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ABSTRACT: 

The present cures of various cancers comprise radiotherapy with or without cytotoxic 

substances. Disappointingly, these treatments can bring about surroundings and general 

impediment such as mucosal injuries or mucositis.  These mucosal injuries can grounds a 

significantly affect quality of life in patients undergoing such treatment, by now anguish from 

psychosomatic collapse. The ulcerative lesions produced by mucotoxic chemo radiotherapy 

are painful, restrict oral intake and, importantly, act as sites of secondary infection and portals 

of entry for the endogenous oral flora. It is very difficult for clinician to choose from this 

incomprehensible array of treatment options. The endeavor of present review article was to 

appraise the competence of amino acid (L-glutamine) to cure buccal (oral) mucosal injuries 

provoked by chemo-radiotherapy in oncology.  A variety of evaluation believed that amino 

acid (glutamine) administration restrain tumour, by reinstates the role of cytotoxic cells; 

progress protein transformation and assimilation along with; probably augment the worth of 

Oncological regimen. 
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INTRODUCTION 

Oral mucositis is a repeated and dose-limiting consequence of chemotherapy. This state is 

related with uneasiness indications, falling patients’ quality of life, and mounting financial 

overheads in addition to menace of infectivity and sepsis.
1
 Around one half of individual’s 

develop lesions of such severity as to necessitate alteration of their cancer treatment and/or 

parenteral analgesia. The occurrence is constantly high among patients undergoing 

conditioning therapy for bone marrow/peripheral blood progenitor cell transplantation, 

constant infusion therapy for breast and colon cancer, and treatment for tumors of the head 

and neck simultaneous chemotherapy and radiotherapy. Patients in the high-risk procedure, 

severe mucositis take place with an occurrence in surplus of 60%.
(2)

 

Oral mucositis is linked with noteworthy morbidity typify by pain, odynodysphagia, 

dysgeusia, malnutrition, lowered  immunity, cachexia, increased acute-phase proteins and 

hyperlipidaemia,  lack of fluids and it also enhance the threat for systemic infections in 

immune-compromised patients.
(3, 11, 12)
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Glutamine is a non-essential branched-chain amino acid that turn out to be conditionally 

essential as soon as demand surpass supply throughout catabolic stress or stage of rapid 

growth.
(4,5)

 Glutamine add up to 30–35% of the amino acid-based nitrogen in plasma  plays 

an vital role in gluconeogenesis, and give out as a fuel for swiftly dividing and growing cells 

(e.g. enterocytes, lymphocytes and fibroblasts). 
(6,7,8,9,10)

    

Glutamine is also an originator of antioxidant glutathione. Thus, Glutamine up-regulates 

glutathione synthesis in stress, and stimulate heat shock proteins (e.g. HSP 27, 70 and 72), 

support in defending the gut and myocardium.
(13)

  

Glutamate is altered into α-Ketoglutarate (TCA cycle) and heading to ATP formation chiefly 

obligatory for cellular growth and development, oxidation-reduction balance, as well as 

energy from metabolism.  Purpose of this article is to appraise the validation for the 

application of enteral amino acid (L-Glutamine) in deterrence of oral mucosal injuries in 

person who takes   cytotoxic drug along with/or radiotherapy. 

ORAL MUCOSITIS:  BRIEF REVIEW 

Oral mucositis is an unavoidable barrier of cancer treatment for instance head and neck 

radiotherapy, chemotherapy and Hematopoietic Stem Cell Transplantation (HSCT), 

autologous or allogeneic, has an occurrence of 75%–99% and affecting over 40% of 

patients.
(14,15,16)

   

Succession of mucositis entails five biological phase, unambiguously:  

Initiation:  Cover the primary injury in the order of succeeding to application of cytotoxic 

chemotherapy.   

Message generation:  With reference to controlling of transcription factors comprise NFκB, 

MAPK, matrix metalloproteinases and subsequent commencement of cytokine and stress 

response genes. 

