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Abstract

The present study was aimed to reveal whether Ichthyophthiriasis induces plasma parameters alterations in rainbow

trout. Thereby, total sialic acid (TSA), adenosine deaminase (ADA), heat shock protein-27(HSP-27), homocysteine (Hcy),
cholinesterase (CholE) activity level and some blood parameters were studied in suffered ones. After diagnosis of severe
Ichthyophthiriasis, blood samples were collected from seventy infected and same numbers of healthy ones. The results
indicated significant increases (P<0.01) in TSA, Hcy, HSP-27, CholE, MDA, Urea, CREA, AST and TPP in plasma along
with a remarkable decrease in ADA, glucose (GL), catalase(CAT), glutathione peroxidase (GPx), paraoxonase (PON) and
zinc in the infected group compared with healthy ones. In hematology, thrombocytosis, neutrophilia, monocytosis and

eosinophilia along with anemia were clarified in infected group than healthy ones.
The obtained results suggested that Ichthyophthiriasis in rainbow trout develops considerable blood profiles alterations

and some of them may utilize in the part of fish medicine.
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Introduction

Ichthyophthiriasis (white spot disease, Ich)
commonly involves in aquaculture parasitic diseases
of fresh water fish in subtropical, tropical and
temperate zones which plays an important role in
severe mortality and economic detriments. It belongs
to ciliate protozoan parasite (as ectoparasite)
(Ichthyophthirius multifiliis) and is known to be the
one of most pathogenic parasites of fish (Mifsud and
Rowland, 2008). Crowding stress facilitates Ich
occurrence and subsequently leads to innate immune
suppress. On the other word, Ich causes fish more
prone to bacterial diseases (Witeska et al., 2010). Ich-
mediated hematological and serological studies are
scarce. However, Witeska study in 2010 clarified
alterations in hematological indices such as
leukocytosis in fish with minor symptoms, leukopenia
in ones with severe symptoms along with lack of
changes in Hb and PCV during Ichthyophthirius
multifiliis infection in common carp. In addition,
multiple histopathological changes in different tissues
reported by Yu in 2012 in grass carp with
experimentally infected Ichthyophthirius multifiliis.
Also, RBC and WBC significant changes have been
reported by Ghiraldelli in 2006 in the parasitized Nile

tilapia and cultured carp with ectoparasites such as
Ciliophora.

Sialic acid (SA) is known to be the one of
derivatives of neuraminic acid as acetylated derivative
that is widely distributed in all vertebrate tissues,
body fluids and in higher invertebrate species (Guzel
et al., 2008). It perches the terminal location on
macromolecules such as glycoproteins and cell
membranes (Nazifi et al. 2010). Furthermore, it is
known as an inflammatory marker (Thougaard et al.,
1998) and so, the determination of SA may be a
valuable indicator for diagnosis and prognosis of
inflammatory diseases. (Guzel et al., 2008; Citil et al.,
2004). In many inflammatory and infectious diseases
of domestic animals, SA values has been analyzed
(Karagenc et al., 2005), but, no assessment has been
observed regarding SA levels in fish parasitic
diseases. Heat Shock Proteins (HSPs) were initially
identified in different Drosophila tissues (Arrigo and
Laundry, 1994 ; Tissieres et al., 1974) and also an
elevation in their amounts has been reported during
undesirable conditions such as ischemia, hypoxia, and
stress factors in plasma. It is worth mentioned that
among them, small heat shock proteins such as HSP-
27 possesses special important. (Guay et al., 1997;
Mymrikov et al., 2011). Hcy, as a sulfur-containing
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amino acid, is generated from the intracellular
demethylation of methionine (Clarke, 2002) It is
involved in endothelial cell damage in experimental
animals. Hyperhomocysteinemia participates in
oxidative stress occurrence and plays essential role_in
pathological effects, which has been demonstrated as
a mechanism involved in the formation of anaemia
(Nazifi et al., 2013). Cholinesterases (CholE) are

comprised into two main enzymes
(acetylcholinesterase, AchE; and
butyrylcholinesterase, BChE) and involve in

hydrolysis of acetylcholine (ACh). Recently they
were determined as inflammatory markers (Da Silva
et al., 2012). Adenosine deaminase (ADA) catalyzes
degradation of adenosine and deoxyadenosine to
inosine and deoxyinosine and also is known as a
substantial enzyme in the maturation and
differentiation of T lymphocytes and its activity is
higher in T cells than B cells (Hoshino et al., 1994 ;
Aydin et al., 2010). The ADA activity has been
determined higher in diseases with immune response
stimulation. (Aydin et al., 2010).

