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Abstract 1 

We investigated histopathologically liver structural responses of Nile tilapia Oreochromis 2 

niloticus towards overfeeding. Mixed population of O. niloticus with mean weight of 3 

55+3.83g was acclimated for one week. Then, the fish were separated into control and 4 

treatment groups. Glass aquariums with external biofilters and artificial heaters were used. 5 

Control and treatment groups were fed commercial tilapia diet at 3% and 6% of fish body 6 

weight, respectively. Fish were dissected at three time intervals. Tissues were fixed, re-fixed, 7 

processed, embedded with paraffin and sectioned. Sectioned tissue ribbons were stained with 8 

hematoxylin and eosin technique for light microcopy. Hepatosomatic index (HSI) and 9 

hepatohypertrophic index (HHI) were calculated. Irregular shaped hepatocytes with circular, 10 

conspicuous and centrally located nuclei were found from all control groups. Large 11 

hypertrophic hepatocytes with nuclei dislocated to the cell periphery observed after three 12 

weeks of overfeeding. Lipid vacuolation and atrophy were found after five weeks of 13 

overfeeding. Fish overfed for three weeks showed significantly (p<0.05) higher HSI and HHI 14 

values. Whereas, fish which were under third week control group showed the second 15 

significantly (p<0.05) higher HSI value. Significant (p<0.05) differences in HSI as well as 16 

HHI were not found between zero and fifth week control groups. We conclude that 17 

overfeeding may cause liver histological alterations in O. niloticus and in turn lower 18 

aquaculture profitability by making the fish susceptible to disease.    19 

 20 
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Introduction 1 

In fish culture operations feed and feeding accounts for the highest cost. Optimum feeding is 2 

one of the ways through which cost is minimized as well as better growth is achieved. 3 

However, the traditional management strategy for maximizing growth is by maximizing 4 

feeding (Gao et al., 2012). Besides, feeding regimes are known to be one of the most disputed 5 

areas in tilapia nutrition (El-Sayed, 2006). Various feeding regimes are in use for tilapia 6 

depending on culture conditions and nutritional composition of the feed. Feeding levels 7 

ranging from 2% (El-Saidy et al., 2005) up to 5 % (Boyd, 2004) of fish body weight are 8 

recommended as optimum. Therefore, a better insight in the effects of overfeeding in fish is 9 

urgently needed. 10 

 11 

The alimentary canal of teleostean fishes has been widely studied and described 12 

morphologically to determine the function of many specialized anatomical structures in 13 

relation to the different feeding adaptation of this large group (Cataldi et al., 1987). Liver is 14 

the major organ in the digestive system of fish. The teleost liver is relatively large dense 15 

organ ventrally located in the cranial region of the general cavity (Jobling, 2012). Its size, 16 

shape, and volume are adapted to the space available between other visceral organs (Vicentini 17 

et al., 2005). In wild fish it is usually reddish brown in carnivores and light brown in 18 

herbivores but at certain times of year it may be yellow. In farmed fishes, where diets 19 

generally contain higher levels of lipids, it is usually lighter in color than in the equivalent 20 

wild specimen.  21 

 22 

Fish liver serves functions similar to those in mammals. Its functions include assimilation of 23 

nutrients, production of bile, detoxification, and maintenance of the body metabolic 24 

homeostasis that includes processing of carbohydrates, proteins, lipids and vitamins (Genten 25 
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et al., 2009; Jobling, 2012). Liver also plays a key role in the synthesis of plasma proteins, 1 

like albumin, fibrinogen, and complement factors.  2 

 3 

The microstructure of the liver varies among species, but there are general traits in majority 4 

of species (Ferguson, 2006). The liver of the O. niloticus is a large organ and has only two 5 

lobes (Vicentini et al., 2005); the left lobe is bigger than the right lobe and spreads 6 

throughout almost the entire corporeal cavity. Nutritional and physiological status of many 7 

fishes has been studied by using liver as an indicator. Various authors have described the 8 

effects of different nutritional conditions on liver. Caballero et al. (1999) studied the effect of 9 

lipid level and fish meal quality on liver of gilthead sea bream and found swelling 10 

hepatocytes. The effect of different lipid sources on liver of Pangasius nasutus was observed 11 

by Asdari et al. (2011). Histological methods in the assessment of different feed effects on 12 

liver and intestine of fish were reviewed and explained by Raskovic et al. (2011). 13 

 14 

Many authors explained fish liver alterations as a result of toxic substances e.g. zinc (Abdel-15 

