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Abstract
Saprolegniasis is known as one of the most important fungal diseases of salmonids along with high mortality and economic problems. 
One hundred and seven fish suffering from cutaneous Saprolegnia infections and the same number of healthy fish were selected and 
blood parameters along with histopathology assay were performed in all ones. The results indicated a significant increase (P≤0.01) 
in total sialic acid, malondialdehyde, urea, creatinine, aspartate aminotransferase, total protein in plasma and a decrease in glucose, 
catalase, glutathione peroxidase and paraoxonase. Meanwhile, no significant alterations of alanine aminotransferase and superoxide 
dismutase were revealed in infected fish. Also, the histopathological findings observed in liver, especially glycogen storage and fatty 
inclusion and melanomacrophage centres in spleen. Tubular vascular degeneration along with cystic formation was identified in 
kidney. The results suggest that saprolegniasis develops substantial histopathological and blood profile changes in rainbow trout and 
recommend to pay more attention on some biochemical profiles such as MDA and TSA, due to cell health and defence against fungus 
on the skin respectively, along with hepatocyte function index (aspartate aminotransferase) and nitrogen metabolism (creatinine and 
urea) during disease management.

Keywords: Saprolegniasis, Blood parameters, Histopathology, Rainbow trout 

Saprolegniyazis`li Gökkuşağı Alabalıklarında (Oncorhynchus mykiss), 
Toplam Siyalik Asit, Oksidatif Stres ve Histopatolojik Değişiklikler

Özet
Saprolegniya enfeksiyonu salmonid balıklarda yüksek mortalite ve ekonomik sorunlarla birlikte en önemli mantar hastalıklardan 
biri olarak bilinir. Yüz yedi adet Saprolegniya enfekte ve aynı sayıda sağlıklı balıklar seçilerek, histopatolojik analizler`ile birlikte bazı 
kan parametreleri incelendi. Plazma toplam siyalik asit, malondialdehit, üre, kreatinin, aspartat aminotransferaz ve toplam protein 
düzeylerinde artış (P≤0.01) görülürken, glukoz miktarı miktarı`ile, katalaz, glutatiyon peroksidaz ve paraoksonaz aktivitesinde 
ise azalma (P≤0.01) görüldü. Alanin aminotransferaz ve süperoksit dismutaz aktivitesinde anlamlı bir değişiklik görülmedi. Ayrıca, 
karaciğerde gözlenen histopatolojik bulgularda, glikojen depolanması ve yağ içerme ve dalakta melanomakrofaj merkezleri görüldü. 
Böbrek`de kistik oluşum`ile birlikte tubular vacuolar dejenerasyonu tespit edildi. Sonuçlar gökkuşağı alabalığında önemli histopatolojik 
ve kan profil değişikliklerini sebep olduğunu gösteriyor ki bu arada MDA ve TSA tertible hücre sağlığı ve deride oluşan mantara karşı 
savunmada özel önem taşıyorlar. Ayrıca hepatosit fonksiyon indeksi (aspartat aminotransferaz) ve azot metabolizması (kreatinin ve 
üre) gibi bazı biyokimyasal parametrelerin hastalık yönetiminde önemli rolları olabiliceği düşünüldü.

Anahtar sözcükler: Saprolegniasis, Kan parametreleri, Histopatoloji, Gökkuşağı alabalık

INTRODUCTION

Fungal diseases involve severe management problems 
in aquaculture farms and saprolegniasis is known as one 
of the main types salmonids diseases [1,2]. Saprolegniasis in 
addition to salmonid fish, has been also reported in crayfish 

(Astacus leptodactylus) [3]. Saprolegnia as major genus of 
water molds of Oomycete class possesses opportunistic, 
saprotrophic and necrotrophic traits. Naturally, it is found 
in fresh water ecosystems and environmental factors such 
as low whirlpool, low soluble oxygen, stress and over- 
crowding facilitate saprolegniasis occurrence in aquaculture 
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farms along with mortality in fresh water fish [4]. Acetylated 
derivative of neuraminic acid is sialic acid (SA) that is 
extensively dispensed in entirely vertebrate tissues, body 
fluids and in higher invertebrate [5,6]. It is worth mentioning  
that SA indwells the terminal location on macromolecules, 
cell membranes and it is known as an inflammatory  
marker [7-9]. Therefore, the determination of SA may 
be a valuable indicator for diagnosis and prognosis of 
inflammatory diseases. Also, evidences reveal the changes 
of serum SA in different diseases [5,10,11]. However, assay has 
not been observed about SA levels in fungal fish diseases 
such as saprolegniasis.

