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Abstract---Diabetes Mellitus (DM) is a chronic metabolic disease
characterized by high blood sugar levels that exceed normal limits.
The DM pathomechanism involves oxidative stress, which has the
potential to cause damage to cell components, including
Deoxyribonucleic Acid (DNA). 8-hydroxy-deoxyguanosine (8-OhDG) is
the most frequently detected oxidative DNA lesion. It is water-soluble
and excreted in the urine. This study aimed to compare urine 8-OhDG
levels in patients with controlled and uncontrolled blood sugar
diabetes and healthy controls aged 56-65 years. Analytical descriptive
research with a cross-sectional study design involved 80 participants
determined with purposive sampling. The levels of 8-OhDG were
measured using the Enzyme-Linked Immunosorbent Assay (ELISA)
method. The results showed that urine 8-OhDG levels in DM patients
(1.426£0.204ng/mL) were higher than in healthy controls
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(1.372£0.190ng/mlL), although not statistically significant. Urine
levels of 8-OhDG in DM patients aged 61-65 years
(1.468+0.220ng/mL) were higher than in DM patients aged 56-60
years (1.394+0.190ng/mL), although not statistically significant. Urine
levels of 8-Ohdg in controlled DM patient were lower (1.282+0.131
ng/mlL) than in uncontrolled DM patient (1.569+0.159 ng/mlL), were
significantly different (p<0.05). 8-OhDG produced by the body is the
final product of oxidative DNA damage. It is potentially a marker of
oxidative stress related to aging in controlled and uncontrolled blood
sugar DM patients. This research can still be developed by adding
several variables supporting evidence that urine 8-OhDG levels can be
used as a biomarker of oxidative damage in DM patients.

Keywords---diabetes mellitus, aging, urine 8-OhDG, oxidative stress.

Introduction

Diabetes Mellitus (DM) is a chronic metabolic disease characterized by high blood
sugar levels that exceed normal limits. In elderly, many cases of type 2 DM (DM-2)
are caused by an increase in blood sugar due to decrease insulin due to damage
of pancreatic gland, and also associated with an unhealthy lifestyle. Unhealthy
eating patterns, irregular physical activity, not maintaining a normoweight, and
tobacco use are one of the triggering factors for Type 2 DM. Type 2 DM can be
treated and its consequences can be avoided or delayed with lifestyle modification
such as diet, physical activity, screening, and routine medication to prevent
complications (WHO Health Report, 2019). More than 90% of all DM population is
type 2 DM (Eva, 2019). The International Diabetes Federation (IDF) in 2019
reported that DM cases in Indonesia ranked 7th in the world after China, India,
the United States, Pakistan, Brazil and Mexico with 10.7 million people diagnosed
with DM. Globally, the prevalence of DM in 20-79 years old population of the
world is 8%. Countries in the Arab region — North Africa and Pakistan were
ranked first and second, among the 7 countries in the world, the highest at 12.2%
and 11.4%. The Southeast Asian region, including Indonesia ranks 3rd at 11.3%
(Infodatin, Ministry of Health, 2019).

In line with this, The Riset Kesehatan Dasar (Riskesdas) 2018 showed that almost
all provinces showed an increase prevalence in 2013-2018, including in South
Sulawesi. The prevalence was 1.8% from the average prevalence in Indonesia,
which was 2% (Badan Litbangkes, Ministry of Health, 2019). In type 2-DM,
pancreatic beta cells exposed to hyperglycemia will produce Reactive Oxygen
Species (ROS). Excessive increase in ROS will cause damage to pancreatic beta
cell. Chronic hyperglycemia is a condition that can lead to reduced insulin
synthesis and secretion and gradually damage to beta cells (Eva, 2019). In adults,
beta cells have a life span of 60 days. In normal conditions, 0.5% of beta cells
undergo apoptosis but are offset by replication and neogenesis. Normally, beta
cell size is relatively constant so that the number of beta cells is maintained at
optimal levels throughout adulthood. With age, the number of beta cells will
decrease because apoptosis exceeds than replication and neogenesis. This
explains the risk of type-2 DM is higher in elderly. (Eva, 2019).
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The mechanism that is thought to underlie physiological aging is caused by
tissue damage due to free radicals, namely oxygen, so it is called the "Free Radical
Theory of Aging". (Gan Wei et al, 2018). Free radicals in the form of ROS species
involved in the etiology and pathology of various health conditions, which has an
important role as a major contributor to the aging process (Liochef SI, 2015). On
aging process, oxidative stress produced by ROS. Oxidative stress causes
oxidative damage to lipids cell membrane, proteins and DNA (Guo et al, 2017).

