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Abstract
This study aimed at demonstrating the effects of dietary supplementation of nucleotide
yeast base protein (Nu-Pro®) (NP) on the antioxidant enzyme activities and immune
response in liver and blood tissues of rainbow trout (Oncorhynchus mykiss). Fish with an
average initial weight of 27.75+0.26 g were randomly assigned to four groups with three
replicates. Throughout the 60 day grow-out period the control group was fed a fish meal
based basal diet, and three other groups were fed diets in which 20 (NP 20), 40 (NP 40)
and 60 % (NP 60) fish meal was substituted with nucleotide (Nu-Pro® (NP) yeast). There
were no significant changes of superoxide dismutase (SOD) and catalase (CAT) activities
in liver among the experimental groups. A significant decrease (P<0.05) in
malondialdehyde (MDA) level of tissue was observed in all nucleotide supplemented
groups when compared to the control group. Serum Ilysozyme (LYZ) and
myeloperoxidase (MPO) activities and nitric oxide (NO) level of liver tissue were
significantly (P<0.05) increased in fish fed with nucleotide yeast based protein diets. The
results showed that the fish in all nucleotide supplemented groups showed significantly
better antioxidant activity and immune responses.

* Corresponding author. Dr. Arzu Ozliier Hunt; Tel.: +90-324-3412815-1325, fax: +90-
324-3413025, e-mail: huntarzu@hotmail.com; ahunt@mersin.edu.tr
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Introduction

The expansion in aquaculture has led to a growing number of disease outbreaks caused
by an increasing range of pathogens. Conventional approaches such as use of
disinfectants and antimicrobial drugs have had limited success in the prevention or cure
of aquatic diseases. Increasing economic and social concern aimed to decrease the use of
antibiotics and other therapeutic chemicals in aquaculture has encouraged more
environmentally friendly approaches to improve growth and disease control (Hansen and
Olafsen 1999). Research into the use of food additivities for aquatic animals is increasing
as part of the demand for environmentally friendly sustainable aquaculture (Martinez-
Cruz et al. 2012).

The use of micronutrients, such as vitamins, trace elements, probiotics, and
immunostimulants as dietary supplements may improve animal health by strengthening
their non-specific immune system. These also improve availability or utilization of
nutrients in a number of ways. The benefits of such supplements include improved feed
value, enzymatic contribution to digestion, growth-promoting factors, and increased
immune response (Verschuere et al., 2000; Ganguly et al. 2010; Ozlier Hunt et al.,
2014). Immunostimulants are natural or synthetic substances which activate non-specific
and specific immune responses (Anderson 1992; Li et al., 2005).

Dietary nucleotides have been shown to benefit many mammalian physiological
and nutritional functions (Uauy et al., 1990). There have been few reports on the
effectiveness of dietary nucleotides in fish. Nucleotides are considered to significantly
enhance feed intake in largemouth bass and increase the growth rates of rainbow trout
(Adamek et al., 1996; Kubitza et al. 1997). Nucleotides have also improved the health
status of salmonids by increasing resistance of fish to various bacterial, viral and
rickettsial infections and reducing the severity of ectoparasitic infestation by elevating
immune responses of Atlantic salmon (Burrells et al., 2001). However, physiological
stressors such as vaccination, grading, net changing, salt water transfer, etc., are known
to induce the release of cortisol resulting in immunosuppression. Supplementation of
standard aquaculture diets with additional dietary nucleotides has been beneficial in such
cases. Dietary nucleotides have several benefits including rapid intestinal repair,
improved mucosal gut flora, and mucosal surfaces and elongation of the intestinal tract
in aquatic animals (Li and Gatlin 2006; Li et al. 2007). Nucleotides have also enhanced
the immune system and disease resistance of various fish and shellfish species (Lin et
al., 2009; Burrells et al., 2001; Biswas et al., 2012; Tahmasebi-Kohyani et al., 2012).

Antioxidant enzymes are natural defenses that can be enhanced under stressful
situations and used as indicators of oxidative stress (Livingstone 2001). In vitro and in
vivo studies demonstrate the capacity of fish to generate reactive oxygen species (ROS)
by xenobiotics, physical conditions, and/or diet. Defense systems that may inhibit ROS
formation include antioxidant enzymes such as superoxide dismutase (SOD; EC
1.15.1.1), catalase (CAT; EC 1.11.1.6). Measurements of antioxidative enzyme activity in
fish are used to evaluate oxidative damage caused by environmental factors in aquatic
ecosystems (Zhang et al., 2004). Malondialdehyde (MDA) is the main oxidation product
of peroxidized polyunsaturated fatty acids and raised MDA level is an important index of
lipid peroxidation (LPO) (Elia et al. 2002). If antioxidants in a body are unable to
overwhelm the free radicals, free radical activity can lead to cell damage known as
oxidative stress. Antioxidants can protect organisms from free radicals and ROS effects
and slow down the progress of many chronic diseases (Kim et al. 2009). The antioxidant
defense system is a multicomponent mechanism with enzymatic and non-enzymatic
elements. Antioxidant defenses in fish are dependent on factors such as feeding behavior
and nutrition (Martinez-Alvarez et al. 2005).

