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Abstract: The current study was conducted for 90 days in order to study the efficacy of 

dietary chitosan and antibiotic ciprofloxacin supplement as a resistance and presentation of 

fishes against the bacteria (Pseudomonas aeruginosa) by effect on liver and spleen of fishes. 

The fishes were divided into four categories of groups at two periods; the former at infection 

(at 90th day of feeding period) and the latter at post infection (14 days after the challenge 

period). The first and second groups (T1 and T2) were considered as negative and positive 

controls (both fed on standard diet), respectively, while the third and fourth groups (T3 and 

T4) represent dietary chitosan and dietary antibiotic supplement, respectively. All groups, 

except T1, were challenged by bacteria at 90th day of feeding period. Liver of positive 

control revealed severe degeneration, especially around hepatic vein with congestion and 

fibrosis, while the spleen exhibited haemorrhage, lymphocytosis and lymphatic 

accumulation of white pulp with hemosiderin. The histopathological changes in liver of 

chitosan group at the infection period were characterized by vacuolation, inflammatory cells 

and hemorrhage, while necrosis and swelling of hepatocytes and infiltration with 

inflammatory cells at post infection period. The spleen at the infection period was suffered 

from leukocytosis, accumulation of inflammatory cells and macrophages, presence of focus 

from phagocytic macrophages. The liver in antibiotic group of infection period displayed 

narrowing of the sinusoid, swelling of hepatocytes and infiltration with inflammatory cells, 

hyperplasia in the bile duct, while the abnormal accumulation of lymphatic follicles. At 

postinfection period, the spleen showed thickness at the wall capsule, presence of 

homogeneous pinkish matter around arteriole in the red pulp and lymphocytosis in the white 

pulp. The supplemented chitosan groups showed a significant decrease in the mortality 

percentage (𝑝 ≤ 0.01). The supplemented chitosan groups showed a significant decrease in 

the mortality percentage.𝑝 ≤ 0.01. 
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Introduction 

Pseudomonas aeruginosa is a flagellated 

Gram-negative opportunistic pathogen of 

plants and animals, and is found naturally in 

soil and water (Phennicie et al., 2010). It is a 

zoonotic bacterium (Austin & Austin, 2007) 

responsible for high mortality in fish hatchery 

worldwide (Amrevuawho et al., 2014). P.  
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aeruginosa revealed a high degree of global 

antibiotic resistance (Rocchetta et al., 1999), 

making infections by this bacterium is a 

serious concern to hospital-bound patients. 

Myriad virulence factors carried by this 

bacterium afford P. aeruginosa the ability to 

infect a broad range of species (Clatworthy et 

al., 2009). 

    The treatment of fishes is economically 

costly and the success effect is not 

guaranteed. Therefore, the occurrence of an 

epidemic disease in a fish pond or farm may 

result in the loss of all or most of the fishes. 

Consequently, emphasis should be placed on 

prevention operations in the first place. This 

is exposed to various diseases, especially 

bacterial diseases. To control these diseases, 

usage of antibiotics for the purpose of 

prevention before the onset of signs of disease 

or treatment when the disease appears is 

recommended (Manage, 2018). Many fish 

farmers use antibiotics in their farms, which is 

a very dangerous when concentrated in the 

bodies of fishes, and transmitted to humans 

after which leads to the occurrence of 

immunity against antibiotics in the human 

body, and if human exposure to diseases 

occurs, the use of these antibiotics is useless 

and ultimately destroys human health (Pham 

et al., 2015). 

    The use of antibiotics in aquaculture causes 

selective pressures resulting in quantities of 

bacterial resistance and transportable 

resistance genes in fish pathogens and other 

bacteria in the aquatic environment. Bacteria 

in the aquatic environment can spread by 

transferring genes and reaching human 

pathogens. The risk of transmission of genes 

from fish pathogens and other bacteria in the 

aquatic environment to human pathogens has 

not been fully investigated at risk of 

transmission of genes from fish pathogens 

and other bacteria in the aquatic environment 

to human pathogens. (Koh et al., 2016; Watts 

et al., 2017). 

