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Abstract:

BACKGROUND: Occurrence of resistance against antibiotics
and inadequate efficacy of some vaccines necessitates studies of
natural immunostimulators in aquaculture. Shrimps shell derived
from Chitosan can be used as immune stimulators in fish.
OBJECTIVES: In this study, the effects of oral administration of
chitosan, derived from shrimp shell, on some immune responses
anddiseaseresistancein Cyprinuscarpiowerestudied. METHODS:
Three hundred healthy fishweighing 42.4+8.1 gweredivided into
4 equal groups. the first group (G10) was fed with food
supplemented with 10 mg kg'1 chitosan, the second (G5) and third
groups(G2.5) werefed withfood supplemented with5mg kg'1 and
2.5mg kg'l, respectively. Thecontrol groupwasfed with basal feed
(without chitosan). All groups were treated for 60 days. Blood
samplesweretaken on 0, 20, 40, and 60 days post- experiment; In
addition, someimmunological indices, including serum lysozyme
activity, serum bactericidal activity, Nitro Blue Tetrazolium (NBT)
reduction activity, serum proteins, white blood cell count (WBC),
anddifferentiated count weremeasured. At theend of thetreatment,
fishwerechallenged withlive Aeromonashydrophilaand mortality
rate was recorded for 14 days. RESULTS: Ora administration of
chitosan (0.5 and 1%) significantly enhanced NBT reduction
activity andresistanceto A. hydrophilainfection (p=0.012). Serum
lysozyme and bactericidal activity, serum total protein and
globulin, WBC and leukocytesratio showed no significant change
among the groups (p>0.05). CONCLUSIONS: This study indicates
that oral administrationof shrimpshell chitosanmay haveapositive
effect on someimmune parametersand resi stance against bacterial
infectionin Cyprinuscarpio.

Introduction

Fish culture is an important industry around the
world. There is essentia attention to improve this
industry in closed and small areas. Dueto intensive
culture, over-crowding leads to poor physiologic
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conditions and increasing susceptibility to diseases
(Sakai, 1999). Vaccination and antibiotics are used
for treating and controlling fish diseases; however,
there are limited vaccines for fish diseases, and
utilization of antibiotics is not safe because of the
devel opment of antibiotic-resistant bacteriastrain; in
addition, these ways are very expensive (Siwicki et
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a., 1994; Sakai, 1999; Salisbury et a., 2002).
Reducing mortality due to opportunistic pathogens,
preventing viral diseases, enhancing efficacy of anti-
microbia agents, and vaccines aswell asincreasing
resistanceto parasites are benefits of using immune-
stimulants (Bricknell and Dalmo, 2005). Enhancing
aquatic organism immune status by dietary admin-
istration of immune-stimulants is an acceptable
practice(Sakai, 1999). Different immune-stimul ants
have been reported to enhance natural (innate)
immunity in fish. These materials include: killed
bacteria and bacteria products (Nayak et a., 2007;
Aly et al., 2008; Geng et a., 2011), herbal extracts
(Dugenci et a., 2003; Selvarg] et al., 2006; Alishahi
et al., 2010), some vitamins (Nayak et al., 2007,
Cerezuela et al., 2009), Levamisole (Findlay and
Munday, 2000; Gopalakannan and Arul, 2006),
nucleotides(Low etal., 2003), hormones(Yadaet al .,
2002), and somebiopolymerssuchasChitin (Esteban
et al., 2000; Cuestaet al., 2003). Recently optimized
usage of food industries wastes or by-products as
food additives have been increased to better
conservation of environment (Esteban et al., 2000).
One of these by-productsischitosan.

Chitosan is an amino-oligosaccharide (a linear
homo-polymer of 3-(1-4)-2-amino-deoxy-D-glucose)
and is obtained with akaline de-acetylation from
Chitin (poly (3 -(1-4)-N-acetyl-D-glucose-aminge),
obtained from crustaceans exoskeleton, insects
cuticleand cell wall of some microbes. Chitosan has
biological activities such as immune-modulatory,
adjuvant, anti-microbial, wound healing, analgesic,
anti-oxidant, anti-tumor, etc. (Seferianand Martinez,
2001; Noetal.,2002; Okamotoetal.,2002; Qinetal.,
2002; Dutta et al., 2004; Boonyo et a., 2007;
Harikrishnan et a., 2012; Ramesh and Maridass,
2010); meanwhile, chitosan hasindustrial activities
such as stimulation of plant growth, preservative,
thickener, and stabilizer for sauces and coating of
fruitinfoodtechnol ogy, seed coating, frost protection
in agriculture technology and clarifying water,
removal of metal ions and ecological polymers and
reducing odor in water treatment (Muzzarelli et al.,
1989; Ohtaet al., 1999; Rinaudo, 2006). Nowadays,
Chitosan isexamined to enhance immune status and
bacterial and viral diseasesprotectionin aguaculture
(Dautremepuitset al., 2004; Gopal akannanandArul,
2006; Linetal.,2011; Gengetal.,2011). Seferianand
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Martinez, (2001) reported immunostimulating and
adjuvant effectsof Chitosaninintraperitoneal routei.
Meanwhile, Anderson and Siwicki (1994) showed
immunostimul ating effectsof chitosanininjectionor
inimmersion routsin rainbow trout.

