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Abstract: Background — Cigarette smoking negatively impacts the health of both active smokers and passive smokers. ROS (Reactive
Oxygen Species) from cigarette smoke can cause damage to the ovary and inhibit ovarian follicle growth.
Objectives — This study aimed to assess the effects of the anthocyanins from the sweet potato (Ipomoea batatas L.) purple cultivar on
ovarian malondialdehyde (MDA) and 17β-estradiol levels in rats (Rattus norvegicus) exposed to cigarette smoke.
Material and Methods — The Rattus norvegicus Wistar strain was used in this study. Thirty rats were divided into five groups. Cigarette
smoke was given as two cigarettes/day for four minutes, in the morning and afternoon for eight weeks after rats were at the proestrus
stage. MDA levelwere measured with the BIOXYTECH MDA-586TM spectrophotometric assay for malondialdehyde, whilst 17β-estradiol was
measured by ELISA. Data were then analyzed using one-way ANOVA.
Results — MDA level were significantly different between the negative control and positive control groups based on double comparison
with the LSD test (p=0.000 <∝). The level of 17β-estradiol also showed asignificant difference between the negative and positive control
groups. There was a significant correlation between MDA level and 17β-estradiol levels (p=0.000 <∝) in the group of rats exposed to
cigarette smoke and treated with anthocyanins from sweet potato at doses of 40 mg and 80 mg.
Conclusions — Anthocyanins from the sweet potato (Ipomoea batatas L.) purple cultivar given at various doses decreased ovarian MDA
level and increased 17β-estradiol levels in female rats exposed to cigarette smoke.
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Introduction
Cigarette smoking negatively impacts the health of both active
smokers and passive smokers [1]. Approximately 40% of children,
33% of non-smoking men, and 35 of non-smoking women are
exposed to cigarette smoke at home. Cigarette smoke is suggested
to cause about 379,000 deaths per year due to ischemic
cardiovascular disease, 165,000 due to infection of the lower
respiratory tract, 36,900 due to asthma, and 21,400 due to lung
cancer [2]. According to the World Health Organization (WHO) in
2009, more than one third of the over all population was affected
by cigarette smoke. About 600,000 deaths occur per year inpassive
smokers [3].
Indonesia ranks as the third highest cigarette consuming
country world wide after China and India, with a smoking
population of 65.2 million (28% of all Indonesians), including 4.8
million female smokers [3]. The prevalence of passive smokers
among women of reproductive age (15-49 years old) is 65-69% [4].
Four thousand toxic compounds are found in cigarette smoke. In
the tar phase, cigarette smoke has >1017 free radicals/g and
>1015 free radicals/cigarette [5].