Warith et al., 2011), aluminum (Hadi et al., 2012), cadmium sulphate (Jalaludeen et al., 2012) 16 

and trichlorofon (Xu et al., 2012). Effects of various substances such as ethanolic extracts of 17 

Ipomoea aquatica leaf (Ayoola, 2011) and toxic Cyanobacterium Microcystis aeruginosa 18 

(Fahprathanchai et al., 2007) on fish liver were also reported.  19 

 20 

The majority of the researches on histopathology of fishes have focused on the quality of the 21 

feed as a cause for liver alterations and not on the quantity. Up till now, most researches 22 

consider water quality deterioration (Masser et al., 1992; Mohanty, 2001) and higher costs of 23 

production to be the main consequences of overfeeding.   24 

 25 
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Only few researchers have reported histological changes of the liver as response to 1 

overfeeding. Phillips et al. (1957) indicated that excessive fat deposition in trout`s liver as 2 

well as kidney is caused by overfeeding. Storch et al. (1983) observed that feeding level can 3 

provoke alteration of hepatocytes in milkfish fry. Verreth et al. (1994) also mentioned that 4 

feeding level can cause an accumulation of lipid in the liver of Clarias gariepinus. According 5 

to these authors, feeding level is the most decisive parameter for larval growth and metabolic 6 

performance of the liver. 7 

 8 

So far, only little attention was given to overfeeding as a direct stressor to the fish liver. Thus, 9 

clear and detailed information about the effect of overfeeding on morphological alterations of 10 

liver is lacking. Specifically, studies which show how the liver of O. niloticus responds to 11 

increased feeding level are scarce. The present study aimed to fill this gap. The main 12 

objective of this study is to investigate liver histological alterations of the Nile tilapia O. 13 

niloticus in response to overfeeding.  14 

  15 
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Materials and Methods 1 

The research was carried out at Laboratory of Fish and Shellfish Pathology (LFSP) Pukyong 2 

National University, Korea. Mixed sex population of Nile tilapia, with mean weight of 3 

55+3.83 g, were obtained from freshwater fish farm of the University. Twelve randomly 4 

selected fishes were scarified before the beginning of feeding trial. The rest of the 52 fishes 5 

were acclimated to the experimental condition for about one week after arrival.  6 

Fish were fed commercial tilapia diet with 38 % Crude Protein and 6 % Crude Fat content. 7 

The feed was purchased from Woosung Feed Co. Ltd., Korea. Composition of the diet (Table 8 

1) was given by the company. After acclimation the fish distributed equally and randomly to 9 

four 170 liter aquariums categorized into two groups, treatment and control. Each group was 10 

duplicated. 11 

External biofilters (PhilGreen model Ef-1300, China) were used to recycle the water. Water 12 

temperature was maintained at 27+ 1 0 C. Dissolved oxygen was 6-7 mg/l and pH was within 13 

the range of 7.2-7.5. Ammonia level was kept below 1mg/l. All optimum water quality 14 

requirements for O. niloticus were maintained (El-Sayed, 2006) and a photoperiod of 12D 15 

and 12L hours were kept. Regular cleaning of biofilters were done to prevent clogging and to 16 

maintain filtering efficiency.  17 

Feeding  18 

Feed was provided constantly as a percentage of fish body weight. The fish in the treatment 19 

group were fed four times per day at 09:00, 12:00, 15:00 and 18:00 hours 6 % of their body 20 

weight. The feed was weighed and divided into four parts equally. While those fish in the 21 

control category were fed two times per day 3 % of their body weight at 09:00 and 18:00 22 

hours in the same manner. The treatment feeding level was set by defining overfeeding as 23 



7 
 

feeding beyond the optimum or standard feeding level.  1 

The fish in the treatment group were fed more frequently than the control ones to maximize 2 

their appetite. In frequent feedings each subsequent meal is known to increase the stomach 3 

volume (Riche et al., 2004) and the rate of evacuation is assumed to be faster when the 4 

stomach volume increases. Then, each evacuation brings appetite back and let the fish eat 5 

more. Feeding level adjustment was made for both control and treatment groups every two 6 

weeks in accordance with their body weight gain. 7 

Histological analysis 8 

Benzocaine was used at a concentration of 50mg/l (Coyle et al., 2004) to euthanize the fish 9 

before dissection. Fish were dissected before the beginning of feeding, at third week and at 10 

fifth week periods. Images of internal organs were taken using digital camera (Olympus E-11 