Signaling and amplification: Produce proteins such as tumour necrosis factor, interleukin-1β 

and interleukin-6 which show the way to straight tissue spoil as well as present optimistic 

response to exaggerate the evolution. 

Ulceration: Consequences in excruciating ulcers, bacterial admittance as well as an incursion 

of macrophages and additional inflammatory cells.  

Healing: This impulsively takes position upon annihilation of chemotherapy.
(17)

 

 

The harshness depends on an array of factors, including the dose of medication, dose 

intermission, and the extent of treated tissue and the temperament of radiation exposure.
(18,19)

   

The transcription factor is triggered reaction to chemotherapy and radiotherapy and is held 

responsible for the upregulation of up to 200 genes that shows mucosal integrity by 

acclerating clonogenic cell death, apoptosis and tissue damage across the entire mucosa, not 

restricted to the epithelium.
(20)

  NF-jB activation ends in the production of pro-inflammatory 

cytokines, with tumour necrosis factor (TNF or TNF-a), interleukin-1b (IL-1b) and 

interleukin-6 (IL-6). 
(21, 22, 23)

 

The NF-jB’s action comprises additional path intervention between neoplastic and normal 

cells ensuing in greater than before tissue harm in normal cell populations in contrast to 

neoplastic populations. Other  biologically active proteins or pro-inflammatory mediators, 
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like cyclooxygenase-2 (COX-2) are up-regulated and start an inflammatory sequences of 

reactions leading to activation of matrix metalloproteinases whose presence  bring out 

auxiliary tissue damage.
(24)

 Tumour necrosis factor is competent to cause tissue damage {32} 

and possibly hastening and set off episode in the mucositis development. Tumour necrosis 

factor is chiefly expressed by macrophages, NK cells and  T- lymphocytes. 
(25, 26)

 

The two receptors for TNF are expressed moreover on all cell types (TNF-R1) or just on 

immune or endothelial cells (TNF-R2).
(26)

                     

In fact IL-1b and TNF have been reported to have a synergistic effect, for example causing 

induction of endothelial adhesion molecules essential for the initial phases of the 

inflammatory response. 
(27)

   

Undoubtedly it is clear that different cytotoxic drugs stimulate diverse molecular pathways 

and, whilst the clinical outcomes may be analogous, the routes foremost to those outcomes 

may be immensely different. This has important implications for the opening out of targeted 

treatment for mucositis. Further categorization of the biological events taking place in the 

perspective of mucositis will unavoidably lead to enhanced treatment results and quality of 

life for patients undergoing cancer treatment. 

MECHANISM AND EFFECT OF GLUTAMINE IN MUCOSAL INJURIES 

Glutamine is a non-essential branched-chain amino acid that becomes conditionally essential 

when demand exceeds supply during catabolic stress or periods of rapid growth.
(28,29) 

   

Glutamine contributes 30–35% of the amino acid-based nitrogen in plasma, plays an 

important role in gluconeogenesis, and serves as a fuel for rapidly dividing and growing cells 

(e.g. enterocytes and lymphocytes).
(29,30,31,32)

 It contains two ammonia groups: glutamate and 

ammonia.
(30)

 Glutamine transports ammonia in a non-toxic form, from the peripheral tissue to 

visceral organs, where it is excreted in the urine.
(31)

 

Glutamine has protein formation effects go through Bone Marrow Transplantation patients 

who demonstrate after transplant body protein reductions.   