Lysozyme (LYZ; EC 3.2.1.17) is an important defense molecule of the immune
system protecting against microbial invasion (Uribe et al. 2011).

Myeloperoxidase (MPO; EC 1.11.1.7) is an oxygen-dependent iron-containing
heme non-protein which is located in macrophages and catalyzes oxidative reactions,
serving as an indirect indicator of macrophage function (van der Veen et al. 2009). Nitric
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oxide (NO) generated by NOS is a bactericidal molecule employed by aquatic organism
immunocytes (Yeh et al. 2006).

The purpose of this research was to determine the effects of dietary nucleotide
supplementation on antioxidant enzyme activity and immune response in liver tissue and
blood serum of the juvenile rainbow trout. The activity of several antioxidant enzymes
such as SOD, CAT, MDA and NO was measured in the liver tissues of rainbow trout. LYZ
and MPO activity was also measured in the blood serum in order to understand the
imrgune response of fish when fed diets supplemented with increasing amounts of Nu-
Pro™.

Materials and Methods
Chemicals. Nu-Pro® was obtained from Alltech Inc., Nicholasville, KY, USA. All other
chemicals were purchased from Sigma-Aldrich Chemical Corporation (USA).
Fish diets. Three balanced iso-nitrogenous and iso-energetic diets were formulated with
supplemented commercial organic yeast (Nu-Pro® Alltech Inc., Nicholasville, KY, USA)
and replaced fish meal at 20 (Nu-Pro®20), 40 (Nu-Pro®40) and 60 (Nu-Pro®60) % levels
on a dry matter basis (Table 1), and a control (Nu-Pro® 0). Nu-Pro® is a functional
protein from yeast containing highly concentrated levels of essential and functional
nutrients. It is rich in nucleotides, inositol, glutamic acid, amino acids and peptides. After
pelletizing, each diet was individually bagged and stored at -20 °C until use. The diets
were analyzed in duplicate for proximate compositions according to the standard
methods of AOAC (1996).

Table 1. Formulation (g/kg diet) and chemical composition of the experimental diets.

Diets

Control NP20 (%) NP40 (%) NP60 (%)
Fish meal* 605 501 432 355
Corn gluten meal 70 100 93 94
Nu-Pro®? 0 121 242 363
Fish Oil® 100 108 113 119
Dextrin® 140 91 55 10
Binder (CMC) 52 46 32 26
Mineral Mix.* 20 20 20 20
Vitamin Mix.* 13 13 13 13
Proximate Composition (g/kg)
Dry Matter 896.5 904.4 909.1 908.6
Crude protein 441.7 436.1 448.6 439.3
Crude lipid 187.3 187.6 187.5 188.9
NFE® 159.2 168.2 162.8 179.4
Crude ash 108.4 112.5 110.2 101.0
Gross energy (MJ 18.9 19.0 18.9 18.9

kg/DM)®

P:Eratio (g /MJ) 23.36 22.95 23.74 23.24
Calculated TAA Profile (g/kg)
Arginine 16.46 16.01 15.99 15.87
Histidine 7.09 7.15 7.27 7.38
Isoloucine 13.94 14.08 14.35 14.59
Leucine 24.89 26.67 27.26 28.09
Lysine 20.86 20.28 20.62 20.75
Methionine 8.77 8.71 8.73 8.73
Cystine 2.96 3.26 3.41 3.59
Phenyalanine 13.00 13.58 13.88 14.23
Tyrosine 10.53 11.22 11.65 12.12
Thyreonine 12.32 12.89 13.63 14.33
Tryptophane 3.22 3.26 3.36 3.45
Valine 15.52 15.98 16.53 17.06

! Anchovy fish meal and oil. SIBAL Black Sea Feed Inc., Sinop, Turkey

2 Alltech Incorporated, Nicholasville, KY, USA.

3 SUNAR Inc., Adana, Turkey.

4 Vitamin and mineral premix added minimum to NRC recommendations, SIBAL Black Sea Feed Inc., Sinop,
Turkey (NRC,1993)

® Nitrogen-Free Extract: Calculated as the remainder of crude protein + crude lipid + ash.

