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Abstract
Introduction: Cigarettes contain many free radicals and cause oxidative stress in the body. Its contents
decrease blood fluidity and blood stream by affecting the vascular endothelium; further, they directly or
indirectly impair placental perfusion.
Material and method: Catalase (CAT), malondialdehyde (MDA) and total sulfhydryl (SH) levels were
analysed in venous blood specimens obtained from 49 smoker and 35 non-smoker pregnant women (age,
18-35 y) who were in the second trimester. Uterine arterial Doppler ultrasonography was performed to
evaluate uterine perfusion. Pulsatile index (PI), resistance index (RI) and systole/diastole ratio (S/D) was
measured. The smoker group was further subdivided into two groups: 1. those who smoked for <5 y and
2. Those who smoked for >5 y. Obtained data were analysed using the SPSS 11 statistical programme.
Results: No significant differences were observed between the smoker and non-smoker groups in terms
of demographic parameters and right–left uterine arterial Doppler parameters. The mean S/D ratio was
significantly higher in the smoker group (P=0.01). The mean PI, mean RI and plasma MDA, CAT and
total SH levels were similar in both groups. Although not statistically significant, the mean PI, RI and
S/D ratio values of the smoker pregnant women who smoked for ≥ 5 y was found to be higher than of
those who smoked for <5 y.
Conclusion: There is no correlation between plasma antioxidant enzyme levels and uterine artery
Doppler parameters; however, the duration of smoking may affect uterine perfusion.
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Introduction
Oxidative stress (OS) is caused by the imbalance between prooxidants and antioxidants [1,2]. Smoking is an external source
of free radicals as a factor of oxidative stress. One puff of
cigarette smoke generates 1014 and 1015 free radical
molecules from the tar and gas phases, respectively [3]. High
levels of free radical uptake initiate directly and indirectly lipid
peroxidation in the body and increase endothelial damage
caused by lipid peroxidation in smokers [4].
Placental perfusion depends on blood flow from the ovarian
and uterine arteries. Uteroplacental blood flow continuously
increases throughout pregnancy [5]. It is unclear as to which
factors induce uterine blood flow in the first two thirds of
pregnancy. The increase in maternal placental blood flow is
mainly attributed to vasodilatation, whereas that in foetalplacental blood flow is attributed to the continuous increase in
placental vessels [6].
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Increasing oxidative stress is the direct effect of cigarette
smoking. The antioxidant defense system is the next effect of
smoking [7]. It causes endothelial damage, leading to the
development of atherosclerosis and increased blood pressure
[8]. It causes malnutrition in tissues because it reduces blood
fluidity [9].
Many authors have suggested that nicotine receptors play a
role in pathologies caused by cigarette smoking, but the effect
of OS is recently attracting attention. Evidence suggests that
smoking causes maternal and fetal OS [10].
Our study aimed to evaluate antioxidant enzyme levels and
uterine artery Doppler parameters in smoker and non-smoker
pregnant women and determine whether there is any
correlation between these parameters.

3697

Celikel/Noyan/Caglayan

Material and Methods
Totally, 49 smoker and 35 non-smoker pregnant women (age,
18-35 y) who applied to our centre between October 2004 and
December 2005 and were in the second trimester were
included in the study. Women aged between 18-35 y, women
with an at least 2 y gap between pregnancies and women who
did not smoke during their previous and present pregnancies
were included in the non-smoker group; women who smoked
before their pregnancy and continued to smoke at least thrice a
day during their present pregnancy were included in the
smoker group. Patients with endocrine disease who were
diagnosed before pregnancy, patients with systemic disease
that may affect uteroplacental blood flow and antioxidant
enzyme levels, and chronic drug users were not included in the
study. Age, last menstrual period, gestational week, gravidae,
parity, resume and family history of each pregnant woman
were reviewed and recorded. Smoking time and the number of
cigarettes smoked per day were included in the patient
information form. All pregnant women were examined, and
examination reports according to their gestational weeks were
requested.
The smoker pregnant women were further subdivided into two
groups: 1. those who smoked for <5 y and 2. Those smoked for
≥ 5 y.

Collection and storage of plasma samples
5 ml of peripheral venous blood samples from pregnant women
from the EDTA tube were taken with 10 minutes centrifugation
at 3000 rpm 4°C (1000 NF Core R Turkey). Obtained plasmas
were stored at -80°C. When the number of suitable samples is
reached enough, it is dissolved in the room heat collectively.

ultrasonography, and PI, RI and S/D ratio was recorded. Using
a 3.5 MHz convex probe with General Electric’s Brand ‘Logiq
9’ (Milwaukee, USA) model Doppler ultrasonography device
with harmonic features by the Radiology Department, the
blood flow waveforms at the region where both uterine arteries
cross the external iliac arteries were evaluated by the same
specialist, and PI, RI and S/D ratio were recorded.

