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Cellular changes in the gill of saul (Channa striatus) 
grow-out fed with various dietary fats 

 
Anita Bhatnagar, Rajesh Dayal, Shipra Chowdhary, Wazir S. Lakra, S. Raizada, 
Akhilesh K. Yadav, Prem P. Srivastava 
 
ABSTRACT 
Various fats were assessed for their impact on the gill of saul (Channa striatus). The grow-out (av. wt. 
27.36±0.09 - 32.54±0.41g) were fed for 12-weeks with six diets and a control, F7 (NATFO). F1 
(L3HUF) contains 0.5% n-3 fatty acid & 7.5% saturated oil; F2 (H3HUF) contains 1.0% n-3 fatty acid & 
7.0% saturated oil; F3 (MUSOL) contains 8.0% mustard oil; F4 (LINOL) contains 8.0% linseed oil; F5 
(MIXOL) contains 4.0% mustard oil and 4.0 % linseed oil; F6 (SATOL) contains 8.0% saturated oil. The 
F-1, fed fishes showing knob-like swelling in primary gill lamella (PGL); F-2, showing swelling 
cartilaginous cells (CC); F-3, showing knob like swelling and cartilaginous cells; F-4, showing fusion of 
PGL, Secondary Gill Lamella (SGL) and CC; F-5, showing prominent CC and F-6, showing fusion of 
epithelial cells of PGL and SGL and CC. Gills of C. striatus fed with natural food showing normal PGL 
and SGL. It was summarized that addition of different fats had some impact in the gill structure (not 
useful in human food), however, cheaper fat source could be used for better growth and also to reduce the 
feed cost for aquaculture of this fish. 
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1. Introduction 
The gill of the teleost apart from being the primary respiratory organ in fishes, and are also 
responsible for other important vital physiological functions like excretion of nitrogenous 
wastes, acid-base balance and ionic regulation.  The primary function of the gill in fish is the 
osmotic regulation of water and salts at priority rather than the excretion of nitrogenous 
wastes. In freshwater fish, the gill must conserve salt and eliminate excess water. The 
histological changes in the gill tissue in fish on account of dietary supplementation are 
important markers for the assessment of the   effects   of dietary alterations. Histopathological 
changes have been widely used as biomarkers in the assessment of the fish health exposed to 
contaminants in lab [1,2] and field studies [3-5]. One of the main advantages of using 
histopathological markers in monitoring is that this category of biomarkers allows to study the 
target organs, including gills and liver that are responsible for important functions, such as 
excretion, deposition and bio-magnifications of xenobiotics in the fish [6]. The changes found 
in these organs are normally simpler to identify than functional ones [7], and serve as alarming 
signs of damages to general animal health [8]. Histopathological techniques are sensitive, rapid, 
comparatively inexpensive tools and reliable for the assessment of stress-response of dietary 
ingredients. So when fish are exposed to environmental pollutants, these vital functions are 
deleteriously affected and the functional impairment of gills can significantly damage the 
health of fish [9, 10, 12]. The gill surface is more than half of the entire body surface area. In fish, 
the internal environment is separated from the external environment only a few microns of 
delicate gill epithelium and thus the branchial function is very sensitive to environmental 
contamination. Gills have frequently been used in the assessment  of  impact  of  aquatic  
pollutants  in  marine  as  well  as  freshwater  habitats  [11]. Therefore, lesions in gill tissues 
can be the start of imbalance of the physiological and metabolic process of fish. Many 
investigators have reported the histopathological changes in the gills of different fish species 
exposed to pesticides [9, 13, 14].  
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A balanced feed and feeding in fish production system is 
necessary for the better production of healthy and quality fish. 
It is reported [14] that fish reared in intensive culture systems 
require all nutrients in a complete diet. The study to record the 
cellular changes in the fish gill on feeding any  manipulative 
diet  for a longer time is  actually  considered  as  an  useful  
tool  for  the observation of its impact. Due to the regularly 
increasing fish demand, it is necessary to increase aquaculture 
production on dietary manipulations with increased dietary 
energy by adding rich fat contents and protein sources. Since 
the fish oil is not only costly but becoming less available, there 
is an urgent need to assess the dietary potential of various other 
available sources of fat from both animal and plant sources. In 
global scenario, the emphasis is being given to dietary 
replacement of animal fat with less expensive plant fat.  In this 
connection, monitoring histological tissues of fish gill is the 
method to assess the impacts of various energy nutrient that we 
use as raw materials of plant and/or animal origin especially 
various types of fat contents. 
Replacement of fish oil by vegetable oils has proved in many 
fishes without impacting on growth performances [15-18]. 
However, the impacts of various dietary oils on lipid 
metabolism of fish are still not very, particularly where fish oil 
provide the only source of highly unsaturated fatty acids, very 
much essential for catfishes. Variation in dietary oils may lead 
to imbalances in the essential or non-essential fatty acids, and 
may be differently affecting cellular architecture. 
 
