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                    Abstract

This study was designed to investigate the effects of dietary glutamine on the growth performance, cytokines, target of rapamycin (TOR), and antioxidant-related parameters in the spleen and head kidney of juvenile Jian carp (Cyprinus carpio var. Jian). Fish were fed the basal (control) and glutamine-supplemented (12.0 g glutamine kg−1 diet) diets for 6 weeks. Results indicated that the dietary glutamine supplementation improved the growth performance, spleen protein content, serum complement 3 content, and lysozyme activity in fish. In the spleen, glutamine down-regulated the expression of the interleukin 1 and interleukin 10 genes, and increased the level of phosphorylation of TOR protein. In the head kidney, glutamine down-regulated the tumor necrosis factor α and interleukin 10 gene expressions, phosphorylated and total TOR protein levels, while up-regulated the transforming growth factor β2 gene expression. Furthermore, the protein carbonyl content was decreased in the spleen of fish fed glutamine-supplemented diet; conversely, the anti-hydroxyl radical capacity and glutathione content in the spleen were increased by glutamine. However, diet supplemented with glutamine did not affect the lipid peroxidation, anti-superoxide anion capacity, and antioxidant enzyme activities in the spleen. Moreover, all of these antioxidant parameters in the head kidney were not affected by glutamine. Results from the present experiment showed the importance of dietary supplementation of glutamine in benefaction of the growth performance and several components of the innate immune system, and the deferential role in cytokine gene expression, TOR kinase activity, and antioxidant status between the spleen and head kidney of juvenile Jian carp.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Aebi H (1984) Catalase in vitro. Method Enzymol 105:121
Article 
    CAS 
    
                    Google Scholar 
                

	Bai J, Cederbaum AI (2001) Mitochondrial catalase and oxidative injury. Neurosignals 10:189–199
Article 
    CAS 
    
                    Google Scholar 
                

	Baltacioğlu E, Akalin FA, Alver A, Değer O, Karabulut E (2008) Protein carbonyl levels in serum and gingival crevicular fluid in patients with chronic periodontitis. Arch Oral Biol 53:716–722
Article 
    PubMed 
    
                    Google Scholar 
                

	Berdikova BV, Hamre K, Arukwe A (2007) Hepatic metabolism, phase I and II biotransformation enzymes in Atlantic salmon (Salmo Salar, L) during a 12 week feeding period with graded levels of the synthetic antioxidant, ethoxyquin. Food Chem Toxicol 45:733–746
Article 
    
                    Google Scholar 
                

	Bertrand J, Goichon A, Dechelotte P, Coeffier MIS (2012) Regulation of intestinal protein metabolism by amino acids. Amino Acids 1–8

	Beutler E, Duron O, Kelly BM (1963) Improved method for the determination of blood glutathione. J Lab Clin Med 61:882–890
CAS 
    PubMed 
    
                    Google Scholar 
                

	Brasse-Lagnel C, Fairand A, Lavoinne A, Husson A (2003) Glutamine stimulates argininosuccinate synthetase gene expression through cytosolic O-glycosylation of Sp1 in Caco-2 cells. J Biol Chem 278:52504–52510
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cao Y, Feng Z, Hoos A, Klimberg VS (1998) Glutamine enhances gut glutathione production. Jpen J Parenter Enteral Nutr 22:224–227
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chen J, Zhou XQ, Feng L, Liu Y, Jiang J (2009) Effects of glutamine on hydrogen peroxide-induced oxidative damage in intestinal epithelial cells of Jian carp (Cyprinus carpio var. Jian). Aquaculture 288:285–289
Article 
    CAS 
    
                    Google Scholar 
                

	Chen GF, Feng L, Kuang SY, Liu Y, Jiang J, Hu K, Jiang WD, Li SH, Tang L, Zhou XQ (2012) Effect of dietary arginine on growth, intestinal enzyme activities and gene expression in muscle, hepatopancreas and intestine of juvenile Jian carp (Cyprinus carpio var. Jian). Br J Nutr 108:195–207
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cheng Z, Buentello A, Gatlin DM III (2011) Effects of dietary arginine and glutamine on growth performance, immune responses and intestinal structure of red drum, Sciaenops ocellatus. Aquaculture 319:247–252
Article 
    CAS 
    