Reactive oxygen species (ROS) derived from cigarette smoke
have the ability to decrease endogenous antioxidants such as
superoxide dismutase (SOD) and glutathione (GSH), which
normally protect against oxidative stress [6]. Increased ROS results
in decreased antioxidant levels, leading to cell membrane damage
via lipid peroxidation [7]. A study performed by Yuningtyaswari [8]
on rats exposed to cigarette smoke showed increased plasma
malondialdehyde (MDA) level. Cigarette smoke also inhibits
ovarian follicle growth [9], increases apoptosis [10], and causes
damage to the ovary [11]. Disturbances in follicle growth due to
cigarette smoke exposure will also cause disturbances in estrogen
production [12].
Antioxidants are important mediators that rescue cells from
free radical-mediated damage [13]. According to Husna [14],
anthocyanins have excellent antioxidant properties. Zhao et al.
[15] also reported that the antioxidants in anthocyanin-containing
extracts of the sweet potato purple cultivar were more effective
than vitamin C. Indeed, it has been found in another study that
anthocyanins from the sweet potato purple cultivar increase
antioxidant enzyme expression.
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Most ongoing research into the effects of anthocyanins on the
reproductive tract only focuson the male genital tract; i.e.
anthocyanins from black soybean have been found to increase
testicular weight, sperm motility, and spermatogenesis, as well as
decrease oxidative stress [16]. Treatment with a sweet potato
purple cultivar syrup containing anthocyanins at a dose of 0.1
mg/day to mice (20 g) was found to decrease the MDA level [17].
Based on these findings, this study aimed to assess the effects of
anthocyanins from the sweet potato (Ipomoea batatas L.) purple
cultivar on ovarian MDA and 17β-estradiol levels in rats (Rattus
norvegicus) exposed to cigarette smoke.
Material and Methods
Experimental design
The present investigation is an experimental study with a posttest only control group design, performed between JanuaryAugust 2017. In this study, white rats were used Rattus norvegicus
Wistar strain, 30 rats were divided into five groups (6 rats for each
group). The rats used were female, healthy, and weighed 100-150
grams. The treatment was divided into 5 groups:
1. Negative control: rats were not exposed to cigarette
smoke and were not given anthocyanin of sweet potato
(Ipomoea batatas L.) purple cultivar.
2. Positive control (as.rkk): rats were exposed to 2
cigarettes/day for 8 weeks and were not given
anthocyanin of sweet potato (Ipomoea batatas L.) purple
cultivar.
3. P1 (as.rkk+anto 20 mg/kg BW): rats were exposed to 2
cigarettes/day for 8 weeks and were given anthocyanin of
sweet potato (Ipomoea batatas L.) purple cultivar at a
dose of 20 mg/kg BW per day.
4. P2 (as.rkk+anto 40 mg/kg BW): rats were exposed to 2
cigarettes/day for 8 weeks and were given anthocyanin of
sweet potato (Ipomoea batatas L.) purple cultivar at a
dose of 40 mg/kg BW per day.
5. P3 (as.rkk+anto 80 mg/kg BW): rats were exposed to 2
cigarettes/day for 8 weeks and were given anthocyanin of
sweet potato (Ipomoea batatas L.) purple cultivar at a
dose of 80 mg/kg BW per day.
The present study has the approval from the ethics committee
of our institution.
Anthocyanin extraction from Ipomoea batatas L.
The anthocyanins present in the sweet potato purple cultivar
from Gunung Kawi have been previously characterized by Dr.
Ciptati MS, M. Scat the Chemistry Laboratory, Faculty of
Mathematics and Science, Institut Teknologi Bandung. Extraction
was conducted with the maceration technique by soaking samples
in 0.01% ethanol-HCl for 14 hours at room temperature.
Anthocyanins were separated from the extract by modified
column chromatography with a solid phase of polyamide CC-6 and
amobile phase of water and ethanol.
Administration of cigarette smoke
Cigarette smoke was given as two cigarettes/day for four
minutes each, one in the morning and one in the afternoon for 8
weeks after rats were in the proestrus phase.
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Administration of the sweet potato purple cultivar
The dose of anthocyanins in the sweet potato purple cultivar
was based on a previous study and was found to be 80 mg/kg BW.
This dose has a significant impact on testicular weight, sperm
motility, and spermatogenesis cell density, and moreover
decreased 8-OHdG levels as a marker of oxidative stress induced
by varicocele in male rats. In this study, concentrations of 20
mg/kg BW, 40 mg/kg BW, and 80 mg/kg BW were assessed.
Anthocyanins were given orally diluted in 1 ml of water [16].
Vaginal smears
Vaginal smears were performed to detect the proestrus phase
in rats. Vaginal smears were also carried out on the last day of the
study to confirm the stage of the estrus cycle. Cytologic samples
were collected from 09:00-11:00 local time (GMT +7).
Measurement of MDA and 17β-estradiol level
Animals were culled after 8 weeks of treatment. MDA level
were
measured
using
the
BIOXYTECH
MDA-586TM
spectrophotometric assay for malondialdehyde. 17β-estradiol
levels were monitored in rat heart during the estrus phase,
measured by ELISA (rat-17β-estradiol ELISA kit (BT-Laboratory
E1393Ra). Absorbance was measured at a wavelength of 450 nm.
Statistical analysis
Data were analyzed using SPSS 22 for Windows. This study
used comparative and associative analysis. The comparative
analysis was performed using one-way ANOVA [18].
Results
Based on the results of the Shapiro-Wilk test, found that the
data MDA and 17β-Estradiol levels for each group of observations
have demonstrated p-value of which was greater than the
significance level of =0:05. All the data has met the prerequisites
of parametric test, which proved the data are normally distributed
(Table 1).
Measurement of MDA level
Based on the results of multiple comparison test with Least
Significant Difference (LSD) test shows that there were significant
differences (p<0.001) mean of MDA level between the negative
control group with the positive control group. Based on the mean
value of MDA level, reveales that cigarette smoke-exposed rats
have higher MDA level than with healthy rats.
Table 1. Normality test for ovarian MDA and ovarian 17β-Estradiol levels
p-value
Treatment groups
Distribution
MDA
17β-Estradiol
levels
levels
Negative control
0.739
0.123
Normal
Positive control (as.rkk)
0.861
0.147
Normal
P1 (as.rkk+anto 20 mg/kg BW) 0.073
0.708
Normal
P2 (as.rkk+anto 40 mg/kg BW) 0.253
0.315
Normal
P3 (as.rkk+anto 80 mg/kg BW) 0.233
Normal
0.217
p<0.05, the data were not normally distributed; p>0.05, the data are
normally distributed.
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Table 2. Effect of anthocyanins from the sweet potato purple cultivar on
MDA level (µM)
Treatment groups
n
Mean ± SD
p-value
Negative control
6
0.34±0.07c
Positive control (as.rkk)
6
0.77±0.09a
P1 (as.rkk+anto 20 mg/kg BW)
6
0.72±0.09a
<0.001
P2 (as.rkk+anto 40 mg/kg BW)
6
0.53±0.06b
P3 (as.rkk+anto 80 mg/kg BW)
6
0.41±0.06c
Results of the LSD test are shown in the mean ± standard deviation (SD)
column; different letters represent significant differences (p<0.05) and
same letters represent no significant differences (p>0.05).
Table 3. Effect of anthocyanin from
17β-estradiol levels (ng/l)
Treatment groups
Negative control
Positive control (as.rkk)
P1 (as.rkk+anto 20 mg/kg BW)
P2 (as.rkk+anto 40 mg/kg BW)
P3 (as.rkk+anto 80 mg/kg BW)

