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ABSTRACT

Objective: The present study was conducted to assess the differential expression of 8-hydroxydeoxyguanosine,
Malondialdehyde, estrogen and progesterone levels in young females suffering from endometriosis.

Material and Methods: Serum, saliva and urine samples of fifty endometriosis patients and thirty controls were analyzed
for MDA spectrophotometrically and 8-hydroxy-2’-deoxyguanosine (8-OHdG), and estradiol (E2), and progesterone
levels by using ELISA kits.

Results: The serum concentrations of 8-OHdG were observed to be increased in endometriosis pa-
tients(0.3291+0.0.17887ng/ml) than the concentrations in controls(0.0498+0.02477ng/ml, p=0.000). 8-OHdG levels in
saliva of endometriotic women were higher (0.391+0.001961ng/ml) as compared to control group(0.0003+0.000015ng/
ml). Likewise, urinary concentrations of 8-OHdG were increased in endometriosis (0.2014+0.012456ng/ml) in com-
parison with controls (0.313+0.00263ng/ml, p=0.000).The levels of MDA in serum (3.4940+0.96nmol/ml), saliva
(0.2715+0.13762nmol/ml) and urine (1.8897+0.91083nmol/ml) were higher in females with endometriosis when
compared with controls. The estradiol level in serum of patients were elevated (249.3289+14.71pg/ml) as compared
to healthy subjects (70.9388+6.95512pg/ml). In saliva (54.8499+9.9585pg/ml) and urine (15.0499+6.74889pg/ml)
were higher and significant than levels observed in saliva (19.9150+7.59245pg/ml) and urine (3.0547+0.81pg/ml) of
controls. The concentration of progesterone was found to be higher in controls than in women suffering from endo-
metriosis in all type of sample.

Conclusion: Increased oxidative stress and DNA damage have intrusive effects in host body and contribute in the
progression of endometriosis in females. Moreover, progesterone and estradiol are found to play their significant roles
in the disease.
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INTRODUCTION

Endometriosis is a chronic painful gynecologic
disease which is characterized by the presence of
endometrial glandular epithelium and stroma outside
the uterus. It is benign and mostly found in the ovaries,

also be found in the pleura, pericardium and brain rarely.
This estrogen-dependent condition can cause severe
morbidity which includes pelvic pain, multiple surgeries
and sterility.” Patients may experience symptoms such
as dysmenorrhea and dyspareunia. It is a puzzling
disease which is relatively common among women of

pelvic peritoneum and the recto-vaginal septum but can
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reproductive age group with prevalence assumed to be
approximately 10%.2 Regardless of countless studies
on endometriosis, its etiology still remains obscure. Itis
suggested that the disease has multifactorial character-
istics and the pathogenesis involves a combination of
several hormonal, genetic, environmental, anatomical
and immunological factors.® Endocrine disruptors that
include environmental toxins may modulate, stimulate
or block the steroidal receptors and play their role in
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pathogenesis of endometriosis.* Initiation and progres-
sion of endometriosis are influenced by production of
estrogen and dysregulation of progesterone secretion.®
Vigano, states that women having menorrhagia, short
menstrual cycles and longer duration of menstruation
as well as women who are nulliparous have higher
incidence of endometriosis.? As the data suggests that
endometriosis is linked with local inflammatory chang-
es, the focus of many studies has been on inflammatory
markers and oxidative stress in endometriosis so that
less invasive methods of diagnosing the disease can
be established.® Oxidative stress (OS) is thought to
be a critical factor in pathogenesis of endometriosis.
Presence of iron, macrophages, and contaminants in
environment for example polychlorinated biphenyls,
all of which generatereactive oxygen species (ROS)
in the peritoneal fluid can cause imbalance in ROS
production and antioxidants scavenging them. This
results in increase in tissue proliferation and formation
of adhesions.” Only a moderate dose of ROS lead to the
initiation and progression of endometriosis while higher
doses do not cause this effect as higher doses are cy-
totoxic and lead to apoptosis of cells so oxidative stress
has a biphasic dose-response.® Oxidative stress may
increase the production of vascular endothelial growth
factors (VEGF) and thus can promote angiogenesis
in endometrial implants outside the uterus. Oxidative
stress stimulates the expression of a glycoprotein called
glycodelin. Glycodelin may enhance VEGF expression
in ectopic endometrial implants thus acting as an auto-
crine factor.®

Increased cytokines and various other immune
mediators are reported due to increase in macrophage
activity. Jackson et al showed that there is a weak trend
of increased amounts of thiobarbituric acid reactive
substances (TBARS) in women having endometriosis
after correcting for the confounding factors like gra-
vidity, age, BMI, and levels of vitamin E and lipids in
serum.' TBARS are considered as an overall measure
of oxidative stress.” It was also found that there is an
increased production of Nitric oxide (NO) and increased
lipid peroxidation in endometrium of affected women.
Nitric oxide (NO) is a free radical that is considered to be
pro-inflammatory and increases OS in peritoneal fluid,
thus causing decreased fertility.” 8-hydroxy 1-deox-
yguanosine levels were found to be significantly higher
in women with endometriosis in contrast to women
diagnosed of having male factor, tubal, or idiopathic in-
fertility. Lipid peroxide and 8-hydroxy 1-deoxyguanosine
levels were 6-fold higher in endometriosis of ovaries in
contrast to normal endometrial tissue.