To our knowledge, although a little study has
reported alterations of different parameters in
Oncorhynchus mykiss diseases, but no assessment has
been performed to investigate the alterations of above
mentioned parameters in Rainbow  trout
Ichthyophthiriasis.

Materials and Methods
Examination of Ich

This study was conducted in Urmia city, Iran
during summer 2012. Seventy rainbow trout with Ich
from eight aquaculture farms (high crowded) were
identified by observation of severe infestation to
parasites on the head, fin and gill with white-spot
appearance and ciliate protozoan (lchthyophthirius
multifiliis) were observed with the horseshoe-shaped
nucleus by light microscope. The same numbers
without any Ich signs and any other diseases
symptoms were selected as the healthy group. Also,
we tried to be identical all selected farms based on
management, nutrition and geographical conditions.

Preparation of Blood Samples

Anesthesia was not carried out in the fish for its
probable effects on blood parameters. (McKnight
1966). Blood samples were collected from all fish via
caudal vein into EDTA-contained tubes for
hematologic tests and plasma preparation. Thereafter,
all tubes were centrifuged with 4000 RPM for 10
minutes at room temperature.

Hematology Indices Determination (CBC)

Hemoglobin (Hb) measurement was performed
according to cyano-methemoglobin method with

spectrophotometer at 540 nm  absorbance
(spectrophotometric method). For packed cell volume
(PCV) identification, standard micro hematocrit
method was used. White blood cells (WBC) and red
blood cells (RBC) count were carried out with
Dacie’s solution as a diluting fluid. (Blaxhall and
Daisley 1973). Determination of erythrocyte indices
including mean corpuscular hemoglobin (MCH),
mean corpuscular volume (MCV) and mean
corpuscular hemoglobin concentration (MCHC) were
determined by (Haney et al., 1992) method.
Moreover, differential count was performed for
leukocyte percentage identification. Blood smears
were stained with Giemsa solution 5% and
specification of each cell percentage were counted in
one hundred cells.

Plasma Biochemical Parameters Detection

ADA activity was determined by the
Mybiosource Elisa kit, HSP-27 determination was
measured based on a commercial ELISA kit
(Biosource, U.S.A), Hcy and cholinesterase activity
(Pars azmoon Co.kits, Tehran, Iran) were measured
using a Cecil, Italy in accordance with the
spectrophotometric method MDA and PON activity
was detected by Satoh (1978) and Furlong (1988)
method respectively (spectrophotometer, model Cecil,
Italy). SOD, CAT, GPx activities were assessed in
erythrocyte hemolysis based on manual methods,
Abei (1984) for CAT and commercial kits (Ransod®
and Ransel, Randox laboratories Ltd. G.B) for SOD
and GSH-Px (Auto analyzer, Alcyon-300, USA) as
well as, GL, Urea, CREA, TPP, AST, ALT detected
by commercial kits (Pars azmoon., Chemical co.,
Tehran, Iran) with Auto analyzer, Hitachi- 917, Japan.
Finally, TSA was determined by Sydow (1985)
method (spectrophotometric, Spekol-1500).

Statistical Analysis

Statistical analysis was accomplished in all
analyses. Mean = SD and determination of variation
between the data results were carried out with
Student's t-test with SAS version 9.1 and significance
level was specified at (P<0.01)

Results

Significant alterations in the majority of plasma
biochemical profiles and CBC indices were detected
in infected rainbow trout compared to control group
(P<0.01), which have been documented in Table 1
and Table 2 respectively. Considerable increase of
TSA, Hcy, HSP-27 and CholE were determined in Ich
group rather than control ones. In the case of nitrogen
metabolism, an increase in Urea and CREA and TPP
was observed. Furthermore, considerable decrease of
GL and ADA along with significant elevation of AST,
as the liver function index, were exhibited in diseased