P2-Japan) during dissection. After gross examination of the other internal organs, whole 12 

livers of each fish were carefully removed from the body and weighed. A part of liver tissue 13 

was dissected and pre-fixed in Bouin’s fixative solution. Following post-fixation the liver 14 

tissue blocks were washed with tap water and then dehydrated in graded series of 70~100% 15 

alcohol. After cleaning and paraffin embedding, tissue slices of 5µm thickness were obtained 16 

using rotary type microtome (Reichert-Jung 820, Leica, Germany). Liver tissues were stained 17 

with Hematoxylin and Eosin (H&E) for histological examination with a light microscope (U-18 

MDOB, Olympus optical Co. Ltd., Japan). Images of the prepared slides were taken by using 19 

the software DP2-BSW (Olympus, Japan). 20 

As indication for the liver condition two different indices were calculated. 21 

The Hepatosomatic Index (HSI) was determined (Htun-han, 1978) as: 22 
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Hepatosomatic	idex	�HSI� =
Liver	Weight	�g�

Body	Weight	�g�
× 100 

The Hepatohypertrophic Index (HHI) was calculated using the following formula (Lee, 2008). 1 

Hepatohypertrophic	idex	�HHI� =
1

log	�n�
 

Where:  2 

n = number of nucleus in 1000 µm2 of hepatic tissue 3 

 4 

Data Analysis 5 

Histopathological description of morphological alterations and statistical analysis of indices 6 

were used to present the research findings. Comparisons were made between controls and 7 

treatments as well as between different weeks` results. One way ANOVA and Duncan`s 8 

multiple range test (Duncan, 1955) were used on SPSS version 16 (SPSS Inc. Chicago, USA) 9 

to detect the significant differences among all groups. 10 

  11 
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Results 1 

Gross Liver Observation  2 
 3 

Almost all of fish livers during the first dissection, before the start of feeding experiment, 4 

appeared to be normal (Fig. 1.A). No external abnormality was observed. Similar normal 5 

livers with brown color were observed from fish fed at their optimum requirement during the 6 

third and fifth week (Fig. 1.B & Fig. 2).  7 

 8 

Whereas, after three weeks of overfeeding a relatively large sized livers with pale brown 9 

color (Fig. 3.A) were found. Shiny and oily livers were also seen during week three in 10 

overfed fish. Those abnormalities occurred after three weeks of overfeeding and were also 11 

observed after five weeks (Fig. 3.B). The only difference was that in the fifth week the 12 

frequency of pale and oily appearances were higher than in the third week.   13 

 14 

 15 

  16 
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Microscopic Liver Observation 1 

Normal irregular shaped hepatocytes with very prominent circular nuclei (Fig. 4.A & B) were 2 

found in fish which were dissected before the start of the experiment. The same kinds of 3 

healthy hepatocytes with conspicuous centrally located circular nuclei were found in fish 4 

which were under optimum feeding regime during both the third (Fig. 4.C & D) and the fifth 5 

week (Fig. 5.A & B). Very few hepatocyte hypertrophy incidents were found after three 6 

weeks of optimum feeding (Table 2). 7 

Hepatocytes from both overfeeding groups were structurally different from the non-overfed 8 

groups. Very large sized hepatocytes with nuclei dislocated to the cells border (Fig. 6.A, B & 9 

C) were observed from overfed groups from the third week onwards.  10 

 11 

Moreover in the overfed group, circular lipid vacuoles were also present together with large 12 

sized hepatocytes (Fig. 6.D) in some livers during the third week. Whereas during the fifth 13 

week, highly decreased hepatocyte volume and severe hepatocyte vacuolization (Fig. 7.A, B, 14 

C & D) were found. Accumulation of lipid droplets in hepatocytes was inferred from the 15 

appearance of vacuoles as round, single or coalescing droplets after hematoxylin and eosin 16 

staining (Takashima et al., 1995). 17 

 18 

HSI and HHI 19 

The hepatosomatic index of overfeeding fish in the third week was significantly (p<0.05) 20 

higher than of the control group (Table 2). The hepatosomatic index for fish which were 21 

overfed for five weeks was significant higher than the control, but lower than in the 22 

overfeeding group in week 3. 23 

 24 
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The hepatohypertrophic indices of overfed fish after three and five weeks were significant 1 

higher than in the control group (Table 3). However, the mean hepatohypertrophic index in 2 

the overfed group after the fifth week was significantly (p<0.05) lower than in the third week. 3 