Due to oxidative stress, various free radicals are
produced specially hydroxyl radicals (OH-) that act

together with lipids, proteins and DNA. The interrelation
between DNA and free radicals alter the genetic se-
quence. When ever hydroxyl radicals (OH-) interact with
nuclear and mitochondrial DNA, the 8-hydroxy-2'-deox-
yguanosine (8-OHdG) is formed which is the biomarker
of oxidative stress.'?

MATERIAL AND METHODS

This study was reviewed and approved by Re-
search and Ethics Committee at University of Lahore.
Fifty patients of mean age 20-40 years who attended
the Out Patient Department of Obstetrics and Gynae
with endometriosis, Lahore (Jinnah Hospital, Lahore)
during the period September 2014 to November 2014
was enrolled in the study and fifty healthy patients
were selected. History of Periodontal therapy (PDL)
or antibiotic therapy in past three months, history of
systemic disease that may affect periodontal status
e.g. Diabetes, Hypertension, Cardiovascular, Gastro-
intestinal disorders and liver disease, Pregnancy or
Lactation, Smokers, and any other active oral pathology
were excluded from the study because we only want
to observe the levels of oxidative parameters in the
patients suffering from endometriosis. Informed con-
sent was taken from all the patients under study. The
experimental protocol was approved by the Research
Ethical Committee of The Institute of molecular biology
and biotechnology, The University of Lahore. Five (5) ml
of venous blood samples, Urine and saliva sample were
also taken. The sample bottles were centrifuged within
one hour of collection, and stored at -70°C until assayed.
Following parameter was assayed in all three samples
types: Malondialdehyde (MDA) was determined by
spectrophotometrically, 8-OHdG, progesterone and
estrogen were estimated with help of ELISA kits (Abcam-
Biochemicals). Provided 96 wells platewas assayed with
help of ELISA reader. Plates were prepared with their
respective protocols. Appropriate amount of samples,
standard and controls were added to wells through the
pipette. Reading was taken at mentioned wavelengths
followed by the steps of washing and incubation. Data
processing and statistics was done using SPSS version
16. The data was expressed as Mean=SD. Independent
(t) test were used for comparison of endometriosis and
controls. Pearson correlation coefficient (r) was also
calculated. The changes were considered significant at
p-values<0.05. ROC curve was measured in different
mediums of patients i.e., Serum, Saliva and Urine to
check the sensitivity and specificity.

RESULTS

According to the Figure 1, the concentrations of
the biomarker of DNA damage occurring due to oxi-
dative stress 8-hydroxy-2'-deoxyguanosine (8-OHdG)
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showed a relatively similar trend. The serum concentra-
tions of 8-OHAG were observed to be increased in pa-
tients with endometriosis (0.3291+0.017887ng/ml) than
the concentrations in control subjects (0.0498+0.02477
ng/ml), the difference being significant statistically
(p=0.000). The 8-OHdG levels in saliva of women hav-
ing endometriosis were higher (0.391+0.001961 ng/ml)
as compared to control group (0.0003+0.000015 ng/ml)
with a statistically significant difference (p=0.000). Sim-
ilarly, urinary concentrations of 8-OHdG were increased
in females with endometriosis (0.2014+0.012456 ng/
ml) in comparison with controls (0.313+0.00263ng/ml)
and differed significantly (p=0.000) with each other. The
data obtained from the Figure 2 reveals that the levels
of malondialdehyde (MDA) in serum were higher in fe-
males with endometriosis (3.4940+0.96 nmol/ml) when
compared with controls (1.4070+0.34 nmol/ml) and the
difference was found out to be statistically significant
(p=0.001). The MDA concentration in saliva was also
increased in patient group (0.2715%0.13762 nmol/ml) in
comparison with control group (0.0027+0.00125 nmol/
ml) with statistically significant difference (p=0.000).
The urinary levels of MDA were increased in endome-
triosis patients (1.8897+0.91083 nmol/ml) than those
found in controls (0.0546+0.06382 nmol/ml) with
significant statistical difference (p=0.000).As shown in
figure 03, the concentrations of estrogen which is the
key hormone in endometriosis pathogenesis were also
measured. The levels of estrogen in serum of patients
were elevated (249.3289+14.71 pg/ml) as compared to
subjects without endometriosis (70.9388+6.95512 pg/
ml). Estrogen levels in patients saliva were also higher
(54.8499+9.9585 pg/ml) than levels observed in saliva
of controls (19.9150+7.5924 pg/ml) with a statistically
significant difference (p=0.000). Showing a similar trend
there were increased urinary concentrations of estrogen
in women with endometriosis (15.0499+6.74889 pg/
ml) in comparison with control group (3.0547+0.81
pg/ml) the difference found to be statistically significant
(p=0.000).The levels of progesterone showed different
trend than estrogen. As illustrated in figure 04, the
concentration of progesterone in serum was found to
be higher in controls (104.594+11.15 nmol/L) than in
women suffering from endometriosis (58.2344+8.62203
nmol/L) the difference being significant statistically
(p=0.006). Progesterone concentrations in saliva of
patients were also decreased (3.8984+1.23 nmol/L)
compared to control subjects (25.8357+5.0815 nmo-
I/L) with a significant difference statistically (p=0.011).
Similarly, urinary concentrations were observed to
be lower in patient group (16.8003+3.75179 nmol/L)
in comparison to the concentrations found in control
group (28.7377+=8.94 nmol/L) with the level of signifi-
cance (0.000).

