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1. Introduction 

Diabetes mellitus is a devastating disease throughout the world. It has been estimated that 
the number of peoples affected with diabetes in the world will increase to 300 million by 
2025 (1).  Diabetes is associated with several mechanisms, one of which is oxidative stress. 
Increased oxidative stress is a widely accepted participant in the development and 
progression of diabetes and its complications (2,3). Oxidative stress is a general term used to 
describe the imbalance between the production and manifestation of reactive oxygen species 
and a biological system’s ability to ready detoxify the reactive intermediates or to repair the 
resulting damage (4). Oxidative stress occurs when free radical production exceeds the 
body’s ability to neutralize them. The imbalance may be due to either: decrease production 
of antioxidants; or excessive production of free radicals. In diabetes, free radicals are formed 
disproportionately by glucose oxidation, non-enzymatic glycation of proteins and the 
subsequent oxidative degradation of glycated proteins (5). Abnormally high levels of free 
radicals and the simultaneous decline of antioxidant defense mechanisms can lead to 
damage of cellular organelles and enzymes, increased lipid peroxidation and development 
of insulin resistance (6). These consequences of oxidative stress can promote the 
development of complications of diabetes mellitus.  

2. Sources of oxidative stress in diabetes 

There are multiple sources of oxidative stress in diabetes including non enzymatic, 
enzymatic and mitochondrial pathway. 

Non enzymatic sources of oxidative stress originate from the oxidative biochemistry of 
glucose. Hyperglycemia can directly cause increased Reactive Oxygen Species (ROS) 
generation. Glucose can undergo autooxidation and generate hydroxyl *OH- radicals (7). In 
addition, glucose reacts with proteins in a non enzymatic manner leading to the formation 
of advanced glycation end products (AGEs). ROS is generated at multiple steps during this 
process. In hyperglycemia, there is enhanced metabolism of glucose through the polyol 
(sorbitol) pathway, which also results in enhanced production of superoxides (*O2-) . 

Enzymatic sources of augmented generation of reactive species in diabetes include Nitrous 
Oxide Species (NOS), NAD(P)H oxidase and xanthine oxidase (8-10). The mitochondrial 
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respiratory chain is another source of non enzymatic generation of reactive species. 
Hyperglycemia-induced generation of *O2- at the mitochondrial level is the initial trigger of 
vicious cycle of oxidative stress in diabetes (11,12). 

3. Saliva as diagnostic fluid 

Saliva in humans is a mouth fluid possessing several functions involved in oral health and 

homeostasis, with an active protective role in maintaining oral health. It plays a role in the 

preliminary digestion of food, fascilitates taste perception, maintains teeth enamel 

mineralization, buffers the acid components of food, and antimicrobial functions. The assay 

of saliva is an increasing area of research with implications of basic and clinical purposes. 

Recently, the use of saliva has provided a substantial addition to the diagnostic 

armamentarium as an investigative tool for disease processes and disorders. In addition to 

its oral indications, the analysis of saliva provides important information about the 

functioning of various organs within the body. Saliva analyses have been used mainly in 

dentistry and for studies in oral disease to help assess the risk of caries, by measuring 

buffering capacity and bacterial contents (13). Oral fluid is mainly utilized for research and 

diagnostic purposes concerning systemic diseases such as diabetes. 

The determination of the oxidative stress and antioxidants require sometimes invasive 

techniques such as venepuncture. Whole saliva is an important physiologic fluid that 

contains a highly complex mixture of substances. Variable amounts of blood, serum markers 

that accurately reflect the redox status of the body can be determined in saliva and may 

have great clinical interest. The assay of salivary oxidative stress parameters has brought 

substantial insight into the pathogenesis and evolution of many systemic diseases including 

diabetes. 

4. Mechanisms for increased oxidative stress in diabetes 

1. Advanced glycation end products (AGEs): 

AGEs are products of glycation and oxidation (glycol-oxidation), which are increased with 

age, and at accelerated rate in diabetes (14,15). The formation of AGEs is an important 

biochemical abnormality that accompanies diabetes mellitus. AGEs initiate oxidative 

reactions that promote the formation of oxidized LDL. Interaction of AGEs with endothelial 

cells as well as other cells accumulating within the atherosclerotic plaque, such as 

mononuclear phagocytes and smooth muscle cells provides a mechanism to augment 

vascular dysfunction (16) 

Nuclear magnetic resonance spectra of AGEs were determined in saliva of 52 consecutive 
patients with diabetes mellitus and 47 age-matched healthy control subjects. Resonance 
spectra showed specific peaks at 2.3, 7.3, and 8.4 ppm in saliva from patients with diabetes 
mellitus, indicating the presence of advanced glycation endproducts which was associated 
with approximal plaque index. (17). 

