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Abstract
Objective: In this study, it was aimed to evaluate the correlation of malondialdehyde (MDA) levels in maternal blood, fetal
blood, and placental bed with fetomaternal Doppler values in preeclamptic pregnant women. Methods: The study was carried
out with a total of 74 cases, of whom 52 were healthy and 22 were pregnant with preeclampsia. Malondialdehyde levels were
measured in maternal blood, cord blood, and placenta tissues of the pregnant women. Doppler sonographic measurements were
carried out for the uterine and umbilical arteries. Doppler values and MDA levels of preeclamptic and healthy pregnant women
were compared. Results: Malondialdehyde levels in maternal blood and placental tissue in preeclamptic pregnant women were
significantly higher than healthy pregnant women (p<0.05). Although umbilical artery and umbilical vein MDA levels were
higher in the study group than in the control group, they were not statistically significant (p>0.05). Doppler sonographic indexes
in the umbilical and uterine arteries were significantly higher in the preeclamptic group than in the control group (p<0.05).
When all patients were evaluated, there was no significant correlation between maternal and placental malondialdehyde values
and umbilical and uterine artery Doppler values. Conclusion: Malondialdehyde levels and fetomaternal Doppler values in
blood and placental tissue were significantly higher in preeclamptic pregnant women compared to the control group. However,
no significant correlation was found between MDA levels and Doppler values.

Keywords: Oxidative stress, lipid peroxidation, malondialdehyde, Doppler sonography, placental insufficiency,
preeclampsia

Ozet
Amag: Bu caliymada preeklamptik gebelerde maternal kan, fetal kan ve plasental yataktaki malondialdehit (MDA) diizeylerinin
fetomaternal Doppler degerleri ile korelasyonunun degerlendirilmesi amaglanmistir. Materyal ve Metod: Calisma 52 saglikli,
22 preeklamptik gebe olmak iizere toplam 74 olgu ile yiiriitiildii. Gebelerin maternal kan, kordon kani, plasenta dokularnda
MDA diizeyleri 6l¢iildii. Uterin ve umbilikal arterlerde Doppler sonografik dl¢imler yapildi. Preeklamptik ve saglikli gebelerin
Doppler degerleri ile MDA diizeyleri karsilastirildi. Veriler SPSS programinda analiz edildi. Istatistiksel anlamhilik diizeyi
p<0.05 kabul edildi. Bulgular: Preeklamptik gebelerde maternal kan ve plasental dokudaki MDA seviyeleri, saglikli gebelere
gore anlaml sekilde yiiksekti (p<0.05). Umbilikal arter ve umbilikal ven MDA diizeyleri ¢alisma grubunda, kontrol grubuna
gore daha yiiksek bulunsa da istatistiksel olarak anlamli degildi (p>0.05). Umbilikal arter ve uterin arterlerdeki Doppler
sonografik indeksler, preeklamptik grupta kontrol grubuna gore anlamli sekilde daha yiiksekti (p<0.05). Tiim hastalar
degerlendirildiginde maternal ve plasental malondialdehit degerleri ile umbilikal ve uterin arter Doppler degerleri arasinda
anlaml bir korelasyon saptanmadi. Sonu¢:Preeklamptik gebelerde, kan ve plasental dokudaki MDA diizeyleri ve fetomaternal
Doppler degerleri kontrol grubuna gore anlaml sekilde daha yiiksek bulunmus, ancak MDA diizeyleri ile Doppler degerleri
arasinda anlaml bir korelasyon saptanmamustir.

Anahtar Kelimeler: Oksidatif stres, lipid peroksidasyonu, malondialdehit, Doppler sonografi, plasental yetmezlik,
preeklampsi
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1. INTRODUCTION

Preeclampsia is a multisystemic syndrome with
hypertension and proteinuria that occurs after the 20th
week of pregnancy. It is a pregnancy-specific disease
(1, 2). It is still among the most important causes of
maternal and neonatal mortality and morbidity in
developing countries (3-5).

The cause of preeclampsia has not been fully
determined (1). Many factors are blamed on its
etiology, and one of the hypotheses put forward is
oxidative stress and endothelial cell damage. The lack
of placental perfusion seen in preeclampsia initiates
circulatory events that cause endothelial cell damage
(3). Accordingly, an imbalance between oxidative
stress and antioxidant defense systems causes damage
to the placental wall. It has been suggested that an
increase in malondialdehyde (MDA) production due
to lipid peroxidation may lead to preeclampsia (6-8).
As a result, placental insufficiency occurs. Early
detection of preeclampsia is of great importance for
maternal and fetal health.