  4 
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Discussion 1 

Pathologically, the functional disturbances produced by injury to cells are often mirrored by 2 

structural changes, just as, in turn, structural damage may be followed by loss or alteration of 3 

some normal function (Woolf, 2000). As a central metabolic organ with main function as 4 

digestive gland, it is clear that morphological and structural changes in fish liver affect its 5 

normal functioning.  6 

 7 
It was indicated that hepatocytes of milkfish fry can alter their structure according to the 8 

feeding regime to an extent hitherto unknown among teleost fishes (Storch et al., 1983). On a 9 

study which was done to establish a Zebrafish model for diet induced obesity, hepatosteatosis 10 

was found as a result of eight weeks of overfeeding with Artemia (Oka et al., 2010).  11 

 12 
Stressors to the liver are known to disrupt the microcirculation of the hepatic parenchyma. In 13 

the present study, overfeeding in the first few weeks might have increased the transport of 14 

nutrients, mainly free fatty acids, to liver cells from stomach and intestine via hepatic portal 15 

vein. Increased nutrient inflow means increased work load for these cells and this situation 16 

puts them on a hyperfunctional condition. It is known that free fatty acids from ingested food 17 

are normally transported into hepatocytes, where they are esterified to triglycerides, 18 

converted into cholesterol or phospholipids, or oxidized to ketone bodies (Kumar et al., 2009).   19 

 20 

Hence, esterifying as well as oxidizing the excess inflow of fatty acids and other nutrients 21 

probably increased the work load of the hepatocytes. Hypertrophy is a cellular response 22 

which occurs during increased functional demand (Takashima et al., 1995; Kumar et al., 23 

2007). Therefore, the hypertrophy observed in the present study after three weeks of 24 

overfeeding might have occurred as a cellular stress response to increased inflow of nutrients 25 

to liver cells (Fontagné et al., 1998) and increased workload.  26 
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 1 

Swelling of hepatocytes as a result of hypertrophy might have caused narrowing of sinusoids 2 

and disse spaces. Disse space is peri-sinusoidal space located between hepatocytes and 3 

sinusoids. Hepatocytes get blood and oxygen via sinusoids from hepatic portal vein and 4 

artery. The blood reaches to hepatocytes from sinusoids through disse spaces. Narrowing of 5 

sinusoids and disse spaces as a result of swelling hepatocytes likely caused obstruction of 6 

blood and oxygen flow to hepatocytes (Hwang, 2011). Increased nutrient inflow and 7 

obstructed blood as well as oxygen supply could lower the metabolizing capacity of 8 

hepatocytes. This probably led to deposition of lipid in hepatocytes and fatty degeneration. 9 

 10 

Eventually hepatocytes of the overfed fish become in a hypofunctional condition. Decreased 11 

workload and low blood supply are known to cause atrophy to cells (Takashima et al., 1995; 12 

Kumar et al., 2007). For this reason, the lipid vacuolation and atrophy observed in this study 13 

after five weeks of overfeeding might have happened because of poor metabolizing capacity 14 

of hepatocytes as a result of obstruction of sinusoidal blood flow. 15 

  16 
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Conclusions  1 

Overfeeding of Nile tilapia, with commercial feed caused morphological alterations to the 2 

liver. Liver histomorphological changes observed in the present study are believed to disrupt 3 

the normal functioning of the liver. Taking into account the role of liver in the general 4 

physiology of fishes, it is likely that such an affected liver lowers the fish’s resistance to 5 

disease outbreaks.  6 

 7 

It is apparent that aquaculture profitability highly depends on the fish`s health status. 8 

Therefore, overfeeding may indirectly lower fruitfulness of aquaculture industry by affecting 9 

healthiness of the fish.  10 

 11 

Comparisons of histological as well as immunological assays are recommended to be done to 12 

clearly show how the healthiness of the fish gets affected by overfeeding.  13 

  14 
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List of Figures 1 

Figure 1. Gross appearance of liver from control groups. A. Before the beginning of feeding, 2 

B. Optimum feeding week three. Olympus, Japan; L-liver. Scale bar - 3.4 cm. 3 

Figure 2. Gross appearance of liver from fifth week control.  Olympus, Japan; L - liver. 4 

Scale bar - 3.4 cm. 5 

Figure 3. Gross appearance of liver after overfeeding. A. After three weeks of overfeeding, B. 6 