6 Calculated based on the standard physiological fuel values: 19 kJ/g for protein, 36 kJ/g for lipid and 15 kJ/g
for carbohydrate (Smith, 1989).
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Fish and experimental conditions. Rainbow trout fingerlings were obtained from a
commercial farm in G6zne-Mersin-Turkey. The fish were transported to the Mersin
University Aquaculture Laboratory Unit and acclimatized to laboratory conditions. During
the acclimation period, fish were fed a commercial diet (Crude protein: 48 %, crude lipid:
22 %, Camli Yem-Izmir/Turkey) without dietary nucleotides for 2 weeks at a level of 3 %
of their body weight. At the end of the acclimation period, fish (27.76 g £ 0.26, mean
weight £ SEM) were randomly distributed into 12 tanks (12 fish/tank, total 144 fish). The
tank system was installed in an environmentally-controlled laboratory where temperature
was maintained between 15-16 °C, with a photoperiod of 12 h light and 12 h dark. Water
depth in the 200 L tanks was kept at 50 cm throughout the experiment by adding fresh
water continuously from a reservoir tank after daily siphoning of uneaten feed and feces.
Fish were fed two equal portions of the experimental diets, twice daily (8:00-9:00am and
16:00-17:00pm) at 3 % body weight (BW) per day, throughout the 60-day growing
period. Average water quality parameters were measured as; temperature 15.5+0.8 °C,
dissolved oxygen 8.1+0.08 mg/L, pH 8.6+£0.25, NO5 0.5+0.1 mg/L, NO, 0.03£05 mg/L,
and NH,; 0.07+0.6 mg/L.

Tissue sampling for biochemical analysis. At the end of the study, 24 fish (6 fish per
treatment) were randomly chosen from each dietary group, sacrificed, and used for
analysis of liver tissue CAT, SOD activities and MDA and NO levels. The tissue samples
were obtained from each individual fish, combined and prepared for analysis. Tissue
samples were homogenized in 1/5 (w/v) ratio of physiological saline solution (0.8 %
NaCl) with an homogenizer and then centrifuged at 13500 rpm for 10 min in a Sigma 2-
16 K centrifuge at -4 °C. The supernatants were then used for biochemical analyses.
Blood sampling and serum analysis. At the end of the trial, 36 fish (9 fish per treatment)
were used for analyses of serum LYZ and MPO. 9 fish were randomly chosen from each
dietary group and blood samples were collected from the caudal vein Serum was
centrifuged at 3000 rpm for 10 min. Serum samples were transferred to Eppendorf tubes
and stored at -70 °C until determination of LYZ and MPO activity.

Biochemical assays. CAT activity was determined according to the method of Aebi
(1974). Enzymatic decomposition of H,0, was directly followed by decrease in
absorbance at 240 nm. The difference in absorbance per unit time was used as a
measure of CAT activity. The enzyme activity was expressed as unit (U)/mg protein.

SOD activity was measured by inhibition of nitroblue tetrazolium (NBT) reduction
due to O, generated by the xanthine/xanthine oxidase system (Sun et al. 1988). One
unit of SOD activity was defined as the amount of protein causing 50% inhibition of NBT
reduction rate. Reduction in NBT by superoxide anion to blue formazan was 560 nm.
Enzyme activity was given in U/mg protein.

MDA levels were measured as an index of LPO, by the thiobarbituric acid reaction
according to the methods of Yagi (1998 based on measurement of the absorbance of pink
color produced by interaction of TBA with MDA at 530 nm. Values were expressed as
nanomole (nmol) per mg protein.

NO levels of liver tissue were measured as nitrites using the modified Griess
reaction after converting nitrates to nitrites with vanadium chloride (Green et al. 1982;
Miranda et al. 2001). The assay is based on reduction of nitrate by vanadium trichloride
(VCl5) combined with detection by the acidic Griess reaction. The diazotization of
sulfanilic acid with nitrite at acidic pH and subsequent coupling with N-(10 naphthyl)-
ethylenediamine produced an intensely colored product measured spectrophotometrically
at 540 nm. Nitrite/nitrate concentration was calculated using a NaNO, standard curve
and expressed as nmol/mg protein.

Tissue protein contents were determined according to the method developed by
Lowry et al. (1951) using bovine serum albumin as standard. Absorbance of samples was
measured at 750 nm wavelength by spectrophotometer.

Serum assays. The method used to determine the lysozyme activity in serum was based
on the lysis of the LYZ-sensitive Gram positive bacterium Micrococcus lysodeikticus (Ellis
1990). A suspension of bacteria (0.2 mg/mL) in buffer was also prepared. Dilutions of the
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standard and undiluted serum samples (2 yL) were used and M. lysodeikticus suspension
was then added to each well. After mixing, the reaction was carried out at 25 °C, and
absorbance was measured by spectrophotometer at 530 nm. LYZ activities were
expressed as U/mL.

Serum MPO activities were measured spectrophotometrically using o-dianisidine

and hydrogen peroxide (Krueger et al. 1990). In the presence of H,0, as an oxidizing
agent, MPO catalyses the oxidation of o-dianisidine yielding a brown colored product,
oxidized o-dianisidine. Absorbance of samples was measured by spectrophotometry at
the wavelength of 460 nm. MPO activities were expressed as U/ml.
Statistical analysis. Data were subjected to a one-way analysis of variance (ANOVA).
After identification of differences among groups Duncan’s new multiple range tests were
used to make multiple comparisons between means. Differences were considered
significant at P<0.05. Statistical analyses were performed using SPSS 22.0 for Windows.