Free Radicals (FRs) such as superoxide anion, hydroxyl 
radical, as well as non-radical molecules like hydrogen 
peroxide are generated during normal metabolic processes 
into the cells and oxidative stress is acquired due to 
either excess production of FRs or shortage in antioxidant 
enzymes such as SOD, CAT, and GSH-Px [12-14]. Free radicals 
devastate polyunsaturated fatty acids of cell membrane 
lipids and causes lipid peroxidation which is used as deter-
minant of oxidative stress and cellular injury indicator [15,16]. 
Malondialdehyde (MDA), one of the lipid peroxidation by-
products, is considered the most abundant and reliable 
biomarker either in assessment of lipid peroxidation or 
indirect detection of FRs levels [17-19]. MDA is merged with 
cell membrane and leads to intracellular damage, cross-
linking with phospholipid and enzymes [20,21]. Consequently, 
overwhelming of antioxidant defence is believed to be the 
trigger of broad difference processes on various organs 
which are conducive to diseases and tissue damage [22,23]. 
Determination of antioxidant enzymes in fish diseases has 
been performed in various studies [23-25] and catalase (CAT), 
superoxide dismutase (SOD) and glutathione peroxidase 
(GSH-Px have been determined in most fish species [23,26]. 
Recently, one of the other antioxidant enzymes which has 
been paid more attention, is PON. It synthesized in liver 
and liberated into blood and belongs to esteric hydrolases 
that hydrolysis xenobiotics such as organophosphates. 
Furthermore, PON alleviate oxidative stress in tissues and 
cells and its activity has been reported in fish [27,28].

To our knowledge, this is first study to evaluate 
alterations of some blood parameters such as sialic acid (as 
inflammatory marker), oxidative stress indices and other 
parameters along with histopathology in Oncorhynchus 
mykiss saprolegniasis and likely some of them be effective  
in the management of saprolegniasis in Rainbow trout.  

MATERIAL and METHODS
Examination of Saprolegniasis

This study was conducted in Urmia city during 2014-
2015, Iran. Fish with lack of any internal and external 
parasites along with lack of bacterial infection which 
examined with clinical signs were selected for the study. 
Water quality consists of normal conditions such as water 

temperature 11°C heat low C, pH 7.2, oxygen concentration 
6.8 mg/L. Three hundred and fifty-eight rainbow trout 
were assessed from eight aquaculture farms of Urmia 
and among them, one hundred and seven saprolegniasis 
rainbow trout without UDN (ulcerative dermal necrosis) 
disease symptoms were detected by white or gray 
patches on the head and fin with cotton-like appearance 
and were diagnosed by GYPS agar plates (Glucose-Yeast-
Peptone agar) which is specific for Saprolegnia culture [29]. 
Also, the same number fish that were examined for lack 
of any saprolegniasis and other diseases (parasitic, viral 
and bacterial) signs were selected as the healthy group. 
This study was confirmed with the ethical approval (No: 
0552762948126) in the Ethics Committee of Urmia Islamic 
Azad University.

Preparation of Blood Samples

Anesthesia was not performed on the fish because it 
can induce adverse effects on blood parameters [30]. 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 min at room temperature.

Hematology and Plasma Chemistry

Standard micro-hematocrit method was carried out 
for packed cell volume (PCV) determination. Hemoglobin 
(Hb) measurement was determined according to cyano-
methemoglobin method with spectrophotometer at 540 
nm absorbance. White blood cells (WBC) and red blood 
cells (RBC) count were carried out with Dacie`s solution 
as a diluting fluid [31]. Determination of mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH) and 
mean corpuscular hemoglobin concentration (MCHC) as 
the erythrocyte indexes were detected by Haney et al.[32] 

method. Moreover, blood smears were stained with Giemsa 
solution 5% for differential count of leukocyte and blood 
parasites examination and specification of each cell 
percentage were counted in one hundred cells. TSA was 
determined by Sydow [33] method (spectrophotometric, 
Spekol-1500). SOD, CAT, GPx activities were assessed in 
erythrocyte hemolysis on the basis of manual methods, 
Abei [34] for CAT and commercial kits (Randox laboratories 
Ltd. G.B) for SOD, GSH-Px and total antioxidant capacity 
(TAC), (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, MDA levels and PON 
activity was detected by Satoh [35] and Furlong [36] method 
respectively (spectrophotometer, model Cecil, Italy).

Histopathological Examination

Tissue specimens of healthy and infected fish from 
liver, spleen and kidney were taken and rapidly fixed in 
neutral buffered formalin 10%. Thereafter, conventional 
paraffin wax embedding technique was performed in 
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fixed specimens. Then, the sections were cut 5 microns 
in thickness and were stained by Hematoxyline and Eosin 
(H&E) and Periodic Acid Schiff (PAS) staining methods.

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

Saprolegniasis causes significant alterations in the 
majority of plasma biochemical profiles of infected fish 
compared to healthy ones (P≤0.01), which was documented 
in Table 1. Moreover, hematological values assessment was 
revealed in Table 2. According to the hematological results, 
HCT, Hb amount and RBC count decreased (P≤0.01). 
Neutrophilia, lymphopenia, monocytosis and eosinophilia 
occurred in saprolegniasis group than healthy ones. In 
respect of nitrogen metabolism, an increase in Urea and 
CREA and TPP was observed. In comparison with healthy 
ones, marked decrease of GL was exhibited in diseased 
fish. ALT and AST concentration as the liver function indices 
were different, there was significant elevation in AST with  
no remarkable alterations in ALT. High levels of TSA and 
MDA were determined in infected ones than healthy group 
and concentration of antioxidant enzymes considerably 
reduced. In the case of SOD, there are no significant 
alterations were detected. 