                    Google Scholar 
                

	Cheng Z, Gatlin DM III, Buentello A (2012) Dietary supplementation of arginine and/or glutamine influences growth performance, immune responses and intestinal morphology of hybrid striped bass (Morone chrysops × Morone saxatilis). Aquaculture 362–363:39–43
Article 
    
                    Google Scholar 
                

	Chi H (2012) Regulation and function of mTOR signalling in T cell fate decisions. Nat Rev Immunol 12:325–338
PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chong AS, Hashim R, Chow-Yang L, Ali AB (2002) Partial characterization and activities of proteases from the digestive tract of discus fish (Symphysodon aequifasciata). Aquaculture 203:321–333
Article 
    CAS 
    
                    Google Scholar 
                

	Dautremepuits C, Paris-Palacios S, Betoulle S, Vernet G (2004) Modulation in hepatic and head kidney parameters of carp (Cyprinus carpio L.) induced by copper and chitosan. Comp Biochem Physiol C Toxicol Pharmacol 137:325–333
Article 
    PubMed 
    
                    Google Scholar 
                

	Ding LA, Li JS (2003) Effects of glutamine on intestinal permeability and bacterial translocation in TPN-rats with endotoxemia. World J Gastroenterol 9:1327–1332
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dorval J, Leblond VS, Hontela A (2003) Oxidative stress and loss of cortisol secretion in adrenocortical cells of rainbow trout (Oncorhynchus mykiss) exposed in vitro to endosulfan, an organochlorine pesticide. Aquat Toxicol 63:229–241
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	El-Boshy ME, El-Ashram AM, AbdelHamid FM, Gadalla HA (2010) Immunomodulatory effect of dietary Saccharomyces cerevisiae, β-glucan and laminaran in mercuric chloride treated Nile tilapia (Oreochromis niloticus) and experimentally infected with Aeromonas hydrophila. Fish Shellfish Immun 28:802–808
Article 
    CAS 
    
                    Google Scholar 
                

	Ellis AE (1998) Fish immune system. In: PJ Delves, M Roitt (eds) Encyclopedia of Immunology, 2nd edn. Academic Press, London, pp 920–926

	Enomoto N, Takei Y, Hirose M, Ikejima K, Miwa H, Kitamura T, Sato N (2002) Thalidomide prevents alcoholic liver injury in rats through suppression of Kupffer cell sensitization and TNF-α production. Gastroenterology 123:291–300
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Erbil Y, Öztezcan S, Giriş M, Barbaros U, Olgaç V, Bilge H, Küçücük H, Toker G (2005) The effect of glutamine on radiation-induced organ damage. Life Sci 78:376–382
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fatima M, Ahmad II, Sayeed II, Athar M, Raisuddin S (2000) Pollutant-induced over-activation of phagocytes is concomitantly associated with peroxidative damage in fish tissues. Aquat Toxicol 49:243–250
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Feng L, Zhao B, Chen GF, Jiang WD, Liu Y, Jiang J, Hu K, Li SH, Zhou XQ (2013) Effects of dietary histidine on antioxidant capacity in juvenile Jian carp (Cyprinus carpio var. Jian). Fish Physiol Biochem 39:559–571
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fujiki K, Shin DH, Nakao M, Yano T (2000) Molecular cloning and expression analysis of carp (Cyprinus carpio) interleukin-1β, high affinity immunoglobulin E Fc receptor γ subunit and serum amyloid A. Fish Shellfish Immunol 10:229–242
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Girotti AW, Thomas JP (1984) Superoxide and hydrogen peroxide-dependent lipid peroxidation in intact and triton-dispersed erythrocyte membranes. Biochem Biophys Res Commun 118:474–480
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hu K, Feng L, Jiang W, Liu Y, Jiang J, Li S, Zhou X (2014) Oxidative damage repair by glutamine in fish enterocytes. Fish Physiol Biochem 40:1437–1445
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jiang J (2009) The influence and mechanism of glutamine on protein synthesis of carp Cyprinus carpio intestines epithelial cell. Dissertation, Sichuan Agricultural University