Common carp cultivates as an important world-
wide warm-water fish in earthen pond of cyprinid
polyculturesysteminlran. Annual production of this
speciesisaround 20000 tones. Annual production of
farmed shrimpinlranisabout 10000tons, andaround
40 percent of thisproductionisby-productslikeshell
which isleft in the environment as waste materials.
Therefore, theselargeamountsof shrimpshell, which
nowadays contaminate the environment, can be
changedtochitosanand usedasafood supplementary
material incommon carp. Therefore, inthisstudy the
effect of oral administration of different levels of
chitosan, obtained from farmed shrimp shell, on
immune responses of common carp were investigat-
ed. To the best of our knowledge, it isthefirst study
which evaluates the effect of chitosan derived from
Peneous vanameii as an immunostimulant in com-
mon carp.

M aterialsand M ethods

Fish and experimental design: Three hundred
healthy common carp, Cyprinus carpio, weighing
42.4+8.1 g, wereobtained fromafishfarminAhvaz,
Khouzestan province, Iran. They werekeptina300l.
tank for acclimation for two weeks. Water quality
factors were recorded during the experiment:
temperature, 25+1°C; Dissolved oxygen, 8-10 ppm;
pH, 7.8+0.2; NO2 <0.01ppm and NH3 <0.1ppm.
Water exchangeratewas 20% of water volumedaily.

Fish were divided into 4 groups in triplicates;
groupslto4werefedwithbasal dietwithout chitosan
supplementation (as control group), 2.5, 5and 10 g
kg'lchitoaan, respectively. Five fish were randomly
collected from each group on days 0, 20", 40", and
60th of the experiment and anesthetized with 100
ppmM S-222inde-chlorinated water. Blood samples
were taken from caudal vein with a 2cc sterile
syringe. Heparinized blood was used for hemato-
logical assays. Sera were separated from blood
sampleviacentrifugation, forimmunol ogical assays.
Theserawerestored at -20 °C until they were used.

Diet preparation: Commercial common carp
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food (Beyza feed mill, Shiraz, Iran) was used.
Chitosanwasgrinded by agrinder machine, thenwas
suspendedindistilled water, andfinally added to diet
and mixed completely according to mentioned
dosages. After air-drying, thefeed werestored at 4°C
until used (Webster et a., 1997).

Extraction of chitin from shrimp shell: The
shrimp shellswerewashed under runningtapwater to
removesol ubleorganics, adherent proteins, and other
impurities. The shells were then dried at room
temperature and grounded. For demineralization of
the shells, cold 0.25 M HCI (300 mL) was added to
50.0 g dried and grounded shrimp shells. This
extraction was allowed to proceed for 15 min at 4°C.
The suspension was then filtered and additional 300
ml of cold 0.25 M HCI was added to the pellet. After
30minof cold extraction, thesuspensionwasfiltered
again. The pellet was washed to neutrality with tap
water, rinsedwithdistilledwater, andthenoven-dried
at 70°C overnight. Deproteinization of the chitinwas
carried out using 1.0 M NaOH (15 mL/qg) at 70°C for
20 h. Then, the extract was cooled to room
temperature, filtered, and washed withtap water until
neutrality was achieved. The pellet was finally
washed with ethanol (96%) and dried at 70°C.

Preparation of chitosan: The conversion of
chitintochitosaninvol ved deacetylationusingstrong
alkalinetreatment. Thechitin (1g) wasputinto 15-20
ml 50% NaOH at 70°C for 20 h. Then, theextract was
cooled, filtered, and washed with tap water until
neutrality. Thepellet wasfinally washed with ethanol
(96%) and dried at 70°C.