In a study of Garay-Sevilla et al (18) who measured AGEs in skin, serum and saliva of 
diabetic patients with complications they concluded that the AGEs measurement in saliva is 
useful to evaluate diabetes complications. 
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2. Alteration in glutathione metabolism: 

Reduced glutathione detoxify reactive oxygen species such as hydrogen peroxide and lipid 
peroxide directly or in a glutathione peroxidase (GPX) catalyzed mechanism. Glutathione 
reductase (GRD) catalyzes the NAD(P)H dependent reduction of oxidized glutathione, 
serving to maintain intercellular glutathione stores and a favorable redox status (19).  

Blood GSH was significantly decreased in different phases of type 2 diabetes mellitus such 
as: glucose intolerance and early hyperglycemia (20) and poor glycemic control (21) 

Measurement of salivary GPX and GRD activities and GSSG/GSH ratio, provide a non-
invasive method to assess the degree of oxidative stress in pathophysiologic status, such as 
diabetes (22). 

The decrease in salivary reduced-glutathione levels in patients with type 1 DM may have a 
role in periodontal tissue destruction by predisposing tissues to oxidative stress.(23). Our 
previous study (24) identified GSH activity in serum and saliva of patients with type 2 
diabetes which was significantly low when compared with control group. This finding was 
explained on the basis that oxidative stress may consumes some naturally occurring local 
antioxidants such as reduced glutathione and this reflects the overwhelming adaptive 
response to the challenge of oxidative stress in the diabetic state with or without 
complications 

3. Impairment of SOD and catalase activity: 

SOD and catalase are also major antioxidant enzymes, SOD exists in 3 different isoforms; 
Cu,Zn-SOD is mostly in the cytosol  and dismutate superoxide to hydrogen peroxide, 
Extracellular SOD is found in the plasma and extracellular space and Mn-SOD is located in 
mitochondria. Catalase is H2O2 decomposing enzyme mainly localized to peroxicomes or 
microperoxicomes. Superoxide may react with other reactive oxygen species such as Nitric 
Oxide to form highly toxic species such as peroxynitrite (25). 

The major reason for the decreased SOD activity is the glycosylation of Cu,Zn-SOD which 
has been shown to lead to enzyme inactivation both in vivo and in vitro (26). Salivary SOD 
was measured in saliva (27) .Belce et al suggested that the main reason for the decrease of 
salivary SOD activity may be increased glycation of the enzyme and/or deleterious effect of 
increased free oxygen radicals by glycated proteins on SOD activity in diabetes which could 
lead to oral complications in diabetic patients.However; Al-Rawi study (24) demonstrated 
an increase in the level of SOD in serum and saliva of diabetic patients, this increase could 
be due to the existance or increased free radicals production which could enhance the 
antioxidant defense system that couter-balance the pro-oxidant environment. 

4. Polyol Pathway: 

The polyol pathway consists of two enzymes. The first enzyme, aldose reductase (AR), 
reduces glucose to sorbitol with the aid of its co-factor NADPH, and the second enzyme, 
sorbitol dehydrogenase (SDH), with its co-factor NAD+, converts sorbitol to fructose. In 
animal models, treatment with AR inhibitors (ARI) was shown to be effective in preventing 
the development of various diabetic complications, including cataract, neuropathy, and 
nephropathy (28). The possibility of determination of sorbitol and fructosamine in saliva has 
been studied in healthy volunteers and patients with diabetes. It was concluded that saliva 
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sorbitol and fructosamine levels measurements may be used as diagnostic tests in diabetes 
and serve as indicators of efficacy of therapy in diabetes (29). 

5. Lipid peroxidation and protein oxidation in diabetes 

Lipid peroxidation: Lipid peroxidation end-products very commonly detected by the 

measurement of thiobarbituric acid reactive substance (TBARS). The use of TBARS as an 

index of lipid peroxidation has been increased in plasma of diabetic patients (30-35). 