    Raise critical issues regarding the use of 

antibiotics in aquaculture according to their 

negative or collateral effects on aquaculture 

species and aquatic ecosystems revealed that 

the majority of antibiotics given to fishes 

were actually metabolized after ingestion, 

but were excreted by urine or faeces without 

complete decomposition, and hence the 

remaining concentrations in the water system 

have negative effects including 

environmental pollution, degradation of 

aquatic ecosystems and resistance to drug 

pathogens (Iheanacho et al., 2017). 

    Owing to  extensive use of therapeutic 

agents in aquaculture, the emergence of 

antimicrobial resistance has been 

documented between pathogens and 

associated environmental hazards, thus, 

many alternative strategies have been 

proposed such as the use of different 

immunostimulants (stimuli). The use of 

immunostimulants for fishes can improve the 

resistance of fishes against unfavourable 

environmental conditions and pathogenic 

factors compared to other treatments. 

(Meshkini et al., 2012). 

    Chitosan has important biological 

characters, harbour vast advantages in wide 

applications in food, biomedicine, chemo 

medicine and industrial applications. So, its 

action is similar to fibre and does not cause 

any intestinal damage in case of undigestion 

in the intestine due to absence of 

decomposing enzymes e.g. Chitonase. 

Therefore, it will be like food fibres without 

any problems in the gut (Iheanacho et al., 

2017).  
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    Certain studies exhibited that the addition 

of chitosan to the diet gave positive affects in 

the immune response and the survival rate of 

common carp, and the addition of  2% dietary 

chitosan can enhance the immunity response 

against bacterial infection and reduce the 

mortality of fishes under stress conditions 

(Maqsood et al., 2002; Lin et al., 2012; 

Alishahi et al., 2014), including those on 

mariculture (Harikrishnan et al., 2012). 

    In Iraq, no previous studies on use of 

chitosan as a dietary supplement in diet of 

fishes were done, except that of Mustafa et al. 

(2014) which was conducted to assess the 

effect of adding different concentrations of 

chitosan to the diet on immune response and 

survival rate of the common carp after a 

challenge with Aeromonas hydrophila. There 

was a significant increase (P <0.05) in 

immunity criteria (chitosan 2%) in 

comparison to control and other groups (0.75 

and 1.5%), higher growth rates and the 

effectiveness of lysozyme enzyme.  
    The aim of the present study is to evaluate 

the efficacy of dietary chitosan supplement as 

resistance material against the bacteria (P. 

aeruginosa) on liver and spleen and compare 

it with that of dietary antibiotic group at 

infection (at 90th day of feeding period) and 

post infection (two weeks after the challenge). 

Materials & Methods 

Fish specimens of the study 

A total of 180 live common carps weighing 

13.5-17.7 g were obtained from ponds of 

Marine Science Centre, University of Basrah 

and transported to the laboratory of Fish 

Diseases and Parasitology, Department of 

Fisheries and Marine Resources, College of 

Agriculture, University of Basrah during 29 

November 2018. The fishes were sterilized in 

a saturated saline solution to get rid of 

pathogens and ectoparasites. They were 

acclimated for 14 days and fed on a standard 

diet. Fishes were randomly distributed in 18 

tanks: 7-8 fishes per tank of 50 litre. Water 

quality criteria were controlled by measuring 

daily temperature of 24.25 ± 0.67° C, salinity 

of 2.3 ± 0.21 PSU, pH 7.44 ± 0.14 and 

dissolved oxygen 6.93 ± 0.45. 