Obtaind: Obtained chitosan characterization:
Molecular weight: 580+12 KD, deacetylationrate: %
83.5+%2.7, colure and solubility, white powder
solubleinwater and PBS (pH=5)

Immunological parameters (Serum lysozyme
activity): Serum lysozyme activity was measured
following Ellis(1990) and Nayak et al. (2008). Based
onturbidometric method, lyophilized and itsactivity
were measured. The lyophilized Micrococcus
lysodeikticus (Sigma, USA) at aconcentration of 0.2
mg mL'l(i n0.02M sodiumcitratebuffer) wereadded
to sera ratio of 1:10 v/v in the same buffer.
Immediately after adding M. lysodeikticus, the first
OD wasread at 450 nm. The second OD wasread 60
minutes later. Lysozyme activity was expressed as
units mL " where one unit is defined asthe decrease
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in absorbance of 0.001 min™.

Serum bactericidal activity: Serum bactericidal
activity wasmeasured accordingto Kagjitaet al. 1990
with slight modification. Sera samples from each
subgroup werediluted threetimeswith 0.1% gel atin-
veronal buffer (GVBC2) (pH 7.5, containing 0.5mM
mL™* Mg2C and 0.15 mM mL™* Ca2C). Thebacteria
Yersiniaruckerii (live, washed cellsused earlier) was
suspendedinthesamebuffer tomakeaconcentration
of 1x10° cfumL ™. Thediluted seraand bacteriawere
mixed at 1:1, incubated for 90 min at 25°C, and
shaken. One control group containing bacterial
suspension in same buffer was al so incubated for 90
minat 25°C. Thenumbersof viablebacteriawasthen
cal culated by countingthecol oniesfromtheresultant
incubated mixture on TSA plates in duplicate (two
plates per sample) after 24 h incubation. The
bactericidal activity of test serum was expressed as
percentage of colony forming units in test group to
that in control group.

Nitroblue-tetrazolium (NBT) reduction: A part
of each blood sample was utilized for determining
respiratory burst activity that was evaluated by the
reduction of nitroblue-tetrazolium (NBT), following
Anderson and Siwicki et a. (1994). 1 mL of
heparinized blood fromfish of each groupwasmixed
with 100 ml of 0.2% NBT (Sigma, USA) solutionfor
30 min at 25°C after incubation; 50 ml from the
mixture above was added with 1 mL of N-diethyl
methyl formamide (Qualigens, India) and then
centrifuged at 3000 x gfor 5min. Theoptical density
of the supernatant was measured at 620 nm.

Total serum protein, Albumin and globulin:
Total protein of each samplewasanalyzedfollowing
Lowry et al.'s (1951) method. Albumin content was
measured using a standard albumin estimation kit
(ZistchemDiagnostics, Iran) andtheglobulin content
was estimated by subtracting albumin from total
protein.

Whiteblood cell count (WBC), Differential cell
count: Leucocytetotal countwasmadeinaNeubauer
counting chamber. Blood smears were stained with
Giemsa, then 100 leucocyteswere counted under the
microscope (1000X) and the percentage of different
types of leucocytes was calculated following
Schaperclauset al. (1991).

Challengewith bacterium: Virulent strain of A.
hydrophila (isolated from common carp mortality in
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Iran) wasusedfor diseaseresi stanceassay. Thirty fish
from each group wereintraperitoneally injected with
the bacterial suspension (2.1*107 CFU per fish
=LDsp), and the mortality of challenged fish was
recorded daily for 14 days. The cause of death was
ascertained by re-isolating the infecting organism
fromkidney andliver of thedeadfish. Thecumulative
daily mortality curve was drawn according to Misra
et al.'smethod (2006).

Satistical analysis: For statistical analysis of
data SPSS softwareversion 13wasused. Analysisof
Variance (ANOVA) was used for comparison of
means among the groups. Duncan complementary
test was used for determining the significant
differencesamongthegroups.A p-valueof <0.05was
accepted assignificant.

Results

Theserumlysozymeactivity inall groupsfedwith
different level of chitosan isshownin Figure 1. The
results showed that lysozyme activity was not
significantly affected by feeding chitosan supple-
mented food (p=0.087).

Serum bactericidal activity was not affected by
oral administration of different levels of chitosanin
common carp; however, dlight improvement in
bactericidal activity was seen in G1 and G2 (Figure
2).

As showed in Figure 3, although there was a
significant enhancement of NBT reductionactivityin
G10 and G5 at days 20, 40 and 60 of experiment
(p=0.035), nosignificant changewasinducedinG2.5
(p=0.52).

