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Abstract:

Background: Oxidative stress plays a crucial role in the onset and also the progression of vascular and
neurological complications of diabetes. The present study was aimed to determine and compare the
antioxidant capacity of saliva in patients with type 1 diabetes compared with those do not have
diabetic.

Methods: In this case-control study, the patients aged 20-40 years referred to Imam Khomeini
Hospital in Ardabil were categorized into two groups including 30 patients with type 1 diabetes as a
case group and 30 non-diabetics as a control group. These two groups were compared in terms of TAC
levels in saliva. The TAC of saliva the patients measured by 2,2'-Azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) method. The analysis of data was carried out through t-test statistic using
"SPSS Statistics Version 24" at a significant level of P <0.05.

Results: Based on the data achieved from the present study, the mean and standard deviation of TAC
of saliva in patients with type 1 diabetes was 0.380 + 0.120 (umol / 1) and in non-diabetics was 0.306
+ 0.122 (umol / 1). The increment of TAC of saliva in the case group compared to the control group
was significant based on T-test (p = 0.003).

Conclusion: Since there is a significant increment in the level of TAC of saliva in patients with type
1 diabetes compared to non-diabetics, the determination of the level of TAC of saliva in patients with
type 1 diabetic can be used as an alternative method for early diagnosis of diabetes.
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Introduction:

Diabetes mellitus is a metabolic disorder in
which insulin secretion happens incompletely
or do not happen at all, and causes
physiological changes in most parts of the body
(1). Diabetes is the most common endocrine
and metabolic diseases that can reduce life
expectancy by a third. Chronic microvascular
complications induced from diabetes are
responsible for a high incidence rate of deaths
in diabetes (3,2). Based on the estimation of
World Health Organization (WHO) diabetes
was the direct cause of death for 1.5 million
people worldwide in 2012. However,
hyperglycemia and its side effects were the
cause of 2.2 million deaths worldwide in 2012
(4). It has been estimated that by 2030 there
will be about 9.2 million people with diabetes
in Iran (6). Previous studies have showed that
the production of reactive oxygen species and
impaired antioxidant capacity are both
common in patients with diabetes (7).
Antioxidants can react by  multiple
mechanisms, including oxygen uptake, uptake
of catalytic metal ions, and uptake of reactive
oxygen species such as superoxide and
hydrogen peroxide, and interruption of chain
reactions (8).

Oxidative stress (OS) is a situation in which an
imbalance between oxidants and antioxidants
happens in the body and causes the
accumulation of oxidants in the body (9).
Oxidative stress is involved in pathological
conditions such as cancer, cardiovascular
disease, neurological disorders, rheumatoid
arthritis, diabetes and getting old (10). After the
reaction of free radicals with unsaturated fatty
acids or lipoproteins, lipid peroxidation
increases. Uncontrollable products of this
peroxidation cause oxidative stress and damage
the cells. Since lipid peroxidation is caused
because of oxidative stress, a variety of
markers can be examined in this process (11).
Due to the great variety of antioxidants in
biological fluids and the their synergistic
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effects on each other, measuring all the
antioxidant components is very difficult and
time consuming, and the measurement of one
of the antioxidants cannot reflect the activity of
all of them. Consequently, the measurement of
antioxidants capacity in biological fluids can be
a good parameter to assess the body's
antioxidant conditions under oxidative stress
(20). On the other hand, saliva acts as the first
defense barrier against oxidative stress with
different mechanisms such as enzymatic and
non-enzymatic systems of the body against
external damaging factors entering the mouth.
Hormonal, infectious, immunological and
toxicological markers of diseases can be
measured through saliva (11).

Saliva is a biological fluid which is easy to
collect and storage, it is available, safe,
inexpensive and non-invasive compared to
other diagnostic techniques of diseases (12).
Due to non-invasive property and easy
accessibility of saliva samples compare to other
samples such as blood and biopsy, it provide
the possibility of studying a broad range of
molecules and biomarkers in comparison with
blood (13). Since saliva has antioxidant
capacity and oxidative stress impairs
antioxidant capacity (15, 14), TAC is used as
an indicator of total antioxidants due to its role
in representing the TAC of saliva (16). Any
damages and imbalances in the levels of free
radicals and those oxygen species which react
with antioxidants may play an important role in
the onset and development of several oral
inflammatory diseases (17). Dr. Zamani et al.
(18) revealed that determining the total level of
TAC of saliva during pregnancy can be an
alternative method for early diagnosis of
diabetes. Another study also revealed that the
amount of alpha-amylase (a-amylase) and
salivary catalase enzyme increases in people
with type 2 diabetes compared to non-diabetics
(19). In their study Abdolsamadi et al. (20)
reported that using saliva samples could be
effective, simple, and safe factor for predicting
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possible  complications,  responding  to
treatments and controlling the disease. Another
study compared plasma lipids and oxidative
markers in pregnant patients with diabetes and
without diabetes. Based on their data, oxidative
stress decreased significantly in the diabetic
patients compared to healthy non-diabetic
pregnancies as control group (21). Due to
limited and contradictory researches carried
out in this field and the importance of
antioxidants in the prevention and treatment of
many diseases, our study compares the level of
TAC of saliva in patients with type 1 diabetes
compared to non-diabetics in Ardabil in 2018.
Methods:

Participants

In the present study, as a case-control study
consisted of the patients aged between 20-40
years who referred to Imam Khomeini Hospital
in Ardabil. The participants were categorized
into two groups of type 1 diabetes (30 patients)
and non-diabetic patients (30 patients).
Pregnant women, menopauses, systemic
disease except for type ldiabetes, those taking
drugs upsetting the balance of the antioxidant
defense system, and those with periodontal
disease were excluded from the study. To take
a non-stimulated saliva sample, all patients
were asked to keep away from eating, drinking,
brushing, and chewing gum for 90 minutes
before sampling. All samples were collected
between 8 and 9 am. Non-stimulated saliva
sample was collected from all patients by
spitting. Patients continued to spitted every 60
seconds for 5-15 minutes. Through this method
about 5 ml of saliva was collected. The samples
were collected in special plastic tubes and
immediately kept near the ice and transferred
to the laboratory. The collected samples were
centrifuged at 800 rpm speed for 10 minutes at
4 ° C to remove debris and squamous cells. The
supernatant was transferred to the microtubes,
then were coded and kept at -80 ° C until all
samples were prepared. When all the samples

http://intjmi.com

were collected, the required tests were
performed using a randox TAC Assay Kit.
Estimation of TAC

Aimed to estimate TAC, ABTS assay was
performed on saliva samples. ABTS assay is
incubated with peroxidase and hydrogen
peroxide to achieve ABTS cation. This solution
has a relatively stable blue-green color which is
measured at a wavelength of 600 nm. The
antioxidant in the sample reduces the formation
of this dye, which is associated with the
concentration of antioxidants.

Statistical Analysis

The data were analyzed using statistical
software "SPSS Statistics Version 24". The
index of dispersion (mean and standard
deviation) was evaluated in the case group and
the control group and then statistically judged
using the t-test. The level of significance was
considered equal to 0.05 in our study.

Results:

For determining the level of TAC of saliva in
non-diabetic patients, the average data related
to those patients was used. Based on the data
achieved from the present study, this value was
0.306 + 0.122. On the other hand, in order to
determine the level of TAC of saliva in patients
with type 1 diabetes, the average data about the
total level of TAC of saliva was used based on
which the obtained value was 0.380 + 0.120.
Based on the data presented in figure (1), the
difference between the mean of the two studied
groups of diabetic and non-diabetic patients in
terms of TAC was significant. In this regard,
the level of TAC in type 1 diabetic patients was
higher compared to that in non-diabetic
patients (t=288.3, p=0.003).

Discussion:

Type 1 diabetes is associated with myocardial
infarction, heart failure, and ischemic attacks
(22). Diabetes mellitus accounts for 44% of
end-stage renal disease (ESRD) cases in the
United States (23). OS plays the major role in
the onset and the progression of vascular and
neurological complications of diabetes disease
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(24). The source of OS is active oxygen species
from mitochondrial proton leak (25). In our
study, in which 30 patients with type 1diabetes
and 30 non-diabetics were examined for
evaluating the level of TAC of saliva, it was
observed that the mean level of TAC of saliva
in patients with type 1 diabetes was 0.380 +
0.120 and in non-diabetic participants was
0.306 + 0.122. Different studies have examined
these salivary biomarkers, which we will
discuss and compare below. Various studies
have examined these salivary biomarkers,
which we will discuss and compare below.