Table 1. The following table reveals all parameter alterations in naturally infected groups compared with control ones

Control Control Naturally infected Naturally infected
Group 1 Group 2
Group 1 (Length) Group 2 (Length)
(Length) (Length) Naturally
Control Control 217 + 4 mm : 271 £ 5 mm Naturally
221 +£6 mm 277 + 6 mm infected .
Parameter Control Group Group 2 Groun 1 infected Group
Groun 1 (Number) Control Group 2 (Number) Naturally infected (Numtr))er) Naturally infected 2 (Number)
(Weigpht) (Weight) Group 1(Weight) Group 2 (Weight)
2524190 369+ 13 g 248+22 ¢ 358+17¢g
TSA (mg/dl) 11.21+0.58 37 14.12+0.61 33 2314+ 1317 39 41.15 + 1.48° 31
MDA(nmol/ml) 1.22+0.72 37 2.34+0.92 33 410+ 1.02" 39 6.45+1.11% 31
Hey(mg/dl) 2.07+02 37 3.17+0.6 33 7.08+1.14" 39 10.05 + 1.32¥ 31
ADA (U/L) 13.09+0.11 37 15.08 £ 0.14 33 3.23+0.14" 39 5.28+0.19* 31
HSP-27 (ng/ml) 2.59+0.23 37 422+0.16 33 5.89 + 0.43" 39 10.02 +0.79* 31
CholE (1U/L) 1114.26 + 52.03 37 1537.58 £75.13 33 3309.35 +32.28" 39 5310.18 £62.55* 31
PON(U/L) 38.34£2.48 37 71.52+£4.21 33 13.13+1.79" 39 32.46 +2.57* 31
SOD(U/gHb) 721.14 +76.13 37 717.11 £89.15 33 739.12 + 36.02 39 747.11 + 63.04 31
CAT(k/gHb) 61.10 +2.25 37 82.13+2.74 33 30.29 + 1.07 39 41.32 + 1.25¢ 31
GSH-Px(U/mgHb) 52.11+2.19 37 79.18 £3.52 33 19.69 + 1.09" 39 30.23 £2.13* 31
TAC(mmol/L) 0.37 +0.07 37 0.58+1.13 33 0.13+0.05" 39 0.28 +0.07* 31
GL(mg/dI) 29.11+0.8 37 40.22+0.79 33 16.15+ 1.36" 39 27.04 +1.13% 31
CREA(mg/dl) 0.3.02+0.17 37 0.7+0.22 33 1.11£0.06 39 2.28+0.12% 31
UREA (mg/dl) 2.21+0.92 37 331402 33 5.43+0.86" 39 6.39+1.1* 31
TPP(g/dl) 2.24+0.04 37 3.12 +0.07 33 3.32+0.16" 39 4.30+0.21% 31
AST (Ul 47.12+17.13 37 68.10 +19.22 33 121.52 +£9.07" 39 152.39 = 14.11% 31
ALT (U/T) 21.23+3.36 37 26.66 + 2.44 33 51.30 £2.13" 39 58.51 + 1.38* 31
Zinc (ug/dl) 115. 11 £ 2.66 37 146.18 £ 4.5 33 50.13+1.17" 39 76.18 + 1.46" 31

Table 2. The following table denotes hematological alterations in Ichthyophthiriasis compared with healthy ones

Parameters Control Group Ichthyophthirius multifiliis infected Group
PCV(%) 36.2+22 212+237
Hb (g/dl) 11.3+2.1 52+05"
RBC (ul/10°) 4.1+0.1 1.89+ 02"
MCV (fl) 275+ 38 261+ 26
MCH (pg) 61.5 +64 653 £ 23
NEU (%) 19.4+2.1 39.6+ 4.27
LYM (%) 71.6+£2.6 37.8+ 3.8"
MONO (%) 3.6+14 108 +2.6"
EOS (%) 53+12 11.8+ 417
PLT (10%uL) 326+9.7 69.2 +4.8

Data are expressed as mean + standard deviation.