Thiobarbituric acid reacting substances (TBARS) are produced during lipoperoxidation-

oxidative stress-induced damage of lipids and are, thus, a widely used marker of oxidative 

stress (36,37). However, they represent a heterogeneous group of compounds – best known 

is malondialdehyde (MDA). TBARS is associated with parodontopathies when measured 

directly in the injured gingival tissue (38). In previous studies we have shown that TBARS 

can be found in measurable concentrations in saliva and that these levels are higher in 

patients with parodontopathies and their origin is unlikely to be plasma (39,40). Whether 

the difference in patients is caused by a rise of MDA or instead of and which other factors 

influence salivary TBARS levels is unknown.(40) thus, assume, that salivary TBARS may 

reflect the local oral oxidative stress, although the producer is still hidden  (41). Salivary 

MDA levels are directly affected by sytemic oxidative stress, since MDA levels were also 

elevated in saliva of diabtetic patients without parodontopathies (24).  Astaneie et al (42) 

have reported no difference in salivary versus serum MDA levels and presence of high 

Antioxidant activity (AOA) in type 1 diabetics. Studies conducted on diabetic rats have 

reported an increase in salivary and serum MDA with variable antioxidant activity (43). 

Celec et al (44) have found an increase in MDA levels in non diabetics which was attributed 

to age, altered periodontal status and smoking. Hodosy et al (45) suggest that MDA levels 

depend on the time of sampling and also are affected by factors like tooth brushing and 

antioxidative therapy received by the patients. Studies by Reznick et al (46)and Astaneie et 

al (42) have shown both salivary and serum antioxidants to increase depending on HbA1C 

levels and severity of diabetes. The AOA levels of both the groups did not show notable 

correlation with Fasting Plasma Glucosa (FPG) but a significant correlation existed between 

salivary MDA and FPG levels in the diabetic group. 

6. Diabetes and antioxidants 

Antioxidants are substances that inhibit the destructive eefects of oxidation. Some of the 

general antioxidants that are known are glutathione effects, glutathione peroxidase, 

vitamins A,C,E, catalase and SOD. The decreased efficiency of antioxidant defenses (both 

enzymatic and non-enzymatic) seems to correlate with the severity of pathological tissue 

changes in type 1 diabetes (47). 

Administration of the antioxidants, for example, the vitamin C and free amino acids, get a 
better reaction to insulin and can supply extra benefit to the proposed reduction of oxidative 
stress in tissues (48,49). Experimental study on diabetic rats suggested that nutritional 
vitamin E supplementation helps fatty acids metabolism and lower lipid peroxidation in rat 
tissues (50). Oral vitamin C and vitamin E has the ability to lower the oxidative stress in eye 
(51) and the vascular endothelia function get better in type1 and not type 2 diabetes (52). 
Vitamin C and Vitamin E, probably have an important role in reducing the oxidative 
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damage produced by nitric oxide and other free radicals. The estimation of vitamin levels 
and other antioxidants in saliva could provide a good insight about the body function 
against oxidative stress and it can be used to monitor therapy. 

7. Conclusion 

The saliva matrix is an upcoming area of research for basic and clinical application 
purposes, with considerable potential for growth and progress. Nevertheless, to date 
salivary assays are still little used compared with plasma assays, even it is possible to have a 
quantitative estimate of oxidative stress markers and antioxidants in saliva. 

8. References 

[1] Current Diabetes scenario in India. Br. J Diabetes Vasc Dis 2007; 7(1): 12-16 
[2] Cerielo A. Oxidative stress and glycemic regulation. Metabolism 2000;49 (2)suppl 1:27-29 
[3] Baynes JW, Thorpe SR. Role of oxidative stress in diabetic complications: a new 

perspective on the old paradigm. Diabetes 1999;48:1-9. 
[4] Maritim AC, Sanders RA, Watkins JB 3rd . Diabetes, oxidative stress, and antioxidants: A 

review. J Biochem Mol Toxicol 2003;17(1):24-38. 
[5] Atalay M, Laaksonen. Diabetes, Oxidative stress and physical exercise. J Sports Science 

& Med 2002;1:1-14. 
[6] Johansen JS, Harris AK, Rychly DJ, Ergul A. Oxidative stress and the use of antioxidants 

in diabetes: Linking basic science to clinical practice. Cardiovascular Diabetology 
2005;4:5. 

[7] Turko IV, Marcondes S, Murad F. Diabetes-associated nitration of tyrosine and 
inactivation of succinyl-CoA:3-oxoacid CoA- transferase. Am J Physiol Heart Circul 
Physiol 2001;281(6):H2289-94. 