Histopathologic results of this present study show that 
cutaneous saprolegniasis in Rainbow trout causes three 

lesions in different tissues. These are as follows: Liver: 
focal necrosis, edema, the increase of melanomacrophage 
centers, fatty change and glycogen storage state (Fig. 1, 
Fig. 2). Spleen: the increase of melanomacrophage centers  
(Fig. 2). Kidney: Tubular vacuolar degeneration, glomerular 
atrophy and partly increase of melanomacrophage centers 
(Fig. 3). 

DISCUSSION

Sialic acid (SA) is known as a valuable marker for 
diagnosis and prognosis of inflammatory diseases. Motoi 
et al.[37]. In this study, SA levels increased in infected 
group than non-infected ones. SA concentrations have 
been specified high during the course of many diseases. 
Citil et al.[11]. We could not find any published studies 
about SA levels in rainbow trout saprolegniasis. In these 
circumstances, rise in TSA may be attributed to acute 
phase proteins elevation, because acute phase proteins, 
such as α1-acid glycoprotein, are sialated glycoproteins [37]. 
The another probable reason can be ascribed to inter-
relationship between SA and innate immune system of  
skin mucous. Fish skin mucous is involved as first line of 
defence against pathogens [38]. The multiple components of 
innate immune system are aggregated in fish skin mucous, 
such as glycoproteins, lysozyme, immunoglobulin, anti- 
microbial peptides, lectins, C-reactive proteins [39]. Besides, 
skin mucous secretions contain sialic acid in various fish 
species and sialated glycoproteins constitute in skin mucous 
ingredients [40]. They involve in restrain and protection 
against bacterial break down and viral invasion [41]. Since  
SA is firmly bounded to bacterial macromolecules and 
bacteria, thereby impede the adherence of pathogen agents  
to epithelial cells [42]. It is likely that sialic acid of skin mucous 
interacts with saprolegnia spp for hindering its extension. 
Therefore, SA increases in blood for compensation of SA 
consumption in skin mucous.

Table 1. The following table reveals all parameter alterations in patient 
compared with control group

Tablo 1. Aşağıdaki tablo, tüm parametre değişikliklerini hasta grubun 
kontrol grubu ile karşılaştırıldığında ortaya çıkarır

Parameters Control Group Patient Group

TSA (mg/dl) 39.26±4.03 57.63±3.21†

MDA (nmol/ml) 6.49±1.417 8.84±0.922†

PON (U/L) 79.72±22.585 42.64±10.164† 

SOD (U/gHb) 1569.66±214.719 1789.31±769.025

CAT (k/gHb) 102.70±13.547 61.85±8.102†

GSH-Px (U/mgHb) 98.35±11.086 53.48±9.294†

TAC (mmol/L) 0.86±0.7 0.47±0.11†

GL (mg/dl) 78.24±5.861 56.92±5.943†

CREA (mg/dl) 1.172±0.328 3.01±0.296†

UREA (mg/dl) 6.32±1.573 12.6±2.236†

TPP (g/dl) 5.03±0.367 5.85±0.506†

AST (U/l ) 179.64±55.3164 247.32±21.7595†

ALT (U/l) 56.92±19.7081 68.56±18.6303

Data are expressed as mean ± standard deviation; † Significantly different 
from the control group (P<0.01)

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

Tablo 2. Aşağıdaki tablo, hematolojik değişiklikleri Saprolegniasis grubunda 
sağlıklı olanlarla karşılaştırıldığında gösterir

Parameters Control Group Patient Group

PCV 42.68±3.14 30.8±2.34†

Hb 9.24±0.73 6.25±0.84†

RBC 3.09±0.46 1.26±0.15†

MCV 289.99±41.15 277.04±17.79

MCH 66.76±7.65 67.12±3.86

NEU 18.48±2.16 30.80±2.04†

LYM 69.68±1.84 55.44±5.23†

MONO 2.60±1.41 6.36±1.91†

EOS 5.48±1.29 10.92± 4.15†

Data are expressed as mean ± standard deviation; † Significantly different 
from the control group (P<0.01)
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Fig 1. A. Control group: Hepatic tissue is normal and clear vacuoles in hepatocytes are very little, (H&E), X200; B. Cutaneous 
saprolegniasis group: (Main figure): Focal edema with serosal fluids (white asterisk) in liver, hemorrhage and focal infiltration 
of lymphocytic cells (black asterisk), local hepatic necrosis (arrow), (H&E), X80. (Inner figure): Necrotic hepatocytes containing 
eosinophilic cytoplasm and destructed nuclei (arrowhead), (H&E), X800; C. Cutaneous saprolegniasis group: Increase of clear 
vacuoles in most of hepatic cells is seen. Dispersion of Melanomacrophage centers has increased in hepatic tissue (arrow), (H&E), X200

Şekil 1. A. Kontrol grup: Karaciğer dokusu normaldir ve hepatositlerde net vakuoller çok az vardır, (H&E), X200; B. Deri 
Saprolegniasis grubu: (Ana Şekil): Karaciğerde serozal sıvıları ile fokal edema (beyaz yıldız), kanama ve lenfositik hücre odak 
infiltrasyonu (siyah yıldız), lokal hepatik nekroz (ok), (H&E), X80. (iç şekil): Nekrotik hepatositler ki içinde eozinofilik sitoplazma 
ve tahrip olmuş çekirdek var (okbaşı), (H&E), X800; C. Deri Saprolegniasis grubu: Karaciğer hücrelerinin çoğunda açık vakuoller 
artışı görünür. Melanomacrophage merkezlerinin dispersiyonu karaciğer dokusunda artmıştır (ok), (H&E), X200