Glutamine absorption in person with colon cancer is equivalent to uptake in person with 

healthy intestinal tissue, in addition food fortified with glutamine augment muscle glutamine 

in animal (rats) by 60%.
(33, 34, 35)

 and diminish in methotrexate provoked adverse effects, with 

mucositis, and enhanced endurance is solicited. 
(36,37) 

Amino acid (Glutamine) is the chief medium for distribution of nitrogen (ammonia) in a safer 

form. It is regarded as glutamine entrap.
(38, 39, 40)

 The tumor producing human cell (breast) 

exhibits upside control of enzyme (glutamine synthetase) and mRNA in addition to it 

decrease in glutamine concentration (intracellular) on condition such as continual glutamine 

deficit.
(41)

  

Glutamine may help decrease mucous membrane injury induced by radiation by altering the 

inflammatory response. Glutathione, a byproduct of glutamine metabolism protects against 

oxidant injury.
(42,43) 

Glutathione act as contender to formation of prostaglandins (E2, mediator 

in inflammation). 
(44)

 

Studies demonstrate that glutamine or alanyl glutamine speed up mucosal renovation on or 

after 5-fluorouracil provoked oral mucositis by mounting glutathione supplies in mucosal 

tissue (hamster).
(45) 
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Study explains that Glutamine considerably compact the frequency and deferred the 

commencement of score ≥3, decreased the demand for unexpected treatment discontinuation, 

and decrease the need of hospital stay. 
(46)

 

In an evaluating assessment, amino acid (L-Gln) appreciably decreases the period and 

harshness of oral mucosal injuries in person getting 50 (Gy/25) fraction of radiation. 
(47)

 

In study involve human, amino acid L-Gln in a career AES-14 that significantly boost its 

absorption,  revealed to reduce score 2 or upper mucositis in person in receipt of cytotoxic 

drug.
(48,49, 50)

 

Parenteral glutamine administration (>0.25-0.3g/kg/day) demonstrated the greatest benefit in 

hospitalized patients.
(51)

 

Immune cells for instance lymphocytes and macrophages consume glutamine. In a study 

prevalence of bacterial infection in blood was lesser in which glutamine administered group 

in contrast with other group (control).
(52,53,54,55)

 

It has been demonstrated that glutamine can activate ornithine descarboxylase, a first and 

rate-limiting enzyme in polyamine synthesis in a dose- and time dependent manner, thereby 

enhancing DNA synthesis. In addition, glutamine can activate mitotic signaling pathways, 

including mitogen-activated protein kinases and transcription factors, leading to proliferative 

responses.
(56,57)

 Second, previous studies have suggested that glutamine augments host 

defenses and may be important in glutathione synthesis thus decreasing the oxidative stress. 
(58,59,60,61) 

ADVERSE EFFECTS OF ORAL GLUTAMINE 

Some studies reviewed (12), In 1 retrospective study, rates of nausea were comparable 

between glutamine and control groups (grade 1, 32.1% vs 29.2%; grade 2, 19.6% vs 16.7%) 

during the 7 days prior to receiving radiation therapy. Another prospective  study reported a 

similar occurrence of subjective adverse events between glutamine and control arms (nausea, 

8.8% vs 8.3%; vomiting, 1.6% vs 1.9%; dry mouth, 5.2% vs 4.1%; anorexia, 0.7% vs 0.3%). 

Five other studies reported that no adverse events were observed, although methods for 

adverse event determinations were not clearly defined.
(63,46,62)

 

CONCLUSION  

Glutamine use is still a clinical and rationally attractive management approach. Adequate 

Glutamine administration, as part of nutrition therapy of cancer patients, is out of harm's way, 

when administered to the right patient for the correct reason. Glutamine supplementation may 

progress Quality of life by declining the incidence and/or severity of chemotherapy-

associated mucositis. No published clinical guidelines or recommendations exist concerning 

the use of Glutamine supplementation in neonatal or pediatric patients. Inadequate proof 

exists to either recommend regular use of Glutamine in adults, or to provide guidance on 

Glutamine supplementation for prevention or diminution of severe mucositis. Glutamine 

depletion has been found to occur because of Glutamine consumption by lymphocytes and 

enterocytes in an enhanced metabolic condition. It not only modulates the immune system’s 

role but also promotes faster healing, considerably decreasing the severity of 

mucositis/stomatitis induced by chemotherapy and radiation therapy. Glutamine may also 

boost the selectivity of antitumor drugs by sensitizing the tumor cells to the oncological 



Praveen / SGVU Journal of Pharmaceutical Research & Education, 2019, 4(2), 380-387 

384 

 

therapeutics while protective normal cells in healthy tissues. 