To assess oxidative stress in DM patients, the 8-OhDG marker can be used. 8-
OhDG is a relatively plentiful and easily detectable product as a result of oxidative
DNA damage. Cytosine (C) and Guanine (G) groups are the most plentiful in the
body. DNA damage most often occurs in guanine (Aunan, J, R., et al 2016).
Guanine is a free radical target that is very susceptible to oxidation, because it
has a low redox potential (oxidation reduction reaction). The guanine in the
double helix binds to a cytosine called guanosine, which when oxidized becomes
8-Hydroxy-Deoxy-Guanosine or 8-Hydroxy-2-Deoxy-Guanosine (8-OhDG). When
deoxyguanosine (dG) undergoes an oxidation reaction, where the hydroxyl radical
(OHe) formed can attack the position of the carbon-8 (C-8) base of guanine in DNA
to form a DNA adduct which will become 8-hydroxy-2'-deoxyguanosine (8-OhDG)
(Parwata., 2016, 2016). Guo, et al., 2017, Singh, et al., 2019). The interaction of
HO- with the nucleic bases of the deoxyribonucleic acid (DNA) chain, such as
guanine, results in the formation of C-8 hydroxyguanine (8-OHGua) or its
nucleoside form deoxyguanosine (8-hydroxy-2-deoxyguanosine), with one electron
reduction, 8- hydroxy-2-deoxyguanosine (8-OH-dG) is formed. The product level
of 8-OhDG depends on the damage and repair level. Damaged DNA repair
through Base Excision Repair (BER) mechanism can excrete the truncated
damaged DNA. The damaged DNA releases 8-OhDG into the blood by the action of
the DNA repair enzyme glycosylase, and then excreted in the urine (Parwata.,
2016, Fenga, et al.,, 2017, Andarina, R and Djauhari, T., 2017, Singh, et al.,
2019).

ROS are thought to be involved in the pathogenesis of DM. Increased ROS
generation may be one of the factors that contribute to tissue damage in long-
term DM. The damaged products resulting from DNA damage are eliminated by
repair enzymes and detected as nucleoside derivatives. The levels of these
products depend on the balance of damage and repair process, so these levels can
be used as a relative amount of overall DNA damage by OH- ions. A marker of
oxidative DNA base damage is 8-OhDG, which occurs when OH- oxidizes
deoxyguanosine. The amount of product excreted through the urine reflects the
magnitude of the damage (Indraprasta et al, 2016). Several studies have
mentioned the involvement of oxidative stress in DM, because the ROS that
produced such ashydroxyl radical (OHe), superoxide anion(O2-¢), hydrogen
peroxide (H202), singlet oxygen (1O2) or RNS (nitric oxide) (NO) in excessive
amounts can cause damage to cells and tissues in the body (Andarina, R and
Djauhari, T., 2017, Singh, et al., 2019). So that 8-OhDG can be used as a marker
of oxidative damage associated with the aging process (Transfo, et al., 2019,
Indraprasta, et al., 2016).

To date, a number of studies have focused on 8-OhDG. 8-OhDG is a relatively
plentiful and easily detectable product as a result of oxidative DNA damage after
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ROS induces 8-hydroxylation of guanine bases in mitochondrial and nuclear
DNA. When the damaged DNA is repaired, the 8-OhDG produced is excreted in
the urine without further metabolism. Urinary 8-OhDG is more widely used as a
useful and relevant marker for oxidative stress. An increase in body mass index
has been shown to be associated with an increased risk of DNA damage from
oxidative stress and increased risk of cardiovascular disease. Patients with type-2
DM showed significantly increased oxidative DNA damage, which was measured
by 8-OhDG as the most sensitive and useful biomarker in the diagnosis of type-2
DM. Current evidence shows that 8-OhDG lesion can be found in DNA during
cellular replication and produce somatic mutation. (Al-Aubaidy, 2011). The urine
biomarker level shows an integrated redox balance index in a longer
period of time compared to the blood level. (Il'yasova et al, 2012).
Monitoring of oxidative stress in vivo is easier by the ability to use non-
invasively samples, such as urine (Evans et al, 2010).