Fig 2. A. Cutaneous saprolegniasis group: Focal fatty change (arrowhead) and cytoplasmic aggregations of glycogen in 
hepatocytes (arrow), (PAS), X960; B. Control group: Normal appearance of hepatic tissue, (PAS), X960; C. Control group: Normal 
splenic tissue containing few melanomacrophege centers (arrow), (H&E), X960; D. Cutaneous saprolegniasis group: Hyper 
activation and increase of melanomacrophage centers (arrow) in spleen, (H&E), X960

Şekil 2. A. Deri Saprolegniasis grubu: Fokal yağlı değişim ve hepatositlerin sitoplazmasında glikojen toplamaları (ok), 
(PAS), X960; B. Kontrol grubu: Karaciğer dokusunun normal görünümü, (PAS), X960; C. Kontrol grubu: Normal dalak dokusu 
içeren birkaç melanomakrofaj merkezleri (ok), (H&E), X960; D. Deri Saprolegniasis grubu: Hiperaktivasyon ve dalakta 
melanomacrophage merkezlerinin artışı (ok), (H&E), X960
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Enhancement of Urea and Crea in oncorhynchus mykiss 
have been revealed in viral haemorrhagic septicemia  
(VHS) [43] and after seven-day post-infection of Tilapia 
nilotica with saprolegnia parasitica [4] which may be 
attributed to kidney insufficiency due to the infestation 
of Saprolegnia hyphae. Versus, Rehulka [43] reported Crea 
decrease in Atlantic salmon vibriosis. In the present study, 
high nitrogen metabolism values (Urea and Crea) in infected 
ones can be attributed to saprolegniasis induced-kidney 
insufficiency. Infected fish exhibited an increase in TPP 
concentration compared to healthy ones. TPP is considered 
as health index in fish medicine and some factors induce 
hyperproteinemia, such as metabolism severity, nutrition, 
health status and high stocking density [44,45]. 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 due to saprolegniasis. In 
the present study, AST increase was accompanied by no 
significant alterations of ALT, which may suggest effects 
of fungus toxins or presence of Saprolegnia spp hyphae in 
liver. Also, histopathological results confirm liver damage. 
High activity of ALT was exhibited in Atlantic Salmon 
Vibriosis, Rehulka [43] but Zaki et al.[4] reported AST increase  
in Tilapia nilotica affected Saprolegnia parasitica. Moreover, 
bacterial infection of Rainbow trout such as Aeromonas 
salmonocida contributes in significant elevation of trans- 
aminases [43]. Plasma MDA as an indicator of lipid per-
oxidation and oxidative stress index, Elia et al.[24] also 

significantly increased in present study. We did not find 
any study about plasma MDA changes in fish fungal 
diseases. It suggests the production of free radicals and 
lipid peroxidation. Arabi and Alaeddini [26] and Vutukuru 
et al.[20] 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 [25,46] which is not 
in accordance with our study. In recent study, antioxidant 
enzymes (CAT, GSH-Px and TAC) were determined to be 
low. It postulated that their impression on oxidative stress 
lead to alleviation and/or is ascribed to low nutrition 
conditions. Mathew et al.[47] indicated significant reduction 
of CAT, GSH-Px and TAC in infected Penaeus monodon 
with white spot syndrome virus (WSSV) and Castex et 
al.[18] reported decrease of CAT and GSH-Px activities in 
affected Litopenaeus stylirostris with Vibrio nigripulchritudo 
infection. There was no significant change in SOD activity 
which agrees with unchanged liver SOD activity in 
affected rainbow trout with copper rich foods. Knox et 
al.[48]. However, SOD alterations have been investigated 
in some studies [25,49]. The GL concentration as the main 
analyte of carbohydrate metabolism accompanied with 
significant decrease. This may have been the case in our 
study as saprolegniasis causes anorexia and/or induction 
of glycogenesis (glycogen accumulation) in liver, which is 
confirmed with histopathological findings (PAS staining). 
We could not find any information regarding possible link 

AZIMZADEH, AMNIATTALAB

Fig 3. A. control group: (Main figure): Normal appearance of renal glomeruli and tubules, (H&E), X240. (Inner figure): Higher 
magnification of normal kidney, (H&E), X960; B. Cutaneous saprolegniasis group: Vacuolar degeneration in some of renal 
tubules (arrow), (Main figure): (H&E), X240. (Inner figure): (H&E), X960. C. Cutaneous saprolegniasis group: Glomerular atrophy 
and cystic formation (asterisk) and tubular vacuolar degeneration (arrow). (H&E), X960