Diet preparation 

Three different types of diet were prepared 

the basal (control), chitosan and antibiotic 

diets, to compare the effect of supplement 

chitosan or ciprofloxacin to diet for verifying 

the activity of chitosan and ciprofloxacin as 

antibacterial and resistance material against 

the infection with P. aeruginosa. Each 

supplement component was added to the basal 

group (control) separately. Commercial 

chitosan powder (Mystic motinent) was added 

to the basal diet by 2% diet weight (Mustafa 

et al., 2014), while ciprofloxacin powder was 

added with 0.02% diet weight (Flores-

Miranda et al., 2012(.  

P. aeruginosa activation  

The 24 hrs. bacterial culture was attended by 

taking a swab from the original culture (stock 

culture) of the bacteria by the loop mineral 

carrier and placed in a test tube containing the 

sterile Nutrient Broth (N.B.) feed medium. 

Pipes were incubated at 37°C for 24 hrs. To 

confirm diagnosis of the bacteria, 

Pseudomonas Isolation Agar (PIA) was used 

after autoclave sterilization and poured into 

Petri dishes taken from the pre-equipped 0.1 

ml from the 24 hrs. bacterial culture spread on 

the bacterial culture medium and incubated 

for 24 hrs. at 37 ° C. At the onset of growth, a 

gram of bacterial culture was stained and 

microscopically diagnosed, and examine the 

growing colonies in the dish in terms of 

shape, colour, edge and appearance (Harley & 

Prescott, 2002). P. aeruginosa was challenged 
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in NB 37° C for 24 hrs., then compared with 

standard McFarland's tubes that were 

prepared according to Garvey et al. (1977). 

The reading was taken by the optical 

spectrometer with a wavelength of 600 nm. 

The bacterial suspension of P. aeruginosa 

was compared with the McFarland reading. 

Any observation of turbidity is equal when 

the two readings mean that the number of 

bacteria became 108 ml-1 . 

Challenge the fishes with P. aeruginosa 

After 90 days of the feeding period, the fishes 

were prepared to the challenge with 1×107 

CFU ml-1 by using intraperitoneal injection, 

where each fish individual received 0.1 ml of 

bacterial solution. Physiological saline was 

used in the injection for the control 

specimens. After infection, the animals were 

observed for two weeks. At this period, any 

external or internal symptoms on the fishes 

were analysed, and subsequently the 

challenge and the mortality was counted 

during the period. 

    The percentage mortality in each of the 

experimental group was recorded up to the 

90th day after challenge. The percentage of 

mortality was calculated by using the 

following equation:  

Mortality % = (
Number of fish died after challenge

Initial number of fish
) ×100 

Statistical analysis 

The data were analysed by using one-way 

ANOVA, SPSS V.16. The means of the 

studied mortality percentages were compared 

by using Duncan’s multiple range tests to find 

the differences. 

Histopthological study 

Liver and spleen from different fish groups 

were isolated, fixed in 10% buffered formalin, 

sectioned at 7µm thickness and stained with 

Harris haematoxylin- Eosin (Humason, 1972). 

Results 

Percentage of fish mortality 

The two dietary chitosan groups (T3 and T4) 

and antibiotic group (T5) exhibited low 

mortality percentages (12.29%, 19.03% and 

25.08%, respectively) in comparison with the 

control group (43.61%) as indicated in fig. 

(1).  

Histological effect of dietary chitosan on 

fish liver and spleen challenged with P. 

aeruginosa  

    Plate (1) showed the histological section of 

a normal liver of negative control and 

chitosan groups after 90 days. Plate (1a) 

revealed normal liver, while plates (3b & 3c) 

indicated the liver of fishes which were fed 

with dietary chitosan after their challenge 

with the bacteria. The pathological changes 

represented swelling of hepatocytes (yellow 

arrow) and presence of both inflammatory 

cells (black arrow) and necrosis of hepatic 

cells (blue arrow). 

    Plate (2a) presented normal structure of the 

liver and bile duct (arrow head), whereas 

plates (2b & 2c) demonstrated the liver of 

chitosan groups with vacuoles, degeneration 

and occurrence of inflammatory cells (yellow 

arrow), and the haemorrhage (blue arrow) due 

to presence of haemoglobin. The 

haemorrhage was also noted in the spleen 

(Plate 3, yellow arrow) with distributed of 

lymophoid accumulation of white pulp. 

