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Abstract 
Spontaneous preterm birth (SPTB) is characterized by the delivery of a baby 
before 37 completed weeks of gestation, and this condition is associated with 
significant health challenges for the newborn. Emerging evidence highlights 
the importance of biomarkers for understanding the mechanisms underlying 
SPTB. One such biomarker, 8-OH-2dG, plays a critical role in evaluating oxi-
dative stress and its impact on pregnancy outcomes. It has been demonstrated 
that 8-OH-2dG is a product of oxidative DNA damage and is widely recog-
nized as a key indicator of cellular oxidative stress. Elevated reactive oxygen 
species in SPTB result in higher levels of the DNA degradation product 8-OH-
2dG in amniotic fluid, causing damage to maternal and fetal tissues that could 
lead to premature rupture of fetal membranes. Therefore, evaluating the role 
of 8-OH-2dG in SPTB is of great interest. This review provides an overview of 
the current knowledge on 8-OH-2dG as a biomarker for SPTB and aims to 
elucidate its mechanism in this condition. 
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1. Introduction 

SPTB is the most common cause of neonatal mobility and mortality worldwide. 
SPTB is associated with various risk factors, including oxidative stress, infections, 
medical and obstetrics complications, a history of preterm birth, advanced maternal 
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age lifestyle factors, and genetic predispositions [1]. SPTB is typically diagnosed 
based on gestational age, determined either by the last menstrual period or ultra-
sound when no additional factors suggest an alternative cause of early delivery [2]. 
The global prevalence of SPTB is estimated to range from 10% to 15%, with sig-
nificant regional and socioeconomic variations. This rate is constantly increasing, 
primarily due to factors such as rising maternal age, assisted reproductive tech-
nologies, and certain lifestyle habits such as smoking and inadequate prenatal 
care. SPTB is more common in non-Caucasian populations, including African 
American, Hispanic American, Native American, Pacific Islander and South or 
East Asian populations [1] [3].  

SPTB has been known to be associated with increased risk of neonatal infection, 
mortality and long-term developmental complications in the offspring. Children 
born preterm are more predisposed to chronic health conditions such as chronic 
lung disease, cerebral palsy, metabolic syndrome and cardiovascular disease later 
in life [4].  

Although extensive research has been conducted on the pathophysiology of 
SPTB, the precise mechanisms of its development remain unclear. Inflammation, 
disruption of normal placental function and various maternal and fetal stressors 
are believed to play significant roles [5]. Growing evidence indicates that inflam-
mation, disruption of the uteroplacental signaling pathways, alterations in placen-
tal and fetal growth factors and endoplasmic reticulum stress contribute to SPTB. 
However, oxidative stress (OS) is considered a primary cause of SPTB, and its 
components should be closely monitored during pregnancy and treatment [6]. 

Researchers have identified 8-OH-2dG as one of the most important biological 
markers of OS [7]. Although living cells possess a diverse array of DNA repair 
mechanisms, their enzymatic repair systems do not always eliminate all DNA 
modifications. This can lead to serious problems for cells, as the presence of un-
repaired DNA can result in mutations, changes to genetic information, mutagen-
esis, and cell apoptosis [7] [8]. Growing evidence suggests that the accumulation 
of a substantial number of lesions, particularly 8-OH-2dG, is an important indi-
cator of spontaneous SPTB onset and can lead to long-term health complications 
for both mothers and their offspring [9]. 

This review summarizes current knowledge on the impact of 8-OH-2dG on 
spontaneous SPTB development. Additionally, biomarkers of SPTB and several 
mechanisms connected with OS induction and SPTB development are reviewed 
and discussed. 

2. Pathways of ROS Production 

Reactive oxygen species (ROS) are highly reactive derivatives formed as a result 
of incomplete oxygen reduction. These species possess high reactivity due to hav-
ing at least one unpaired electron in their valence shell [10]. Approximately 5% of 
the total inhaled oxygen is converted into ROS, the most significant being the su-
peroxide radical (O2

•−), hydrogen peroxide (H2O2), hydroxyl radical (•OH) and 
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singlet oxygen (1O2). ROS are primarily produced in response to radiations (al-
pha, beta, gamma, X-radiation (X-ray)), ultraviolet-visible (UV-Vis), inflamma-
tion (infections), chronic diseases (alcoholism, and cancer), chemical compounds 
(pesticides, benzopyrene, nitrous oxide), metabolic processes (fatty acid peroxi-
dation) and metabolic disorders (diabetes mellitus) [11]. In addition, ROS are 
generated from normal physiological processes occurring in various cellular com-
partments. Under physiological conditions, these processes maintain ROS at ap-
propriate levels and facilitate proper redox reactions in the respiratory chain, ox-
ygen transport by hemoglobin, energy sources regeneration, phagocytosis, gene 
expression regulation and activation of cytochrome P450 [12]. 