Zamani et al. (26) compared TAC of saliva and
reported a significant increase in OS and
consequently an increase in salivary total
antioxidant levels of TAC of saliva in women
with gestational diabetes compared to non-
diabetic women. Maleki et al. (27) showed that
the level of salivary alpha-amylase (SAA) and
catalase were higher in people with type 2
diabetes compared to the non-diabetic patients.
Regarding the total antioxidant capacity of
saliva in patients with type 1 diabetes, Cutando
et al. (28) observed an increase in the
antioxidant capacity of saliva. Lin et al (29)
conducted a study entitled "prolonged
oxidative stress with altered periodontal
disease in patients with type 2 diabetes" and
Blaszczak (30) conducted in a study entitled "
Total antioxidant capacity and low
concentration of molecular antioxidants in the
plasma of patients with type 2 diabetes with
different metabolic attenuation levels and
diabetic nephropathy” claimed that the level of
TAC in type 2 diabetic patients was increased
compared to healthy individuals, which was
also mentioned in response to oxidant-induced
damage. In contrast to the abovementioned
studies, which are in line with the findings of
the present study, a number of studies have
reported conflicting results. Arif et al. (31)
revealed that the levels of superoxide dismutas
(SOD) and TAC in type 2 diabetic patients
were reduced compared to healthy individuals.
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Honarmand et al (32) reported that the average
TAC of saliva in type 2 diabetics was lower in
comparison with the healthy individuals.
Studies by Lodovici (33) and Emmanuel (34)
have shown that serum antioxidant capacity is
reduced in diabetics compared to healthy
individuals. Kuppusamy (35) and Seghrouchni
(36) showed that the TAC of saliva in type 2
diabetic patients was reduced compared to
healthy individuals. The results of these studies
contradict the findings of the current study that
can be due to differences in diet and high
consumption of natural and medicinal
antioxidants, differences in participants' age,
differences in sample size and duration of the
disease. In this regard, it is recommended
future studies should be done with identical
samples.

According to the mentioned studies, it can be
concluded that because diabetes is a
multifactorial disease and various factors such
as race, nutrition and environment are involved
in it, as well as the total antioxidant capacity of
saliva can be affected by various factors. Such
as the level and potential of antioxidants, the
production of free radicals, the basis of
individual genetics, food intake, smoking,
physical activity, hormones and stress. And
periodontal disease is involved in the amount
of antioxidants, so it is better to select patients
with the same local and systemic conditions in
future research. On the one hand, diabetes is a
multifactorial disorder and various factors such
as race, nutrition and environment are involved
in its development, and on the other hand total
antioxidant capacity of saliva could be affected
by various factors such as the level and
potential of antioxidants, personal genome
sequencing, food intake, smoking, physical
activity, hormones and stress. Moreover,
different studies on saliva have shown that
environmental conditions of the mouth,
including caries and periodontal disease, are
involved in the level of TAC, in this regard it is
better to conduct future studies with the
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patients with the same local and systemic
conditions.

Conclusion:

Based on the data achieved from this study, it
can be stated that in patients with type 1
diabetes compared to non-diabetics, the level
of TAC of saliva is significantly increased. It
should be noted that the biomarkers of saliva
can be used as an indicator tool for evaluating
general health and early diagnosis of diseases.
Besides, saliva is also easy to collect and store
and can be collected in sufficient quantities for
analysis. Moreover, collecting saliva for the
patient as a non-invasive sampling technique
greatly reduces anxiety and discomfort. In this
regard, determining the level of TAC in type 1
diabetics could be an alternative method for
early diagnosis of diabetes.

Study limitations:

In this study, there were limitations such as
Inability to equalize physiological, hormonal,
nutritional and environmental conditions, as
well as Oral health status, prevention status
reports (PSR), drug therapy and blood sugar
levels that need further investigation in the
future. It is recommended to conduct more
studies in this field by selecting larger sample
sizes and considering the intervening factors
and at the same time comparing different types
of diabetes

References:

1- Organization WH. Diabetes action now: an
initiative of the World Health Organization and
the International Diabetes Federation. 2004.

2- Harrison J, Fauci AS, Braunwald E, Kasper
DL, Houser S, Jameson JL, et al
HARRISON’S  principles  of  internal
medicine.17th ed, U. S. A 2008; p 2152-80.

3- Gumus P, Buduneli N, Cetinkalp S, Hawkins
SI, Renaud D, Kinane DF, et al. Salivary
antioxidants in patients with type 1 or 2
diabetes and inflammatory periodontal disease:

http://intjmi.com

A case control study. J Periodontol 2009; 80:
1440-6.

4- Mathers CD, Loncar D. Projections of global
mortality and burden of disease from 2002 to
2030. PLoS Med, 2006, 3(11):e442.

6- Javanbakht M, Mashayekhi A, Baradaran
HR, Haghdoost A, Afshin A. Projection of
diabetes population size and associated
economic burden through 2030 in Iran:
evidence from micro-simulation Markov
model and Bayesian meta-analysis. PloS one.
2015;10:e0132505. doi:
10.1371/journal.pone.0132505.