The objective of the present study was to compare the effect of 
different sources of dietary fats in practical diets of striped 
snakehead murrel fed on long-term basis on gill histology. The 
striped snakehead murrel, Channa striatus locally known as 
‘Saul’, is one of the most important fish of Indian continent 
that has a great aquaculture potential. The commercial feeds 
have been reported to exhibit rich fat accumulations in the gill 
tissue of this fish which is a major concern to fish growers. 
However, the effect of dietary fats in order to provide higher 
dietary energy for better growth and improved health in this 
fish have not been evaluated, through evaluation of gill tissue 
and, therefore, was the main interest of  present study. 
 

2. Materials and Methods 
Six type of feeds were formulated having similar feed 
ingredients in same quantities excepting different source of 
fat. Six diets (L3HUF, F1; H3HUF, F2; MUSOL, F3; LINOL, 
F4; MIXOL, F5; SATOL, F6) and a control (NATFO, F7) 
with natural food. F1, contains 0.5% n-3 fatty acid and 7.5% 
saturated oil; F2, contains 1.0% n-3 fatty acid and 7.0% 
saturated oil; F3, contains 8.0% mustard oil; F4, contains 8.0% 
linseed oil; F5, contains 4.0% mustard oil and 4% linseed oil; 
F6, contains 8% saturated oils. (Table 1). In order to evaluate 
the effect of different oil sources on the gill of C. striatus, the 
experiment was conducted in indoor condition in 14 (7 types 
of feed, 2 replicates) round plastic pools of 300 litre capacity, 
each filled-up with 100 litre borewell  water. Each having two 
replications, stocked with 20 grow-out fish having an initial 
average weight 27.36+0.09g to 32.54+0.41g were plotted in 
each of the plastic pool after proper acclimatization. The pools 
were provided aeration from a portable aerator round the 
clock. During the experiment, the fishes were fed twice a day 
at 10:00 and 17:00 hours ad libitum per day. Rearing pools 
were cleaned every 2nd day and half of the water was replaced 
with fresh bore-well water to reduce the nitrogenous waste 
accumulated as debris and faecal matters. 
 
After 12-weeks of feeding trials with seven feed combinations 
(Table-1) the animals were sacrificed. The gill tissue from 
control (F7,NATFO) and experimental fishes (feed with 
different fats (F1 to F6) were excised and fixed in 4 % 
formaldehyde and processed by standard histological 
techniques ie., kept in aqueous Bouin's fluid for 24-hr and 
washed for 8-hr in running tap water. The organs were 
routinely processed (dehydrated in ethanol series, embedded 
in paraffin, serially sectioned at 6μ). Sections of the gill tissue 
were stained with Haematoxylin and Eosin (HE). Histological 
slides were observed under microscope (Labomed, Model: 
Digi 2) for assessment. 
 
 
 
 

Table 1: Ingredients composition (w/w) of feeds for Channa striatus. 
 

Feed Ingredients F-1 (L3HUF) F-2 (H3HUF) F-3 (MUSOL) F-4 (LINOL)
F-5 

(MIXOL) 
F-6 (SATOL) F-7 (NATFO) 

Soybean meal 41.0 41.0 41.0 41.0 41.0 41.0 - 

Starch Soluble 25.0 25.0 25.0 25.0 25.0 25.0 - 

Casein 20.0 20.0 20.0 20.0 20.0 20.0 - 

Carboxy Methyl Cellulose 2.0 2.0 2.0 2.0 2.0 2.0 - 

Papain 0.5 0.5 0.5 0.5 0.5 0.5 - 

Vitamin 
& Mineral Mix. 

3.5 3.5 3.5 3.5 3.5 3.5 - 

Omega – 3 HUFA 0.5 1.0 - - - - - 

Saturated Oil 7.5 7.0 - - - 8.0 - 

Mustard Oil - - 8.0 - 4.0 - - 

Linseed Oil - - - 8.0 4.0 - - 

Live Fish/ NATFO - - - - - - 100.0 

L3HUF = Low  Omega – 3 HUFA; H3HUF = High Omega – 3 HUFA; MUSOL = Mustard Oil; LINOL = Linseed Oil; MIXOL = Mixed Oil    ( 
Mustard Oil : Linseed Oil :: 1 : 1 w/w) ; SATOL = Saturated Oil; NATFO = Natural Food 



 

~ 47 ~ 

International Journal of Fisheries and Aquatic Studies 

3. Results and Discussion 
3.1. Morphological Analyses of Gills 
Figures 1 to 7 showed the gill arch of the Channa striatus, a 
gill arch is very peculiar to teleost fish. The following 
alterations were observed: hypertrophy, fusion of respiratory 
lamellae and destructuring of the primary and secondary gill 
lamellae. 
 
Morphological alteration analyses in gills of Channa striatus 
collected after feeding fishes with different dietary fat showed 
that fishes were exhibiting nominal cellular alterations and 
there is no onset of pathological symptoms. This was 
confirmed by the fact that the impact indices for gill alterations 
within different feeding trials and the changes in gill tissue 
were more or less similar in most of the dietary fat. This 
condition indicated that the inclusion of dietary fat exerted a 
cellular modifications on the excretory system of this fish. 
 