	Jiang J, Zheng T, Zhou XQ, Liu Y, Feng L (2009) Influence of glutamine and vitamin E on growth and antioxidant capacity of fish enterocytes. Aquac Nutr 15:409–414
Article 
    CAS 
    
                    Google Scholar 
                

	Jin Y, Tian L, Zeng S, Xie S, Yang H, Liang G, Liu Y (2013) Dietary lipid requirement on non-specific immune responses in juvenile grass carp (Ctenopharyngodon idella). Fish Shellfish Immunol 34:1202–1208
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Johnson IR, Ball RO, Baracos VE, Field CJ (2006) Glutamine supplementation influences immune development in the newly weaned piglet. Dev Comp Immunol 30:1191–1202
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kehrl JH, Roberts AB, Wakefield LM, Jakowlew SP, Sporn MB, Fauci AS (1986) Transforming growth factor β is an important immunomodulatory protein for human B lymphocytes. J Immunol 137:3855–3860
CAS 
    PubMed 
    
                    Google Scholar 
                

	Kondoh M, Kamada K, Kuronaga M, Higashimoto M, Takiguchi M, Watanabe Y, Sato M (2003) Antioxidant property of metallothionein in fasted mice. Toxicol Lett 143:301–306
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Koumans-van DJ, Egberts E, Peixoto BR, Taverne N, Rombout JH (1995) B cell and immunoglobulin heterogeneity in carp (Cyprinus carpio L.); an immuno(cyto)chemical study. Dev Comp Immunol 19:97–108
Article 
    
                    Google Scholar 
                

	Kuang SY, Xiao WW, Feng L, Liu Y, Jiang J, Jiang WD, Hu K, Li SH, Tang L, Zhou XQ (2012) Effects of graded levels of dietary methionine hydroxy analogue on immune response and antioxidant status of immune organs in juvenile Jian carp (Cyprinus carpio var. Jian). Fish Shellfish Immunol 32:629–636
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kubrak OI, Rovenko BM, Husak VV, Vasylkiv OY, Storey KB, Storey JM, Lushchak VI (2012) Goldfish exposure to cobalt enhances hemoglobin level and triggers tissue-specific elevation of antioxidant defenses in gills, heart and spleen. Comp Biochem Phys C 155:325–332
CAS 
    
                    Google Scholar 
                

	Le A, Lane AN, Hamaker M, Bose S, Gouw A, Barbi J, Tsukamoto T, Rojas CJ, Slusher BS, Zhang H et al (2012) Glucose-independent glutamine metabolism via TCA cycling for proliferation and survival in B cells. Cell Metab 15:110–121
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li HT, Feng L, Jiang WD, Liu Y, Jiang J, Li SH, Zhou XQ (2013) Oxidative stress parameters and anti-apoptotic response to hydroxyl radicals in fish erythrocytes: protective effects of glutamine, alanine, citrulline and proline. Aquat Toxicol 126:169–179
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li XY, Huang HH, Hu K, Liu Y, Jiang WD, Jiang J, Li SH, Feng L, Zhou XQ (2014) The effects of dietary thiamin on oxidative damage and antioxidant defence of juvenile fish. Fish Physiol Biochem 40:673–687
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ligthart-Melis GC, van de Poll MC, Boelens PG, Dejong CH, Deutz NE, van Leeuwen PA (2008) Glutamine is an important precursor for de novo synthesis of arginine in humans. Am J Clin Nutr 87:1282–1289
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lillig CH, Berndt C, Holmgren A (2008) Glutaredoxin systems. Bba-Gen Subj 1780:1304–1317
Article 
    CAS 
    
                    Google Scholar 
                

	Lin Y, Zhou XQ (2006) Dietary glutamine supplementation improves structure and function of intestine of juvenile Jian carp (Cyprinus carpio var. Jian). Aquaculture 256:389–394
Article 
    
                    Google Scholar 
                

	Livingstone DR, Martinez PG, Michel X, Narbonne JF, O’Hara S, Ribera D, Winston GW (1990) Oxyradical production as a pollution-mediated mechanism of toxicity in the common mussel, Mytilus edulis L., and other molluscs. Funct Ecol 4:415–424
Article 
    