    Plate (3) demonstrated the infected spleen 

with P. aeruginosa in positive control groups. 

mild haemorrhage (yellow arrow) with 

lymphoid accumulation at white pulp and the 

presence of hemosiderin (blue arrow) and 

lymphocytosis (green arrow) is clear. Plate (4) 

showed infected spleen with P. aeruginosa in 

chitosan group. It indicated the effect of 

dietary chitosan in increasing of defence  
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leucocytes (leucocytosis, yellow arrow) and 

infiltration of inflammatory cells around 

blood vessel (red arrow), while plate (5) 

revealed the accumulation of macrophages 

and degeneration (blue arrow) as well as the 

presence of focus from phagocytic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Percentage of mortality (%) of C. carpio fed with basal, chitosan-supplemented or 

antibiotic diet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate (1): a- Histological section of liver of negative control, b and c- Histological section of 

liver of fish challenged with P. aeruginosa. (400×). Hepatic arteriole (arrow head), necrosis 

(blue arrow) near and inflammatory cells area (black arrow), swelling of hepatocytes (yellow 

arrow). (H & E, 400x).   
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Plate (2): a- Normal liver, b & c-infected liver with P. aeruginosa at 90th day (400x). Bile duct 

(arrow head), inflammatory cells (yellow arrow), vacuolation (red arrow) and haemorrhage 

(blue arrow). (H & E, 400x).   

 

 

 

 

 

 

 

Plate (3): a- Spleen after the infection with P. aeruginosa, b- the same in high magnification. 

Note the mild haemorrhage (yellow arrow) with lymphatic accumulation of white pulp with 

shiny area represent hemosiderin (blue arrow) and lymphocytosis (light green arrow). (H & 

E, 400x).   
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Plate (4): Infected spleen with P. aeruginosa of chitosan group. Note leucocytosis (yellow 

arrow) and accumulation of inflammatory cells around blood vessel (red arrow) (H & E, 

400x).   

 

Plate (5): Infected spleen of chitosan group. Note accumulation of macrophages and 

degeneration (blue arrow) and presence of focus from phagocytic macrophages (yellow 

arrow). (H & E, 400x).   
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macrophages (yellow arrow), and presence of 

fibrin. 

Histological effect of dietary ciprofloxacin 

on liver and spleen challenged with P. 

aeruginosa  

Plate (6) displayed infected liver with P. 

aeruginosa of antibiotic group (0.02%) after 

90 days. Narrowing of the sinusoid (black 

arrow) due to swelling of hepatocytes with 

infiltration with inflammatory cells (green 

arrow) and hyperplasia in the bile duct 

(yellow arrow) were noticed, while plate (7) 

exhibited abnormal accumulation of 

lymphatic follicles (yellow arrow). Plate (8) 

displayed infected liver with P. aeruginosa of 

antibiotic group (0.02%) post infection (14th 

days after infection. Swelling of hepatocytes 

(red arrow), necrosis (yellow arrow) and 

distribution of inflammation cells (black 

arrow) were noticed. Plate (9) revealed 

infected spleen with P. aeruginosa of 

antibiotic group. Thickness at the wall capsule 

(blue arrow) and presence of homogeneous 

pinkish matter around arteriole in the red pulp 

(red arrow) with lymphocytosis in the white 

pulp (yellow arrow) were noticed. Plate (10) 

showed infected liver with P. aeruginosa of 

positive control group. Severe degeneration 

(blue arrow), especially around hepatic vein 

with congestion (yellow arrow) and fibrosis in 

the hepatic tissue (black arrow) were noticed.   