During fetal development, physiological changes in the chorioamniotic mem-
brane result in ROS emergence. It is widely known that the fetal membranes con-
sist of proteins, lipids and carbohydrates. Consequently, increased ROS can cause 
damage to proteins by impairing DNA molecules and cell membrane lipids, ulti-
mately leading to premature membrane rupture [13]. 

ROS are generated in the mitochondrial matrix during the electron transport 
chain [9]. The mitochondrial structural components include nicotinamide nucle-
otide dehydrogenase enzymes, complexes 1, 2, 3, and 4. During the electron 
transport chain, electrons flow through these inner mitochondrial complexes [8] 
[14]. A Q-cycle occurs between complexes 1 and 3, reserving the electrons passing 
through these complexes. The Q-cycle contributes to ROS production, as demon-
strated in Figure 1. Superoxide dismutase interacts with free radicals and converts 
them into hydrogen peroxide (H2O2) [15]. Subsequently, glutathione donates elec-
trons through the action of Glutathione Peroxidase, resulting in oxidized gluta-
thione. To regenerate the reduced glutathione (GSH), NADPH is utilized in the 
presence of glutathione reductase enzyme. The reduced glutathione is then oxi-
dized to GSSG in the presence of protein thiol reduction [16]. 

During oxidative stress, mitochondrial enzymes become inactive due to the for-
mation of disulfide bridges. These bonds are disrupted by electrons from 2GSH, 
leading to a reduction and reactivation, thereby counteracting the effects of oxi-
dative stress [15]. 
 

 
Figure 1. Diagram illustrating the mechanism of action in oxidative stress production. 
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3. The Role of 8-OH-2dG in SPTB 

According to existing literature, elevated ROS levels increase the production of 8-
OH-2dG, a biomarker commonly used to assess OS in SPTB [17]. Two mecha-
nisms by which 8-OH-2dG may contribute to SPTB have been identified: weak-
ening of the fetal membrane and induction of an inflammatory response [7] [18]. 

The 8-OH-2dG can damage fetal membranes by affecting their lipid compo-
nents. Lipid peroxidation, the oxidative degradation of lipids, leads to electron 
loss and the formation of peroxyl radicals as intermediates, weakening the mem-
branes [19]. Not all lipids undergo peroxidation; polyunsaturated fatty acids 
(PUFA) are more susceptible due to their structural characteristics. PUFA con-
tains at least two double bonds, and the methylene bridges between bonds contain 
two highly reactive hydrogen atoms [20]. When the hydroxyl radicals (•OH) at-
tach to the hydrogen on the methylene bridges, they stabilize in water molecules. 
Lipid peroxidation typically progresses through three steps: initiation, propaga-
tion and termination. The initiation step involves the attack of free radicals on 
stable lipid molecules, transforming them into free radicals. The propagation step 
occurs when lipid radicals react with oxygen molecules, forming peroxyl radicals. 
Termination occurs when two radical species react to form stable molecules [21], 
as shown in Figure 2. However, before termination, some radicals may have al-
ready damaged the cell membranes. 
 

 
Figure 2. Diagram showing the mechanism of action in lipid peroxidation. 

 
When ROS damages guanosine, it results in the formation of 8-OH-2dG. This 

compound plays a crucial role in the progression of inflammatory processes, 
which can subsequently stimulate the production of prostaglandins, which are key 
mediators in initiating labor [6] [22] [23]. Two intracellular signaling cascades are 
activated by 8-OH-2dG: the nuclear factor kappa-light-chain-enhancer of activated 
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B cells (NF-κB) pathway [24] and the nucleotide-leucine-pyrin domain-3 (NLRP3 
Inflammasome) pathway [25]. Activation of these pathways results in the tran-
scription of pro-inflammatory genes, including cytokines, essential for initiating 
and propagating inflammatory responses [26]. Cytokines, in turn, initiate the con-
version of arachidonic acid located in the cell membrane phospholipids into pros-
taglandins via cyclooxygenase enzymes. Prostaglandins are responsible for initi-
ating labor by remodeling the cervix and triggering uterine contractions [27] [28], 
as shown in Figure 3. 
 