                    Google Scholar 
                

	Lora J, Alonso FJ, Segura JA, Lobo C, Marquez J, Mates JM (2004) Antisense glutaminase inhibition decreases glutathione antioxidant capacity and increases apoptosis in Ehrlich ascitic tumour cells. Eur J Biochem 271:4298–4306
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Martínez-Álvarez R, Morales A, Sanz A (2005) Antioxidant defenses in fish: biotic and abiotic factors. Rev Fish Biol Fish 15:75
Article 
    
                    Google Scholar 
                

	Mora LDO, Antunes LANM, Francescato HISD, Bianchi MDLP (2003) The effects of oral glutamine on cisplatin-induced nephrotoxicity in rats. Pharmacol Res 47:517–522
Article 
    CAS 
    
                    Google Scholar 
                

	Murphy C, Newsholme P (1998) Importance of glutamine metabolism in murine macrophages and human monocytes to l-arginine biosynthesis and rates of nitrite or urea production. Clin Sci (Lond) 95:397–407
Article 
    CAS 
    
                    Google Scholar 
                

	Nicklin P, Bergman P, Zhang B, Triantafellow E, Wang H, Nyfeler B, Yang H, Hild M, Kung C, Wilson C, Myer VE, MacKeigan JP, Porter JA, Wang YK, Cantley LC, Finan PM, Murphy LO (2009) Bidirectional transport of amino acids regulates mTOR and autophagy. Cell 136:521–534
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pfaffl MW (2001) A new mathematical model for relative quantification in real-time RT-PCR. Nucl Acids Res 29:e45
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pohlenz C, Buentello A, Criscitiello MF, Mwangi W, Smith R, Gatlin D (2012) Synergies between vaccination and dietary arginine and glutamine supplementation improve the immune response of channel catfish against Edwardsiella ictaluri. Fish Shellfish Immunol 33:543–551
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rauta PR, Nayak B, Das S (2012) Immune system and immune responses in fish and their role in comparative immunity study: a model for higher organisms. Immunol Lett 148:23–33
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Reyes-Cerpa SAN, Maisey K, Reyes-Lopez F, Toro-Ascuy D, Sandino AMIA, Imarai MON (2013) Fish cytokines and immune response, vol 1: TVRKER H. New advances and contributions to fish biology. InTech, Croatia, pp 3–58 (Reprinted)

	Rønneseth A, Wergeland HI, Pettersen EF (2007) Neutrophils and B-cells in Atlantic cod (Gadus morhua L.). Fish Shellfish Immunol 23:493–503
Article 
    PubMed 
    
                    Google Scholar 
                

	Rothwell N (2003) Interleukin-1 and neuronal injury: mechanisms, modification, and therapeutic potential. Brain Behav Immun 17:152–157
Article 
    PubMed 
    
                    Google Scholar 
                

	Saeij JP, Stet RJ, de Vries BJ, van Muiswinkel WB, Wiegertjes GF (2003) Molecular and functional characterization of carp TNF: a link between TNF polymorphism and trypanotolerance? Dev Comp Immunol 27:29–41
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Saurabh S, Sahoo PK (2008) Lysozyme: an important defence molecule of fish innate immune system. Aquac Res 39:223–239
Article 
    CAS 
    
                    Google Scholar 
                

	Savan R, Igawa D, Sakai M (2003) Cloning, characterization and expression analysis of interleukin-10 from the common carp, Cyprinus carpio L. Eur J Biochem 270:4647–4654
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Seiliez I, Gabillard JC, Skiba-Cassy S, Garcia-Serrana D, Gutierrez J, Kaushik S, Panserat S, Tesseraud S (2008) An in vivo and in vitro assessment of TOR signaling cascade in rainbow trout (Oncorhynchus mykiss). Am J Physiol Regul Integr Comp Physiol 295:R329–R335
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Souza DG, Guabiraba R, Pinho V, Bristow A, Poole S, Teixeira MM (2003) IL-1-driven endogenous IL-10 production protects against the systemic and local acute inflammatory response following intestinal reperfusion injury. J Immunol 170:4759–4766
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Stadtman ER, Levine RL (2003) Free radical-mediated oxidation of free amino acids and amino acid residues in proteins. Amino Acids 25:207–218
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sumathy K, Desai KV, Kondaiah P (1997) Isolation of Transforming Growth Factor-β2 cDNA from a fish, Cyprinus carpio by RT-PCR. Gene 191:103–107
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tkachenko H, Kurhaluk N, Grudniewska J, Andriichuk A (2014) Tissue-specific responses of oxidative stress biomarkers and antioxidant defenses in rainbow trout Oncorhynchus mykiss during a vaccination against furunculosis. Fish Physiol Biochem 40:1289–1300
PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tort L, Balasch JC, Mackenzie S (2003) Fish immune system. A crossroads between innate and adaptive responses. Inmunología 22:277–286