[8] Cuzik TJ, West NE, Black E, McDonald D, Ratnatunga C, Pillai R, Channon KM. 
Vascular superoxide production by NAD(P)H oxidase:association with endothelial 
dysfunction and clinical risk factors. Circ Res 2000;86(9):E85-90. 

[9] Cuzik TJ, Mussa S, Gastaldi D, Sadowski J, Ratnatunga C, Pillai R, Channon KM. 
Mechanisms of increased vascular superoxide production in human diabetes 
mellitus: role of NAD(P)H oxidase and endothelial nitric oxide synthase. 
Circulation 2002;105(14):1656-62. 

[10] Aliciguzel Y, Ozen I, Aslan M, Karayalcin U. Activities of xanthine oxireductase and 
antioxidant enzymes in different tissues of diabetic rats. J Lab Clin Med 
2003;142(3):172-77. 

[11] Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y, Yorek MA, 
Beebe D, Oates PJ, Hammes HP, et al. Normalizing mitochondrial superoxide 
production block three pathways of hyperglycemic damage. Nature 
2000;404(6779):787-790. 

[12] Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature 
2001;414(6865):813-20. 

[13] Van Nieuw Amerongen AV, Bolscher JG, Veerman ECI. Salivary proteins: protective 
and diagnostic value in cariology: Caries Res 2004;38:247-53. 

www.intechopen.com



 
Oxidative Stress and Diseases 

 

308 

[14] Sell DR, Lapolla A, Odetti P, Fogarty J , Monnier VM. Pentosidine formation in skin 
correlates with severity of complications in individuals with long-standing IDDM. 
Diabetes 1992:41:1286-92. 

[15] Dyer DG, Dunn JA, Thorpe SR, Bailie KE, Lyons TJ, McCance DR, Baynes JW. 
Accumulation of Maillard reaction products in skin collagen in diabetes and aging. 
J Clin Invest 1993;91:2463-69. 

[16] Basta G, Schmidt AM, De Caterina R. Advanced glycation end products and vascular 
inflammation: implications for accelerated atherosclerosis in diabetes. Cardiovasc 
Res 2004;63:582-92. 

[17]   Yoon MS, Jankowski V, Montag S, Zidek W, Henning L, Schluter H, Tepel 
M,Jankowski A. Characterisation of advanced glycation endproducts in saliva from 
patients with diabetes mellitus. Biochem Biophys Res Commun. 2004 15;323(2):377-
81. 

[18]    Garay-Sevilla ME, Regalado JC, Malacara JM, Nava LE, Wróbel-Zasada K, Castro-
Rivas A, Wróbel K. Advanced glycosylation end products in skin, serum, saliva 
and urine and its association with complications of patients with type 2 diabetes 
mellitus. J Endocrinol Invest. 2005 Mar;28(3):223-30. 

[19] Mannervik B, Danielson UH. Glutathione transferases-structure and catalytic activity. 
CRC. Critical Reviews in Biochemistry 1988;23:283-337. 

[20] Vijayalingam S, Parthiban A, Shanmugasundaram KR, Mohan V. Abnormal antioxidant 
status in impaire glucose tolerance and non-insulin dependent diabetes mellitus. 
Diabetic Med 1996;13:715-19. 

[21] Peuchant E, Delmas Beauvieux MC, Couchouron A, Dubourg L, Thomas MJ, Perromat 
A, Clerc M, Gin H. Short-term insulin therapy and normoglycemia. Effects on 
erythrocyte lipid peroxidation in NIDDM patients. Diabetes Care 1997;20:202-207. 

[22] Arana C, Cutando A, Ferrera MJ, Gomez-Moreno G, Vander Worf C, Bolanos MJ, 
Escames G, Acuna-Castroviejo. Parameters of oxidative stress in saliva from 
diabetic and parenteral drug addict patients. J Oral Pathol Med 2006;35:554-9. 

[23]  Gümüş P, Buduneli N, Cetinkalp S, Hawkins SI, Renaud D, Kinane DF, Scott DA. 
Salivary antioxidants in patients with type 1 or 2 diabetes and inflammatory 
periodontal disease: a case-control study. J Periodontol. 2009;80(9):1440-6. 

[24] Al-Rawi N. Oxidative stress, antioxidant status and lipid profile in the saliva of type 2 
diabetics. Diabetes & Vas Dis Res 2011;8(1):22-28. 