Results
No mortalities were recorded during the 60-day feeding trial. There were no obvious
effects of nucleotide supplementation on water quality.

CAT activity of tissue is shown in Figure 1A. Compared to the control, no
significant changes (P>0.05) of CAT activity were found when amount of NP
supplementation was increased. CAT activity was increased slightly in fish fed diets
supplemented with increasing amount of NP (20 %,; 233.54+20.53 U/mg), (40 %;
239.4+£24.70 U/mg), (60 9%; 246.62+15.51 U/mg) compared to the control
(215.43+9.22 U/mg). SOD activity of tissue is shown in Figure 1B. Liver SOD activity
was not significantly changed (P>0.05) in fish fed diets with increasing amounts of NP
supplementation compared to that of fish in the control group. SOD activity increased
slightly in fish fed the NP 60 % supplemented diet (3.64+0.15 U/mg) compared with
control group (3.39.54+0.40 U/mg). MDA levels in liver tissue are shown in Figure 1C.
MDA levels were significantly decreased (P<0.05) in all nucleotide supplemented groups
compared with control group. A significant decrease in MDA levels were observed in
groups receiving 20 %, 40 % and 60 % of dietary NP supplementation in comparison
with control group (-35. 86 %; -39.36 % and -60.18 % respectively).
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Fig.1 (A The activities of the antioxidant enzymes) catalase (CAT), (B) superoxide dismutase
(SOD), and (C) malondialdehyde (MDA) content in liver tissue of rainbow trout fed different levels
of nucleotide supplementation. Each value represents the mean+SEM. (n=4, 6 samples per
treatment were used in the ANOVA). The different letters indicate significant (P<0.05) difference
between dietary treatments.

The NO levels of liver tissue are shown in Figure 2. The NO levels were increased
significantly (P<0.05) in fish fed diets with increasing amounts of nucleotide
supplementation. 60.71%; 121.43%; and 107.14 % increase in NO levels were observed
in fish fed diets supplemented with 20, 40, and 60% of dietary NP respectively compared
to that of fish fed fish meal based diet.
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Fig. 2 The NO levels in liver tissue of rainbow trout fed different levels of nucleotide
supplementation. Each value represents the mean = SEM. (n=4, 6 samples per treatment were
used in ANOVA). The different letters indicate significant (P<0.05) difference between diet groups

The serum LYZ and MPO activities are shown in Figure 3A and 3B. The dietary
administration of nucleotide significantly enhanced (P<0.05) the serum LYZ activity at
the end of the feeding period (Fig. 3A). NP 60 group showed the highest activity of LYZ
(155.52+7.79 U/mL) at the end of the 60 days feeding period. The activities of MYO were
also significantly increased (P<0.05) in fish fed diets supplemented with increasing
amount of NP (20%; 47.50+£2.02 U/mL), (40%; 52.53+£1.59 U/mL), (60%; 67.15+1.94
U/mL) than the control (35.42+3.32 U/mL) (Fig. 3B).
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Fig. 3 Serum LYZ (A) and MPO (B) activity of rainbow trout fed different levels of nucleotide
supplementation. Each value represents the mean+SEM. (n=4, 9 samples per treatment were used
in ANOVA). The different letters indicate significant (P<0.05) difference between diet groups

Discussion

The present study was carried out to investigate the effects of increasing the amount of
dietary nucleotide supplementation on the oxidative stress markers (CAT and SOD
activity), determination of lipid peroxidation (MDA) and immune response in healthy
rainbow trout. Almost no information is available regarding the effects of Nucleotide
yeast base protein supplementation on growth parameters and wellbeing (specifically
antioxidant defense mechanisms and immune parameters) of the rainbow trout, an
example of an important farmed fish species including the rainbow trout. In a previous
study we found that growth rates were positively affected when fish meal was replaced
with nucleotides, and fish fed the NP 40 diet showed significantly higher growth rates
(P<0.05) and higher weight gain than with other treatments (Ozliier-Hunt et al., 2014).
Digestive tract enzyme activity measured in this study also revealed that there was
increased gastric pepsin activity and intestinal trypsin and lipase activity in fish fed diets
supplemented with nucleotides.