7Significantly different from the control group (P<0.01)
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fish compared with control ones. In the respect of
oxidative stress, remarkable increase in MDA and
reduction of antioxidant enzymes were observed in
infected fish. According to the hematological results,
PCV, Hb amount and RBC count decreased (P<0.01).
Neutrophilia,  lymphopenia,  monocytosis  and
eosinophilia occurred in each group than healthy
ones. Moreover, Pearson’s correlation revealed
considerable interaction (P<0.01) (Tables 3, 4, 5, 6)
between fish length, weight and all biochemical
parameters in exception of SOD in Ichthyophthirius
multifiliis naturally infected groups and suggest that
increase of fish length and weight affect in all
biochemical profiles of naturally infected groups.

Pearson’s Correlation Test Between Fish Weight,
Length and Biochemical Parameters

Ichthyophthirius multifiliis Naturally Infected
Group 1 (Length)

ADA possesses significant correlation between
length in naturally infected Group 1 as negative
correlation. With increasing the length, the activity of
ADA compared to the observed correlation
coefficient decrease and vice versa. In respect of other

parameters, there are not significant correlation
between those ones.

Ichthyophthirius multifiliis Naturally Infected
Group 1 (Weight)

ADA activity ALT activity and TSA have
significant correlations between weight in naturally
infected Group 1 as positive correlation. It means that
an increase in weight of the fish, causes elevation of
those ones in naturally infected Group 1.

Ichthyophthirius multifiliis Naturally Infected
Group 2 (Length)

There is not significant correlation between
parameters and length in naturally infected Group 2.

Ichthyophthirius multifiliis Naturally Infected
Group 2 (Weight)

MDA, TPP, TSA and ADA activity possess
significant correlations between weight in naturally
infected Group 2. It means that an increase in weight
of the fish, take place elevation of them in naturally
infected Group.

Table 3. Pearson’s Correlation Analysis between Length of Fish with Parameters in Ichthyophthirius multifiliis naturally

infected Group 1

Length Analysis _ Parameters

igg Correlatfogigoeﬁchent TSA |

}12421 Correlatlogigoeffluent MDA 5

ggg CorrelatiogiCOefficient Hey 3

' * . g . .

032625 Correlatfogigoeﬁchent ADA 4

i% Correlatlogigoeffluent HSP 5

égg Correlatiogigoeﬁicient CholE 6

6%19 Correlatfogigoeﬁchent PON 7

gg Correlatfogigoefffcrent SoD 3

;gé Correlatfogigoeffchent CAT 9

7()7457 Correlatfogi goeffchent GSH 10
:l%gg Correlatfogigoefffcrent TAC 1
607%9 Correlatlogigoefhcnent GL 12
3% Correlatiogigoefﬁcient CREA 13
ggg Correlatiogigoefﬁcient UREA 14
gég Correlatfogigoeffchent PP 15
0%3787 Correlatfogigoeffchent AST 16
ggg Correlatlogigoefflment ALT 17
-.054 Correlation Coefficient Zinc 18

742 Sig
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Table 4. Pearson’s Correlation Analysis between Weight of Fish with Parameters in Ichthyophthirius multifiliis naturally infected Group 1:

Weight A_nalysis _ Parameters

g?g Correlatfogigoeffchent TSA |
ﬁg Correlatlogigoef'fluent MDA )
(7);15 CorrelatiogiCOef'ficient Hey 3
799 JSig

gzg Correlatfogigoeffchent ADA 4
‘1&2 Correlatlogigoef'fluent HSP 5
121%8 Correlatiogigoef'ficient CholE 6
(7)32 Correlatfogigoeffchent PON 7
6(;788 Correlatfogigoeﬁchent SOD 3
izzlg Correlatfogigoefffcrent CAT 9
ﬁg Correlatfogigoeffchent GSH 10
ggg Correlatfogigoeffchent TAC 1
iég Correlatlogigoeffluent GL 12
é?;g Correlatiogigoefficient CREA 13
é;}z?l Correlatiogigoefﬁcient UREA 14
%gg Correlatfogigoefffcrent TPp 15
;ig Correlatfogigoeffchent AST 16
ggé Correlatlogigoeffluent ALT 17
-.110 Correlation.COefﬁcient Zinc 18
.506 Sig

The results in Table 2 indicate that a significant level of correlation coefficient for TSA and ADA is equal to 0.015 and 0.019. So, ADA and TSA possess
significant correlations between weight in naturally infected Group 1. On the base of the observed correlation coefficient (0.389) and (0.375) it follows that the
correlation between these two variables is positive, meaning that an increase in weight of the fish, happen elevation of TSA and ADA in naturally infected Group
1. Also, further studies showed that with 99% confidence level, there is a significant correlation between ALT activity and weight of the fish and more than 18%
shared variance between these two variables. In respect of other parameters, there are not significant correlation between those ones.