7- Astaneie F, Afshari M, Mojtahedi A,
Mostafaloua S, Zamani MJ, Larijani B, et al.
Total antioxidant capacity and levels of
epidermal growth factor and nitric oxide in
blood and saliva of insulin-dependent diabetic
patients. Arch Med Res 2005; 36: 376-81.

8- Greabu M, Didilescu A, Puiu L, Miricescu
D, Totan A. Sali- vary antioxidant biomarkers
in non-ferrous metals mine workers - a pilot
study. J Oral Pathol Med 2012.

9- Sander CS, Cooper SM, Ali I, Dean D,
Thiele JJ, Woinarowska F. Decreased
antioxidant enzyme expression and increased
oxidative damage in erosive lichen planus of
the vulva . BJOG 2005;112:1572- 1575.

10- Miricescu D, Greabu M, Totan A,
Didilescu,Dadulescu  R. The antioxidant
potential of saliva:clinical significance in oral
disease.Therapeutics, = Pharmacology  and
Clinical Toxicology 2011;15:139-143.

11- Nagler RM, Klein |, Zarzhevsky N,
Drigues N, Reznick AZ. Characterization of
the differentiated antioxidant profile of human
saliva. Free Radic Biol Med 2002;32(3):268-
277.

12- Panchbhai AS, Degwekar SS, Bhowte RR.
Estimation of salivary glucose, salivary
amylase, salivary total protein and salivary
flow rate in diabetics in India. Journal of oral
science. 2010;52(3):359-68.

13- Whitehead T, Thorpe G, Maxwell S.
Enhanced chemiluminescent assay for


https://mail.intjmi.com/article-1-879-en.html

[ Downloaded from mail.intjmi.com on 2026-02-06 ]

IntJ Med Invest 2022; VVolume 11; Number 2; 183-190

antioxidant capacity in biological fluids.
Analytica Chimica Acta. 1992;266(2):265-77.
14- lbuki FK, Simoes A, Nogueira FN.
Antioxidant enzymeatic defense in salivary
glands of streptozotocin-induced
diabetic rats: a temporal study. Cell Biochem
Funct
2010; 28: 503-8.
15- Valko M, Leibfritz D, Moncol J, Cronin
MT, Mazur M,
Telser J. Free radicals and antioxidants in
normal physiological functions and human
disease. Int J Biochem Cell Biol 2007;39: 44-
84.
16- Cao G, Alessio HM, Cutler RG. Oxygen-
radical absorbance capacity assay for
antioxidants. Free Rad Res Med
1993;14(3):303-311.
17- Battino, M., Bullon, P., Wilson, M. &
Newman, H. (1999) Oxidative injury and
inflammatory  periodontal  diseases: the
challenge of antioxidants to free radicals and
reactive oxygen species. Critical Review
Oral Biology & Medicine 10, 458-476.
18- Ulduz Zamani-Ahari, Sahar Zamani-Ahari,
Zahra Fardi-Azar, Parisa Falsafi, Milad
Ghazizadeh. Comparison of Total Antioxidant
Capacity of Saliva in Women with Gestational
Diabetes mellitus and Non-diabetic Pregnant
Women; J Clin Exp Dent. 2017; 9(11):e1282-
6.
19- Maleki S, Falsafi P, Pakdel F, Eslami H,
Ahari U. Z, Pourali baba F, Ghanizadeh M. A
Comparison Between Catalase and Salivary
Alpha-Amylase Level in Patients with Type |
Diabetes and Non-Diabetic People. Biomed
Pharmacol J 2016;9(2)
Gia GORS gz gaRin O glallue- 20
G e E S e e b Jildie (520
Alae SO 5 a4 e Gl slan 52 3 g OS]
5 S0 asle o8 () ) s slie 5 3u) 0500 s
FERPIFEN @ 03 (Shigr ugd ‘“;.ILAJJ ‘_;\.J\Ag_i Glaad
AYAY 585007 VFY Gl asdia oY (5o jlad
21- Toescu V, Nuttall S, Martin U, Nightingale
P, Kendall M, Brydon P, et al. Changes in

http://intjmi.com

plasma lipids and markers of oxidative stress in
normal pregnancy  and pregnancies
complicated by diabetes. Clinical Science.
2004;106(1):93-8.