In this current study, CAT and SOD activity was not significantly altered in fish fed
diets with increasing amount of NP. In addition, MDA level of liver tissue significantly
decreased in relation to the increasing amount of nucleotide probably indicating a
decrease in lipid peroxidation (LPO). The antioxidant enzymes play a crucial role in the
inhibition of radical generation and prevention of oxidative damage in teleost (Rudneva
1997). CAT primarily occurs in peroxisomes where it detoxifies H,O, to O, and water.
SOD catalyzes the dismutation of the superoxide anion to molecular oxygen and
hydrogen peroxide and is an important component of the antioxidant defense system of
the organism. LPO is one of the main processes induced by oxidative stress and is the
first step towards causing cellular damage. ROS can increase oxidation of
polyunsaturated fatty acids and lead to peroxidation (Zhang et al. 2008). CAT activity
was decreased and SOD activity was not affected by dietary supplementation with
nucleotides in the serum of rainbow trout (Mohebbi et al. 2013). Moreover, they
observed a significant decrease in MDA levels in the serum of rainbow trout after feeding
dietary supplemented nucleotides. Similar trends were also in SOD activity and MDA
levels. The result of CAT activity in the study by Mohebbi et al (2013) differed from those
found in our study. This may be due to the amounts of nucleotide supplemented for fish
meal in diets, the source of nucleotides, and the combination of both factors (Mohebbi et
al., 2013). Cells may overecome the effects of oxidative stress either by repairing the
damage or by directly reducing the pro-oxidative state via enzymatic and non-enzymatic
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antioxidants (Korkmaz et al. 2009). Nucleotides are not known to have antioxidant
properties per se (Frankic et al. 2006). Nu-Pro® is a yeast extract derived from a select
strain of yeast that provides an excellent source of protein, amino acids, nucleotides and
vitamins. Nu-Pro® is a complex ingredient as it combines nutritional components (protein
and vitamins) with functional components (nucleotides and free amino acids) (Fegan,
2006). Currently, specific mechanisms by which yeast and its components influence
antioxidative status are unknown. However, one component of the yeast cell wall is B-D-
glucan which has powerful antioxidant attributes with heightened free-radical scavenging
activity and it might have improved the effects on oxidative status of juvenile rainbow
trout in this study (Kim et al. 2009).

The present study clearly indicates that fish fed feed containing nucleotide yeast
showed a significant increase of serum LYZ and MPO activities and level of NO in liver
tissue. Our results support other findings which suggest that dietary nucleotides act as
an immunostimulants. Several studies involving aquatic species have shown that dietary
nucleotides can elevate cellular and humoral immune responses in Atlantic salmon
(Burrells et al. 2001), hybrid striped bass (Li et al. 2004), catla (Jha et al. 2007), grouper
(Lin et al. 2009), rainbow trout (Leonardi et al. 2003; Tahmasebi-Kohyani et al. 2012)
and kuruma shrimp (Biswas et al. 2012). The immunostimulants mainly facilitate the
function of phagocytic cells, increase their bactericidal activity, and stimulate the natural
killer cells, complement system, LYZ activity, and antibody responses in fish and shellfish
which results in enhanced protection from infectious diseases (Cheng et al. 2011).
Paralichthys olivaceus fed diets containing 0.2 % and 0.4 % dietary nucleotide showed
significantly higher serum MPO and LYZ activity than fish fed the basal diet (Song et al.
2012). The addition of yeast fermentation products to diets fed to hybrid tilapia, O.
niloticus X O. aureus, grown in cages resulted in an increase in serum LYZ activity,
macrophage phagocytic activity, and macrophage respiratory burst activity compared to
fish fed a diet without the yeast product (He et al. 2009). Nucleotides from brewers’
yeast RNA enhanced the phagocytic and oxidative activities of kidney phagocytic cells,
LYZ in common carp (Sakai et al. 2001). The benefits of using brewer’s yeast extract in
feeds are both nutritional and as a functional nutrient (Barbu et al. 2008). Brewer’s yeast
(Saccharomyces cerevisiae) contains various immune stimulating compounds such as B-
glucans, nucleic acids and chitin as well as mannan oligosaccharides, and it has been
observed to be capable of enhancing immune responses as well as growth of various fish
and shellfish species (Thanardkit et al. 2002; Lara-Flores et al. 2003; Wang et al. 2014;
Meshram et al. 2015).

Studies with different fish have shown that dietary supplementation of nucleotides
can alter gastrointestinal tract (GIT) morphology and potentially enhance digestive
capacity. Nucleotide supplementation has been found to increase fold height in intestine
and microvilli height in intestine of red drum and improved immune systems of fish
(Cheng et al. 2011). The increase in fold height, microvilli height, and overall absorptive
area might be another mechanism for improved feed utilization. Health of GIT is
extremely important for livestock and aquatic animals because it is a major organ for
nutrient absorption and immune responses. However, the relationship between
improvement in GIT and stimulation mechanisms of the immune systems due to
nucleotide supplementation has not yet been explained (Li et al. 2015).

Research with fish has shown that exogenous nucleotides can affect the immune
system. However, there is limited information regarding the replacement of fish meal
with nucleotide yeast based protein sources and how this affects immune responses and
antioxidant enzyme activities in fish. Therefore, this experiment was conducted to
examine the effect of dietary nucleotide yeast on immune response and antioxidant
enzyme activity of rainbow trout in culture conditions.