Şekil 3. A. Kontrol grubu: (Ana şekil): Böbrek glomerül ve tübülün normal görünümü, (H&E), X240. (iç şekil): Normal böbrek 
üstü büyütme. (H&E), X960, B. Deri Saprolegniasis grubu: Vakuolar dejenerasyon bazı böbrek tübüllerinde (ok), (Ana şekil): 
(H&E), X240. (iç şekil): (H&E), X960; C. Deri Saprolegniasis grubu: Glomerüler atrofi ve kistik oluşumu (yıldız) ve tübülar vakuolar 
dejenerasyonu (ok), (H&E), X960
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between plasma GL with glycogen storage in rainbow 
trout saprolegniasis. Pescador et al.[50] revealed relevance 
of hypoxia with glycogen accumulation and indicated 
that hypoxia-inducible factor causes glycogen synthase 
promotion in human muscle as well as hypoxia induce 
steatohepatitis in mice [51]. Since, based on Brauner and 
Wang study [52], hypoxia arises during anaemia. Therefore, it  
is possible that anaemia-induced hypoxia leads to glycogen 
accumulation along with fatty changes (steatohepatitis) 
in liver of saprolegniasis group. Furthermore, bacterial 
infections and VHS diminish GL concentration in rainbow 
trout while some of diseases such as overcrowding stress, 
heavy metals, herbicides and pesticides cause GL enhance- 
ment [43,45,53,54]. PON plays a vital role in Xenobiotic bio-
transformation and protects against lipid peroxidation [55,56]. 
Many studies reported PON activity in human [57], but, no 
comprehensive studies have been done regarding PON 
in veterinary medicine. In this study, PON concentration 
was found to be low. Most probably PON involves as 
inhibitory role on lipid peroxidation reaction. In this study, 
saprolegniasis caused marked alterations in hematology  
parameters than healthy ones including low values of PCV, 
RBCs count and Hb without significant changes in MCV, 
MCH, which indicated anaemia. Low count of peripheral 
RBC may associate with lose of hemapoietic tissue. Erslev [58] 

reported concurrent incidence of chronic renal failure along 
with uremia which is regularly accompanied by anaemia 
and its intensity is correlated with uremia severity. It is  
worth noting that many published studies have reported 
induction of anaemia in salmonids with bacterial and fungal 
infection [43,59]. It is postulated that kidney insufficiency-
mediated uremia is caused anaemia in saprolegniasis 
group. Zaki [4] also pointed out correlation between plasma 
cortisol level with PCV, Hb and RBC reduction 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 saprolegniasis. The significant increase of 
WBCs such as neutrophil, eosinophil and monocyte with 
lymphocyte decrease were noticed in the present study, 
which denotes cellular-immunity system interaction with 
fungal infection, Jamalzadeh [59]. Also, lymphopenia is 
attributed to three different mechanisms. Firstly, stress 
induced lymphopenia with following mechanisms, lympho- 
cyte re-dispensation to lymphoid organs, cell destruction 
or decrease in blood circulation due to high levels of 
cortisol. Secondly, hypoxia-induced lymphopenia and 
thirdly, lymphocyte infiltration to tissues which it has been 
documented in Fig. 1-B [60-62].

Histopathological process carried out in liver, kidney 
and spleen. The results suggest that saprolegniasis-induced 
hypoxia may involve in glycogen accumulation and fatty 
changes into hepatocyts, second, the observed liver and 
renal damage could attribute to invasion of saprolegnia 
spp hyphae. In spleen, the increase of melanomacrophage 
centers usually occurs through antigens confrontation. 

According to the comparison of histopathologic results 
of control group with saprolgniasis ones, it indicated that 
the increase of melanomacrophage centers in spleen may 
ascribe to contamination by Saprolegnia spp.

In conclusion, these results showed the saprolegniasis 
impresses on blood parameters of rainbow trout with 
histopathological changes in different organs. These 
findings may persuade attempts to expand the importance 
of biochemistry and clinical hematology in the health 
screening programs of the rainbow trout in intensive 
aquaculture.

REFERENCES

1. Hossein MMA, Hatai K: Saprolegnia salmonis sp. nov isolated from 
sockeye salmon, Onchrhynchus nerka. Mycoscience, 40, 387-391, 1999. 
DOI: 10.1007/BF02464392

2. Espeland S: Prevention of Saprolegnia on Rainbow Trout Eggs. BSc 
Thesis, University of the Faroe Islands, 2004.

3. Avsever ML, Polat SH, Turk N, Metin DY: Saprolegnia sp. and 
Aeromonas hydrophila Isolation from Freshwater-Crayfish (Astacus 
leptodactylus). Kafkas Univ Vet Fak Derg, 17, 873-875, 2011. DOI: 10.9775/
kvfd.2011.4714

4. Zaki SM, Fawzi OM, Jackey EJ: Pathological and biochemical studies 
in tilapia nilotica infected with Saprolegnia parasitica and treated with 
potassium permanganate. Am Eurasian J Agric & Environ Sci, 3, 677-680, 
2008. DOI: 10.1016/j.ijvsm.2013.04.001

5. Guzel M, Askar TK, Kaya G, Atakisi E, Erbil Avci G: Serum sialic acids, 
total antioxidant capacity, and adenosine deaminase activity in cattle 
with theileriosis and anaplasmosis. Bull Vet Ins Pulawy, 52, 227-230, 2008. 