Statistical analysis
Statistical analyses were performed using the SPSS 11
statistical programme. Plasma enzyme values and uterine
artery Doppler parameters of smoker and non-smoker pregnant
women were compared using the Student’s t-test. The right and
left uterine artery Doppler ultrasonography results of the study
and control group were compared using the paired t-test.
Pearson correlation analysis was applied for correlating data
for the smoker pregnant group. p<0.05 was considered
statistically significant.

Results
49 smokers and 35 non-smokers were included in the study.
The demographic characteristics of the study and control group
are shown in Table 1. There was no significant difference
between the smokers 'and non-smokers' mean age, gravidity,
parity and gestational weeks (GW).
Table 1. Distribution of study and control group according to
demographic parameters.
Smokers group (N=49) Non-smokers
group P value
(Mean ± SD)
(N=35) (Mean ± SD)
Age

26.5 ± 4.2

26.6 ± 4.5

0.92

Measurement of plasma MDA levels

Gravidity

2.1 ± 0.9

2.4 ± 1.5

0.22

Yagi’s method was modified and used to measure the plasma
MDA levels [11]. MDA concentrations obtained from the
graph plotted using the standards were calculated in nmol/ml.

Parity

0.9 ± 0.7

1.1 ±1.1

0.27

GW

18.0 ± 2.5

17.1 ± 2.7

0.12

Measurement of total SH levels
The method reported by Sedlak et al. was modified and used
[12]. The results obtained from the graph plotted using the
standards were calculated in mmol/L.

Measurement of plasma catalase levels
Reagents (27 mM H2O2) were prepared in phosphate buffer
(50 mM, pH 7). Samples were analysed using a
spectrophotometer (Shimatzu UV-1601) at 240 nm with the
reagent warmed to 37°C. Absorbance values were obtained at
0 and 2 min. Decreasing H2O2 absorbance values were
calculated (in U/ml) from the molar absorptivity of H2O2.

The mean S/D ratio in smoking pregnant group was
significantly higher than the non-smoking pregnant group
(P=0.016) (Table 2). Mean PI and mean RI values were similar
in smokers and non-smokers.
Table 2. Mean uterine artery Doppler parameters of study and control
group and plasma enzyme levels of the study and control group.
Smokers
group Non-smokers
group P value
(N=49) (Mean ± SD) (N=35) (Mean ± SD)
Mean PI

1.05 ± 0.45

1.16 ± 0.54

0.319

Mean RI

0.60 ± 0.15

0.64 ± 0.24

0.300

Mean S/D

2.52 ± 0.64

2.19 ± 0.53*

0.016

MDA (nmol/L)

5.98 ± 7.67

5.76 ± 3.84

0.87

Evaluation of uterine artery Doppler in patients

T-SH (mmol/L)

0.55 ± 0.69

0.43 ± 0.04

0.23

To evaluate uterine perfusion in the pregnant women, the
uterine artery blood flow was evaluated by Doppler

PI: Pulsate Index; RI: Resistance Index; S/D: Systole/Diastolic Ratio; *P<0.05:
statistically significant.
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arterial Doppler parameters
As seen in Table 2, there was no significant difference in
plasma MDA levels between the study and control groups.
25 of the 49 women who smoked were found to be smoking
less than 5 y, 24 of them were using 5 y or more of smoking
cigarettes (Table 3).
Table 3. Average uterine artery Doppler parameters according to
smoking durations and Plasma MDA, SOD and catalase enzyme levels
(Mean ± SD).
Duration
smoking

of <5 y

>5 y

P value

N=25

N=24

Mean PI

1.11 ± 0.56

0.98 ± 0.29

0.72

Mean RI

0.59 ± 0.18

0.61 ± 0.11

0.76

Mean S/D

2.49 ± 0.59

2.55 ± 0.70

0.76

MDA

6.37 ± 10.34

5.59 ± 3.29

0.72

T-SH

0.69 ± 0.95

0.41 ± 0.06

0.15

CAT

441.44 ± 196.71

536.83 ± 195.72

0.09

Table 4. Correlation between plasma antioxidant enzyme levels and
uterine artery Doppler parameters in smokers and non-smokers (r
(p)). r: correlation coefficient.
MDA

T-SH

CAT

r (p) value

r (p) value

r (p) value

Smokers group PI

0.16 (p=0.27)

0.20 (p=0.15)

0.22 (p=0.12)

Non-smokers group PI

0.10 (p=0.54)