[25] Tesfamariam B. Free radicals in diabetic Endothelial cell dysfunction. Free rad Biol & 
Med 1994;16:383-91. 

[26] Arai K, Iizuka S , Tada Y, Oikawa K, taniguchi N. Increase in the glycosylated form of 
erythrocyte CU-Zn_superoxide dismutase in diabetes and close association of the 
non enzymatic glycosylation with the enzyme activity. Biochemica et Biophysica 
Acta 1987;924:292-96. 

[27]  Belce A, Uslu E, Kucur M, Umut M, Ipbüker A, Seymen HO. Evaluation of salivary 
sialic acid level and Cu-Zn superoxide dismutase activity in type 1 diabetes 
mellitus. Tohoku J Exp Med. 2000;192(3):219-25. 

[28] Oates PJ, Mylari BL: Aldose reductase inhibitors: Therapeutic implications for diabetic 
complications. Expert Opin Investig Drugs 1999; 8: 2095–2119. 

www.intechopen.com



 
Diabetes, Oxidative Stress, Antioxidants and Saliva: A Review 

 

309 

[29] Morenkova SA. Comparative analysis of dependence of saliva sorbitol and 
fructosamine levels on blood glucose level in patients with diabetes. Biomed Khim. 
2004;50(6):612-4 

[30] Noberasco G, Odetti P, Boeri D, Maiello M, Adezati L. Malondialdehyde (MDA) level in 
diabetic subjects. Relationship with blood glucose and glycosylated hemoglobin. 
Biomedicine & Pharmacotherapy 1991;45:193-96. 

[31] Altomare E, vendemiale G, Chicco D, Procacci V, Cirelli F. Increased lipid peroxidation 
in type 2 poorly controlled diabetic patients. Diabetes & Metabolism 1992;18:264-71. 

[32] Jain SK, McVie R. Effect of glycemic control, race (white versus black), and duration of 
diabetes on reduced glutathione content in erythrocytes of diabetic patients. 
Metabolism 1994;43:306-9. 

[33] Nourooz-Zadeh J, Tajaddini-Sarmadi J, McCarthy S, Betteridge DJ, Wolff SP. Elevated 
levels of authentic plasma hydroperoxides in NIDDM. Diabetes 1995;44:1054-58. 

[34] Ozben T, Nacitarhan S, Tuncer N. Plasma and urine malondialdehyde levels in non-
insulin-dependent diabetic patients with and without microalbuminemia. Int J Clin 
Lab Res. 1995;25:162-64. 

[35] Freitas JP, Filipe PM, Rodrigo FG. Lipid peroxidation in type 2 normolipidemic diabetic 
patients. Diabetic res & Clin Practice.1997;36:71-75. 

[36] Chapple Il. Reactive oxygen species and antioxidants in inflammatory diseases, J Clin 
Periodontol 1997;24 : 287–296. 

[37] Moore S, Calder KA,. Miller NJ  Rice-Evans CA. Antioxidant activity of saliva and 
periodontal disease, Free RadicRes1994; 21 :417–425. 

[38] Tuter G, Kurtis B,  Serdar M. Interleukin-1beta and thiobarbituric acid reactive 
substance (TBARS) levels after phase I periodontal therapy in patients with chronic 
periodontitis, J Periodontol 2001; 72 : 883–888. 

[39] Celec P, Cervenka T, Hodosy J, Boor B, Vesela S, Halcak L, Ostatnikova D, Tomandlova 
A, Rendekova V, Podhradsky J. Thiobarbituric acid reacting substances and their 
relation to the gingival inflammation, Timisoara Medical Journal 54 (2004), 81–85. 

[40]   Makinen KK , Isotupa KP,  Kivilompolo T, Makinen PL, Murtomaa S, Petaja J, 
Toivanen J , Soderling E. The effect of polyol-combinant saliva stimulants on S. 
mutans levels in plaque and saliva of patients with mental retardation, SpecCare 
Dentist2002; 22 : 187–193. 

[41] Marton IJ , Balla G, Hegedus C, Redi P, Szilagyi Z, Karmazsin L,  Kiss C. The role of 
reactive oxygen intermediates in the pathogenesis of chronic apical periodontitis, 
Oral Microbiol Immunol 1993;8 : 254–257. 