In conclusion, the replacement of fish meal by nucleotide protein sources
improved antioxidant capacity and immune response in juvenile trout. Taken together,
results from the present study indicate that dietary supplementation with dietary
nucleotides have a positive influence on immune responses and antioxidant capacity of
rainbow trout. The use of nucleotides in aquaculture diets is an area to be investigated.
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Further studies are needed to examine the mechanism of nucleotide supplementation in
fish feed in increasing antioxidant activity and immune response in cultured fish species.

Acknowledgements
This research was funded by the Mersin University Research Fund in Turkey (SUF-
YB/AO/2009-6). The authors wish to thank Alltech Company/USA for supplying Nu-Pro®
free of charge.

References
Adamek Z., Hamackova J., Kouril J., Vachta R. and I. Stibranyiova, 1996. Effect of
Ascogen probiotics supplementation on farming success in rainbow trout (Oncorhynchus
mykiss) and wels (Silurus glanis) under conditions of intensive culture. Krmiva (Zagreb),
38:11-20.
Aebi H. 1974. Catalase. In: Bergmayer H.U. (ed) Methods of enzymatic analysis.
Academic Press, NewYork, pp 671-684.
Anderson D. P. 1992. Immunostimulants, adjuvants, and vaccine carriers in fish:
Applications to aquaculture. Annual Review of Fish Diseases. 2:281-307.
AOAC. 1996. Official Methods of Analyses of the Association of Official Analytical
Chemists. Assoc. Official Analytical Chemists, Arlington, VA, USA.
Barbu A., Sara A., Alina A. and M. Bentea, 2008. The effect of some fodder additives
on production performances of different fish species. Bulletin UASVM Animal Science and
Biotechnologies, 65:278-282.
Biswas G., Korenaga H., Nagamine R., Kono T., Shimokawa H., Itami T. and M.
Sakai, 2012. Immune stimulant effects of a nucleotide-rich baker’s yeast extract in the
kuruma shrimp, Marsupenaeus japonicus. Aquaculture, 366-367:40-45.
Burrells C., Williams P. D. and P. F. Forno, 2001. Dietary nucleotides: a novel
supplement in fish feeds 1. Effects on resistance to disease in salmonids. Aquaculture,
199:159-169.
Cheng Z., Buentello A. and M. Delbert, 2011. Dietary nucleotides influence immune
responses and intestinal morphology of red drum Sciaenops ocellatus. Fish Shellfish
Immunol., 30:143-147.
Elia A. C., Waller W. T. and S. T. J. Norton, 2002. Biochemical responses of bluegill
sunfish (Lepomis macrochirus, Rafinesque) to atrazine induced oxidative stress. Bull
Environ Contam Toxicol., 68:809-816.
Ellis A. E. 1990. Lysozyme assays. In: Stolen J. S., Fletcher T.C., Anderson D.P.,
Robertson B.S. and W. B. van Muisvinkel (Eds) Technigues in Fish Immunology. SOS
Publications, Fair Haven, NJ, USA, pp 101-103.
Fegan D. E. 2006. Functional foods for aquaculture: benefits of Nupro and dietary
nucleotides in aquaculture feeds. In: Lyons T.P., Jacques K.A. and J. M. Hower (Eds)
Nutritional Biotechnology in the Feed and food Industries, Proceedings of Alltech’s 22nd
Annual Symposium. Pub. Nottingham University press, pp 419-432.
Frankic T., Pajk T., Rezar V., Levart A. and J. Salobir, 2006. The role of dietary
nucleotides in reduction of DNA damage induced by T-2 toxin and deoxynivalenol in
chicken leukocytes, Food and Chemical Toxicology, 44:1838-1844.
Ganguly S., Paul I., Kumar S. and S. K. Mukhopadhayay, 2010. Application and
Effectiveness of Immunostimulants, probiotics, and prebiotics in Aquaculture: A Review.
The Israeli Journal of Aquaculture-Bamidgeh, 62 (3):130-138.
Green L. C., Wagner D. A., Godowsky J., Skipper P. L., Wishnok J. S. and S.R.
Tannenbaum, 1982. Analysis of nitrate, nitrite and [15N] nitrate in biological fluids.
Anal Biochem.,126:131-138.
Hansen G. H. and J. A. Olafsen, 1999. Bacterial interactions in early life stages of
marine cold water fish. Microbial Ecology, 38:1-26.
He S., Zhou Z,, Liu Y., Shi P., Yao B., Ringo E. and I. Yoon, 2009. Effects of dietary
Saccharomyces cerevisiae fermentation product (DVAQUA) on growth performance,
intestinal autochthonous bacterial community and non-specific immunity of hybrid tilapia
(Oreochromis niloticus X O. aureus) cultured in cages. Aquaculture, 294: 99-107.



