed to EQ 
for 24, 48, and 72 hours, it is found no evidence of a 
change in brain tissue as seen in figures 5 (b), 5 (c) and 
5 (d). Neuron degradation (DN) is seen between the 
96th and 15th day of exposure as depicted in Figures 
5 (e), 5 (f), 5 (g) and 5 (h) respectively. There was no 
damage to neurons detected. 
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                         (a) Control liver                                                         (b) 24 hour liver 
 

      
                          (c) 48 hour liver                                                             (d) 72  hour liver 
 

     
                          (e) 96 hour liver                                                              (f) 5 day liver 
 

       
                            (g) 10 day liver                                                                (h) 15 day liver 

Figure 4. Liver
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                              (a) Control brain                                                                      (b)  24hr brain 
 

     
                                (c) 48 hr brain                                                                         (d) 72 hr brain 
 

      
                               (e) 96 hr brain                                                                       (f) 5 day brain 
 

         
                               (g) 10 day  brain                                                                    (h) 15 day  brain 

Figure 5.Brain
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The histological examination of the gills, liver, and 
brain of EQ-exposed Oreochromis mossambicus indi-
cates that the chemical is poisonous and causes sub-
stantial damage to the gills and liver. However, EQ was 
not shown to have significant neurotoxic effects. 

CONCLUSION
Ethoxyquin fed animals have had various adverse 

consequences recently. The sublethal concentra-
tion (1/10th) of LC50 of the EQ was used to carryout 
the studies on the aimed tilapia fish. The histological 
studies were made on the gills, liver and brain parts of 
the tilapia fish specimens. The results inferred that the 
environmental toxicant affect fish histopathological 
parameters. Severe damages have been observed on 
the fish’s gills, and liver. However, moderate damages 
were shown in the brain. These results indicate that 
ethoxyquin damages gills and liver more than brain. 
It is concluded that Ethoxyquin is very hazardous to 
Oreochromis mossambicus fishes even at low concen-
trations. 
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