Research Methods

This study is a descriptive analytic study with a cross-sectional study approach
involving 80 participants, 40 samples for the diabetes group and 40 samples for
the non-diabetic group which were determined by purposive sampling. In this
study, the research subjects were patients with diabetes mellitus and non-
diabetes mellitus who were treated as outpatients at the Kalukubodoa Health
Center and Mangasa Health Center Makassar City. Research subjects who agreed
to participate in the study and signed the informed consent. The research sample
was direct urine collected using the pot that had been provided. The direct urine
sample then brought by the researcher to the Research Unit in the HUMRC
laboratory, Hasanuddin University Hospital for examination of 8-OhDG levels
using the Enzyme Linked Immunosorbent Assay (ELISA) method. The criteria for
sample rejection are patients who taking antioxidant supplements or systemic
anti-inflammatory drugs in the past 1 month or according to the half-life of each
drug. And patients with condition of systemic disorders (malignancy,
hypertension, liver disorders, kidney disorders, heart problems). Data analysis
was performed in accordance with the aim and measuring scale of the data
variables and then analyzed through a computer using Statistical Product and
Service Solution (SPSS).

Results and Discussion

This study was performed on 40 samples with diabetes mellitus and 40 control
samples that appropriate with the inclusion and exclusion criteria.

Table 1
Characteristics of Respondents

Parameter DM Healthy control
N=40 N=40
aGender
Man 14 (35.0) 14 (35.0)

Woman 26 (65.0) 26 (65.0)
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aAge

56-60 Years 23 (57.5) 28 (72.5)

61-65 Years 17 (42.5) 12 (27.5)

apDM -
Controlled 20 (50.0) -
Uncontrolled 20 (50.0)

n= Amount of sampel
a:Parameters for categorical data(n %)

In this study, the number of subjects with diabetes mellitus (DM) and healthy
controls were 40 people each, consisting of 14 men (35%) and 26 women (65%),
withcomparison of female subjects more than men. Of the 40 subjects with DM,
23 subjects (57.5%) were aged 56-60 years old and 17 subjects (42.5%) were aged
61-65 years old. Meanwhile, from 40 healthy control subjects, 28 subjects (72.5%)
aged 56-60 years old and 12 subjects (27.5%) aged 61-65 years old. Of the 40
subjects with DM, 20 subjects with controlled DM (50%) and 20 subjects with
uncontrolled DM (50%). The research results will be described as :

Differences of 8-OhDG levels between DM Group and Control Group urine

Table 2
Differences of 8-OhDG levels between DM Group and Control Group urine

Group N  Average of 8-OhDG *p
Urine Level (ng/ml) + SD
DM 4 1.426+ 0.204
0
0.397
Healthy Control 4 1.372+ 0.190
0

*p: Mann-Whitney Test

Based on the Mann-Whitney Test, showed that in the DM group, namely 1.426 +
0.204 ng/ml, and the healthy control group, namely 1.372 + 0.190 ng/ml, there
was no significant difference in 8-OhDG urine levels in the DM group and healthy
controls group (p> 0.05). 8-OhDG urine level in DM patients was higher than in
healthy controls group. This condition reflects the aging process in DM patients
caused by oxidative stress due to excessive ROS in the body (Goyal and Jiala,
2015). The same thing was also found in research by Tsukahara et al in Japan, 8-
OhDG urine levels were higher in the case group than in the healthy control
group. (Indraprasta, et al 2016). In DM condition, aging process occurs. Aging is
characterized by periodic loss of physiological integrity, which can lead to
impaired function and increased susceptibility to death. The aging process in DM
condition is characterized by the occurrence of carbohydrate, lipid, and protein
metabolism disorders associated with absolute or relative deficiency of insulin
action and/or insulin secretion (Kharroubi, AT, and Darwish, HM., 2015).
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Differences of 8-OhDG urine levels between age 56-60 Years and 61-65 Years
in cases group.

Table 3
Differences of 8-OhDG urine levels between age 56-60 Years and 61-65 Years in
cases group

Age N  Average of 8-OhDG *p
Urine Level (ng/ml) £ SD
56-60 2 1.394+ 0.190
3
0.268
61-65 1 1.468% 0.220
7

*p: Independent Sample T-Test

Based on the Independent Sample T-Test, the average of 8-OhDG urine level at
the age of 61-65 years is 1.468 = 0.220ng/ml, compared to the age of 56-60 years
which is 1.394 £ 0.190 ng/ml, shows that there is no significant difference in 8-
OhDG urine levels at the age of 56-60 years and the age of 61-65 years with DM
(p>0.05). Age is closely related to an increase in blood sugar. With increasing age,
so does the prevalence of DM especially type-2 DM. Research performed by
Pasaribu in 2014 found that mostly DM patients were aged 40-60 years (Goyal
and Jiala, 2015, Wardatu. A., et al, 2019). Type-2 DM mostly in middle-aged and
older adults with prolonged hyperglycemia due to poor lifestyle and dietary
choices. (Sapra A, Priyanka B, 2021).