Effects of nucleotide on immune response and antioxidant enzymes in trout 11

Jha A. K., Pal A. K., Sahu N. P.,, Kumar S. and C. Mukherjee, 2007. Hemato
immunological responses to dietary yeast RNA, w-3 fatty acid and b-carotene in Catla
catla juveniles. Fish Shellfish Immunol., 23: pp 917-927.

Kim Y. S., Ke F. and Q. Y. Zhang, 2009. Effect of B-glucan on activity of antioxidant
enzymes and Mx gene expression in virus infected grass carp. Fish Shellfish Immunol.,
27:336-340.

Korkmaz N., Cengiz E. I., Unlu E., Uysal E. and M. Yanar, 2009. Cypermethrin-
induced histopathological and biochemical changes in Nile tilapia (Oreochromis niloticus),
and the protective and recuperative effect of ascorbic acid. Environ Toxicol Phar.,
28:198-205.

Krueger A. 1., Yang J. J.,, Roy T. A., Robbins D. J. and C. R. Mackerer, 1990. An
automated myeloperoxidase assay. Clin Chem., 36:158

Kubitza F., Lovshin L. L. and R. T. Lovell, 1997. Identification of feed enhancers for
juvenile largemouth bass, Micropterus salmoides. Aquaculture, 148:191-200.
Lara-Flores M., Olvera-Novoa M. A., Guzman-Mendez B. E. and W. Lopez-Madrid,
2003. Use of the bacteria Streptococcus faecium and Lactobacillus acidophilus, and the
yeast Saccharomyces cerevisiae as growth promoters in Nile tilapia (Oreochromis
niloticus). Aquaculture, 216(1-4):193-201.

Leonardi M., Sandino A. M. and A. Klempau, 2003. Effect of a nucleotide-enriched
diet on the immune system, plasma cortisol levels and resistance to infectious pancreatic
necrosis (IPN) in juvenile rainbow trout (Oncorhynchus mykiss). Bulletin of the European
Association of Fish Pathologists, 23:52-59.

Li P., Lewis D. H. and D. M. Gatlin, 2004. Dietary oligonucleotide influences immune
responses and resistance of hybrid striped bass (Moronic chrysops x M. saxatilis) to
Streptococcus iniae infection. Fish Shellfish Immunol., 16:561-569.

Li P., Burr G. S., Go J., Whiteman K. W., Davis K. B., Vega R. R., Neill W. H. and
D. M. Gatlin, 2005. A preliminary study on the effects of dietary supplementation of
brewer’s yeast and nucleotides, singularly or in combination, on juvenile red drum
(Sciaenops ocellatus). Aquaculture Res., 36:1120-1127.

Li P. and D. M. Gatlin, 2006. Nucleotide nutrition in fish: current knowledge and future
applications. Aquaculture, 251:141-152.

Li P., Gatlin D. M. and W. H. Neil, 2007. Dietary supplementation of a purified
nucleotide mixture transiently enhanced growth and feed utilization of juvenile red drum,
Sciaenops ocellatus. Journal of the World Aquaculture Society, 38:281-286.

Li P., Zhao J. and D. M. Gatlin, 2015. Nucleotides. In: Cheng-Sheng L., Lim C., Gatlin
III D.M. and C. D. Webster (Eds), Dietary Nutrients, Additives and Fish Health, Wiley-
Blackwell, First Edition, Canada, pp 249-269

Lin, Y. H., Wang, H. and Shiau, S. Y. 2009. Dietary nucleotide supplementation
enhances growth and immune responses of grouper, Epinephelus malabaricus.
Aquaculture Nutrition, 15:117-122.

Livingstone D. R. 2001. Contaminant-stimulated reactive oxygen species production
and oxidative damage in aquatic organisms. Mar Pollut Bull., 42:656-666.

Lowry O. H., Rosebrough N. J., Farr A. L. and R.J. Randall, 1951. Protein
measurement with Folin Phenol reagent. J Biol Chem., 193:265-275.

Martinez-Alvarez R.M, Morales A. E. and A. Sanz, 2005. Antioxidant defenses in fish:
Biotic and abiotic factors. Reviews in Fish Biology and Fisheries,15(1-2):75-88.
Martinez-Cruz P., Ibaiez, A. L., Monroy Hermosillo O. A. and H. C. Ramirez Saad,
2012. Use of probiotics in aquaculture. ISRN Microbiol., 2012:13 pages

Meshram S. J., Murthy H. S., Ali, H., Swain H. S. and A. Ballyaya, 2015. Effect of
dietary b-glucan on immune response and disease resistance against Aeromonas
hydrophila in giant freshwater prawn, Macrobrachium rosenbergii (de Man. 1879).
Aquacult Int., 23:439-447.

Miranda K. M., Espey M. G. and D. A. Wink, 2001. A rapid, simple spectrophotometric
method for simultaneous detection of nitrate and nitrite. Nitric Oxide., 5:62-71.