Discussion

Sialic acid (SA) may assign valuable marker for
diagnosis and prognosis of inflammatory diseases and
is associated with acute phase proteins. (Motoi et al.
1984). Also, SA concentration has been identified to
be high in the course of many diseases. (Citil et al.
2004). In present study, TSA levels elevated in
infected group than non-infected ones. We could not
find any information in literature about SA levels in
rainbow trout with Ich. TSA elevation could be
ascribed to acute phase proteins enhancement, as
acute phase proteins, such as al-acid glycoprotein,
are sialyted glycoproteins. (Motoi et al. 1984).
Furthermore, relationship between SA and innate
immune system of skin mucous is discussed. The fish
skin mucous is known to be the major first line
defense against pathogens. (Ellis, 2001). Multiple
components such as the glycoproteins, lysozyme,
immunoglobulin, antimicrobial peptides, lectins, C-
reactive protein, are aggregated in fish skin mucous as
innate immune system (Shephard, 1994). On the other

hand, skin mucous secretions of various fish species
contain sialic acid and sialated glycoproteins
constitute in skin mucous ingredients. (Sumi et al.
1997). It is worth mentioning that they involve in
inhibitation and protection against bacterial break
down and virus invasion (Nigam et al. 2012). Since
SA is roboustly linked to bacterial macromolecules
and bacteria, thereby impede their adherance to the
epithelial cells. (Traving and Schauer 1998). Perhaps,
skin mucous SA is bounded with Ichthyophthirius
multifiliis for hindering its penetration. Therefore, SA
is elevated in blood for compensation of SA in skin
mucous.

Plasma MDA is known as indicator of lipid
peroxidation and oxidative stress index (Elia et al.
2003). . multifiliis infection in silver catfish provokes
oxidative lipid damage in the liver, and concurrent
enhancement in lipid peroxidation products levels
with progression of the infection was revealed in
silver catfish. Garcia et al. (2011). In fish with I.
multifiliis infection immune responses appeared by
localization of epidermal infiltration of granulocytes
and neutrophils (Matthews et al., 2005 ). During
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Table 5. Pearson’s Correlation Analysis between Length of Fish with Parameters in Ichthyophthirius multifiliis naturally

infected Group 2

Length A_nalysis _ Parameters

6%792 Correlatfogigoefffcrent TSA |

9%(;1 Correlatlogigoefflment MDA 5

.234 Correlation_Coef‘ficient Hey 3

.205 ) Sig o

éég Correlatfogigoefffcrent ADA 4

515%)2 Correlatlogigoefflment HSP 5

ggé Correlatiogigoef'ficient CholE 6

;gg Correlatfogigoefffcrent PON 7

8(;%1 Correlatfogigoeffchent soD 3

8(;4(1)3 Correlatfogigoefffcrent CAT 9

Fléfl Correlatfogigoeffchent GSH 10
;gg Correlatfogigoeffchent TAC 1
%g(lJ Correlatlogigoeffluent GL 12
8%471 Correlatiogigoefficient CREA 13
(7)3(1J Correlatiogigoefﬁcient UREA 14
ggg Correlatfogigoefffcrent PP 15
322 Correlatfogigoeffchent AST 16
907%6 Correlatlogi ;Doeffluent ALT 17
-.006 Correlation.COefﬁcient Zinc 18
973 Sig

There is not significant correlation between parameters and length in naturally infected Group 1.

inflammatory processes due to macrophages and
neutrophils activation, the production of hydrogen
peroxide (H202) and superoxide (02 -) are
increased, which promote the formation of ROS and
free radicals, which can lead to host tissue damage
(Jones et al., 2000). In present study, serum MDA
increased to more than three-fold in rainbow trout
with I. multifiliis infection which demonstrates that
this parasite induces oxidative stress. Arabi, (2005)
and Vutukuru et al. (2006) revealed MDA increase in
Oncorhynchus mykiss gill hemogenate and visceral
tissue of Esumus danricus, respectively. However,
some studies have reported low levels of MDA in
rainbow trout and Teleost (Ates, et al.,, 2008;
Varghese et al., 2000). In present study, antioxidant
enzymes (CAT, GSH-Px and TAC) were determined
to be low. It postulated that they impress on oxidative
stress. (Garcia et al., 2011) demonstrated larger
degree of protection against Ichthyophthirius
multifiliis through higher antioxidant enzymes activity
in silver catfish which is not in accordance with our
study.