The urine levels of 8-OhDG will increase with age. Apart from exogenous and
endogenous factors, there are other factors that also play a major role in the
occurrence of aging, namely telomeres. Telomere length decreases with age.
Telomere shortening is progressive, causing the aging process of cells. Telomere
length at each division will be fixed by the enzyme telomerase. In addition to
telomere shortening, loss of proteostasis is also involved in the aging mechanism.
Proteostasis involves protein folding stabilization mechanisms, heat-shock protein
groups and protein degradation mechanisms. Changes and accumulation of
misfolded proteins are factors in the aging process. There is a relation between
increased protein aggregation with age, so the cell loses its ability to remove
misfolded proteins over time. (Aunan, J,R., et al 2016).

The conditions mention above are suitable with the free radical aging theory or
also known as the oxidative stress theory which states that the functional loss of
the body is related to age, which is caused by the accumulation of oxidative
damage by ROS to macromolecules such as DNA, lipids and proteins (Ligouri, et
al., 2018). It can be concluded that over time and increasing age, the body will be
exposed to more and more exogenous ROS, so that urine level of 8-OhDG will also
be higher. (Indraprasta, et al 2016). Likewise, with age, the repair function
becomes less efficient, DNA damage will increase due to the aging process in the
body, so that the produced of urine level of 8-OhDG will also increase (Fenga, et
al., 2017). So that the risk to get diabetes is strongly influenced by age that
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involves ROS, so that the immune system decreases (Guo et al, 2017, Gan Wei et
al, 2018).

Differences of 8-OhDG urine levels between men and women in control
group

Table 4
Differences of 8-OhDG urine levels between men and women in control group

Gender N  Average of 8-OhDG *p
Urine Level (ng/ml) + SD
Men 1 1.343+ 0.173
4
0.269
Women 2 1.387+ 0.200
6

*p: Maan-Whitney Test

Based on the Mann-Whitney Test, it showed that urine levels of 8-OhDG in men
were 1.343 + 0.173 ng/ml and in women it was 1.387 * 0.200 ng/ml, there was
no significant difference in urine levels of 8-OhDG in men and women. healthy
control women (p>0.05). This supported by Irwan's statement in 2010, women are
more susceptible to DM than men because women have more Low Density
Lipoprotein (LDL) (Wardatu, A, et al. 2019).

Differences of 8-OhDG urine levels between men and women in cases group

Table 5
Differences of 8-OhDG urine levels between men and women in cases group

Gender N Average of 8-OhDG *p
Urine Level (ng/ml) £ SD
Men 14 1.493+ 0.225
0.129
Women 26 1.389+ 0.187

*p: Independent Sample T-Test

Based on the Independent Sample T-Test, it showed that urine levels of 8-OhDG
in men were 1.493 = 0.225 ng/ml compared to women with DM, namely 1.389 +
0.187 ng/ml, there was no significant difference in urine levels of 8-OhDG in men
and women with DM (p>0.05). The results of research by Awad et al in 2011, at
the Endocrine Polyclinic of RSU Prof. Dr. RD Kandou Manado, which also found
more female patients, namely 78 patients (57%), while 60 men patients (43%).
According on results of the research of Indraprasta et al, it was found that urine
levels of 8-OhDG in the male case group were higher than in the female case
group. This is because the basal metabolic rate in men is higher than in women,
which produces more free radicals and causes greater DNA damage, resulting in
oxidative stress that can damage the body's biocomponents (Minno, A., et al.,
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2016). Oxidative stress is also more likely to occur in men, due to more activities,
an unhealthy lifestyle including smoking, drinking alcohol and others. This
condition can cause an imbalance between free radicals and antioxidants, which
has an impact to the immune system so that the risk to get DM increase. (Altika,
S., and Rahayu, RS. 2017).

Differences of 8-OhDG urine levels between controlled and uncontrolled in
DM cases group

Researchers divided the controlled and uncontrolled DM to compare the level of
oxidative damage.