 
Figure 3. Diagram illustrating the role of 8-OH-2dG in labor induction. 

4. Summary 

This review communicates complex information about preterm birth and oxida-
tive stress biomarkers in a clear and systematic manner. Emerging evidence high-
lighted the importance of biomarkers for understanding the mechanisms under-
lying SPTB. However, future research should focus on expanding our understand-
ing of 8-OH-2dG as a biomarker for SPTB. It is essential to identify high-risk pa-
tients and investigate the relationship between 8-OH-2dG levels and SPTB to de-
velop preventative measures. Enhanced comprehension and monitoring of SPTB 
and 8-OH-2dG levels could contribute to improving preventive strategies for 
SPTB. 

https://doi.org/10.4236/ojog.2024.1410124


S. A. Mahmoud 
 

 

DOI: 10.4236/ojog.2024.1410124 1553 Open Journal of Obstetrics and Gynecology 
 

Consent for Publication  

Not applicable. 

Conflicts of Interest  

The author declares no conflicts of interest regarding the publication of this paper. 

References 
[1] McDougall, A.R.A., Hastie, R., Goldstein, M., Tuttle, A., Ammerdorffer, A., Gülme-

zoglu, A.M., et al. (2023) New Medicines for Spontaneous Preterm Birth Prevention 
and Preterm Labour Management: Landscape Analysis of the Medicine Development 
Pipeline. BMC Pregnancy and Childbirth, 23, Article No. 525.  
https://doi.org/10.1186/s12884-023-05842-9  

[2] Ayele, T.B. and Moyehodie, Y.A. (2023) Prevalence of Preterm Birth and Associated 
Factors among Mothers Who Gave Birth in Public Hospitals of East Gojjam Zone, 
Ethiopia. BMC Pregnancy and Childbirth, 23, Article No. 204.  
https://doi.org/10.1186/s12884-023-05517-5  

[3] Labouesse, M.A., Langhans, W. and Meyer, U. (2015) Long-Term Pathological Con-
sequences of Prenatal Infection: Beyond Brain Disorders. American Journal of Phys-
iology-Regulatory, Integrative and Comparative Physiology, 309, R1-R12.  
https://doi.org/10.1152/ajpregu.00087.2015 

[4] Gomez-Lopez, N., Galaz, J., Miller, D., Farias-Jofre, M., Liu, Z., Arenas-Hernandez, 
M., et al. (2022) The Immunobiology of Preterm Labor and Birth: Intra-Amniotic 
Inflammation or Breakdown of Maternal-Fetal Homeostasis. Reproduction, 164, 
R11-R45. https://doi.org/10.1530/rep-22-0046  

[5] Green, E.S. and Arck, P.C. (2020) Pathogenesis of Preterm Birth: Bidirectional In-
flammation in Mother and Fetus. Seminars in Immunopathology, 42, 413-429.  
https://doi.org/10.1007/s00281-020-00807-y 

[6] Moore, T.A., Ahmad, I.M. and Zimmerman, M.C. (2018) Oxidative Stress and Pre-
term Birth: An Integrative Review. Biological Research for Nursing, 20, 497-512.  
https://doi.org/10.1177/1099800418791028 

[7] Cundubey, C.R. and Demır, M.B. (2023) 8-Hydroxy-2-Deoxyguanosine, a Product of 
Oxidative DNA Degradation, Is Increased in the Amniotic Fluid of Preterm Births. 
European Review for Medical and Pharmacological Sciences, 27, 5184-5189. 

[8] Kirici, P., Cagiran, F.T. and Kali, Z. (2022) Impact of Spontaneous Preterm Birth on 
Amniotic Fluid NF-κB, IL-6, TNF-α and IL-1β Levels in Singleton Pregnancies Con-
ceived after IVF/ICSI Treatment or Natural Conception. European Review for Med-
ical and Pharmacological Sciences, 26, 8395-8400. 