ACKNOWLEDGEMENT 

Authors are very much grateful to Dean, Research, Suresh Gyan Vihar, University, Jaipur for 

cooperation and their valuable suggestions with motivation. 

 

REFERENCES 

1. Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M, Hauer- Jensen M, Bekele BN, 

Rader-Durlacher J, Donnelly JP, Rubenstein EB Perspectives on cancer therapy-induced 

mucosal injury: pathogenesis, measurement, epidemiology, and consequences for 

patients. Cancer 2004;100 (Suppl 9):1995–2025.   

2. Schubert M., Sullivan K.,Truelove E., Head and neck complication of bone marrow 

transplantion, Development Oncology, 1991. 

3. Wolfgang kostler, Michael hejna, Catherina, Wenzel, Christopher, Zeilinski. Oral 

mucositis complicating chemotherapy /radiotherapy: Options for prevention and 

treatment. CA Cancer J Clin 2001; 51: 290-315.  

4. Hensley CT, Wasti AT, DeBerardinis RJ. Glutamine and cancer: cell biology, physiology, 

and clinical opportunities. J Clin Invest. 2013;123(9):3678–84. doi: 10.1172/JCI69600. 

5. Mundi MS, Shab M, Hurt RT. When is it appropriate to use glutamine in critical illness? 

Nutr Clin Pract. 2016. doi:10.1177/0884522616651318. 

6. Gaurav K, Goel RK, Shukia M, et al. Glutamine: a novel approach to chemotherapy-

induced toxicity. Indian J Med Paediatr Oncol. 2012;33(1):13–20. doi:10.4103/0971-

5851.96962. 

7. Mohamed A, Deng X, Khuri FR, et al. Altered glutamine metabolism and therapeutic 

opportunities in lung cancer. Clin Lung Can. 2014;15(1):5–17. 

8. Jolfaie NR, Mirzale S, Ghiasvand R, et al. The effect of glutamine intake on 

complications of colorectal and colon cancer treatment: A systematic review. J Res Med 

Sci. 2015;20(9):910–8. doi:10.4103/1735- 1995.170634. 

9. Decker GM. Glutamine: Indicated in cancer care? Clin J Oncol Nurs. 2002;6(2):112–5. 

https://doi.org/10.1188/02.CJON.112-115.  

10. Lacey J, Wilmore D. Is glutamine a conditionally essential amino acid? Nutr Rev. 

1990;48:297–309. [PubMed: 2080048]. 

11. Bader KW, et al., Putting into evidence: the effect of oral glutamine on radiation-induced 

esophagitis among patients with lung cancer. Middle East J Cancer. 2014;5(3):113–7. 

12. Kuhn KS, Muscaritoli M, Wischmeyer P, et al. Glutamine as indispensable nutrient in 

oncology:experimental and clinical evidence. Eur J Nutr. 2010;49(4):197–210. 

doi:10.1007/s00394-009-0082-2. 

13. Savarese DM, Savy G, Vahdat L, et al. Prevention of chemotherapy and radiation toxicity 

with glutamine. Cancer Treat Rev. 2003;29(6):501–13. https://doi.org/10.1016/S0305-

7372(03)00133-6. 

14. Simões CA, Castro JFL, Cazal C. Cândida oral como fator agravante da mucosite 

radioinduzida. Rev Bras Cancer. 2011;57(1):23-29. 



Praveen / SGVU Journal of Pharmaceutical Research & Education, 2019, 4(2), 380-387 

385 

 

15. Patussi C, Sassi LM, Munhoz EC, Zanicotti RTS, Schussel JL. Clinical assessment of oral 

mucositis and candidiasis compare to chemotherapic nadir in transplanted patients. Braz 

Oral Res. 2014;28:1-7. 