Oxidative stress is the intersection of the factors that
cause the clinical features of preeclampsia and leads
to endothelial cell dysfunction. Free radicals attract
polyunsaturated fatty acids to the cell membrane,
initiate lipid peroxidation, and cause the release of
free radicals mediated by lipid peroxidation, thereby
causing endothelial damage (9, 10). Some products
are formed during lipid peroxidation and the
measurement of these products is used as an indicator
of oxidative stress. Malondialdehyde is the most
widely used one among them (11).

Doppler ultrasonography (USG) is a noninvasive
method that can be used in fetal hemodynamic
studies. It helps to identify the risky fetus in high-risk
pregnancies, which enables it to be used as a screening
test (12, 13). Impairment of placental perfusion occurs
long before the onset of clinical signs of preeclampsia
and can be detected by Doppler sonography. In this
respect, Doppler USG is an important tool in the
prediction of preeclampsia and adverse perinatal
outcomes (14, 15).

Since the uterine artery represents the maternal
condition, it is the most used vessel in the Doppler
sonographic evaluation of PE (16, 17). On the other
hand, the umbilical artery is mostly used to evaluate
fetal status (18-20). Doppler sonographic examination
of the utero-fetoplacental vasculature allows
evaluation of perfusion in both compartments and has
a better risk estimation. It is known that the risk of
developing hypertensive complications in antenatal
follow-up can be estimated by uterine artery Doppler
sonographic examination to be performed in the
second trimester. The presence of pathological
findings in both A. uterina indicates a high risk for
preeclampsia, most likely due to impaired perfusion
of fetal vessels (21).

The presence of end-diastolic flow in the A.
umbilicalis Doppler sonography indicates a high

obstetric risk. The degree of Doppler sonographic
pathologies is proportional to the degree of fetal
intrauterine threat. Therefore, a reverse flow in the A.
umbilicalis is a sign of serious perinatal problems. At
this time, a backward flow is observed in the fetal
vessels at the end-diastolic stage. In the presence of
such a finding, perinatal mortality is very high. This
finding reflects a dangerous situation for the fetus.
Most fetuses with reverse flow can experience
intrauterine death in a few days. The end-diastolic
block is also a serious condition. These fetuses have a
significantly increased risk for serious perinatal
pathologies and neuromotor disabilities. Perinatal
mortality is significantly higher in cases with the
reverse flow (21). Preeclampsia poses a significant
risk to the mother and fetus. Patients with placental
insufficiency usually have decreased flow amounts or
at least altered flow curves. Thanks to the information
obtained about the deficiencies in placental function
through Doppler sonography, fetal damage can be
prevented by planning a perinatal approach (21).

In this study, we aimed to investigate the correlation
between MDA levels and fetomaternal Doppler
values in maternal blood, fetal blood, and placental
tissue in preeclamptic patients.

2. MATERIAL AND METHOD
2.1. Ethical Consent

The ethical permission required for the study was
obtained from Biilent Ecevit University Clinical
Research Ethics Committee (Issue: 2005/02-10). The
study was conducted in accordance with the principles
of the Helsinki Declaration.

2.2. Study design and participants

The study was a prospective study in which 22
preeclamptic and 52 normal pregnant women who
were admitted to the pregnant outpatient clinic were
included. The preeclamptic pregnant patients were
determined as the study group, whilst the normal
pregnant women were accepted as the control group.
Participants were given detailed information about all
transactions to be carried out and their written consent
was obtained. The diagnosis of preeclampsia was
made according to the criteria of the American
College of Obstetricians and Gynecologists (ACOG)
after the 20™ gestational week, at least two blood
pressure values measured at intervals of six hours
were 140/90 mmHg or above, proteinuria was 1+ / 2+
in the urine analysis with a dipstick or 300 mg or more
in 24-hour urine was detected (22). Having a
metabolic or systemic disease, antihypertensive drug
use, smoking, and alcohol use, and non-volunteering
were determined as exclusion criteria. Since placental
bed biopsy was planned to be taken during delivery,
healthy-term pregnant women who did not have a
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systemic or chronic disease and who were planned to
undergo cesarean section for other reasons (such as
elective, presentation anomalies) were included in the
control group. Multiple pregnancies and those with
congenital or structural malformations were excluded
from the study.