0.15 ( p=0.36)

0.03 (p=0.84)

Smokers-group RI

0.03 (p=0.78)

0.06 (p=0.68)

0.04 (p=0.75)

Non-smokers group RI

0.14 (p=0.40)

0.0191 (p=0.26)

0.037 (p=0.82)

Smokers group S/D

0.21 (p=0.13)

0.12 (p=0.56)

0.16 (p=0.26)

Non-smokers group S/D

0.11 (p=0.51)

0.08 (p=0.48)

0.22 (p=0.19)

No significant correlation was found between plasma
antioxidant enzyme levels and uterine artery PI, uterine artery
RI, uterine artery S/D ratio (Table 4) in smokers and nonsmokers.

Discussion
The antioxidant enzyme concentration and activity in human
placenta are increasing in proportion to gestational age [13]. In
the study conducted in 2016, it has been shown that smoking
during pregnancy negatively affects the oxidant/antioxidant
balance [14]. Studies on the toxicity of cigarette smoke are
mostly focused on oxidative stress [15,16]. In a study
conducted by Zhou et al., smoking has been shown to reduce
SOD, CAT and glutathione peroxidase (GSH-Px) enzyme
activity [17].
The oxidative stress increases and the antioxidant defense
system works more and more. The increase in total serum lipid
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is accompanied by an increase in MDA [18].
The effect of cigarette on placental perfusion remains unclear
[19]. In patients with pathologic uterine perfusion, oxidative
stress markers may be used in addition to clinical Doppler
studies. Plasma antioxidant capacities of 25 pregnancies
between 18-23 w with pathologic uterine perfusion were found
to be lower than those of normal uterine perfusion (p<0.05)
[20]. In this study, the mean S/D ratio in the smoker pregnant
group was significantly higher than the non-smoker pregnant
group (P=0.01). Mean PI and mean RI values were similar in
smokers and non-smokers.
2459 non-smokers and 248 smokers were included in the 20th
gestational week, the umbilical artery RI and the mean uterine
artery RI were higher in smokers [21]. In another study in
which smokers and pregnant smokers were evaluated,
significant changes were observed in maternal circulation
parameters associated with nicotine, and it was understood that
uterine blood flow values did not change [22]. In our study,
there was no correlation between antioxidant enzyme levels
and MDA level, which is an oxidation indicator, and uterine
artery Doppler parameters.
Albuquergue et al. [23], it has been shown that the uterine
artery RI value may be related to the duration of smoking and
the amount of cigarettes. In the research conducted in 2009;
smokers; it was found that serum nitric oxide concentrations in
maternal and infant mothers who smoked during pregnancy
were associated with the number of cigarettes consumed per
day when separated by two groups of smokers who smoked 5
per day for 2 years before conception and continued to drink
during pregnancy [24]. In a study of third trimester pregnancies
smoking was not shown to be directly related to the
hemodynamics of the uterine artery [25].
Although not statistically significant, the mean PI, RI and S/D
ratio values of those who smoked for >5 y were found to be
higher than of those who smoked for <5 y. The plasma MDA,
SOD and CAT enzyme levels of those who smoked for <5 y
and >5 y were found to be similar.

Conclusion
There is no correlation between plasma antioxidant enzyme
levels and uterine artery Doppler parameters; however, the
duration of smoking may affect uterine perfusion.

References
1.

2.

3.

Agarwal A, Allamaneni SS. Role of free radicals in
female reproductive diseases and assisted reproduction.
Reprod Biomed Online 2004; 9: 338-347.
Sekhon LH, Gupta S, Kim Y, Agarwal A. Female
infertility and antioxidants. Curr Womens Health Rev
2010; 6: 84-95.
Cigremis Y, Ozugurlu F, Turkoz Y, Yuksel E, Gaffaroglu
M, Yilmaz M. Long-term smoking has an effect on

3699

Celikel/Noyan/Caglayan

4.
5.

6.

7.

8.
9.

10.

11.

12.

13.

14.

15.