                    Google Scholar 
                

	Troncoso IC, Cazenave J, Bacchetta C, de Los Ángeles Bistoni M (2012) Histopathological changes in the gills and liver of Prochilodus lineatus from the Salado River basin (Santa Fe, Argentina). Fish Physiol Biochem 38:693–702
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J (2007) Free radicals and antioxidants in normal physiological functions and human disease. Int J Biochem Cell Biol 39:44–84
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Waagbø R, Hemre GI, Holm JC, Lie Ø (1995) Tissue fatty acid composition, haematology and immunity in adult cod, Gadus morhua L., fed three dietary lipid sources. J Fish Dis 18:615–622
Article 
    
                    Google Scholar 
                

	Weichhart T, Saemann MD (2009) The multiple facets of mTOR in immunity. Trends Immunol 30:218–226
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Weichhart T, Costantino G, Poglitsch M, Rosner M, Zeyda M, Stuhlmeier KM, Kolbe T, Stulnig TM, Hörl WH, Hengstschläger M, Müller M, Säemann MD (2008) The TSC-mTOR signaling pathway regulates the innate inflammatory response. Immunity 29:565–577
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Welker TL, Lim C, Yildirim-Aksoy M, Klesius PH (2007) Growth, immune function, and disease and stress resistance of juvenile Nile tilapia (Oreochromis niloticus) fed graded levels of bovine lactoferrin. Aquaculture 262:156–162
Article 
    CAS 
    
                    Google Scholar 
                

	Wells SM, Kew S, Yaqoob P, Wallace FA, Calder PC (1999) Dietary glutamine enhances cytokine production by murine macrophages. Nutrition 15:881–884
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Whyte SK (2007) The innate immune response of finfish-A review of current knowledge. Fish Shellfish Immunol 23:1127–1151
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wischmeyer PE, Kahana M, Wolfson R, Ren H, Musch MM, Chang EB (2001) Glutamine reduces cytokine release, organ damage, and mortality in a rat model of endotoxemia. Shock 16:398–402
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu P, Feng L, Kuang SY, Liu Y, Jiang J, Hu K, Jiang WD, Li SH, Tang L, Zhou XQ (2011) Effect of dietary choline on growth, intestinal enzyme activities and relative expressions of target of rapamycin and eIF4E-binding protein2 gene in muscle, hepatopancreas and intestine of juvenile Jian carp (Cyprinus carpio var. Jian). Aquaculture 317:107–116
Article 
    CAS 
    
                    Google Scholar 
                

	Wu P, Jiang J, Liu Y, Hu K, Jiang WD, Li SH, Feng L, Zhou XQ (2013) Dietary choline modulates immune responses, and gene expressions of TOR and eIF4E-binding protein2 in immune organs of juvenile Jian carp (Cyprinus carpio var. Jian). Fish Shellfish Immunol 35:697–706
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yao K, Yin Y, Chu W, Liu Z, Deng D, Li T, Huang R, Zhang J, Tan B, Wang W et al (2008) Dietary arginine supplementation increases mTOR signaling activity in skeletal muscle of neonatal pigs. J Nutr 138:867–872
CAS 
    PubMed 
    
                    Google Scholar 
                

	Yonar ME (2012) The effect of lycopene on oxytetracycline-induced oxidative stress and immunosuppression in rainbow trout (Oncorhynchus mykiss, W.). Fish Shellfish Immunol 32:994–1001
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang Q, Zeng X, Guo J, Wang X (2001) Effects of homocysteine on murine splenic B lymphocyte proliferation and its signal transduction mechanism. Cardiovasc Res 52:328–336
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang Q, Zeng X, Guo J, Wang X (2002) Oxidant stress mechanism of homocysteine potentiating Con A-induced proliferation in murine splenic T lymphocytes. Cardiovasc Res 53:1035–1042
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhang X, Zhu Y, Cai L, Wu T (2008) Effects of fasting on the meat quality and antioxidant defenses of market-size farmed large yellow croaker (Pseudosciaena crocea). Aquaculture 280:136–139
Article 
    CAS 
    