2.3. Procedure

Gestational age was determined by the last menstrual
period and ultrasonographic biometry. Gestational
age, birth weight, placental weight, mode of delivery,
perinatal mortality, 1% and 5% minute Apgar score,
umbilical and uterine artery Doppler results, MDA
values in placental tissue and maternal blood were
examined in terms of demographic characteristics of
the participant.

2.3.1. Doppler measurements

Doppler measurements of the umbilical artery and
both uterine arteries were performed
transabdominally using a 3.5 MHz Probe (GE Logiq
7®, Penta Elektronik, Ankara, Turkey) in all pregnant
participants. Umbilical artery measurements were
taken in a free umbilical cord cycle. The maximum
and end-diastole flow velocities in the systole were
marked in three separate waves and the
systole/diastole (S/D) ratio was calculated and
averaged. At the same time, resistance index (RI) and
pulsatility index (PI) values were calculated. Early
diastolic "notch" in uterine arteries and PI, RI, and
S/D values in umbilical and uterine arteries were
measured in waveform. All Doppler measurements
were performed by the same person within 24 hours
of birth. In the study group, S/D ratios above the
percentile of 95% according to gestational age were
considered pathological. In the control group, since
they were all termly pregnant, an S/D value above 3
was considered pathological. Notch monitoring in
uterine arteries, end-diastolic flow loss in umbilical
and uterine arteries, and reverse flow monitoring were
considered pathological for both groups (16, 21).

2.3.2. Taking and storing blood samples

5 cc of peripheral venous blood was taken from all
pregnant women within 3 days before delivery. After
birth, approximately 2 cc of blood was taken from the
cord from both the umbilical artery and vein following
the clamping of the cord. Following the clamping of
the cord after birth, a blood sample was taken from the
cord and fetal blood gas was evaluated. After waiting
for 30 minutes for blood samples to coagulate in
sterile tubes, centrifuged for 3000 cycles and 30
minutes, separated the serums, and stored at -80
degrees until the time of analysis.

2.3.3. Malondialdehyde (MDA) measurement

In our study, lipid peroxidation was evaluated as an
indicator of oxidative stress (23, 24). Lipid
peroxidation was evaluated based on the reaction of
MDA with Thiobarbituric acid (TBA). 0.2 ml 8.1%

SDS (Sodium dodecyl sulfate), 1.5 ml NaOH (Sodium
Hydroxide) with pH = 3.5 adjusted 20% acetic acid,
1.5 ml 0.8% TBA were added to 0.2 ml serum and the
volume was completed to 4 ml with distilled water.
After incubating for 60 minutes in a 95°C water bath,
it was cooled with water, and added 1 ml of distilled
water. Sml n-butanol was mixed by adding pyridine
(15/1, v/v) mixture. The absorbance of the organic
layer at 532 nm was measured in Shimadzu
Ultraviolet 1600 spectrophotometer by centrifugation
at 4000 rpm for 10 minutes. 1,1,3,3
tetracthoxypropane was used as standard. Blood
MDA concentrations were assessed in nmol/ml (25).

Placental bed biopsy was taken in the form of
approximately 3 mm 3 samples with scissors or a
scalpel after the placenta was removed during
cesarean section. Care was taken to ensure that the
biopsy specimens included decidua and superficial
myometrial tissue. The samples taken were kept in
Eppendorf tubes at — 80 degrees until the day of
analysis.

Placental tissues were homogenized with 1.15% KCl
solution by weighing their weight and turning them
into 10% tissue homogenate. 0.2 ml of 8.1% SDS
(Sodium dodecyl sulfate), 1.5 ml of NaOH (Sodium
Hydroxide) with pH = 3.5 adjustment of 20% acetic
acid, 1.5 ml of 0.8% TBA (Thiobarbituric acid) were
added to 0.2 ml homogenate and the volume was
completed to 4 ml with distilled water. After
incubating for 60 minutes in a 95°C water bath, it was
cooled with water, and added 1 ml of distilled water.
S5ml n-butanol was mixed by adding pyridine (15/1,
v/v) mixture. The absorbance of the organic layer at
532 nm was measured in Shimadzu Ultraviolet 1600
spectrophotometer by centrifugation at 4000 rpm for
10 minutes. 1,1,3,3 tetracthoxypropane was used as
standard. Tissue MDA concentrations were evaluated
as nmol/g tissue weight.