16. Biron P, Sebban C, Gourmet R, Chvetzoff G, Philip I, Blay JY. Research controversies in 

management of oral mucositis. Support Care Cancer 2000;8:68-71 

17. Sonis ST. Mucositis as a biological process: A new hypothesis for the development of 

chemotherapy-induced stomatotoxicity. Oral Oncol 1998;34:39-43. 

18. Parulekar W, Mackenzie R, Bjarnason G, Jordan RCK. Scoring oral mucositis. Oral 

Oncol 1998;34:63-71. 

19. Biswal BM, Zakaria A, Ahmad NM. Topical application of honey in the management of 

radiation mucositis. A Preliminary study. Support Care Cancer 2003;11:242-8. 

20. Sonis ST. The pathobiology of mucositis. Nat Rev Cancer 2004;4(4):277–84. 

21. Sonis ST. The biologic role for nuclear factor-jB in disease and its potential involvement 

in mucosal injury associated with antineoplastic therapy. Crit Rev Oral Biol Med 

2002;13(5): 380–90. 

22. Hall PD, Benko H, Hogan KR, Stuart RK. The influence of serum tumor necrosis factor-a 

and interleukin-6 concentrations on nonhematologic toxicity and hematologic recovery in 

patients with acute myelogenous leukemia. Exp Hematol 1995;23(12): 1256–60. 

23. Ferra C, de Sanjose S, Gallardo D, et al. IL-6 and IL-8 levels in plasma during 

hematopoietic progenitor transplantation. Haematologica 1998;83(12):1082–7. 

24. Tadashi Y. Cartilage destruction by matrix degradation products. Modern Rheumatol 

2006;V16 (4):197–205. 

25. Aggarwal BB, Kohr WS, Hass PE. Human tumor necrosis factor. Production, purification 

and characterization. Journal of Biological Chemistry 1985;260:2345–2354. 

26. Mocellin S, Rossi CR, Pilati P, Nitti D. Tumor necrosis factor, cancer and anticancer 

therapy. Cytokine Growth Factor Rev 2005;16(1):35 53. 

27. Dinarello CA. Proinflammatory cytokines. Chest 2000;118(2): 503–8. 

28. Hensley CT, Wasti AT, DeBerardinis RJ. Glutamine and cancer: cell biology, physiology, 

and clinical opportunities. J Clin Invest. 2013;123(9):3678–84. doi: 10.1172/JCI69600. 

29. Mundi MS, Shab M, Hurt RT. When is it appropriate to use glutamine in critical illness? 

Nutr Clin Pract. 2016. doi:10.1177/0884522616651318. 

30. Gaurav K, Goel RK, Shukia M, et al. Glutamine: a novel approach to chemotherapy-

induced toxicity. Indian J Med Paediatr Oncol. 2012;33(1):13–20. doi:10.4103/0971-

5851.96962. 

31. Mohamed A, Deng X, Khuri FR, et al. Altered glutamine metabolism and therapeutic 

opportunities in lung cancer. Clin Lung Can. 2014;15(1):5–17. 

32. Jolfaie NR, Mirzale S, Ghiasvand R, et al. The effect of glutamine intake on 

complications of colorectal and colon cancer treatment: A systematic review. J Res Med 

Sci. 2015;20(9):910–8. doi:10.4103/1735- 1995.170634. 

33. Souba WW, Strebel FR, Bull JM, Copeland EM, Teagtmeyer H, Cleary K. Interorgan 

glutamine metabolism in the tumor bearing rat. J Surg Res. 1988;44:720–6. [PubMed: 

3379949]. 



Praveen / SGVU Journal of Pharmaceutical Research & Education, 2019, 4(2), 380-387 

386 

 

34. van der Hulst RR, von Meyenfeldt MF, Deutz NE, Soeters PB. Glutamine extraction by 

the gut is reduced in depleted patients with gastrointestinal cancer. Ann Surg. 