6. Lacomba R, Salcedo J, Alegia AM, Lagarda J, Barber R, Matencio E: 
Determination of sialic acid and gangliosides in biological samples and 
dairy products: A review. J Pharm Biomed Analysis, 51, 346-357, 2010. DOI: 
10.1016/j.jpba.2009.04.023

7. Haq M, Haq S, Tutt P, Crook M: Serum total sialic acid and lipid-
associated sialic acid in normal individuals and patients with myocardial 
infarction and their relationship to acute phase proteins. Annals Clin 
Biochem, 30, 383-386, 1993. DOI: 10.1177/000456329303000406

8. Thougaard AV, Hellmen E, Jensen AL: Total serum sialic acid is a 
general disease marker rather than a specific tumour marker in dogs. J Vet 
Med Series A, 45, 471-479, 1998. DOI: 10.1111/j.1439-0442.1998.tb00850.x

9. Nazifi S, Haghkhah M, Asadi Z, Ansari-Lari M, Tabandeh M, 
Esmailnezhad Z, Aghamir M: Evaluation of sialic acid and acute phase 
proteins (haptoglobin and serum amyloid a) in clinical and subclinical 
bovine mastitis. Pakistan Vet J, 31, 55-59, 2011.

10. Chrostek L, Cylwik B, Panasiuk A, Adamusiak DB, Gruszewska 
E: Lipid-bound sialic acid (LSA) in liver diseases of different etiologies. 
Annals Hepatol, 10, 150-154, 2011.

11. Citil M, Gunes V, Karapehlivan M, Atalan G, Marasli S: Evaluation 
of serum sialic acid as an inflammation marker in cattle with traumatic 
reticulo peritonitis. Revue Méd Vét, 155, 389-392, 2004.

12. Abdelmajeed NA: Oxidative tissue damage induced by citalopram in 
rat different organs. Res J Med and Med Sci, 4, 580-586, 2009

13. Atmaca M, Tezcan E, Kuloglu M, Ustundag B, Tunckol H: Antioxidant 
enzyme and malondialdehyde values in social phobia before and after 
citalopram treatment. European Arch Psych Clin, 254, 231-235, 2004. DOI: 
10.1007/s00406-004-0484-3

14. Dimri U, Sharma MC, Yamdagni A, Ranjan R, Zama MMS: Psoroptic 
mange infestation increases oxidative stress and decreases antioxidant 
status in sheep. Vet Parasitol, 168, 318-322, 2010. DOI: 10.1016/j.vetpar. 
2009.11.013

15. Magni F, Panduri G, Paolocci N: Hyprothermia triggers iron-



61

dependent lipoperoxidative damage in the isolated rat heart. Free Radical 
Biol Med, 16, 465-476, 1994. DOI: 10.1016/0891-5849(94)90124-4

16. Halliwell B, Chirico S: Lipid peroxidation: Its mechanism, measurement, 
and significance. Am J Clin Nut, 57, 715-725, 1993.

17. Crnogaj M, Petlevski R, Mrljak V, Kis I, Torti M, Kucer N, Matijatko  
V, Sacer I, Stokovic I: Malondialdehyde levels in serum of dogs infected 
with Babesia canis. Vet Med, 55, 163-171, 2010. 

18. Castex M, Lemaire P, Wabete N, Chim L: Effect of probiotic 
Pediococcus acidilactici on antioxidant defences and oxidative stress of 
Litopenaeus stylirostris under Vibrio nigripulchritudo challenge. Fish Shellfish 
Immunol, 4, 622-631, 2010. DOI: 10.1016/j.fsi.2009.12.024

19. Deger S, Deger Y, Bicek K, Ozdal N, Gul A: Status of lipid peroxidation, 
antioxidants, and oxidation products of nitric oxide in equine babesiosis: 
Status of antioxidant and oxidant in equine babesiosis. J Equine Vet Sci,  
29, 743-747, 2009. DOI: 10.1016/j.jevs.2009.07.014

20. Vutukuru SS, Chintada S, Madhavi KR, Rao JV, Anjaneyulu Y: 
Acute effects of copper on superoxide dismutase, catalase and lipid 
peroxidation in the freshwater teleost fish, somus danricus. Fish Physiol 
Biochem, 32, 221-229, 2006. DOI: 10.1007/s10695-006-9004-x

21. Rice-Evans C, Baurdon R: Free radical-lipid interactions and their 
pathological consequences. Prog in Lipid Res, 32, 71-110, 1993. DOI: 
10.1016/0163-7827(93)90006-I

22. Fontagné S1, Lataillade E, Brèque J, Kaushik S: Lipid peroxidative 
stress and antioxidant defense status during ontogeny of rainbow trout 
(Oncorhynchus mykiss). British J Nut, 100, 102-111, 2008. DOI: 10.1017/
S0007114507876215

23. Trenzado C, Hidalgo MC, García-Gallego M, Morales AE, Furné 
M, Domezain A, Domezain J, Sanz A: Antioxidant enzymes and lipid 
peroxidation in sturgeon Acipenser naccarii and trout Oncorhynchus mykiss. 
A comparative study. Aquaculture, 254, 758-767, 2006. DOI: 10.1016/j. 
aquaculture.2005.11.020

24. Elia AC, Galarini R, Taticchi M.I, Dorr AJ, Mantilacci L: Antioxidant 
responses and bioaccumulation in Icttalurus melas under mercury 
exposure. Ecotoxicol and Environ Safety, 55, 162-167, 2003. DOI: 10.1016/
S0147-6513(02)00123-9