[42] Astaneie F, Afshari M, Mojtahedi A, Mostafalou S, Zamani MJ, Larijani B, Abdollahi M. 
Total antioxidant capacity and levels of epidermal growth factor and nitric oxide in 
blood and saliva of insulin dpendent diabetic patients. Arch Med Res 2005; 36(4): 
376-81. 

[43] Nogueira FN, Carvalho AM, Yamaguti PM, Nicolau J. Antioxidant parameters and 
lipid peroxidation in salivary glands of streptozotocin-induced diabetic rats. Clin 
Chim Acta 2005; 353 (1-2): 133-139. 

[44] Celec P, Hodosy J, Celecová V, Vodrázka J, Cervenka T, Halcák L, Bozek P, Kopáni M, 
Kúdela M. Salivary thiobarbituric acid reacting substances and malondial-dehyde-
their relationship to reported smoking and to parodontal status described by the 
papillary bleeding index. Dis Markers 2005; 21(3): 133-137. 

www.intechopen.com



 
Oxidative Stress and Diseases 

 

310 

[45] Hodosy J, Celec P. Daytime of sampling, tooth-brushing and ascorbic acid influence 
salivary thiobarbituric acid reacting substances—a potential clinical marker of 
gingival status. Dis Markers 2005; 21(4): 203-207. 

[46] Reznick AZ, Shehadeh N, Shafir Y, Nagler RM. Freeradicals related effects and 
antioxidants in saliva and serum of adolescents free radicals Type 1 diabetes 
mellitus. Arch Oral Biol 2006; 51(8): 640-648. 

[47] Santini SA, Marra G, Giardina B, Cotroneo P, Mordente A, Martorana GE, Manto A, 
Chirlanda G. Defective plasma antioxidant defenses and enhanced susceptibility to 
lipid peroxidation in uncomplicated IDDM. Diabetes 1997;46:1853-58. 

[48] Paolisso G, D’Amore A, Balbi V, Volpe C, Galzerano D, Giugliano D, Sgambato S, 
Verricchio M, D’Onofrio F. Plasma vitamin C affects glucose homeostasis in 
healthy subjects and in non-insulin-dependent diabetics. Am J Physiol 
1994;266:E261-8. 

[49] Natarajan Sulochana K, Lakshmi S, Punitham R, Arokiasamy T, Sukumar B, 
Ramakrishnan S. Effects of oral supplementation of free aminoacids in type 2 
diabetic patients. A pilot clinical trial. Med Sci Monit 2002; 8:CR131-137. 

[50] Celik S, Baydas G, Yilmaz O. Influence of vitamin E on the levels of fatty acids and 
MDA in some tissues of diabetic rats. Cell biochem Funct 2002;20:67-71. 

[51] Peponis V, Papathanasiou M, Kapranou A, Magkou C, Tyligada A, Melidonis A, Droses 
T, Sitaras NM. Protective role of oral antioxidant supplementation in ocular surface 
of diabetic patients. Br J Ophthalmol. 2002;86:1369-73. 

[52] Beckman JA, Goldfine AB, Gordon MB, Garrett LA, Keaney JF, Creager MA. Oral 
antioxidant therapy improves endothelial function in type 1 and not type 2 diabetes 
mellitus. Am J Heart Circ Physiol 2003;285:H2392-98. 

www.intechopen.com



Oxidative Stress and Diseases

Edited by Dr. Volodymyr Lushchak

ISBN 978-953-51-0552-7

Hard cover, 610 pages

Publisher InTech

Published online 25, April, 2012

Published in print edition April, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

The development of hypothesis of oxidative stress in the 1980s stimulated the interest of biological and

biomedical sciences that extends to this day. The contributions in this book provide the reader with the

knowledge accumulated to date on the involvement of reactive oxygen species in different pathologies in

humans and animals. The chapters are organized into sections based on specific groups of pathologies such

as cardiovascular diseases, diabetes, cancer, neuronal, hormonal, and systemic ones. A special section

highlights potential of antioxidants to protect organisms against deleterious effects of reactive species. This

book should appeal to many researchers, who should find its information useful for advancing their fields.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Natheer H. Al-Rawi (2012). Diabetes, Oxidative Stress, Antioxidants and Saliva: A Review, Oxidative Stress

and Diseases, Dr. Volodymyr Lushchak (Ed.), ISBN: 978-953-51-0552-7, InTech, Available from:

http://www.intechopen.com/books/oxidative-stress-and-diseases/diabetes-oxidative-stress-antioxidants-and-

saliva



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