Table 6
Differences of 8-OhDG urine levels between controlled and uncontrolled in DM
cases group

DM patients N  Average of 8-OhDG Urine Level *p
(ng/ml) £ SD
Controlled 2 1.282+0 .131
0
0.000
Uncontrolled 2 1.569+ 0.159
0

*p: Independent Sample T-test

Based on the Independent Sample T-Test, it showed that urine levels of 8-OhDG
in controlled DM were 1,282 * 0.131ng/ml, compared to uncontrolled DM which
was 1,569 * 0.159 ng/ml, there was a significant difference in urine levels of 8-
OhDG in controlled and uncontrolled DM (p<0.05). Controlled DM patients are
who routinely seek treatment at the primary health care facility every month and
check their blood sugarwhich are recorded in the medical record within normal
limits. This DM patient is registered as a Referral Patient or “Pasien Rujuk Balik”
(PRB). This is a service program for chronic disease in controlled conditions on
Primary Health Care Facility and still requires long-term treatment. Patients
receiving regular treatment are taking injections of rapid-acting insulin, medium-
acting insulin, fast-acting insulin, or taking biguanides (metformin), sulfonylureas
(glimepiride), thiazolidinediones (pioglitazone) or gliclazide (diamicron). There are
DM patients who are given therapy using a combination of insulin with anti
diabetics drugs, a combination of two types anti diabetic drugs, some are given
with single therapy, namely insulin injection therapy alone or only one type of
anti diabetic drugs. Controlling blood sugar levels is accompanied by education
on changing diet and regular exercise or physical activity at least once a week.

In uncontrolled DM, there is relation between hyperglycemia, insulin resistance
and vascular endothelial disorders that can cause damage to various organ
systems, leading to complications. This happens because chronic hyperglycemia
that synergizes with metabolic disorders can cause damage to various organ
systems, leading to complications that can be life-threatening. This condition
reflects the aging process in DM patients caused by oxidative stress due to
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excessive ROS in the body (Goyal and Jiala, 2015). In DM condition, there is an
aging process. Aging is characterized by a progressive loss of physiological
integrity, leading to impaired function and an increased susceptibility to death.
There are nine signs of aging namely genomic instability, telomere friction,
epigenetic changes, loss of proteostasis, deregulated nutrient sensing,
mitochondrial dysfunction, cell aging, stem cell exhaustion, and altered cell-to-
cell communication (Aunan, J, R., et al 2016, Marques, A, R., et al 2018 ). The
aging process in DM is characterized by disturbances of carbohydrate, lipid, and
protein metabolism associated with absolute or relative deficiency of insulin
action and/or secretion (Kharroubi, AT, and Darwish, HM., 2015)

Conclusion

Levels of 8-OhDG produced by the body is the end product of DNA oxidative
damage, there is a tendency to be used as a marker of oxidative stress related to
the aging process in controlled and uncontrolled Diabetes Mellitus (DM) patients.

Suggestion

This research can still be developed by adding several variables that support the
evidence of urine levels of 8-OhDG can be used as a biomarker of oxidative
damage in DM patients.

References

Andarina, R., dan Djauhari, T. 2017. Antioksidan dalam Dermatologi, Program
Pendidikan Dokter Spesialis Ilmu Kesehatan Kulit dan Kelamin, Fakultas
Kedokteran, Universitas Sriwijaya, IImu Kesehatan Kulit dan Kelamin,
Fakultas Kedokteran, Universitas Sriwijaya: 39-48.

Andreoli R., Mutti A., Goldoni M., Manini P., Apostoli P., De Palma G. 2011.
Reference ranges of urinary biomarkers of oxidized guanine in (2-
deoxy)ribonucleotides and nucleic acids. Free Radic. Biol. Med. 50, 254-261.
10.1016/j.freeradbiomed.2010.11.009.

Aunan, JR., et al. 2016. Molecular and biological hallmarks of ages,
Gastrointestinal Translational Research Unit, Molecular Laboratory, Department
of Gastrointestinal Surgery, Stavanger University Hospital, Centre for
Organelle Research (CORE), Faculty of Science and Technology, University of
Stavanger, Stavanger, and Department of Clinical Medicine, University of
Bergen, Bergen, Norway. BJS Society Ltd.

Awad, N., Langi, Y., Pandelaki, K., 2011. Gambaran Faktor Resiko Pasien
Diabetes Melitus Tipe II di Poliklinik Endokrin RSU Prof.DR.R.D.Kandou Manado,
FK Unsrat, Biomed, 2013.