[9] Murata, T., Kyozuka, H., Fukuda, T., Imaizumi, K., Isogami, H., Kanno, A., et al. 
(2024) Urinary 8-Hydroxy-2'-Deoxyguanosine Levels and Preterm Births: A Prospec-
tive Cohort Study from the Japan Environment and Children’s Study. BMJ Open, 14, 
e063619. https://doi.org/10.1136/bmjopen-2022-063619  

[10] Colson, A., Sonveaux, P., Debiève, F. and Sferruzzi-Perri, A.N. (2020) Adaptations of 
the Human Placenta to Hypoxia: Opportunities for Interventions in Fetal Growth 
Restriction. Human Reproduction Update, 27, 531-569.  
https://doi.org/10.1093/humupd/dmaa053 

[11] Phoswa, W.N. and Khaliq, O.P. (2021) The Role of Oxidative Stress in Hypertensive 
Disorders of Pregnancy (Preeclampsia, Gestational Hypertension) and Metabolic 

https://doi.org/10.4236/ojog.2024.1410124
https://doi.org/10.1186/s12884-023-05842-9
https://doi.org/10.1186/s12884-023-05517-5
https://doi.org/10.1152/ajpregu.00087.2015
https://doi.org/10.1530/rep-22-0046
https://doi.org/10.1007/s00281-020-00807-y
https://doi.org/10.1177/1099800418791028
https://doi.org/10.1136/bmjopen-2022-063619
https://doi.org/10.1093/humupd/dmaa053


S. A. Mahmoud 
 

 

DOI: 10.4236/ojog.2024.1410124 1554 Open Journal of Obstetrics and Gynecology 
 

Disorder of Pregnancy (Gestational Diabetes Mellitus). Oxidative Medicine and Cel-
lular Longevity, 2021, Article ID: 5581570. https://doi.org/10.1155/2021/5581570  

[12] Hussain, T., Murtaza, G., Metwally, E., Kalhoro, D.H., Kalhoro, M.S., Rahu, B.A., et 
al. (2021) The Role of Oxidative Stress and Antioxidant Balance in Pregnancy. Medi-
ators of Inflammation, 2021, 1-11. https://doi.org/10.1155/2021/9962860 

[13] Prearo Moço, N., Ribeiro de Andrade Ramos, B., de Castro Silva, M., Polettini, J., 
Menon, R. and Guimarães da Silva, M. (2020) Spontaneous Prematurity, Innate Im-
mune System, and Oxidative Stress at the Maternal-Fetal Interface: An Overview. In: 
Nunes, A.C.F., Ed., Translational Studies on Inflammation, IntechOpen. 
https://doi.org/10.5772/intechopen.88379 

[14] Nolfi-Donegan, D., Braganza, A. and Shiva, S. (2020) Mitochondrial Electron Transport 
Chain: Oxidative Phosphorylation, Oxidant Production, and Methods of Measure-
ment. Redox Biology, 37, Article 101674.  
https://doi.org/10.1016/j.redox.2020.101674  

[15] Georgiou, C.D. and Margaritis, L.H. (2021) Oxidative Stress and NADPH Oxidase: 
Connecting Electromagnetic Fields, Cation Channels and Biological Effects. Interna-
tional Journal of Molecular Sciences, 22, Article 10041.  
https://doi.org/10.3390/ijms221810041  

[16] Guerby, P., Tasta, O., Swiader, A., Pont, F., Bujold, E., Parant, O., et al. (2021) Role 
of Oxidative Stress in the Dysfunction of the Placental Endothelial Nitric Oxide Syn-
thase in Preeclampsia. Redox Biology, 40, Article 101861.  
https://doi.org/10.1016/j.redox.2021.101861 

[17] Graille, M., Wild, P., Sauvain, J., Hemmendinger, M., Guseva Canu, I. and Hopf, N.B. 
(2020) Urinary 8-OHdG as a Biomarker for Oxidative Stress: A Systematic Literature 
Review and Meta-Analysis. International Journal of Molecular Sciences, 21, Article 
3743. https://doi.org/10.3390/ijms21113743  

[18] Lembo, C., Buonocore, G. and Perrone, S. (2021) Oxidative Stress in Preterm New-
borns. Antioxidants, 10, Article 1672. https://doi.org/10.3390/antiox10111672  

[19] Katti, K., Ayasolla, K.R., Iurcotta, T., Potak, D., Codipilly, C. and Weinberger, B. 
(2021) Lipid Peroxidation Products as Predictors of Oxidant-Mediated Disease in 
Preterm Infants. The Journal of Maternal-Fetal & Neonatal Medicine, 35, 4878-4883.  
https://doi.org/10.1080/14767058.2020.1869934 

[20] Rathod, P., Desai, A. and Chandel, D. (2024) Role of Oxidative Stress and DNA Dam-
age on Preterm Birth Outcome. Biological Research for Nursing, 26, 410-417.  
https://doi.org/10.1177/10998004241230638 