According to the Figure 5, Receiver operating
curve (ROC) was measured in different mediums of
patients i.e., Serum, Saliva and Urine to check the sen-
sitivity and specificity. Levels of Estrogen were assayed
in mediums and it remained most sensitive in the Urine,
then in Serum and at last in Saliva. Area under curve
(AUC) remained (0.999, 0.970 and 0.945) respectively.
The level of progesterone remained most sensitive and
specific in serum, then urine and at last in saliva. The
AUC in serum remained most (0.841) while in saliva
(0.674) and at last in urine (0.580). Levels of MDA and
8-OHdG remain significantly sensitive and specific in
serum recorded (0.967 and 0.966) respectively.

DISCUSSION

Endometriosis is a common, chronic and debilitat-
ing gynecological disorder of women of the reproductive
age group. It is a multi-factorial condition that involves
a complex interaction of various factors which include
hormonal imbalance, immunological disruption, gene
mutations, chromosomal aberrations, epigenetic varia-
tions as well as environmental factors causing oxidative
stress and chronic inflammation. The results obtained in
this study suggest that oxidative stress may play a key
role in endometriosis. Results from earlier studies also
found significantly increased oxidative stress in endo-
metriotic tissue, blood and peritoneal fluid of patients
with endometriosis.®31

8-OHdG, a by-product of DNA damage by ROS,
may result in G:C to A:T transversion mutation if it is
present during DNA replication. DNA repair that excises
8-OHdG adducts leads to the excretion of 8-OHdG in
tissues, blood and urine from where it can be measured
as an indicator of oxidative damage to DNA. Studies
show that urinary 8-OHdG is a reliable marker of oxi-
dative DNA injury.” In the present study, the levels of
8-OHdG in serum, saliva and urine were observed to be
significantly increased in women having endometriosis
in comparison to the control group strongly suggesting
the presence of oxidative DNA damage in endometri-
osis patients. These results are in accordance with the
results obtained in studies performed by Polak, who
observed significantly higher 8-OHdG levels in perito-
neal fluid of endometriosis patients,'® Da-Broi, who ob-
served increased 8-OHdG concentrations in serum and
follicular fluid of women having endometriosis related
infertility,'” Carvalho, who found higher 8-OHdG levels
in tissue and peritoneal fluid of patients with different
stages of endometriosis.'® These results propose that
endometriosis is associated with higher oxidative injury
as well as increased frequency of mutations in DNA.
Furthermore, no statistically significant correlation was
found between salivary 8-OHdG and salivary MDA, es-
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trogen and progesterone (8-OHdGVs MDA, r= -0.261,
8-OHdGVs estrogen, r = -0.050, 8-OHdGVs progester-
one, r = -0.140). Also no statistically significant correla-
tion of serum 8-OHdG and serum MDA, estrogen and
progesterone was seen in this study (8-OHdGVs MDA,
r = 0.146, 8-OHdGVs estrogen, r = 0.067, 8-OHdGVs
progesterone, r = -0.040).