Bajaj S. and Khan. 2012. A. Antioxidant and diabetes. Indian Journal of
Endocrinology and Metabolism. 2012;16(2):267-271a.

Bambang S., Eko S. 2005. Stres Oksidatif dan Peran Antioksidan pada Diabetes
Mellitus, Majalah Kedokteran Indonesia, Volum: 55, Nomor: 2, Pebruari 2005.
Banerjee C., Ulloor J., Dillon E. L., Dahodwala Q., Franklin B., Storer T., et al. .
2011. Identification of serum biomarkers for aging and anabolic

response. Immun. Ageing. 8:5. 10.1186/1742-4933-8-5.



2325

Catera M., Borelli V., Malagolini N., Chiricolo M., Venturi G., Reis C. A., et al. .
2016. Identification of novel plasma glycosylation-associated markers of
aging. Oncotarget 7, 7455-7468. 10.18632 /oncotarget.7059.

Ceriello A and Testa R. Antioxidant Anti-Inflammatory Treatment in Type 2
Diabetes. Diabetes Care. 2009;32(2): 5232-5236.

Estafania B.M., Zaida A.J., Aranzazu M., 2019. Relationship between Oxidative
Stress, ER Stress, and Inflammation in Type 2 Diabetes: The Battle Continues.
Published;September 2019

Eva Decroli, 2019. Diabetes Melitus Tipe 2, Bagian Penyakit dalam. Bandung:
Fakultas Kedokteran Andalas Padang.

Evans, M.D.; Saparbaev, M.; Cooke, M.S. 2010. DNA repair and the origins of
urinary oxidized 2'-deoxyribonucleosides. Mutagenesis. 25, 433-442.

Feftin H., Elsa S., Agung S,. 2018. Peran Vitamin C, Vitamin E, dan Tumbuhan
sebagai Antioksidan untuk Mengurangi Penyakit Diabetes Mellitus. Tunas-
Tunas Riset Kesehatan, Vol. 8 Nomor 1, Februari 2018.

Fenga, C., Gangemi, S., Teodoro, M., Rapisarda, V., Golokhvast, K., Docea, OA.,
Tsatsakis, MA., and Costa, C. 2017. 8-Hydroxydeoxyguanosine as a biomarker
of oxidative DNA damage in workers exposed to low-dose benzene. Toxicol Rep
4:291-295.

Fumagalli M, Rossiello F, Clerici M, Barozzi S, Cittaro D, Kaplunov JM, Bucci G,
Dobreva M, Matti V, Beausejour CM, et al. 2012. Telomeric DNA damage is
irreparable and causes persistent DNA-damage-response activation. Nat Cell
Biol. 14:355-365.

Gan W., Nie B., Shi F., Xu X. M., Qian J. C., Takagi Y., et al. . 2012. Age-
dependent increases in the oxidative damage of DNA, RNA, and their metabolites
in normal and senescence-accelerated mice analyzed by lc-ms/ms: urinary 8-
oxoguanosine as a novel biomarker of aging. Free Radic. Biol. Med. 52, 1700-
1707. 10.1016/j.freeradbiomed.2012.02.016.

Gan Wei, Liu Xin-Le, Yu Ti, Li Ting-Ting, Wang Shuang, Deng Jin, Wang Lan-
Lan, Cai Jian Pai. 2018. Urinary 8-oxo-7,8-dihydroguanosine as a Potential
Biomarker of Aging. Department of Laboratory Medicine, West China Hospital,
Sichuan University, Chengdu, China. The MOH Key Laboratory of Geriatrics,
Beijing Hospital, National Center of Gerontology, Beijing, China.
10.3389/fnagi.2018.00034. eCollection 2018.

Garratt L.W., Mistry V., Singh R., Sandhu J. K., Sheil B., Cooke M.S., et al. 2010.
Interpretation of urinary 8-oxo-7,8-dihydro-2’-deoxyguanosine is adversely
affected by methodological inaccuracies when using a commercial elisa. Free
Radic. Biol. Med. 48, 1460-1464. 10.1016/j.freeradbiomed.2010.02.2017.

Goyal, R and Jialal I. 2020. Diabetes Mellitus Type 2. StatPearls.

Guo C.Z., Ding P., Xie C., Ye C., Ye M., Pan C., Cao X., Zhang S., Zheng S. 2017.
Potential application of the oxidative nucleic acid damage biomarkers in
detection of disease. 8: 75767-75777.10.18632 /oncotarget.20801.