Low activity of ADA in Ich group may
contribute to high level of adenosine. Adenosine is a
strong anti-inflammatory agent that regulates the
function of cells participated in the inflammatory

reactions. On the other word, it inhibits neutrophil-
mediated injury to endothelial cells and modulates
leukocyte— endothelial interactions (Cronstein et al.,
1986 ; Rodriguez et al., 2012). Consistent with this,
the plausible serum ADA activity decrease in infected
group may ascribe to disease conditions, wherein
could be attributed to the necessity for high
concentration  of extracellular  adenosine  for
attenuating of Ich mediated-skin endothelial cells
inflammation. This process also leads to decreased
intracellular ADA activity and consequently reduction
in the serum. In addition, our study revealed a
remarkable decrease in serum zinc in the infected
group compared to non-infected ones. Zinc possesses
cellular antioxidant effect (Powell, 2000) and an
association between zinc and cellular-immunity (T-
cell) has been already determined. Zinc is considered
to have an essential role in the immune system
(Shankar and Prasad, 1998) and its shortage is
strongly disadjusted immune system function, mainly
cellular immunity (T-lymphocytes) (Honscheid et al.,
2009). Moreover, zinc cation is found in the
innermost region of the active site of ADA and
contributes to the catalytic mechanism with enzyme
residues (Cooper et al., 1997; Sideraki et al., 1996).
Since, zinc plays an important role in ADA
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Table 6. Pearson’s Correlation Analysis between Weight of Fish with Parameters in Ichthyophthirius multifiliis naturally

infected Group 2

Weig*ht A_nalysis _ Parameters

ggg* Correlatfogigoeffchent TSA |
82;1 Correlatlogigoef'fluent MDA )
2;2 CorrelatiogiCOef'ficient Hey 3
676 Sig

ggs Correlatfogigoeffchent ADA 4
3%2 Correlatlogigoef'fluent HSP 5
(;gé Correlatiogigoefﬁcient CholE 6
8451; Correlatfogigoeffchent PON 7
ggg Correlatfogigoefffcrent SoD 3
21382 Correlatfogigoeffchent CAT 9
;gg Correlatfogigoeffchent GSH 10
g?g CorrelatfogigoeffTCfent TAC 1
54112 Correlatlogigoeffment GL 12
9()1270 Correlatiogigoefficient CREA 13
igzll Correlatiogigoefﬁcient UREA 14
ggg Correlatfogigoeffchent PP 15
(;gg Correlatfogigoeffchent AST 16
éég Correlatlogigoeffluent ALT 17
.110 Correlation_Coeﬁicient Zinc 18
.556 Sig

The results in Table 4 indicate that a significant level of correlation coefficient for MDA and TPP is equal to 0.028and 0.026. So, MDA and TPP possess
significant correlations between weight in naturally infected Group 2. On the base of the observed correlation coefficient (0.394) and (0.400) it follows that the
correlation between these two variables is positive, meaning that an increase in weight of the fish, take place elevation of MDA and TPP in naturally infected
Group 2. Also, further studies showed that with 99% confidence level, there is a significant correlation between TSA, ADA activity and weight of the fish and
more than 23% and 22% shared variance between these two variables. In respect of other parameters, there are not significant correlation between those ones.

activity. Thus, low ADA activity during the course of
Ich might be related to hypozincemia.