25. Ates B, Orun I, Talas ZS: Effects of sodium selenite on some 
biochemical and hematological parameters of rainbow trout (Oncorhynchus 
mykiss Walbaum, 1792) exposed to Pb2+ and Cu2+. Fish Physiol and 
Biochem, 34, 53-59, 2007. DOI: 10.1007/s10695-007-9146-5

26. Arabi M, Alaeddini MA: Metal-ion-mediated oxidative stress in the 
gill homogenate of rainbowtrout (Oncorhynchus mykiss) antioxidant 
potential of manganese, selenium and albumin. Biol Trace Element Res, 
108, 155-168, 2005. DOI: 10.1385/BTER:108:1-3:155

27. Karatas T, Kocaman EM: Comparison of Paraoxonase activity, 
malondialdehyde and high-density lipoprotein levels in cultuvated 
normal and albino rainbow trout reared in the same conditions. Kafkas  
Univ Vet Fak Derg, 18, 87-90, 2012. DOI: 10.9775/kvfd.2011.4971

28. Bastos C, Folly E, Rossini A, Ceccarelli PS, Senhorini JA, Bastos JC: 
Paraoxonase activity in liver of Paco, Piaractus mesopotamicus holmberg 
(Characidae). Rev Bras Zool, 15, 677-685, 1998. DOI: 10.1590/S0101-
81751998000300012

29. Willoughby LG, Pickering AD: Viable saprolegniaceae spores on the 
epidermis of the salmonid fish Salmo trutta and Salvelinus alpinus. Trans  
Br Mycol So, 68, 91-95, 1977. DOI: 10.1016/S0007-1536(77)80157-5

30. McKnight IMA: Hematological study on the mountain whitefish 
Popium willasemi. J  Fisheries Res Board Canada, 23, 45-64, 1996.

31. Blaxhall PC, Daisley KW: Routine haematological methods for 
use fish with blood. J Fish Biol, 5, 771-781, 1973. DOI: 10.1111/j.1095-
8649.1973.tb04510.x

32. Haney DC, Hursh DA, Mix MC, Winton JR: Physiological and 
hematological changes in chum salmon artificially infected with erythro- 
cytic necrosis virus. J Aquatic Anim Health, 4, 48-57, 1992. DOI: 10.1577/ 
1548-8667(1992)004<0048:PAHCIC>2.3.CO;2

33. Sydow G: A simpllifield quick method for determination of sialic acid  
in serum. Biomed Biochim Acta, 44, 1721-1723, 1985.

34. Aebi H: Catalase in vitro. Methods Enzymol, 105, 121-126, 1984. DOI: 
10.1016/S0076-6879(84)05016-3

35. Satoh K: Serum lipid peroxide in cerebrovascular disorders determined 
by new colorimetric method. Clinica Chimica Acta, 90, 37-43, 1978. DOI: 
10.1016/0009-8981(78)90081-5

36. Furlong CE, Richter RJ, Seidel SL, Motulsky AG: Role of genetic 
polymorphism of human plasma paraoxonase/arylesterase in hydrolysis  
of the metabolites chlorpyrifos oxon and paraoxon. Am J Human Genetics,  
43, 230-238, 1988.

37. Motoi Y, Kimura Y, Wakamatsu H, Shimbayashi K: Determination 
and clinical evaluation of sialic acid and mucoprotein in bovine blood. 
National Ins Anim Health, 37, 643-649, 1984. DOI: 10.12935/jvma1951.37.643

38. Ellis AE: Innate host defence mechanisms of fish against viruses and 
bacteria. Devel Comp Immunol, 25, 827-839, 2001. DOI: 10.1016/S0145-
305X(01)00038-6

39. Shephard KL: Functions for fish mucus. Rev Fish Biol and Fisheries, 4, 
401-429, 1994. DOI: 10.1007/BF00042888

40. Sumi T, Hama Y, Maruyama D, Asakawa M, Nakagawa H: Isolation 
and properties of a sialoglycoprotein from the skin mucus of the stingray 
Dasyatis akajei. Fish Sci, 63, 453-458, 1997. DOI: 10.2331/fishsci.63.453

41. Nigam AK, Kumari U, Mittal S, Mittal AK: Comparative analysis of 
innate immune parameters of the skin mucous secretions from certain 
freshwater teleosts, inhabiting different ecological niches. Fish Physiol 
and Biochem, 38, 1245-1256, 2012. DOI: 10.1007/s10695-012-9613-5

42. Traving C, Schauer R: Structure, function and metabolism of 
sialic acids. Cellular and Mol Life Sci, 54, 1330-1349, 1998. DOI: 10.1007/
s000180050258

43. Rehulka J: Haematological analyses in rainbow trout Oncorhynchus 
mykiss affected by viral haemorrhagic septicaemia (VHS). Dis Aquat 
Organ, 56, 185-193, 2003. DOI: 10.3354/dao056185

44. Svoboda M, Kouril J, Hamackova J, Kalab P, Savina L, Svobodova 
Z, Vykusova B: Biochemical profile of blood plasma of Tench (Tinca tinca  
L.) during pre- and post spawing period. Acta Vet Brno, 70, 259-268, 2001. 
DOI: 10.2754/avb200170030259