Total serum protein, albumin, and globulin of
treatments were shown in Table 1. Total protein and
immunoglobulin in G10 increased in al sampling
period, but not significantly (p=0.085).

The results suggested that WBC value and blood
L eukocytesratioshowednosignificantdifferencesin
chitosan treated groups (p>0.05) (Table 2).

Mortality percentage of common carp fed on
different level of chitosan-supplemented diet and the
control diet after challenging with A. hydrophilais
presented in Figure 4. Mortality in G10 and G5
decreased significantly (p<0.05). The mortality
percentage was highest (76.7%z 6.7) in the control
group and lowest (60%z= 4.78) in G5 Chitosan group.
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Discussion

Recently, chitin and chitosan have been used to
increase the resistance of fish by enhancing the non-
specific defense mechanisms (Harikrishnan et al.,
2012). In this study, some immune responses of
common carp werestimulated following oral admin-
istration of chitosan. Although dight increase in
lysozyme activity was seen in G10 and G5 in some
sampling periods, the changes among trestments
were not significant (p=0.087).

Lysozyme is an important element of innate
immunity of fish. It is alytic enzyme that destroys
peptidoglycan layer of gram-positive bacteria and
activates complement system and phagocytes (Ellis,
1990). Similar report by Chaetal. (2008) showedthat
1% chitosan-coated diet did not enhance lysozyme
activity compared to control in Paralichthys
olivaceus. Lineta. (2011) aso reported that dietary
0.2% chitosan (produced by microbial fermentation
of the crustaceans shell) in diet did not affect
lysozymeactivity in Cyprinuscarpiokoi. Gengetal.
(2011) showed that supplementation of food with
0.3% commercial chitosan did not affect lysozyme
activity in Rachycentron canadum. In spite of these
reports, therearesomework inwhich chitosan hasthe
stimulating effect on serum lysozyme activity.
GopalakannanandArul (2006) reported that using of
1% chitosanin common carp hasincreasing effect on
lysozyme activity. Lin et al. (2012) also found that
oral administration of oligo-chitosan has a positive
effect on lysozyme activity especially when it used
along with probiotic. These contradictory resultscan
bereferredtothetypesof chitosanorigin, purification
procedure and quality of obtained chitosan or
differencesinfish species.

Although the serum bactericidal activity was
enhanced by oral administration of 5and 10 mgkg-1
chitosan in food, this enhancement was not
significant. Similarly, Magsood et al. (2010) found
that serum bactericidal activity in carp fed on diet
supplemented with 2 and 5 percent chitosan
increased, but 1% chitosan did not affect serum
bactericidal activity. Also, supplementation of food
of Viscum album extract (Family Loranthaceae) in
common carpenhanced serumbactericidal activityin
the study of Alishahi et al. (2012). Divyagnaneswari
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Lysozyme activity (u/ml)

Treatments and sampling periods

Figurel. The effects of dietary chitosan on serum lysozyme
activity (units mL'l) of common carp in each sampling period.
Data showed as Mean+SD, n= 15. G10: carp fed with 10g/kg
chitosan supplemented food, G5: carp fed with 5 g/kg chitosan
supplemented food, G2.5: carp fed with 2.5 g/kg chitosan
supplemented feed, C: carp fed with non-supplemented food
(Mean+SD, n=15). Significant differences (p<0.05) are marked
by different letters.
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Figure3. Theeffectsof chitosanenricheddiet onNBT activity in
commoncarpineachsamplingperiod. G10: carpfedwith 10g/kg
hitosan supplemented food, G5: carp fed with 5 g/kg chitosan
supplemented food, G2.5: carp fed with 2.5 g/kg chitosan
supplemented feed, C: carp fed with non-supplemented food
(MeantSD, n=15).

et a. (2007) in tilapia and Katija et al. (1990) in
rainbow trout reportedincrease of serum bactericidal
activity after administration of biological immuno-
stimulants. Theincreased serum bactericidal activity
in chitosan treated groups indicates that various
humoral factors are involved in innate and/or
adaptiveimmunitieswhich areelevated inthe serum
to protect the fish effectively from infection (Das et
a. 2009). Thus, chitosan proved to be asan effective
immunosti mulant in preventing the establishment of
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1.6

Serum bactericidal activity
(%cfuicontrol)