2.4. Statistical Analysis

Patient data were collected with hospital computer
automation system records and patient information
sheets and analyzed using SPSS 15 (SPSS Inc., USA)
statistical program. In the comparison of continuous
measurements such as age, gravida, and parity of the
patients, Student's t-test was used for parameters with
normal distribution and equal variances. Mann-
Whitney U test was used to compare measurements
without normal distribution in nonparametric data. In
all statistical calculations, the significance limit was
accepted as p<0.05.

3. RESULTS

3.1 Demographic characteristics and findings on
MDA levels
Demographic characteristics of pregnant women are
presented in Table 1. There was no statistically
significant difference between the study and control
group in terms of maternal age, gravida, parity, and
abortus numbers (p>0.05 for the whole).
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Gestational age, birth weight, and placental weight
were significantly lower in the preeclampsia group
than in the control group (p<0.001 for all). Apgar
values (1st and S5th min) were also significantly lower
in the preeclampsia group than in the control group
(p=0.001). Cord blood gas values were also
significantly lower in the PE group (p=0.01).

MDA levels in both maternal blood and placental
tissue were statistically significantly higher in the

study group than in the control group (p<0.05, Figure
1). Although umbilical artery and umbilical vein
MDA levels were higher in the preeclamptic group
than in the control group, they were not statistically
significant (p>0.05). Comparisons between groups
are shown in Table 1. The comparison of MDA levels
in the preeclamptic and control group is shown in
Figure 1.

Table 1: Comparison of various characteristics of preeclampsic and healthy pregnant women

Control Preeclampsia
Mean+SD Mean+SD P
Age 29.1+4.2 29.1+6 .4 0.28
Gravida 1.8+1.0 3.0+£3.2 0.56
Parity 0.7+0.8 1.2+1.5 0.15
Abort 0.1+0.6 0.4+0.9 0.39
Gestation period according to LMP (days) 264.2+15.0 229.6£35.9 0.00
Sonographically gestation period (days) 261.2+13.8 214.8431.5 0.00
Placenta weight (g) 580 + 124 372+153 0.00
Birth weight (g) 3236+ 632 1691920 0.00
Apgar 1st minute 9.1+1.3 4.2+3.6 0.00
Apgar 5th minute 9.8£0.5 6.3+£3.9 0.00
Cord blood PH 7.38+0.3 7.35+0.5 0.01
MDA maternal blood (nmol/ml) 57.35+24.5 99.8+45.4 0.00
MDA placenta (nmol/g tissue) 30.3£14.5 45.9£23.9 0.00
MDA umbilical artery (nmol/ml) 32.8421.2 34.6£7.7 0.36
MDA umbilical vein (nmol/ml) 26.2+14.0 30.9+13.3 0.17
Figure 1: Comparison of MDA levels in maternal blood and placental tissue
MDA umbilical vein i
MDA umbilical artery ﬁ
oA lacerts (S
MDA maternal blood
0 10 20 30 40 50 60 70 80 90 100

Control

™ Preeclampsia
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Table 2: Comparison of umbilical and uterine artery Doppler values

Control Preeclampsia
Mean + SD Mean + SD P
Umbilical artery S/D 2.5+0.5 44+35 .00
Umbilical artery RI 0.59 £ 0.08 1.03+0.78 .00
Umbilical artery PI 0.84 +0.18 1.82+1.62 .00
Right uterine artery S/D 1.97 +£0.65 2.69 +0.98 .00
Right uterine artery RI 0.45+0.15 0.61+0.19 .00
Right uterine artery PI 0.59 +0.25 0.86 +0.29 .00
Left uterine artery S/D 0.18 £0.46 0.86 £ 0.29 .00
Left uterine artery RI 0.45+0.15 0.59 +£0.22 .01
Left uterine artery PI 0.57 £0.24 0.79+£0.33 .00
SD Standard deviation
Tablo 3: The frequency of pathological Doppler in the groups
Control Preeclampsia