1997;225:112–21. [PMCID: PMC1190613] [PubMed: 8998127]. 

35. Klimberg VS, Souba WW, Dolson DJ, Salloum RM, Hautamaki RD, Plumley DA, et al. 

Prophylactic glutamine protects the intestinal mucosa from radiation injury. Cancer. 

1990;66:62–8. [PubMed: 2354410].  

36. Fox AD, Kripke SA, De Paula J, Berman JM, Settle RG, Rombeau JL. Effect of a 

glutamine supplemented enteral diet on methotrexate induced enterocolitis. JPEN J 

Parenter Enteral Nutr. 1988;12:325–31. [PubMed: 3138440]. 

37. Klimberg VS, Souba WW, Salloum RM, Plumley DA, Cohen FS, Dolson DJ, et al. 

Glutamine enriched diets support muscle glutamine metabolism without stimulating 

tumor growth. J Surg Res. 1990;48:319–23. [PubMed: 2338817]. 

38. Medina MA, SánchezJiménez F, Márquez J, Rodríguez Quesada A, Núñez de Castro I. 

Relevance of glutamine metabolism to tumor cell growth. Mol Cell Biochem. 

1992;113:1–15. [PubMed: 1640933]. 

39. Klimberg VS, McClellan JL. Glutamine, cancer, and its therapy. Am J Surg. 

1996;172:418–24. [PubMed: 8942537]. 

40. Souba WW. Glutamine and cancer. Ann Surg. 1993;218:715–28. [PMCID: 

PMC1243066] [PubMed: 8257221]. 

41. Collins CL, Wasa M, Souba WW, Abcouwer SF. Regulation of glutamine synthetase in 

human breast carcinoma cells and experimental tumors. Surgery. 1997;122:451–63. 

[PubMed: 9288153]. 

42. Rouse K, Nwokedi E, Woodliff JE, Epstein J, Klimberg VS. Glutamine enhances 

selectivity of chemotherapy through changes in glutathione metabolism. Ann Surg 

1995;221:420-6. 

43. Savarese DM, Savy G, Vahdat L, Wischmeyer PE, Corey B. Prevention of chemotherapy 

and radiation toxicity with glutamine. Cancer Treat Rev 2003;29:501-13. 

44. Shewchuk LD, Baracos VE, Field CJ. Dietary L-glutamine supplementation reduces the 

growth of the Morris Hepatoma7777 in exercise-trained and sedentary rats. J Nutr 

1997;127:158-66. 

45. Leitao RF, Ribeiro RA, Lira AM, Silva LR, bellaguarda EA, Macedo Fd, et al: Glutamine 

and alanyl-glutamine accelerate the recovery from 5-fluorouracil-induced experimental 

oral mucositis in hamster. Cancer Chemother Pharmacol 61: 215-222, 2008. 

46. Topkan et al. Influence of oral glutamine supplementation on survival outcomes of 

patients treated with concurrent chemoradiotherapy for locally advanced non-small cell 

lung cancer BMC Cancer 2012, 12:502. 

47. E.-Y.Huang et al. Oral glutamine to alleviate radiation induced oral mucositis: a pilot 

randomized trial. Int.J. Radiation Oncology Biol Phys 2000;46:535-9. 

48. Peterson D, Petit R. Phase III study: AES-14 in chemotherapy patients at risk for 

mucositis [abstract 2917]. Prog Proc Am Soc Clin Oncol 2003; 22:725. 

49. Anderson PM, Schroeder G, Skubitz KM. Oral glutamine reduces the duration and 

severity of stomatitis after cytotoxic cancer chemotherapy. Cancer 1998; 83:1433–9. 

 



Praveen / SGVU Journal of Pharmaceutical Research & Education, 2019, 4(2), 380-387 

387 

 

50. E.-Y.Huang et al. Oral glutamine to alleviate radiation induced oral mucositis: a pilot 

randomized trial. Int.J. Radiation Oncology Biol Phys 2000;46:535-9. 