Halliwell, B. 1994. Free radicals, Antioxidant and Human Diseases. London: King
College, 8. Oberley, LW. Free Radicals and Diabetes. Free Radic Biol Med,
1988; 5(2): 113-24.

Halliwel, B., J.M.C. 1999. Gutteridge. Free Radicals in Biology and Medicine. New
York: Oxford University Press; 1999.p.639-45.

Hamilton SJ, Chew GT & Watts GF. Therapeutic regulation of endothelial
dysfunction in type 2 diabetes mellitus. 2007. Diabetes Vasc Dis Res.
2007;4(2):89-102.



2326

Hamilton SJ, Watts GF. Endothelial Dysfunction in Diabetes: Pathogenesis,
Significance, and Treatment. 2013. The Review of Diabetic Studies. 2013;10(2-
3):133-156.

Hekimi S, Lapointe J, Wen Y. 2011. Taking a “good” look at free radicals in the
aging process. Trends Cell Biol. 21:569-576.

Hewitt G, Jurk D, Marques FD, Correia-Melo C, Hardy T, Gackowska A, Anderson
R, Taschuk M, Mann J, Passos JF. 2012. Telomeres are favoured targets of a
persistent DNA damage response in ageing and stress-induced senescence. Nat
Commun. 3:708.

Horvath S. 2013. DNA methylation age of human tissues and cell types. Genome
Biol. 14:R115.10.1186/gb-2013-14-10-r115.

II'vasova, D.; Scarbrough, P.; Spasojevic, I. 2012. Urinary biomarkers of oxidative
status. Clin. Chim. Acta. 413, 1446-1453.

Indraprasta, S., Zulkarnain, 1., Ervianti, E., 2016. Peningkatan Kadar 8-
Hydroxydeoxyguanosine (8-OhDG) Urin pada Pasien Dermatitis Atopik Anak.
Departemen/Staf Medik Fungsional Ilmu Kesehatan Kulit dan Kelamin
Fakultas Kedokteran Universitas Airlangga/Rumah Sakit Umum Daerah Dr.
Soetomo Surabaya. 28 (3)

Kariadi, S.H. K.S. 2001. Peranan Radikal Bebas dan Antioksi dan pada Penyakit
Degeneratif Khususnya Diabetes Mellitus. Bagian Penyakit dalam. Bandung:
Fakultas Kedokteran/RS Hasan Sadikin.

Kharroubi, AT and Darwish, HM. 2015. Diabetes mellitus: The epidemic of the
century. World J Diabetes. 6(6): 850-867.

Liguori, I., et al. 2018. Oxidative stress, aging, and diseases. Clin Interv Aging 13:
757-772.

Marques, AR., et al. 2018. Aging Hallmarks. The Benefit of Physical Exercise.
Frontiers in Endocrinology 9:1-25.

Lily L.W., Chiuan C.C., YuehChang, James T.W., 2004, Urinary 8-OhDG: a marker
of oxidative stress to DNA and a risk factor for cancer, atherosclerosis and
diabetics. Clinica Cimita Acta. Vol 339, January 2004: 1-9.

Menon R. 2014. Oxidative Stress Damage as a Detrimental Factor in Preterm Birth
Pathology. 10.3389/fimmu.2014.00567.

Minno, AD., et al 2016. 8-Hydroxy-2-Deoxyguanosine Levels and Cardiovaskuler
Disease : A Systematic Review and Meta-Analysis of the Literature. Mary Ann
Liebert, Inc. (24)10.

Nakano M., Kawanishi Y., Kamohara S., Uchida Y., Shiota M., Inatomi Y., et al. .
2003. Oxidative DNA damage (8-hydroxydeoxyguanosine) and body iron status:
a study on 2507 healthy people. Free Radic. Biol. Med. 35, 826-832.
10.1016/S0891-5849(03)00432-5.

Parwata, AOMI. 2016. Antioksidan. Bahan Ajar. Kimia Terapan Program
Pascasarjana Universitas Udayana.

Pusat Data dan Informasi Kementerian Kesehatan Republik Indonesia. Situasi
dan Analisis Diabetes [Internet]. 2020 |[cited 3 April 2022]. Diakses dari:
http: / /www.depkes.go.id /resources/download /pusdatin/infodatin/infodatin-
diabetes.pdf

Prasad, S.; Gupta, S.C.; Tyagi, A.K. 2017. Reactive oxygen species (ROS) and
cancer: Role of antioxidative Nutraceuticals. Cancer Lett. 387, 95-105.