% %
Pathological Doppler in the umbilical artery 0 42
End Diastolic Block in the umbilical artery 0 21
Reverse current in the umbilical artery 0 0
Notch in the right uterine artery 3 42
Notch in the left uterine artery 7 42

3.2. Doppler values

All Doppler values measured in the umbilical artery
were statistically significantly higher in the PE group
than in the control group (p<0.05 for all). All
Doppler values measured in the right uterine artery
were significantly higher in the PE group than in the
control group (p<0.05 for all). All Doppler values
measured in the left uterine artery were higher in the
PE group than in the control group. The difference
between the groups for S/D, PI, and RI values was
statistically significant (p<0.05 for all parameters).
While pathological Doppler was detected in the
umbilical artery in 42% of the study group, no
pathological Doppler value was detected in any
pregnant woman in the control group. End diastolic
flow loss (EDB) in the umbilical artery was 21% in
the study group, while no patients in the control
group had end-diastolic flow loss. In both the study
group and the control group, no reversal flow was
observed in any patient. The notch rate was
significantly higher in the preeclamptic group than
in the control group. The incidence of notches in
uterine arteries was 3% in the right uterine artery,
and 7% in the left uterine artery for the control group
whereas incidences of notches in the right and left

uterine arteries were 42% in the study group. In all
cases, the notch was bilateralized (Table 3).

There was a statistically significant correlation
between maternal blood and placental MDA values
(R=0.35, p<0.05).

There was no correlation between maternal blood
MDA levels and umbilical artery PI values. (R= 076,
p= 0.750, Figure 3). However, there was a negative
correlation between the right uterine artery PI values
(R=-0.138, p=0.558). Although there was a positive
correlation with left uterine artery PI values, it was
not statistically significant. (R= 0.004 p= 0.987).
Although there was a positive correlation between
placental MDA levels and umbilical artery and left
uterine artery PI values, it was not statistically
significant. (Respectively R=0.393, p=0.087; R=
0.025, p= 0.920). There was a statistically
insignificant negative correlation between placental
MDA levels and right uterine artery PI levels.

4. DISCUSSION

Preeclampsia is a pregnancy-specific syndrome.
Lack of placental perfusion in preeclampsia leads to
the formation of circulatory factors that cause
endothelial cell damage. (3)
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In this study, we aimed to investigate whether there
is a correlation between malondialdehyde levels and
maternal Doppler values in preeclamptic pregnant
women and to evaluate its availability in the clinic.
Our study results show that maternal blood, fetal
blood, and placenta MDA levels are significantly
higher in preeclamptic pregnant women than in
healthy pregnant women and that these findings are
accompanied by a disorder in Doppler values.
Oxidative stress is the intersection of factors that
cause the clinical features of preeclampsia and leads
to endothelial cell dysfunction. Free radicals initiate
lipid peroxidation by attracting polyunsaturated fatty
acids to the cell membrane, leading to the release of
free radicals mediated by lipid peroxidation, thereby
causing endothelial damage. (9, 26, 27)
Preeclampsia is still a disease of theories and the role
of oxidative stress in the etiology is of interest.
However, a consensus on systemic oxidative stress
has not been reached yet.

Several products are formed during lipid
peroxidation and the measurement of these products
is used as an indicator of lipid peroxidation. MDA is
the most widely used of these (11). Our study results
showed that MDA; an indicator of lipid
peroxidation, was significantly higher in both
plasma and placental beds of preeclamptic women
than in the control group. In the literature, it is
reported that serum lipid peroxide levels of
preeclamptic pregnant patients are higher than in
normal pregnant women and antioxidant activity is
lower in preeclamptic pregnant patients compared to
normal pregnant women (9, 28). Various studies
have reported a significant increase in
lipoperoxidation products in the plasma of
preeclamptic women similar to our results (26, 29).
In one study, MDA was examined in the amniotic
fluids taken in the mid-trimester of preeclamptic
women and it was not found to be different from the
healthy pregnant control group. In this study where
contradictory results to other studies were obtained,
blood MDA levels were not controlled, and only
amniotic fluid was examined (30). A meta-analysis
reports that MDA levels were significantly higher in
preeclamptic pregnant women than in healthy
pregnant women (28). In another study, it was
reported that the level of MDA in amniotic fluids of
preeclamptic women was lower than in controls (31).
These differences may have been influenced by
measurement techniques, sample size, and severity
of preeclampsia. In our study, although MDA levels
in the umbilical artery and especially in the vein were
higher in the PE group than in the control group, the
difference between the groups was not statistically
significant.