Heat shock proteins play a major role in
inhibition of stress effects on cells (Askar et al.,
2007). HSP-27 is known to be a stress protein and has
an antioxidant effect that is associated to both the
decrease of iron quantity in cell and the increase of
the intracellular glutathione level (Ferns et al., 2007;).
Several conditions are involved in high production of
HSP-27, such as apoptosis, vascular diseases,
hyperthermia, and different types of cancers (Ciocca
et al., 1993).There is no literature about HSP-27
values in rainbow trout with Ichthyophthiriasis. HSP-
27 role, as a biomarker in various diseases, has been
reported (Vidyasagar et al., 2012).Moreover, HSP-27
overexpression attenuates concanavalin  A-induced
liver damage in mice (Bao and Liu, 2009). This might
have been the case in this study as high levels of HSP-
27 in the infected ones may be attributed to the
elevation of protein synthesis in cells under stressful
conditions, such as fever and inflammation for
defending against disease.

High level of Hcy was determined in Ich group

compared with the healthy ones. It is involved in
cardiovascular diseases, oxidative stress generation
and endothelial cell damage. (Jacobsen, 2000). Hcy is
considered to cause endothelial dysfunction and
damage as its deleterious effects on vessels has been
characterized (Thambyrajah and Townend, 2000). On
the other word, Nazifi et al., in 2012 demonstrated
deleterious effect of Hcy on erythrocytes that can lead
to anemia. Hence, in present study, high level of Hcy
may demolish erythrocytes and leading to anemia in
Ich group. In addition, the zinc cation possesses key
role in Hcy metabolism. The betaine-homocysteine
methyl transferase (BHMT) and methionine synthase
are known as essential enzymes in Hcy metabolism.
These enzymes belong to  zinc-containing
metalloenzymes and the binding of Hcy to BHMT is
carried out by zinc. Moreover, Hcy is activated
through zinc for conversion to methionine (Heidarian
et al., 2009). The zinc deficiency can describe Hcy
enhancement. Furthermore, direct effect of possible
Ichthyophthirius multifiliis toxins on methionine cycle
is hypothesized.

Cholinesterases (CholE) are reputed to be as an
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inflammatory marker and their high activities have
been identified in different diseases (Das, 2007).
Wolkmer, 2010 reported alterations in cholinesterase
activity in trypanosomosis and Staphylococcus aureus
infection and ascribed to clinical signs and immune
response. In addition, direct relevance between
cholinesterases (AChE and BChE) activity and
inflammatory markers such as interleukin-6 has been
documented, thereby forenamed result assert the
concept that cholinesterase activity boost the systemic
inflammatory response (Ben Assayag et al., 2010). In
present study, serum cholinesterase level was found to
be high. Since, the cholinesterase is identified as an
inflammatory marker, its enhancement may reflect
elevated inflammatory responses during Ich.
Moreover, liver damage could describe this increase,
because it is commonly synthesized in hepatocytes
and liberated into blood. It is worth mentioning that
remarkable increase of CholE activity is used in
discrimination between liver and non-liver diseases
(Ogunkeye and Roluga 2006). On the other word,
following liver damage, aspartate aminotransferase
(AST), as liver function marker, is elevated. We
observed  considerable levels of  aspartate
aminotransferase in infected group compared in
healthy ones. This might have been the case in this
study as another possible in high levels of CholE may
be attributed to the Ich-mediated liver damage.
Finally, aquatic environment contamination may
increase CholE in present study. (Jebali et al., 2013).

In recent study, both Urea and CREA as
nitrogen metabolism values were found to be high in
infected group compared with healthy ones, which
more likely due to Ich induced-kidney insufficiency.
Higher amount of Urea and CREA were revealed in
fish with various species during ecto-parasites
infection which is in accordance with our study. (El-
seify et al. 2011).

Infected fish exhibited an increase in TPP when
compared to healthy ones. TPP is considered as health
index in aquascience and some factors induce
hyperproteinemia, such as metabolism severity,
nutrition,  health  status and high  stocking
density.(Svoboda et al., 2001; Joseph, 2006).This
might have been the case in our study as high TPP is
attributed to fluid volume disorders, overcrowded
stockings and/or elevation of acute phase proteins.

AST and ALT enhancement were clarified in
infected group rather than healthy ones which may
suggest effects of Ichthyophthirius multifiliis at liver.
Higher activity of ALT and AST was reported in
different species of fish during ecto-parasite infection.
(El-seify et al. 2011).