22- Susanna C, Larsson, Alice Wallin , Niclas
Hakansson , Otto Stackelberg, Magnus Back
/Alicja Wolk. Type 1 and type 2 diabetes
mellitus and incidence of seven

cardiovascular diseases .International Journal
of Cardiology 262 (2018) 6670

23- National Center for Chronic Disease
Prevention and Health Promotion, Division of
Diabetes Translation. National diabetes fact
sheet: national estimates and general
information on diabetes and prediabetes in the
United States, 2011. Centers for Disease
Controland Prevention
https://www.cdc.gov/diabetes/pubs/pdf/metho
ds11.pdf (2011).

24- Rosen P, Nawroth PP, King G, Moller W,
Tritschler HJ, Packer L. The role of oxidative
stress in the onset and progression of diabetes
and its complications: a summary of a
Congress Series sponsored by UNESCO-
MCBN, the American Diabetes Association
and the German  Diabetes Society Diabetes
Metab Res Rev 2001;17:189- 212.

25- Knight JA. Free radicals: their history and
current status in aging and disease. Ann Clin
Lab Sci 1998;28:331-46.

26- Ulduz Zamani-Ahari, Sahar Zamani-Ahari,
Zahra Fardi-Azar, Parisa Falsafi, Milad
Ghazizadeh. Comparison of Total Antioxidant
Capacity of Saliva in Women with Gestational
Diabetes mellitus and Non-diabetic Pregnant
Women; J Clin Exp Dent. 2017; 9(11):e1282-
6.

27- Maleki S, Falsafi P, Pakdel F, Eslami H,
Ahari U. Z, Pourali baba F, Ghanizadeh M. A
Comparison Between Catalase and Salivary
Alpha-Amylase Level in Patients with Type |
Diabetes and Non-Diabetic People. Biomed
Pharmacol J 2016;9(2)

28- Cutando A, Gomez-Moreno G, Villalba J,
et al. Relationship between salivary melatonin


https://mail.intjmi.com/article-1-879-en.html

[ Downloaded from mail.intjmi.com on 2026-02-06 ]

IntJ Med Invest 2022; VVolume 11; Number 2; 183-190

levels and periodontal status in diabetic
patients. J Pineal Res 2003; 35: 239-44.

29- Lin TK, Chen SD, Wang PW, et
al.Increased oxidative damage with altered
antioxidative status in type 2 diabetic patients
harboring the 16189 T to C variant of
mitochondrial DNA. Ann N 'Y Acad Sci 2005;
1042: 64-9.

30- Blaszczak R, Kujawski K,
KedzioraKornatowska K, et al. The total
antioxidant capacity and low-molecular
antioxidants concentration in plasma of type 2
diabetes patients with different stage of
metabolic compensation and concomitant
diabetic nephropathy. Pol Merkur Lekarski
2005; 18: 29-32.

31- Arif M, Islam MR, Waise TM, et al. DNA
damage and plasma antioxidant indices in
bangladeshi in type 2 diabetic patients.
Diabetes Metab 2010; 36: 51-7.

32- Honarmand M, Nakhaie A,
Farhadmollashahi L, Abuchenari J.
Comparison of total antioxidant capacity of

http://intjmi.com

saliva in type2 diabetic patients and healthy
persons referring to zahedan Ali Asghar
hospital. Tibb-i juntb. 2013 Jan 1;16(3):225-
32.

33- Lodovici M, Giovannelli L, Pitozzi V, et
al.Oxidative DNA damage and plasma
antioxidant capacity in type 2 diabetic patients
with good and poor glycaemic control. Mutat
Res 2007; 638: 98-102.

34- Opara EC, Abdel-Rahman E, Soliman S, et
al. Depletion of Total Antioxidant Capacity in
Type 2 Diabetes. Metabolism 1999; 48: 1414-
7.

35- Kuppusamy UR, Indran M, Rokiah P.
Glycaemic control in relation to xanthine
oxidase and antioxidant indices in Malaysian
Type 2 diabetes patient. Diabet Med 2005;
98:1343-6.

36- Seghrouchni I, Drai J, Bannier E, et al.
Oxidative stress parameters in type I, type Il
and insulin-treated type diabetes
mellitus,insulin treatment efficiency. Clin
Chim Acta 2002; 321: 89-96.


https://mail.intjmi.com/article-1-879-en.html

[ Downloaded from mail.intjmi.com on 2026-02-06 ]

IntJ Med Invest 2022; Volume 11; Number 2; 183-190 http://intjmi.com

Mean comparison chart

TAC
o
N

0.15
0.1

0.05

Non_DIAbetics Diabetics

Figure 1. The difference between the mean of diabetic and non-diabetic patient groups in terms of TAC
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