the sweet potato purple cultivar on
n
6
6
6
6
6

Mean ± SD
68.21±5.90d
29.86±2.10a
31.99±2.13a
40.98±1.89b
58.79±6.69c

p-value

<0.001

Results of the LSD test are shown in the mean ± standard deviation (SD)
column; different letters represent significant differences (p<0.05) and
same letters represent no significant differences (p>0.05).

Based on the Table 2, it means that the treatment of 40 mg
and 80 mg antocyanin of sweet potato (I. batatas L.) were
significantly influential to the decreased MDA level in cigarette
smoke-exposed rats. So the research hypothesis which stated that
anthocyanin sweet potato (I. batatas L.) purple varieties can
reduce MDA level was proven.
Measurement of 17β-estradiol levels
Based on test results of multiple comparisons with LSD test
shows a significant difference (p=0.000<α) average 17β-estradiol
levels between the negative control group with the positive
control group. Based on the value of the mean 17β-Estradiol level,
revealed that cigarette smoke-exposed rats show the lower17βestradiol level than healthy rats.
Based on the Table 3, it means that the treatment of various
antocyanin dosages of sweet potato (I. batatas L.) could
significantly affected the elevated levels of 17β-estradiol in rats
exposed by cigarette smoke. Therefore, the second research
hypothesis has been proved, which is stated that providing sweet
potato anthocyanins can increase 17β-estradiol level in rats
exposed by cigarette smoke.
Discussion
The results of the present study showed decreased ovarian
MDA level in rats exposed to two cigarettes per day. This is
supported by a previous study by Yuningtyaswari [8] that reported
increased lipid peroxidation, indicated by MDA, in the plasma of
rats exposed to cigarette smoke. MDA is the end product of lipid
peroxidation from unsaturated fatty acids in the phospholipids of
the cell membrane. MDA is a potential contributor to cell damage
and DNA mutation generated from lipid peroxidation, which
occurs gradually [19].
Treatment with anthocyanins from sweet potato at a dose of
20 mg decreased the MDA level, although the effect was not
significant. According to Jawi et al. [17], treatment with sweet
potato 0.1 mg/day in mice (20 g) decreased MDA level in rats.
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Anthocyanins in sweet potato increased the total antioxidant
capacity (T-AOC) and antioxidant enzyme levels (SOD and GSH-PX),
and decreased MDA level. Increased antioxidant enzyme levels
neutralize free radicals induced by oxidative stress [15].
Treatment at 40 mg and 80 mg decreased MDA level in rats
exposed to cigarette smoke, with a significant difference between
treatments. Anthocyanins are water-soluble pigments naturally
found in plants [20]. These polyphenolic compounds derived from
flavonoids are known to be antioxidants and can be utilized to
scavenge free radicals [21]. The anthocyanins include pelargonidin,
peonidin, cyanidin, malvidin, petunidin, and delphinidin. Cyanidin
and peonidin, found in the sweet potato purple cultivar, have been
reported to possess antioxidant properties [22]. Another study has
also confirmed the antioxidant activities of anthocyanins from the
sweet potato purple cultivar. A study done by Zhao et al. [15]
showed that the antioxidant activity of the anthocyanin extract
from the sweet potato purple cultivaris higher than that of vitamin
C.
In the present study, MDA level decreased with an increased
dose of sweet potato anthocyanins, this is in accordance with a
previous study showing that a higher concentration of
anthocyanins provides greater antioxidant activity [14]. Jang [16]
showed that the anthocyanins in black soybean can increase
testicular weight, sperm motility, and spermatogenesis, related to
decrease oxidative stress.
The result of the present study show there was a significant
difference in 17β-estradiollevels between negative control and
positive control animals. This is in accordance with a previous
study showing that administration of cigarette smoke to rats for 3
months decreased estradiol levels [23]. In the present study, rats
exposed to cigarette smoke (K+) had lower 17β-estradiol levels
compared to healthy rats (K-). Attia [24] showed the estradiol
serum levels are lower in passive smokers than in non-smokers.