After five weeks of overfeeding. Olympus, Japan; L -liver. Scale bar - 3.4 cm. 7 

Figure 4. Liver microscopic structure before the beginning of feeding trial (A & B) and after 8 

three weeks of optimum feeding (C & D). Normal hepatocytes with conspicuous, circular and 9 

centrally located nuclei (arrows). (H&E; X400; Scale bars - 20 µm). 10 

Figure 5. Liver microscopic structure after five weeks of optimum feeding; A & B - Normal 11 

hepatocytes with circular conspicuous and centrally located nuclei (arrows). (H&E; X400; 12 

Scale bars -20 µm). 13 

Figure 6. Liver microscopic structure after three weeks of overfeeding; A, B, C & D Large 14 

hypertrophic hepatocytes (solid arrows) with nuclei dislocated to cell periphery (arrows) and 15 

lipid vacuoles (four point star). (H&E; X400; Scale bars - 20 µm). 16 

Figure 7. Liver microscopic structure after five weeks of overfeeding. A -Large hypertrophic 17 

hepatocytes with dislocated nuclei (arrow) & lipid vacuoles (solid arrow); B, C & D - 18 

Shrunken hepatocytes with inconspicuous dislocated nuclei (arrow) and circular lipid 19 

vacuoles (five point stars) (H&E; X400; Scale bars - 20 µm). 20 
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Table 1. Nutritional composition of the feed (according to Woosung Feed Co. Ltd., Korea) 1 

Crude Protein Crude Fat Crude Fiber Crude Ash P Ca 

      

38% 6% 18% 6% 0.8% 1.8% 

 2 

 3 

Table 2. Mean+SE of hepatosomatic index (P<0.05); mean values with different letters are 4 

significantly different 5 

Feeding Group  N  Hepatosomatic Index 

(HSI)  

Control Week Zero 12  1.04+0.06d 

Control Week Three 9  1.95+0.12b 

Treatment Week Three 9  3.07+0.24a 

Control Week Five 17  1.11+0.08d 

Treatment Week Five 16  1.52+0.10c 

 6 
  7 
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Table 3. Mean+SE of Hepatohypertrophic index (P<0.05); means with different letters are 1 

significantly different 2 

Feeding Group  N  Hepatohypertrophic Index 
(HHI) 

Control Week Zero 12 
1.02+0.06

c
 

Control Week Three 9  
1.12+0.04

c
  

Treatment Week Three 9  
1.99+0.27

a 

Control Week Five 17 
0.96+0.03

c 

Treatment Week Five 16 
1.58+0.14

b 

 3 
  4 
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Fig.1  1 

 
 

Fig.1. Gross appearance of liver from control groups. A. Before the 

beginning of feeding, B. Optimum feeding week three. Olympus, Japan; 

L-liver. Scale bar - 3.4 cm. 

 

Fig.2  2 

 
 
Fig.2. Gross appearance of liver from fifth week 

control.  Olympus, Japan; L - liver. Scale bar - 3.4 

cm. 

 3 
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Fig.3  1 

  
 

Fig.3. Gross appearance of liver after overfeeding. A. After three weeks 

of overfeeding, B. After five weeks of overfeeding. Olympus, Japan; L -

liver. Scale bar - 3.4 cm.  

 2 
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Fig.4 1 

  

  
 
Fig.4. Liver microscopic structure before the beginning of feeding trial 

(A & B) and after three weeks of optimum feeding (C & D). Normal 

hepatocytes with conspicuous, circular and centrally located nuclei 

(arrows). (H&E; X400; Scale bars - 20 µm). 
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Fig.5  1 

 2 

 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
  24 

  
 

Fig.5. Liver microscopic structure after five weeks of optimum feeding; 

A & B - Normal hepatocytes with circular conspicuous and centrally 

located nuclei (arrows). (H&E; X400; Scale bars -20 µm). 



28 
 

Fig.6  1 

  

  
 
Fig.6. Liver microscopic structure after three weeks of overfeeding; 

A, B, C & D Large hypertrophic hepatocytes (solid arrows) with 

nuclei dislocated to cell periphery (arrows) and lipid vacuoles (four 

point star). (H&E; X400; Scale bars - 20 µm). 
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Fig.7  1 

  

  
 

Fig.7. Liver microscopic structure after five weeks of overfeeding. A -

Large hypertrophic hepatocytes with dislocated nuclei (arrow) & lipid 

vacuoles (solid arrow); B, C & D - Shrunken hepatocytes with 

inconspicuous dislocated nuclei (arrow) and circular lipid vacuoles 

(five point stars) (H&E; X400; Scale bars - 20 µm). 

 2 