12 Hunt et al.

Mohebbi A., Nematollahi A., Gholamhoseini A., Tahmasebi-Kohyani A. and S.
Keyvanshokooh, 2013. Effects of dietary nucleotides on the antioxidant status and
serum lipids of rainbow trout (Oncorhynchus mykiss). Aquacult Nutr., 19(4):506-514.
National Research Council (NRC), 1993. Nutrient requirements of fish. National
Academy Press, Washington DC.

Ozliier-Hunt A., Ozkan-Yilmaz F., Engin K., Berkdz M., Giindiiz S. G., Yalin S. and
N. O. Sahin, 2014. The effects of fish meal replacement by yeast based nucleotides on
growth, body composition and digestive enzyme activity in rainbow trout juveniles
(Onchorchyncus mykiss). Isr J Aquacult- Bamidgeh, 66:964-973.

Rudneva II (1997) Blood antioxidant system of Black Sea elasmobranchs and teleosts.
Comp Biochem Physiol 118C:255-260

Sakai M., Taniguchi K., Mamoto K., Ogawa H. and M. Tabata, 2001.
Immunostimulant effects of nucleotide isolated from yeast RNA on carp, Cyprinus carpio
L. Journal of Fish Diseases, 24:433-438.

Smith R. R. 1989. Nutritional Energetics. In: Halver, J. E. (Ed) Fish Nutrition 2. Edn.
Academic Press, San Diego, C, pp 476-549.

Song J. W,, Lim S. J. and K. 1. Lee, 2012. Effects of dietary supplementation of inosine
monophosphate on growth performance, innate immunity and disease resistance of
flounder (Paralichthys olivaceus). Fish and Shellfish Immunology, 33:1050-1054.

Sun Y., Oberley L. W. and L. Ying, 1988. A simple method for clinical assay of
superoxide dismutase. Clin Chem., 34:497-500.

Tahmasebi-Kohyani A., Keyvanshokooh S., Nematollahi A., Mahmoudi N. and H.
Pasha-Zanoosi, 2012. Effects of dietary nucleotides supplementation on rainbow trout
(Oncorhynchus mykiss) performance and acute stress response. Fish Physiol Biochem.,
38:431-440.

Thanardkit P., Khunrae P., Suphantharika M. and C. Verduyn, 2002. Glucan from
spent brewer’s yeast: preparation, analysis and use as a potential immunostimulants in
shrimp feed. World Journal of Microbiology and Biotechnology, 18:527-539.

Uauy R., Stringel G., Thomas R. and R. Quan, 1990. Effect of dietary nucleotides on
growth and maturation of the developing gut in the rat. Journal of Pediatric
Gastroenterology and Nutrition., 10:497-503.

Uribe C., Folch H., Enriquez R. and G. Moran, 2011. Innate and adaptive immunity in
teleost fish: a review. Veterinari Medicina., 56(10):486-503.

Van der Veen B. S., de Winther M. P. and P. Heeringa, 2009. Myeloperoxidase:
molecular mechanisms of action and their relevance to human health and disease.
Antioxidants Redox Signaling, 11(11):2899-2937.

Verschuere L., Rombaut G., Sorgeloos P. and W. Verstraete, 2000. Probiotic
bacteria as biological control agents in aquaculture. Microbiology and Molecular Biology
Review., 64:655-671.

Wang J., Zhang D., Sun Y., Wang S., Li P., Gatlin D. M. and L. Zhang, 2014. Effect
of a dairy yeast prebiotic (GroBiotic®-A) on growth performance, body composition,
antioxidant capacity and immune functions of juvenile starry flounder (Platichthys
stellatus). Aquacul Res.,

http://dx.doi.org/10.1111/are.12501 (in press)

Yagi K., 1998. Simple procedure for specific enzyme of lipid hydroperoxides in serum or
plasma. Methods Mol Bio.,l 108:107-110.

Yeh F. C.,, Wu S. H,, Lai C. Y. and C. Y. Lee, 2006. Demonstration of nitric oxide
synthase activity in crustacean hemocytes and anti-microbial activity of hemocyte-
derived nitric oxide. Comp Biochem Physiol B Biochem Mol Biol., 144:11-17.

Zhang J., Shen H., Wang X., Wu J. and Y. Xue, 2004. Effects of chronic exposure of
2, 4- dichlorophenol on the antioxidant system in liver of freshwater fish Carassius
auratus. Chemosphere, 55:167-174.

Zhang X., Yang F., Zhang X., Xu Y., Liao T., Song S. and J. Wang, 2008. Induction
of hepatic enzymes and oxidative stress in Chinese rare minnow (Gobiocypris rarus)
exposed to waterborne hexabromocyclododecane (HBCDD). Aquat Toxico., 86:4-11,
IIC:63.2011.664 6 pages.