MDA is a relatively stable physiologic keto-alde-
hyde formed as a byproduct in peroxidation of unsatu-
rated lipids. MDA can be analyzed in several biological
samples including tissues, serum, plasma and urine.®
In the present study the levels of MDA were measured
in serum, saliva and urine of endometriosis patients and
compared with MDA levels in control group. The levels
were found to be significantly higher in diseased group.
This depicts the presence of oxidative stress in these
fluids in women suffering from endometriosis. These re-
sults are consistent with the findings of study performed
by Mier-Cabrera, in which MDA levels were significantly
increased in the peritoneal fluid in women having endo-
metriosis compared with normal women.2® Shanti et al
found higher levels of oxidatively modified lipid-protein
complexes along with higher concentrations of serum
autoantibodies to malondialdehyde-modified low-den-
sity lipoprotein which represents damage produced by
peroxidized lipids in endometriosis patients.?' Statistical-
ly insignificant correlation was observed among MDA in
saliva and salivary 8-OHdG, estrogen and progesterone
(MDA Vs8-OHdG, r = -0.261, MDA Vs estrogen, r =
-0.004, MDA Vs progesterone, r = -0.019). Also no
statistically significant correlation was found between
serum MDA and serum 8-OHdG, estrogen and proges-
terone (MDA Vs8-OHdG, r = 0.146, MDA Vs estrogen,
r = -0.048, MDA Vs progesterone, r = -0.031). In the
same way urinary MDA and urinary 8-OHdG, estrogen
and progesterone did not show any significant statis-
tical correlation (MDA Vs8-OHdG, r = -0.094, MDA Vs
estrogen, r = -0.104, MDA Vs progesterone, r = -0.194).

Estrogen is the most important hormone play-
ing a key role in pathogenesis of endometriosis. Its
biologically active form estradiol (E2) is involved in the
growth as well as the inflammatory reactions going on
in the ectopic tissue.?? There is local estrogen produc-
tion from androgens due to the aromatase expression
in endometriotic implants. Aromatase helps in the
maintenance of ectopic lesion on even low estrogen
levels.* In females with endometriosis the molecular
changes induced by progesterone are masked in the
eutopic tissue indicating the resistance to the action
of progesterone in diseased women. There may be
decrease in progesterone receptor (PRs) levels along
with deficient PR isoform (PR-B). Progesterone causes
the induction of secretion of several paracrine factors by
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stromal cells in normal endometrial tissue. The function
of these factors is the induction of 173-hydroxysteroid
dehydrogenase type-2 (17B-HSD-2) that is involved in
the formation of estrone (E1) by the metabolism of the
biologically active form E2. The in-vivo deficiency of
PR-B as well as the significantly reduced progesterone
receptor A (PR-A) levels in ectopic endometrial tissue
could be responsible for the failure of production of
paracrine factors induced by progesterone by the
stromal cells in endometrial tissue. Consequently the
deficient metabolism of the active form E2 results in
significantly increased concentrations of this mitogen in
endometriosis patients.?? In the present study the levels
of estrogen in the saliva, serum and urine of women
with endometriosis were analyzed to be significantly
higher in comparison to control subjects. However this
study could not establish any statistically significant
correlation between salivary estrogen and salivary
8-OHdG, MDA and progesterone (estrogen Vs8-OHdG,
r = -0.050, estrogen Vs MDA, r = -0.004, estrogen Vs
progesterone, r = 0.098). Likewise the correlation be-
tween serum estrogen and serum 8-OHdG, MDA and
progesterone came out to be insignificant statistically
(estrogen Vs8-OHdG, r = 0.067, estrogen Vs MDA, r
= -0.048, estrogen Vs progesterone, r = -0.022). Also
the urinary estrogen and urinary 8-OHdG, MDA and
progesterone were statistically insignificantly correlated.

The endometrial tissue proliferation induced by
estrogen is antagonized by progesterone. There is
increased volume of cells lining the uterine wall due
to the action of progesterone leading to endometrial
thickening and blood vessel invasion. In endometri-
osis, gene polymorphisms may lead to decreased
progesterone receptor stability resulting in the loss of
capacity of receptor to inhibit ER activation. This caus-
es inadequate receptor control leading to increased
exposure of endometrium to estrogen. Extracellular
matrix metalloproteinases (MMPs) may also be reg-
ulated by progesterone. In this study the levels of
serum, salivary and urinary levels of progesterone were
examined to be significantly decreased in diseased
women as compared with the levels seen in control
group which is concurrent with Li Y et al.?® Nevertheless
the correlation between progesterone in saliva and
8-OHdG, MDA and estrogen in saliva was observed to
be insignificant statistically (progesterone Vs8-OHdG, r
=-0.140, progesterone Vs MDA, r = -0.019, progester-
one Vs estrogen, r = 0.098). The serum progesterone
and serum 8-OHdG, MDA and estrogen were also
correlated insignificantly statistically (progesterone
Vs8-OHdG, r = -0.031, progesterone Vs MDA, r =
-0.040, progesterone Vs estrogen, r = -0.022).Likewise
the correlation between urinary progesterone and uri-
nary 8-OHdG, MDA and estrogen was also statistically

not significant (progesterone Vs8-OHdG, r = 0.062,
progesterone Vs MDA, r = -0.194, progesterone Vs
estrogen, r = -0.149).
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