16.

erythrocyte antioxidant enzyme measures. J Grad School
Nat Appl Sci 2002; 6: 184-190.
Alan MP. Cigarette smoking-nutritional implications.
Prog Food Nutr Sci 1991; 15: 183-217.
Gary Cunningham F, Norman FG, Kenneth JL, Larry CG,
John CH, Katharine DW. Williams obstetrics (21st Edn.)
Mc Graw-Hill 2001; 1111-1141.
Palmer SK, Zamudio S, Coffin C, Parker S, Stamm E;
Moore LG. Quantitative estimation of human uterine
artery blood flow and pelvic blood flow redistribution in
pregnancy. Obstet Gynecol 1992; 80: 1000.
Sun HK, Jodi LE, Qin YZ, Jung SK, Ho SS, Carl LK. An
18-month follow-up on the ınfluence of smoking on blood
antioxidant status of teenage girls in comparison with
adult male smokers in Korea. Nutrition 2004; 20:
437-444.
Kumar CR. Basic pathology. Nobel Medical Bookstore
1992; 279-280.
Kovacic P. Unifying mechanism for addiction and toxicity
of abused drugs with application to dopamine and
glutamate mediators: electron transfer and reactive
oxygen species. Med Hypotheses 2005; 65: 90-96.
Ornoy A. Embryonic oxidative stress as a mechanism of
teratogenesis with special emphasis on diabetic
embryopathy. Reprod Toxicol 2007; 24: 31-41.
Yagi K. Lipid peroxidase in hepatic, gastrointestinal and
pancreatic diseases. Free Rad Diagn Med Newyork
Plenum Press 1994; 165-119.
Sedlak J, Lindsay RH. Estimation of total, protei-bound
and nonprotein sulfhydryl groups in tissue with Ellmans
reagent. Anal Biochem 1968; 25: 192-205.
Watson AL, Skepper JN, Jauniaux E, Burton GJ. Changes
in the concentration, localisation ant activity of catalase
within the human placenta during early gestation. Placenta
1998; 19: 27-34.
Chełchowska M, Mazur J, Lewandowska M, Gajewska J,
Lewandowski
L,
Ambroszkiewicz
J.
Serum
concentrations of visfatin and oxidative stress markers in
tobacco smoking pregnant women. Przegl Lek 2016; 73:
761-765.
Kode SR, Yang IR. Differential effects of cigarette smoke
on oxidative stress and proinflammatory cytokine release
in primary human airway epithelial cells and in a variety
of transformed alveolar epithelial cells. Respir Res 2006;
7: 132.
La Maestra S, De Flora S, Micale RT. Effect of cigarette
smoke on DNA damage, oxidative stress, and
morphological alterations in mouse testis and
spermatozoa. Int J Hyg Environ Health 2015; 218:
117-122.

3700

17. Zhou JF, Yan XF, Cuo FZ. Effects of cigarette smoking
and cessation on plasma constituents and enzyme
activities related to oxidative stress. Biomed Environ Sci
2000; 13: 44-45.
18. Hilmi O, Lutfu O, Aykan Y, Gonul S. Circulating
biomarkers of oxidative stress in complicated
pregnancies. Arch Gynecol Obstet 2003; 267: 189-195.
19. Pringle PJ, Geary MP, Rodeck CH, Kingdom JC,
KayambaKays S, Hindmarsh PC. The influence of
cigarette smoking on antenatal growth, birth size, and the
insulinlike growth factor axis. J Clin Endocrinol Metab
2005; 90: 2556-2562.
20. Stephan H, Heihoff-Klose A, Faber R. Reduced
antioxidant capacity in second-trimester pregnancies with
pathological uterine perfusion. Ultrasound Obstet Gynecol
2004; 23: 579-583.
21. Kho EM, North RA, Chan E, Stone PR, Dekker GA,
McCowan LM. SCOPE consortium changes in Doppler
flow velocity waveforms and fetal size at 20 weeks
gestation among cigarette smokers. BJOG 2009; 116:
1300-1306.
22. Ovari L, Aranyosi J, Balla G. Acute effect of cigarette
smoking on placental circulation-a study by carbonmonoxide measurement and Doppler assessment. Acta
Physiol Hung 2009; 96: 243-250.
23. Albuquerque CA, Smith KR, Johnson C, Chao R, Harding
R. Influence of maternal tobacco smoking during
pregnancy on uterine, umbilical and fetal cerebral artery
blood flows. Early Hum Dev 2004; 80: 31-42.
24. Chelchowska M, Maciejewski T, Ambroszkiewicz J,
Gajewska J, Lecka R, Laskowska-Klita T, Oltarzewski M.
The effect of tobacco smoking on nitric oxide serum
concentration in pregnant women and umbilical cord
blood. Przegl Lek 2009; 66: 648-651.
25. Cooper KM, Bernstein IM, Skelly JM, Heil SH, Higgins
ST.The independent contribution of uterine blood flow to
birth weight and body composition in smoking mothers.
Am J Perinatol 2018; 35: 521-526.
*Correspondence

to

Ozgul Ozgan Celikel
Yildirim Beyazit University
Yenimahalle Training and Research Hospital
Gynecology and Obstetrics Clinic
Turkey

Biomed Res 2018 Volume 29 Issue 20