45. Joseph JP: Alteration of certain blood parameters of freshwater 
teleost Mystus vittatus after chronic exposure to Metasystox and Sevin. 
Fish Physiol and Biochem, 33, 15-20, 2006. DOI: 10.1007/s10695-006-9112-7

46. Varghese S, Oommen OV:  Long-term feeding of dietary oils alters 
lipid metabolism, lipid peroxidation, and antioxidant enzyme activities 
in a Teleost (Anabas testudineus Bloch). Lipids, 35, 757-762, 2000. DOI: 
10.1007/s11745-000-0582-2

47. Mathew S, Kumar KA, Anandan R, Viswanathan Nair PG, Devadasan 
K: Changes in tissue defense system in white spot syndrome virus (WSSV) 
infected Penaeus monodon, comparative biochemistry and physiology 
- Part C. Toxicol & Pharmacol, 145, 315-320, 2007. DOI: 10.1016/j.cbpc. 
2007.01.001

48. Knox D, Cowey CB, Adron JW: Effects of dietary zinc intake upon 
copper metabolism in rainbow trout (Salmo gairdneri). Aquaculture, 40, 
199-207, 1984. DOI: 10.1016/0044-8486(84)90187-X

49. Zikic RV, Stajn AS, Pavlovic SZ, Ognjanovic BI, Saicic ZS: Activities 
of superoxide dismutase and catalase in erythrocytes and plasma 
transaminases of goldfish (Carassius auratus gibelio Bloch) exposed to 
cadmium. Physiol Res, 50, 105-111, 2001.

50. Pescador N, Villar D, Cifuentes D, Garcia-Rocha M, Ortiz-Barahona 
A,Vazquez S, Ordonez A, Cuevas Y, Morales DS, Garcia- Bermejo ML, 
Landazuri MO, Guinovart J, Del Peso L: Hypoxia promotes glycogen 
accumulation through hypoxia inducible factor (hif)-mediated induction 
of glycogen synthase, PLoS ONE, 5(3): e9644, 2010. DOI: 10.1371/journal.
pone.0009644

51. Piguet AC, Stroka D, Zimmermann A, Dufour JF: Hypoxia aggravates 
non-alcoholic steatohepatitis in mice lacking hepatocellular PTEN. Clin 
Sci, 118, 401-410, 2010. DOI: 10.1042/CS20090313

52. Brauner C.J, Wang T: The optimal oxygen equilibrium curve: A 
comparison between environmental hypoxia and anemia. Am Zool, 37, 
101-108, 1997. DOI: 10.1093/icb/37.1.101

AZIMZADEH, AMNIATTALAB



62
Total Sialic Acid, Oxidative ...

53. Montero D, Izquierdo MS, Tort L, Robaina L, Vergara JM: High 
stocking density produces crowding stress altering some physiological 
and biochemical parameters in gilthead seabream, Sparus aurata, 
juveniles. Fish Physiol and Biochem, 20, 53-60, 1999. DOI: 10.1023/A: 
1007719928905

54. Velisek J, Svobodova Z, Piackova V, Sudova E: Effects of acute 
exposure to metribuzin on some hematological, biochemical and histo-
pathological parameters of common Carp (Cyprinus carpio L.). Bull Environ 
Cont and Toxicol, 82, 492-495, 2009. DOI: 10.1007/s00128-009-9648-1

55. James RW: A long and winding road: defining the biological role and 
clinical importance of paraoxonases. Clin Chem and Lab Med, 44, 1052-
1059, 2006. DOI: 10.1515/CCLM.2006.207

  56. Aviram M, Rosenblat M: Paraoxonase and cardiovascular diseases: 
Pharmacological and nutritional influences. Curr Op Lipidol, 16, 393-399, 
2005. 

57. Turk R, Juretic D, Geres D, Turk N, Rekic B, Simeon-Rudolf V, Svetina 
A: Serum paraoxonase activity and lipid parameters in the early postpartum 

period of dairy cows. Res Vet Sci, 76, 57-61, 2004. DOI: 10.1016/j.rvsc. 
2003.08.001

58. Erslev AJ, Besarab A: Erythropoietin in the pathogenesis and 
treatment of the anemia of chronic renal failure. Kidney Int, 51, 622-630, 
1997. DOI: 10.1038/ki.1997.91

59. Jamalzadeh HR, Keyvan A, Ghomi MR, Gerardi F: Comparison of 
blood indices in healthy and fungal infected Caspian salmon (Salmo trutta 
caspius). Afr J Biotechnol, 8, 319-322, 2009. 

60. Choi K:  Modulation of immune function parameters in fish caused 
by sudden environmental changes dissertation. University of North 
Carolina, 2004. 

61. Dolin R, Reichman RC, Fauci AS: Lymphocyte populations in acute 
viral gastroenteritis. Infect Immun, 14, 422-428, 1976. 

62. Ishikawa NM, Ranzni-Paiva MJT, Lombardi JV, Ferreira CM: 
Hematological parameters in Nile Tilápia, Oreochromis niloticus Exposed 
to sub-lethal concentrations of mercury. Braz Arch Biol Tech, 4, 619-626, 
2007. DOI: 10.1590/S1516-89132007000400007