RambhadeS., Chakraborty Ak., Patil UK., and Rambhade A. Diabetes
Mellitus-Its complications, factors influencing complications and prevention-An



2327

Overview. 2010. Journal of Chemical and Pharmaceutical Research.2010;2(6):
7-25.

Ristow M, Schmeisser S. 2011. Extending life span by increasing oxidative stress.
Free Radic Biol Med. 51:327-336.

Sandra K.U., Karolina B., Michal S., Julia K., Boleslaw T.K., 2020. 8-Oxo-7,8-
Dihydro-2'-Deoxyguanosine (8-oxodG) and 8-Hydroxy-2'-Deoxyguanosine (8-
OhDG) as a Potential Biomarker for Gestational Diabetes Mellitus (GDM)
Development. DNA Damage Laboratory of Food Science Department, Faculty of
Pharmacy, Medical University of Lodz, ul. Muszynskiego 1, 90-151 Lodz,
Poland.

Sapra, A., Priyanka, B. 2021. Diabetes Mellitus. Southern Illinois University
School of Medicine. StatPearls

Sebastiani P., Thyagarajan B., Sun F., Schupf N., Newman A. B., Montano M., et
al. . 2017. Biomarker signatures of aging. Aging Cell. 10.1111/acel.12557.

Simm A., Johnson T. E. 2010. Biomarkers of ageing: a challenge for the future.
Exp. Gerontol. 45, 731-732. 10.1016/j.exger.2010.08.006.

Singh A.; Kukreti Ritushree.; Saso L.; Kukreti Shrikant. 2019. Oxidative Stress:
Role and Response of Short Guanine Tracts at Genomic Locations. Int. J. Mol.
20(17), 4258. 10.3390/ijms20174258.

Tranfo, G., Paci, E., Carrieri, M., Marchetti, E., Sisto, R., Gherardi, M., Costabile,
F., Ancona, C., Pigini, D. 2019. Levels of Urinary Biomarkers of Oxidately
Generated Damage to DNA and RNA in Different Groups of Wokers Compared to
General Population. Int J Environ Res Public health 16(16): 2995.

Wardatu, A., Kurniati, AM., Rasyid, RSP., Husin, S., Oswari, LD. 20109.
Hubungan Tingkat Pengetahuan tentang Makronutrien dengan Kecukupan dan
Keseimbangan Asupan Makronutrien Pasien Diabetes Melitus Tipe 2. Program
Studi Pendidikan Dokter, Fakultas Kedokteran, Universitas Sriwijaya,
Palembang, Indonesia. Siwijaya Journal of Medicine : 2(2) 94-98.

World Health Organization. 2019. Classification of diabetes mellitus.

Widowati, W,. 2008. Potensi Antioksidan sebagai Antidiabetes. Laboratorium
Penelitian dan Pengembangan Ilmu Kedokteran Dasar (LP2IKD) Fakultas
Kedokteran, Universitas Kristen Maranatha, Bandung. JKM : 1-11.

Xu G.W., Yao Q.H., Weng Q.F., Su B.L., Zhang X., Xiong J.H. 2004. Study of
Urinary 8-hydroxyguanosine as a biomarker of oxidative DNA damage in
diabetic nephropathy patients. Journal of Pharmaceutical and Biomedic
Analysis. Research.2004;101-104.

Z. Radak and I. Boldogh. 2010. “8-Oxo-7,8-dihydroguanine: links to gene
expression, aging, and defense against oxidative stress” . Free Radical Biology
and Medicine, vol. 49, no. 4, pp. 587-596.Nyandra, M., Kartiko, B.H., Susanto,
P.C., Supriyati, A., Suryasa, W. (2018). Education and training improve quality
of life and decrease depression score in elderly population. Eurasian Journal of
Analytical Chemistry, 13(2), 371-377.

Nyandra, M., Suryasa, W. (2018). Holistic approach to help sexual dysfunction.
Eurasian Journal of Analytical Chemistry, 13(3), pp. 207-212.

Damayanti, I. A. M., Indrayoni, P., Antari, N. W. S., & Padmiswari, A. A. I. M.
(2021). Effectiveness of Averrhoa bilimbi leaf extract on spermatogenic cells of
mice (Mus Musculus L.) hyperglycemia. International Journal of Health &
Medical Sciences, 4(2), 273-279. https://doi.org/10.21744 /ijhms.v4n2.1747