51. Wischmeyer PE. Clinical applications of L-glutamine: past, present, and future. Nutr Clin 

Pract 2003; 18: 377-85. 

52. Curi R, Newsholme P, Pithon-Curi TC, Pires-de-Melo M, Garcia C, Homem-de-

Bittencourt Junior PI and Guimaraes AR: Metabolic fate of glutamine in lymphocytes, 

macrophages and neutrophils. Braz J Med Biol Res 32(1): 15-21, 1999. 

53.  Ziegler TR, Young LS, Benfell K, Scheltinga M, Hortos K, Bye R, Morrow FD, Jacobs 

DO, Smith RJ, Antin JH et al: Clinical and metabolic efficacy of glutamine-supplemented 

parenteral nutrition after bone marrow transplantation. A randomized, double-blind, 

controlled study. Ann Intern Med 116(10): 821-828, 1992. 

54. Ziegler TR, Bye RL, Persinger RL, Young LS, Antin JH and Wilmore DW: Effects of 

glutamine supplementation on circulating lymphocytes after bone marrow transplantation: 

a pilot study. Am J Med Sci 315(1): 4-10, 1998. 

55. Piccirillo N, De Matteis S, Laurenti L, Chiusolo P, Sora F, Pittiruti M, Rutella S, Cicconi 

S, Fiorini A, D'Onofrio G, Leone G and Sica S: Glutamine-enriched parenteral nutrition 

after autologous peripheral blood stem cell transplantation: effects on immune 

reconstitution and mucositis. Haematologica 88(2): 192-200, 2003. 

56. Kandil HM, Argenzio RA, Chen W, Berschneider HM, Stiles AD, Westwick JK, Rippe 

RA, Brenner DA, Rhoads JM. L-glutamine and Lasparagine stimulate ODC activity and 

proliferation in a porcine jejuna enterocyte line. Am J physiol 1995;269: 591–599. 

57. Rhoads JM, Argenzio RA, Chen W, Rippe RA, Westwick JK, Cox AD, Berschneider 

HM, Brenner DA .L-glutamine stimulates intestinal cellproliferation and activates 

mitogen-activated protein kinases. Am J Physiol 1997;272: 943–953. 

58. Hong RW, Rounds JD, Helton WS, Robinson MK, Wilmore DW. Glutamine preserves 

liver glutathione after lethal hepatic injury. Ann Surg 1992;215(2): 114–119. 

59. Denno R, Rounds JD, Faris R, Holejko LB, Wilmore DW. Glutamine enriched total 

parenteral nutrition enhances plasma glutathione in the resting state. J Surg Res 

1996;61(1): 35–38. 

60. Yu JC, Jiang ZM, Li DM, Yang NF, M-X B . Alanyl-glutamine preserves hepatic 

glutathione storesafter 5-FU treatment. Clin Nutr 1996;15(5):261–265. 

61. Yu JC, Jiang ZM, Li DM . Glutamine: a precursor of glutathione and its effect on liver. 

World J Gastroenterol 1999;5(2): 143–146. 

62. Peterson DE, Jones JB, Petit RG II. Randomized, placebo-controlled trial of Saforis for 

prevention and treatment of oral mucositis in breast cancerpatients receiving 

anthracycline-based chemotherapy. Cancer (2007) 109(2):322–31. 

doi:10.1002/cncr.22384. 

63. Okuno SH, Woodhouse CO, Loprinzi CL, Sloan JA, LaVasseur BI, Clemens-Schutjer D, 

Swan D, Axvig C, Ebbert LP, Tirona MR, Michalak JC, Pierson N .Phase III controlled 

evaluation of glutamine for decreasing stomatitis in patients receiving Fluorouracil (5-

FU)-based chemotherapy. Am J Clin Oncol 1999;22(3):258–261. 

  