[21] Grzeszczak, K., Kapczuk, P., Kupnicka, P., Simińska, D.K., Lebdowicz-Knul, J., 
Kwiatkowski, S.K., et al. (2023) The Trace Element Concentrations and Oxidative 
Stress Parameters in Afterbirths from Women with Multiple Pregnancies. Biomole-
cules, 13, Article 797. https://doi.org/10.3390/biom13050797  

[22] Piotrowska, K., Zgutka, K., Tkacz, M. and Tarnowski, M. (2023) Physical Activity as 
a Modern Intervention in the Fight against Obesity-Related Inflammation in Type 2 
Diabetes Mellitus and Gestational Diabetes. Antioxidants, 12, Article 1488.  
https://doi.org/10.3390/antiox12081488 

[23] Hung, T., Chen, S., Hsieh, T., Lo, L., Li, M. and Yeh, Y. (2011) The Associations be-
tween Labor and Delivery Mode and Maternal and Placental Oxidative Stress. Repro-
ductive Toxicology, 31, 144-150. https://doi.org/10.1016/j.reprotox.2010.11.009 

[24] Wu, M., Bian, Q., Liu, Y., Fernandes, A., Taylor, A., Pereira, P., et al. (2009) Sustained 
Oxidative Stress Inhibits NF-κB Activation Partially via Inactivating the Proteasome. 
Free Radical Biology and Medicine, 46, 62-69.  

https://doi.org/10.4236/ojog.2024.1410124
https://doi.org/10.1155/2021/5581570
https://doi.org/10.1155/2021/9962860
https://doi.org/10.5772/intechopen.88379
https://doi.org/10.1016/j.redox.2020.101674
https://doi.org/10.3390/ijms221810041
https://doi.org/10.1016/j.redox.2021.101861
https://doi.org/10.3390/ijms21113743
https://doi.org/10.3390/antiox10111672
https://doi.org/10.1080/14767058.2020.1869934
https://doi.org/10.1177/10998004241230638
https://doi.org/10.3390/biom13050797
https://doi.org/10.3390/antiox12081488
https://doi.org/10.1016/j.reprotox.2010.11.009


S. A. Mahmoud 
 

 

DOI: 10.4236/ojog.2024.1410124 1555 Open Journal of Obstetrics and Gynecology 
 

https://doi.org/10.1016/j.freeradbiomed.2008.09.021  

[25] Meihe, L., Shan, G., Minchao, K., Xiaoling, W., Peng, A., Xili, W., et al. (2021) The 
Ferroptosis-NLRP1 Inflammasome: The Vicious Cycle of an Adverse Pregnancy. 
Frontiers in Cell and Developmental Biology, 9, Article 707959.  
https://doi.org/10.3389/fcell.2021.707959 

[26] Socha, M.W., Flis, W., Wartęga, M. and Stankiewicz, M. (2022) Impact of Oxidative 
Stress on Molecular Mechanisms of Cervical Ripening in Pregnant Women. Interna-
tional Journal of Molecular Sciences, 23, Article 12780.  
https://doi.org/10.3390/ijms232112780 

[27] Zych, B., Górka, A., Myszka, A., Błoniarz, D., Siekierzyńska, A. and Błaż, W. (2022) 
Status of Oxidative Stress during Low-Risk Labour: Preliminary Data. International 
Journal of Environmental Research and Public Health, 20, Article 157.  
https://doi.org/10.3390/ijerph20010157 

[28] Tantengco, O.A.G., Vink, J., Medina, P.M.B. and Menon, R. (2021) Oxidative Stress 
Promotes Cellular Damages in the Cervix: Implications for Normal and Pathologic 
Cervical Function in Human Pregnancy. Biology of Reproduction, 105, 204-216.  
https://doi.org/10.1093/biolre/ioab058 

https://doi.org/10.4236/ojog.2024.1410124
https://doi.org/10.1016/j.freeradbiomed.2008.09.021
https://doi.org/10.3389/fcell.2021.707959
https://doi.org/10.3390/ijms232112780
https://doi.org/10.3390/ijerph20010157
https://doi.org/10.1093/biolre/ioab058

	8-Hydroxy-2'-Deoxyguanosine (8-OH-2dG) as a Biomarker of Oxidative Stress (OS) in the Acute Exacerbation of Spontaneous Preterm Birth (SPTB)
	Abstract
	Keywords
	1. Introduction
	2. Pathways of ROS Production
	3. The Role of 8-OH-2dG in SPTB
	4. Summary
	Consent for Publication 
	Conflicts of Interest 
	References