 

 

Plate (6): Infected liver with P. aeruginosa of antibiotic group (0.02%) after 90th days. Note 

narrowing of the sinusoid (black arrow) due to swelling of hepatocytes with infiltration with 

inflammatory cells (green arrow) and hyperplasia in the bile duct (yellow arrow). (H & E, 

400x).   
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Plate (7): Infected spleen with P. aeruginosa of antibiotic group at 90th days. Note abnormal 

accumulation of lymphatic follicles (yellow arrow) and hyperplasia (white arrow). (H & E, 

400x).   

 

Plate (8): Infected liver with P. aeruginosa of antibiotic group (0.02%) post infection (14th 

days after infection. Note swelling of hepatocytes (red arrow), necrosis (yellow arrow) and 

distribution of inflammation cells (black arrow). (400x). (H & E, 400x).   
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Plate (9): Infected spleen with P. aeruginusa of antibiotic group post infection. Note thickness 

at the wall capsule (blue arrow) and presence of homogeneous pinkish matter around 

arteriole in the red pulp (red? arrow) with lymphocytosis in the white pulp. (H & E, 400x). 

   

 

Plate (10): Infected liver with P. aeruginosa of positive control group. Note the severe 

degeneration (blue arrow), especially around hepatic vein with congestion (yellow arrow) and 

fibrosis in the hepatic tissue (black arrow). (H & E, 400x).   
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Discussion 

Percentage of fish mortality 

It is clear from the results of fig. (1) that the 

groups of dietary chitosan and combined 

chitosan (dietary + external) achieved the 

lowest percentage of mortality, whereas 

antibiotic group came in third, However, 

approximately half of the perished fishes in 

the experiment belonged to the control group 

(43.61%). These positive results reinforce the 

fact that chitosan is affective as an 

antibacterial agent and as a protective agent 

for diseases by its effect on non-specific 

defence mechanisms (Kamali Najafabad et 

al., 2016), intestine morphology, intestine 

microbiota and disease resistance (Chen et al., 

2014), thus led contribution to increase 

survivability of farmed fishes. 

Histological effect of dietary chitosan on 

liver and spleen challenged with P. 

aeruginosa 

Some pathological signs were appeared in the 

tissues among different groups. Vacuolation 

was happened due to death of the cells and 

degeneration of hepatocytes that led to 

abnormal appearance. These changes caused 

formation of space and vacuoles in the liver 

tissue (Huizinga et al., 1979). The reason of 

occurring these pathological changes is due to 

high intensity of bacteria which directed to 

destruction of hepatocytes and obstruction of 

metabolism in the liver. Furthermore, 

swelling of hepatic tissues means expansion 

of their volume and hence causing blocking 

and narrowing of sinusoids caused by P. 

aeruginosa. This type of bacteria has the 

ability to escape from fish defence immunity 

and hence the acute inflammation cannot be 

overcome by fish defence (Pier & Ramphal, 

2005). It is known that P. aeruginosa causes a 

high pathological changes in humans or in 

animals. The histopathological changes in the 

current study are similar to those of Magdy et 

al. (2014) on African catfish Clarias 

gariepinus. The noted necrosis in the liver 

means that the cells were injured and failure 

of the blood to supply (cell death) owing to 

the biological interaction between the 

invasive bacteria and immunological defence 

of the host, so called "antibody and antigen 

reaction" (Huizinga et al., 1979). 

    The spleen suffered from the so evident 

haemorrhage and distribution of lymphoid 

follicle of white pulp. The reason may be due 

to increasing of defence cells in the tissue 

which indicates that immune-stimulation was 

taken in chitosan group after 90 days of the 

experiment. This comes in agreement with the 

role of chitosan as immune stimulation in 

many fish species (Meshkini et al., 2012). 

Mori et al. (2005) explained that chitosan 

activates macrophages by forming large 

amount of complex histological compounds 

(class I and class II) and multi cellular 

receptors assist in prolonging cell life. 

Moreover, the chitosan  increases dilation of 

blood vessels “Neovascularization”. Alishahi 

et al. (2014) indicated that supplementation of 

food with 0.5 and 1% chitosan induced 

enhancement of some immune parameters and 

resistance against Aeromaonas hydrophila 

infection in C. carpio. 