Figure 2. The effects of dietary chitosan on serum bactericidal
ativity (aspercentage of control group) of common carp in each
samplingperiod. DatashowedasMean+SD, n=15. G10: carpfed
with 10g/kg chitosan supplemented food, G5: carp fed with 5
g/kg chitosan supplemented food, G2.5: carp fed with 2.5 g/kg
chitosan supplemented feed, C: carp fed with non-supplemented
food (Mean+SD, n= 15). Significant differences (p<0.05) are
marked by different letters.
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Figure4. Cumulativemortality of common carp challengedwith
A. hydrophila following oral administration of chitosan-
supplementedfood. DatashowedasMean+SD, n=15. G10: carp
fed with 10g/kg hitosan supplemented food, G5: carpfed with 5
g/kg chitosan supplemented food, G2.5: carp fed with 2.5 g/kg
chitosan supplemented feed, C: carp fed with non-supplemented
food (* significant differenceswith control group, p< 0.05).
—8- G25 == G5 =—==G10 ——Control X PBS

bacterial infectionin common carp.

The NBT activity as an indicator for respiratory
burst activity in G10 and G5 groups enhanced
significantly compared with the control groups
(p=0.035). The present result issimilar to Siwicki et
al. (1994), Lin et a. (2011), Lin et al. (2012), and
Gopalakannan and Arul's (2006) reports. Geng et al.
(2011) also reported that using of dietary 0.3% and
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Table 1. Theeffect of different level of dietary chitosan of total protein, albumin, and immunoglobulinin common carp in each sampling
period. Data showed as Meant+SD, n= 15. G10: carp fed with 10g/kg hitosan supplemented food, G5: carp fed with 5 g/kg chitosan
supplemented food, G2.5: carp fed with 2.5 g/kg chitosan supplemented feed, C: carp fed with non-supplemented food. Significant
differences (p<0.05) are marked by different letters.

Parameters Treatments Day zero days20 days40 days60
G10 2.75+0.32% 2.98+0.212 2.93+0.222 2.90+0.282
Total protein G5 2.75+0.322 2.86+0.362 2.72+0.48% 2a67+0.26%
G25 2.75+0.322 2.69+0.462 2.67+0.472 2a68+0.292
C 2.75+0.322 2.70+0.212 2.64+0.522 2.70+0.24%
G10 1.27+0.222 1.28+0.282 1.19+0.312 1.29+0.342
Albumin G5 1.27+0.222 1.27+0.162 1.30+0.222 1.30+0.432
G25 1.27+0.222 1.20+0.202 1.27+0.292 1.30+0.242
C 1.27+0.222 1.12+0.262 1.22+0.332 1.28+0.382
G10 1.45+0.202 1.71+0.222 1.68+0.382 1.62+0.362
Immunagiobulin G5 1.45+0.202 1.59+0.282 151+0.252 1.36+0.372
G25 1.45+0.202 1.50+0.362 1.41+0.292 1.36+0.352
C 1.45+0.202 1.57+0.35% 1.42+0.292 1.41+0.272

Table2. Leukocyte count and differential countincommon carpfedwith differentlevel of chitosan. Datashowed asMean+SD, n=15. G10:
carpfedwith 10g/kg hitosan supplemented food, G5: carp fed with 5 g/kg chitosan supplemented food, G2.5: carpfedwith 2.5 g/kg chitosan
supplemented feed, C: carp fed with non-supplemented food. Significant differences (p<0.05) are marked by different letters.

Parameters Treatments Dayszero days20 days40 days60
G10 5.29+2.38% 4.73£2.19 5.72+3.182 4.34+1.202
WBC G5 5.19+2.082 5.67+2.592 5.77+2592 4.62+1.292
G25 5.21+1.89% 4.37+1.26° 6.02+3.502 4.72+1.37%
Control 5.12+1.81° 45+1.84° 5.92+3.65% 4.47+1.43°%
G10 57.75+6.63% 57.1+525% 62.83+6.61° 60.8+6.172
G5 56.55+6.12 2 59.8+7.902 62.16+7.492 60.83+4.30%
Lymphocyte G25 59.5+6.13% 58+10.932 55.83+6.792 62.33+8.262
Control 55.75+7.132 57.5+2.122 54+5.2% 58.5+6.36%
G10 24.63+6.12° 27.3+4.68°% 21.83+8.61° 26.16+3.37°
Heterophile G5 22.24+6.04°% 27.67+4.1% 21.83+3.76° 25.83+4.57°2
G25 24.1+5.2% 28.5+9.862 22.5+2.732 28+4.382
Control 25.22+5.77% 26+6.5° 22.5+9.572 28.2+5.65%
G10 14.66+4.642 16.17+3.712 13.5+4.182 13.4+4.662
Monocyte G5 13.45+4.22% 11.50+4.962 16.16+4.492 12.6+4.872
G2.5 14.23+4.112 12.57+6.60° 19+7.212 15+4.08°
Control 15.06+3.92 14.5+2.122 16.66+2.882 13.5+2.122
G10 0.37+0.13% 0.44+0.13% 0.37+0.162 0.44+0.13%
Heterophile G5 0.47+0.452 0.56+0.372 0.55+0.272 0.55+0.28%
G25 0.39+0.132 0.37+0.11°2 0.47+0.162 0.44+0.132
Control 0.37+0.17% 0.57+0.18° 0.41+0.12% 0.37+0.13%
G10 0.71+0.172 0.61+0.182 0.67+0.132 0.63+0.11°2
Monocyte G5 0.67+0.19% 0.63+0.19? 0.63+0.152 0.72+0.13%
G2.5 0.73+£0.182 0.71+0.172 0.67+0.162 0.66+0.152
Control 0.63+0.232 0.67+0.182 0.67+0.152 0.59+0.182