The GL concentration as the main analyte of
carbohydrate  metabolism  accompanied  with
significant decrease. This may have been the case in
our study as Ich causes anorexia and/or induction of
glycogenesis (glycogen accumulation) in liver. We
could not found any information in the literatures
about a link between plasma GL with glycogen

storage in rainbow trout Ich. Bacterial infections and
viral  hemorrhagic  septicemia  diminish ~ GL
concentration in rainbow trout, (Rehulka, 2003).
Recently, one of the other antioxidant enzymes has
been paid more attention, is paraoxonase (PON)
which is synthesized in liver and liberated into blood.
It belongs to esteric hydrolases that hydrolysis
xenobiotics such as organophosphates and it is closely
adjoined with Apo lipoprotein Al subtraction of HDL.
Furthermore, PON decreases oxidative stress in
tissues and cells and its activity has been reported in
aquascience of some literatures (Karatas et al., 2012;
Bastos et al., 1998). PON plays a vital role in
Xenobiotic biotransformation and protects against
lipid peroxidation (James 2006; Aviram and
Resenblot 2005). Many studies reported PON activity
in human. (Turk et al., 2005), but, in veterinary
medicine, it is still scarce. (Bakemkiran et al., 2008).
In this study, PON concentration was found to be low.
Which is in accordance with Karatas study in 2012.
This may have been the case in present study as PON
involves inhibitory role on lipid peroxidation reaction.

In the recent study, Ich caused marked
alterations than healthy ones in haematological
parameters including lower values of PCV, RBC
count and Hb without significant changes in MCV,
MCH, which indicated anaemia. Significant decrease
in RBC, Hb and PCV in Oreochromis niloticus with
gill Ich and saprolegniasis reported by Tavares-Dias
in 2002 which is in accordance with present study,
while, no evidence of anemia was demonstrated
during Ichthyophthirius multifiliis infestation in
common carp. (Kurovskaya and Osadchaya, 1993).
Low count of peripheral RBC may associate with loss
of haemapoietic tissue. (Rehulka, 2003) reported that
anaemia is commonly characterized with chronic
glomerulonephritis and according to Erslev study in
1997, concurrent incidence of chronic renal failure
and uremia is regularly accompanied by anaemia and
its intensity is correlated with uremia severity. It is
postulated that high amount of plasma urea is caused
anaemia in Ich group. Many published studies have
reported induction of anaemia in salmonides with
bacterial and fungal infection (Rehulka 2003;
Jamalzadeh et al., 2009). (Zaki, 2008) also pointed
out an association between cortisol with PCV, Hb and
RBC reduction as a result of appetite decrease in
Tilapia nilotica. It is more likely that occurrence of
high cortisol level through disease induced- stress
plays another cause in decrease of PCV, Hb and RBC
with above mentioned mechanism in Ich.

The significant increase of WBCs such as
neutrophil, eosinophil and monocyte with lymphocyte
decrease were noticed in the present study, which may
denote cellular-immunity system interaction with
parasite. In the course of eosinophilia, it has been
documented in several studies including helminthes
infestation in catfish (Clarias batrachus ) and also
parasite infection in European eel (A. Anguilla) (Ali
and Ansari, 2012).
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Thrombocytosis was determined in infected
group than healthy ones. During the stress conditions
hypercoagulability and thrombocytosis is mostly
observed in fish. Fish thrombocytes possess immune
functions and different antigenic stimulation leads to
thrombocytosis.  Moreover, their  phagocytosis
function has been reported. This might have been the
case in our study, higher thrombocyte count may
involve in defense against the parasite (Witeska et al.,
2010).

It is worth mentioning that lymphopenia is
attributed to three different mechanisms (Ishikawa et
al., 2007; Choi 2004; Dolin et al., 1976).

1) Stress induced lymphopenia with following
mechanisms:

a) Lymphocyte
lymphoid organs.

b) Cell destruction or decrease in blood
circulation due to high levels of cortisol.

2) Hypoxia-induced lymphopenia.

3) Lymphocyte infiltration to tissues

In conclusion, Ich induces alterations of some
blood parameters in rainbow trout. These findings
may persuade attempts to expand the importance of
biochemistry and clinical hematology in the health
screening programs of the rainbow trouts in intensive
aquaculture.

re-dispensation to
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