According to Kapoor and Jones [25], cigarette smoke has an antiestrogenic effect in women, which may cause irregular menstrual
cycles, increased risk of an ovulation, infertility, and premature
menopause.
Estrogen is known to have strong antioxidant properties. It has
been reported that estrogen is affected radical levels (O2-) [26].
Estrogen increases oxidative phosphorylation, and simultaneously
decreases radical generation [27]. Low estrogen levels reduce the
activity of SOD and GPx. Decreased levels of these enzymes will
lead to H2O2 accumulation in the cell, resulting in SOD inactivation
[28].
Cigarette smoke inhibits ovarian follicle growth [9], increases
apoptosis [10] and causes ovarian damage [11]. Disturbances in
follicle growth due to cigarette smoking will further affect
estrogen production. The concentration of 17β-estradiol relies
upon ovarian follicles required for ovulation; normal follicle
development is correlated with normal hormone levels [12].
Estrogen produced during follicle maturation stimulates GnRH
to produce FSH and LH. In the uterus, estrogen also promotes
endometrial proliferation. Elevated LH (the LH surge) in the middle
of the cycle causes follicle break down, thus stimulating ovulation.
If ovulation does not occur, the corpus luteum is not present
either. The progesterone will be released in endometrium and can
not support GnRH to produce FSH and LH. The absence of FSH, LH
by GnRH promotes follicle maturation in which estrogen is not
produced and leads to any endometrial proliferation. Repeated
events result in endometrial atrophy [29].
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Treatment with anthocyanins at a dose of 20 mg increased
17β-estradiol levels, although the effect was not significant,
whereas at a dose of 40 mg and 80 mg, there was a significant
difference in 17β-estradiol levels. These results are in accordance
with a study done by Scorvita [30] showing that a mangosteen
peel ethanolic extract could prevent the reduction in testosterone
production caused by cigarette smoke exposure in male Wistar
rats. Mangosteen peel contains mangostin, tannin, anthon,
crysanthemin, garcinone, gartanin, vitamin B1, B2, terpen,
anthocyanin, phenol, andother bioactive compounds.
Anthocyanins are flavonoids, i.e. polyphenolic compounds
known to possess antioxidant activity [21]. Flavonoids possess 15
carbon atoms that form a chemical backbone. Flavonoids are
phytoestrogens, i.e. non-steroid compounds derived from plants
that have estrogenic activities.
Anthocyanins are polyphenolic compounds with antioxidant
activity, so they can stopthe free radical chain reaction in the
hypothalamus [31]. In the female, gonadotrophin releasing
hormone (GnRH) secreted from the hypothalamus stimulates the
release of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) from the anterior pituitary. FSH and LH are
secreted at different levels during the estrus cycle. In the early
phase (follicular), FSH stimulates follicle growth, one of which
rapidly develops into a Graafian follicle (GF) that subsequently
produces estradiol [32]. Thus, disturbances in follicle growth affect
estrogen production.
Anthocyanins from sweet potato increase the granulose
content of primary, secondary, and Graafian follicles. Estrogen is
produced by granulose cells and follicles viaan enzymatic reaction
[33]. The granulose contains many FSH receptors, and FSH
facilitates 17β-estradiol secretion with cAMP activation to enhance
the aromatics compounds formation of aromatics. Mature
granulose cells also possess LH receptors, and LH stimulates 17βestradiol secretion. Estrogen synthesis is increased along with
follicle development in the ovary. In summary, the present study
shows the effect of anthocyanins from sweet potato on increasing
17β-estradiol production in rats exposed to cigarette smoke.
Conclusion
The present study showed that anthocyanins from the sweet
potato (I. batatas L.) purple cultivar at various doses decreased
MDA level in the ovary and increased 17β-estradiol levels in rats
exposed to cigarette smoke. A higher dose of anthocyanins was
associated with lower MDA and higher 17β-estradiol levels in rats
exposed to cigarette smoke.
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