0.6% chitosan enhanced therespiratory burst activity
in Rachycentron canadum.

Total serum protein and globulin slightly increas-
edincarpfed ondiet supplemented with5and 10 mg
kg-1 chitosan (p=0.085). Our resultissimilar towhat
Siwicki et al. (1994) reported. They observed no
significant change in serum proteins following
dietary administration of chitosan in rainbow trout.
Besides Dugenci et al. (2003) also showed that 1%
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Zingiber officinal esupplemented diet asanimmuno-
stimulant plant in rainbow trout did not increasetotal
plasmaprotein. Ontheother hand, Harikrishnanetal.
(2012) reported enhancement of total serum protein
and globulin following feeding the fish with 1% and
2% chitosan supplemented food in Epinephelus
bruneus.

The effect of dietary chitosan on Leukocyte
numbers and differential count showed that neither
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leukocyte numbers nor leukocytes ratio affected
significantly, inotherwork onchitosansimilar results
were reported: Gopalakannan and Arul (2006)
reported that dietary 1% chitosanincommon carpdid
not enhance L eucocyte numbers. Besides Chang et
a. (2006) show total leucocyte numbers were
unaffected by dietary 0.5%, 1% and 2% chitosan in
Jappanese sea bass. Similarly, Supplementation of
rainbow trout diet with chitosan had no effects on
total leucocyte numbers (Siwicki et a., 1994).
However, the present results contradict with the
findings of other studies: Magsood et a. (2010)
reported that 1%, 2%, and 5%dietary chitosaninfood
canincrease WBCincommon carp. Linet a. (2011)
al so showed that dietary 0.2% chitosan, produced by
microbia fermentation of the crustaceans shell, in
Cyprinus carpio koi had an enhancement effect on
WBC count. Meshkini et al. (2012) reported that
athough 0.25% dietary chitosan enhanced signi-
ficantly WBC and Leukocyte ratio, 0.50% and 1%
chitosan did not enhance these parameters signi-
ficantly. The contradictory results can be caused by
different chitosan extraction procedure and fish
species. Itispossiblethat chitosan quality and origin
causethese effectivedifferent results.

Mortality percentage of common carp fed on
chitosan-supplemented diet (5 and 10 mg kg'l)
significantly decreased in comparison with the
control group (p<0.05). This might be due to the
enhancement of the non-specific immune system of
the fish by chitosan. Magsood et al. (2010) observed
that supplemented diet with 1 and 2 percent chitosan
cause decrease in mortality rate following bacteria
challenge. Gopalakannan and Arul (2006) also
reported that the RPS in the chitosan-supplemented
group of common carp challenged with Aeromonas
hydrophila was significantly higher than the control
and chitin supplemented group. Rairakhwada et al.
(2007) reported that the highest RPS (100%) was
recorded in 0.5% levan fed and the lowest RPS was
recorded in 1% levan fed fish. Alishahi et al. (2010)
reported that enhancement of protection against A.
hydrophilainfectionincommon carpfedon5%Aloe
veraextract supplemented diets.

Thisstudy indicatesthat supplementation of food
with 0.5 and 1% chitosan induced enhancement of
some immune parameters and resistance against
bacterial infectionin Cyprinuscarpio. Then, shrimp
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shell derived chitosan can be used for increasing
resistance against bacterial infection and immuno-
stimulation in common carp.
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