                    Google Scholar 
                

	Zhao J, Liu Y, Jiang J, Wu P, Jiang W, Li S, Tang L, Kuang S, Feng L, Zhou X (2013) Effects of dietary isoleucine on the immune response, antioxidant status and gene expression in the head kidney of juvenile Jian carp (Cyprinus carpio var. Jian). Fish Shellfish Immunol 35:572–580
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhong X, Li W, Huang X, Wang Y, Zhang L, Zhou Y, Hussain A, Wang T (2012) Effects of glutamine supplementation on the immune status in weaning piglets with intrauterine growth retardation. Arch Anim Nutr 66:347–356
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhu Q, Xu QY, Xu H, Wang CA, Sun DJ (2011) Dietary glutamine supplementation improves tissue antioxidant status and serum non-specific immunity of juvenile Hybrid sturgeon (Acipenser schrenckii ♀ × Huso dauricus ♂). J Appl Ichthyol 27:715–720
Article 
    
                    Google Scholar 
                

	Zuo R, Ai Q, Mai K, Xu W, Wang J, Xu H, Liufu Z, Zhang Y (2012) Effects of dietary n-3 highly unsaturated fatty acids on growth, nonspecific immunity, expression of some immune related genes and disease resistance of large yellow croaker (Larmichthys crocea) following natural infestation of parasites (Cryptocaryon irritans). Fish Shellfish Immunol 32:249–258
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zwollo P, Cole S, Bromage E, Kaattari S (2005) B cell heterogeneity in the teleost kidney: evidence for a maturation gradient from anterior to posterior kidney. J Immunol 174:6608–6616
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was financially supported by the National Science Foundation of China (30771671, 30871926), the National Department Public Benefit Research Foundation (Agriculture) of China (201003020) and the Science and Technology Support Program of Sichuan Province (2014NZ003). The authors wish to thank the personnel of these teams for their kind assistance.


Author information
Authors and Affiliations
	Animal Nutrition Institute, Sichuan Agricultural University, Chengdu, 611130, Sichuan, China
Kai Hu, Jing-Xiu Zhang, Lin Feng, Wei-Dan Jiang, Pei Wu, Yang Liu & Xiao-Qiu Zhou

	Fish Nutrition and Safety Production University Key Laboratory of Sichuan Province, Sichuan Agricultural University, Chengdu, 611130, China
Kai Hu, Lin Feng, Wei-Dan Jiang, Pei Wu, Yang Liu, Jun Jiang & Xiao-Qiu Zhou

	Key Laboratory for Animal Disease-Resistance Nutrition of China Ministry of Education, Sichuan Agricultural University, Chengdu, 611130, China
Lin Feng, Wei-Dan Jiang, Yang Liu, Jun Jiang & Xiao-Qiu Zhou


Authors	Kai HuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jing-Xiu ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lin FengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wei-Dan JiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pei WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yang LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jun JiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiao-Qiu ZhouView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Xiao-Qiu Zhou.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Hu, K., Zhang, JX., Feng, L. et al. Effect of dietary glutamine on growth performance, non-specific immunity, expression of cytokine genes, phosphorylation of target of rapamycin (TOR), and anti-oxidative system in spleen and head kidney of Jian carp (Cyprinus carpio var. Jian).
                    Fish Physiol Biochem 41, 635–649 (2015). https://doi.org/10.1007/s10695-015-0034-0
Download citation
	Received: 10 August 2014

	Accepted: 04 February 2015

	Published: 13 February 2015

	Issue Date: June 2015

	DOI: https://doi.org/10.1007/s10695-015-0034-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Glutamine
	
                Cyprinus carpio var. Jian
	Cytokine
	Target of rapamycin
	Antioxidant status
	Immune organ








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.82.73.152
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    