Histopathological changes in spleen after 

challenge with P. aeruginosa 

After challenging the fishes of chitosan group 

by P. aeruginosa, and with beginning of 

appearance of the pathogenic symptoms on 

the surface of fishes, the external 2% chitosan 

solution was used to conform combined 

chitosan group (dietary chitosan + external 

chitosan). The histological changes in the 

spleen were represented with macrophage 

aggregation and degeneration. These changes 
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are considered as an immune response to the 

body resulting from entrance of pathogens 

into host body, In other hand, the fishes with 

dietary chitosan during 90 days gave enough 

immunity to resist the disease agent, which 

gave the fishes to use the defence mechanisms 

against the pathogens such as the appearance 

of the focus from phagocytic macrophages 

and being leukocytosis. The present results 

confirm the result of Mustafa et al. (2014) 

when they found that the chitosan increased 

the immunity of fishes and resist the fishes 

against the disease agents. Some studies 

exhibited that plant extracts could be 

successful substitution instead of antibiotics 

so they are friendly to environment and they 

have no side effect on fish health (Meshkini et 

al., 2012; Iheanacho et al., 2017). 

Histological effect of dietary 

Ciprophloxacin (CYPRO) on liver and 

spleen challenged with P. aeruginosa 

Histological section of fish's liver of dietary 

antibiotic group showed narrowing sinusoid 

due to swelling of hepatocytes and infiltration 

of inflammation cells and hyperplasia. Similar 

results were found by Magdy et al. (2014) 

when the liver exerted degeneration changes 

in the shape of cytoplasm and the correlation 

and intensification of the nucleus, signs of 

shrinking liver cells with increased sinusoidal 

blood spaces and hepatic blood vessels 

associated with enlargement of the wall of 

blood vessels due to bacterial infection 

(Pseudomonas spp.). This mean of the 

antibiotics used in the current study failed to 

stimulate the immunity and resistance toward 

the disease. Antibiotics supposed to make fish 

resistance to the disease even greater. This 

confirms with Yanong (2003), when he 

demonstrated that antibiotics themselves do 

not heal the fish but only control the growth 

of bacteria, and most of the antibiotics are 

resistant to bacteria that are positive for Gram 

stain, in contrast to the vast majority of Gram- 

negative bacteria that cause diseases in fishes. 

So, the antibiotics used in the experiment did 

not give immunological and therapeutic 

effectiveness and it is not recommended for 

use in dipping bath therapeutics (Manage, 

2018). 

    When dietary antibiotic of infected fishes 

were treated, it became clear that there was a 

thickening at the wall capsule of spleen with 

connective tissue. This means that the 

antibiotics did not play role in the treatment 

because the bacteria used in this study, and 

most bacterial species, are Gram- negative 

which are resistant to antibiotics and can be 

transmitted directly and cause infection in 

humans (Liyanage & Manage, 2015), through 

direct contact with water or aquatic organisms 

via drinking water or circulation and 

consumption of aquaculture products (Tamura 

et al., 1992). Yanong (2003) proved that  

antibiotics do not cure the fishes and control 

only the bacterial growth in large fishes that 

have immune system enough to eliminate. 

Also, he found the presence of a 

homogeneous pink material around the 

arteriole in the red pulp, in addition to cell 

proliferation. The lymphatic pulp in white 

pulp can be attributed to high immunity.   

Conclusions 

Several histological changes in the liver and 

spleen of fishes treated with chitosan and 

antibiotics, which were experimentally 

infected with P. aeruginosa in both two 

periods, showed the presence of resistance 

against the disease as evidence of a decrease 

mortality ratio for both groups in comparison 

with the positive control. Another advantage 

is that the histopathological changes in the 

liver and spleen of chitosan revealed less 
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pathogenesis compared with that in antibiotic 

sample. 
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