In the present study, the gills of Channa striatus in control 
group was shown a normal structure (Fig1) and gills of the 
lipid fed fishes showed some pathological changes at the end 
of the experimentation. The changes observed in the gill of C. 
striatus exposed to various dietary fat induced histological 
changes such as in F-1, fed fishes showing knob-like swelling 
in primary gill lamella (PGL) (Fig 2); F-2, showing swelling 
cartilaginous cells (CC) (Fig 3); F-3, showing knob like 
swelling and cartilaginous cells (Fig 4); F-4, showing fusion 
of PGL, Secondary Gill Lamella (SGL) and CC and dilation of 
primary and secondary gill lamellae, loss of architecture and 
severe disorganization were identified (Fig 5); F-5, showing 
prominent CC (Fig 6) and F-6, showing fusion of epithelial 
cells of PGL and SGL and CC. There is tendency of fusion of 
disorganized secondary gill filaments and tips became naked 
due to loss of epithelium (Fig 7). Gills of C. striatus fed with 
natural food showing normal PGL and SGL (Fig1). 
 

 
Fig 1: Gill of C. striatus fed with Natural feed (NATFO, F7) showing 

normal PGL, SGL (H/E 20X). 
 

 
Fig 3: Gill of C. striatus fed with high unsaturated fatty acid 

(H3HUF) (F2) showing swollen cartilaginous cells (H/E 20X). 
 

 
Fig 5: Gill of C. striatus fed with linseed oil (LINOL, F4) 
fusion of PGL and SGL and cartilaginous cells (H/E 20X). 

 
Fig 2: Gill of C. striatus fed with low unsaturated fatty acid (L3HUF) 

(F1) showing knob like swelling in PGL (H/E 20X). 

 
Fig 4: Gill of C. striatus fed fishes with F-3 (MUSOL) showing knob 

like swelling and cartilaginous cells (H/E 20X). 
 

 
Fig 6: Gill of C. striatus fed with mixed oil (MIXOL, F5) showing 

prominent cartilaginous cells (H/E 20X). 
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Fig 7: Gill of C. striatus fed with saturated oil (SATOL, F6) F-6, 

fusion of epithelial cells of PGL and SGL and cartilaginous cells (H/E 
20X). 

 
It has been reported that the dietary stress caused by the 
variations in the fats quality and pathological agents induced 
the proliferation of mucous cells and increased secretion [19, 20]. 
The huge quantity of mucus secretion acts as a defense 
mechanism against several substances [21]. The most frequently 
observed changes when the C. striatus gill curved secondary 
lamellae, lamellar necrosis and ballooning gill filament. These 
findings are in reliable with the works of [22] on C. carpio and 
O. mossambicus exposed to different concentrations of karate 
and curacron. The histopathological alterations of gill can 
result in respiratory failure problems with acid-base balance 
imbalances [23]. Hyperplasia with lamellar fusion, epithelial 
hypertrophy with epithelial separation from basement 
membranes and general necrosis have reported following 
exposure to DDT and malathion [24] and exposure to Paraquat 
dichloride [25]. Similarly, Cengiz [26] observed histopathological 
effect of deltamethrin on the gill of common carp. Tilak [27] 
reported that chlorpyrifos intoxication in fish, Catla catla 
caused dropsy, vascular degeneration, cloudy swelling, 
necrosis and other degenerative changes in epithelial and pillar 
cells of the gills. Club shaped lamellae are an example of 
progressive degeneration in the gills. In the present study, the 
epithelial hyperplasia could be a consequence of the epithelial 
detachment [28] and lamellar fusion could be a result of both 
hyperplasia of epithelial cells [29]. Vacuolization and 
ballooning of secondary lamellae were predominant and this 
might be due to inflammation brought about by pesticide 
toxicity. Similar results were reported earlier by various 
authors [22]. Roy and Munshi [30] have showed that fusion of 
bases of secondary gill filaments was a mechanism adopted by 
the fish to increase the respiratory area was affected by the 
pesticide toxicity. This findings on histological alterations in 
gills was in concordance with the present study. 

5. Conclusion 
In conclusion, the histological changes observed in the gills of 
C. striatus indicate that the fish were responding to the direct 
effect of the dietary lipids/ fat. Hence safety measures must be 
taken into account when fat is being used in fish through 
dietary manipulations. It was finally concluded that out of six 
types of fats used in the present study, the essential fatty acid 
(H3HUF, F2) is considered best as a feed substitute in the 
artificial diets. The other fats have shown very mild to 
moderate level of changes in the gill tissue at 8% addition in 
the diet in a 12-week trial. Therefore, these fatty acids may be 
used in combination with other fats to cut down the feed price 

without effecting the survival and growth of C. striatus. The 
observations, in the present study, suggest that manipulation 
with different fat sources in the feed has direct relation with 
cellular level modifications in the gills of Channa striatus. 
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