Preeclampsia is known as nulliparous disease. In our
results, it is thought that the lower number of
pregnancies in the control group is that the majority
of the pregnant participants in this group consisted
of health individuals who were planned by elective

cesarean section. When the gestational ages were
compared, the gestational age determined according
to SAT and sonographically in preeclampsia was
found to be significantly lower than the control
group. In this difference, it is thought that earlier
termination of pregnancy plays an important role due
to the weight of clinics of preeclamptic patients
and/or intrauterine fetal distress.
Pathologic vascularization is known to lead to a
decrease in uteroplacental perfusion and placental
weight (21). In our study, placental weight was
significantly lower in the control group than in the
PE group. As a result, the difference between
gestational weeks is thought to be effective as well
as placental dysfunction. In our study, newborn
weight, placenta weight, 1st and 5th min Apgar
values, and cord blood gas values were significantly
lower in the PE group.
The aim of Doppler USG in preeclampsia is to detect
early pregnancies that will develop PE (32). Doppler
sonographic pathologies are proportional to the
degree of fetal intrauterine threat (21). In our study,
the rate of pathological Doppler in the umbilical
artery was found to be 42% in the study group, while
no pathological Doppler value was detected in the
umbilical artery in the control group.
The appearance of reverse flow in the umbilical
artery is a sign of serious perinatal problems. End
diastolic block is also a serious condition. In these
fetuses, there is a significantly increased risk of
severe perinatal pathologies and neuromotor
disabilities. Perinatal mortality is significantly
higher in cases with the reverse flow (21). In our
study, no reverse flow was observed neither in the
PE group nor the control group. End diastolic flow
loss in the umbilical artery was found to be 21% in
the study group. In the control group, no end-
diastolic flow loss was observed in any patient.
In our study, the incidence of notches in the uterine
artery was 42% in the preeclamptic group. In the
control group, no notches were observed in any of
the patients. The presence of pathological findings
in both a.uterinas indicates a high risk of
preeclampsia, most likely as a result of disruption of
perfusion of fetal vessels (21). In our study, the
bilateral notch detected in all preeclamptic cases was
remarkable. In one study, notch was detected in
uterine artery in 20% of preeclamptic pregnant
patients, RI and PI values of the uterine artery were
not associated with PE, but abnormal umbilical
artery Doppler values were detected in the
preeclamptic group (13).
In our study, to evaluate the relationship between the
results of oxidative stress (lipid peroxidation) and
Doppler measurements and whether there is a
correlation between them, the correlation of MDA
results in maternal blood and placental tissue with PI
values measured among themselves and on Doppler
sonography was examined. The existence of this
type of correlation is important in terms of creating
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the possibility of using Doppler sonography and
oxidative stress markers interchangeably.

In our study, to evaluate the relationship between
oxidative stress (MDA level) and Doppler
measurements and whether there was a correlation
between them, the correlation of MDA results in
maternal blood and placental tissue with PI values
measured among themselves and on Doppler
sonography was examined. The existence of this
type of correlation is important in terms of creating
the possibility of using Doppler sonography and
oxidative stress markers interchangeably. However,
although there was some correlation between MDA
levels and Doppler values, it was not statistically
significant.

Limitations

The most important limitations of our study are that
the number of study groups is low and preeclamptic
pregnant participants are not classified according to
the severity of the disease.

Conclusion

The findings of the study show us that MDA levels
in maternal blood and placental tissue are
significantly higher in preeclamptic patients
compared to healthy pregnancies. In addition, there
is a correlation between MDA values in maternal
blood and placental tissue. Accordingly, an increase
in MDA in maternal blood is accompanied by an
increase in MDA in placental tissue. Prediction of
oxidative stress markers may be a predictor of the
development of preeclampsia.

Although it does not have statistical significance,
when we consider that oxidative stress is correlated
with fetomaternal Doppler values, it is possible to
say that new horizons are opened in the evaluation of
pregnancies with the risk of placental dysfunction.
However, these data should be interpreted carefully
due to the small number of patients included in the
study.

For future studies, we recommend large-scale and
larger sample research on the subject.
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