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Abstract

The effect of cigarette smoke exposure on reproductive health has been widely studied, showing various physiological
disorders induced by free radicals and oxidative stress. This study aimed to assess the protective effect of ethanol extract
of black garlic (Allium sativum) on some reproductive parameters of female rats Rattus norvegicus exposed to subacute
cigarette smoke. A proper experimental method with a post-test-only control group design was used, involving 25 rats
divided into five groups with three different doses of the extract. The rats were exposed to cigarette smoke and then
treated for 28 days. Results showed a significant decrease in ovarian Malondialdehyde levels and increased fallopian
tube smooth muscle thickness in the extract-treated group. In addition, black garlic extract successfully increased the
number of endometrial arterioles in the group exposed to cigarette smoke and extract, in contrast to the group exposed
to cigarette smoke only. This study concludes that black garlic extract has the potential to be a protective agent against
oxidative damage in the reproductive system of rats exposed to cigarette smoke, with effectiveness that depends on the
dose of extract given. Further studies should investigate the long-term effects and optimal dosing of black garlic extract
in humans. Additionally, exploring the molecular mechanisms behind its protective properties could enhance its
application in reproductive health management.
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1. INTRODUCTION

Cigarette smoke has been globally recognized as one of the leading causes of many severe
diseases and health complications. According to a study conducted (Widyanti et al.,
2020)'(Rahma et al., 2019), cigarette smoke contributes to an increased risk of cardiovascular
disease, chronic lung disease, as well as various neurological disorders such as Alzheimer's and
Parkinson's. In Indonesia, the prevalence of smokers has shown a significant increase from
2011 to 2021, with more than 70 million residents actively smoking, resulting in a large
population of secondhand smoke exposure in homes and public spaces (GATS, 2021).

Secondhand smoke is known to be a major risk factor for numerous chronic diseases
globally, such as heart disease, reproductive issues, and lung cancer (Widyanti et al., 2020).
Cigarette smoke, which contains more than 4800 chemicals, including free radicals, causes
significant oxidative stress in the body, which can affect reproductive health, especially in
women (Rahma et al., 2019).

Exposure to cigarette smoke has been linked to reduced fertility and a higher likelihood
of miscarriage and various pregnancy complications (Trofor et al., 2018). This exposure has
severe implications for reproductive health, including decreased pregnancy potential and a high
risk of disorders of reproductive organs such as the ovaries and endometrium.

Studies (Ardiana, 2021) show that cigarette smoke can reduce the chances of pregnancy
by 30%, disrupt the normal function of reproductive hormones, and induce oxidative stress that
damages reproductive cells. Harmful substances in cigarette smoke, including nicotine and
carbon monoxide, have been shown to interfere with the expression of hormone receptors such
as estrogen and progesterone and growth factors such as VEGF, which are critical for
endometrial and ovarian function (Park et al., 2022).

These substances have been linked to various health issues, including cancer. Studies
have shown that cigarette smoking is associated with an increased risk of ovarian cancer (Faber
et al., 2013), and endometrial carcinoma (Felix et al., 2014). Additionally, cigarette smoke
exposure has been found to induce autophagy, dysregulate mitochondrial dynamics, and
generate reactive oxygen species, leading to apoptosis and cell damage (Gannon et al., 2013).

Furthermore, research has demonstrated that smoking cigarettes prevents bone-marrow-
derived stem cells from being recruited to the uterus (Budani et al., 2021), affecting uterine
receptivity and potentially leading to fertility issues. It can also impact the expression of genes
involved in the inflammatory response in the uterus, affecting processes essential for uterine
growth and remodeling. Moreover, cigarette smoke has been implicated in causing damage to
the ovary, inhibiting ovarian follicle growth, and affecting ovarian function (Aningsih et al.,
2020).

Recent studies have revealed that the prevalence of smoking in Indonesia is very high,
with exposure to cigarette smoke occurring not only in the public environment but also at home,
which increases the health risks of secondhand smoke, including women and children. The
prevalence of smoking in Indonesia is very high. According to recent data, there are
approximately 3,461,279 active female smokers in Indonesia. Additionally, the exposure to
secondhand smoke is a significant issue, impacting both women and children in various
environments, including homes and public places (Sala & Gotti, 2023; Tobacco Atlas, 2024;
World Health Organization, 2024). The damage that secondhand smoke causes to the female
reproductive system is a severe public health issue that requires effective intervention
strategies.

Research in Indonesia shows an urgent need to address the health problems caused by
cigarette smoke, especially among women who are at risk of infertility and other pregnancy
complications due to oxidative stress and hormonal disruption induced by nicotine and other
toxic substances in cigarette smoke (Kida et al., 2021).
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Faced with this problem, black garlic (Allium sativum) in ethanol extract may offer a
potential solution. Black garlic, known for its high antioxidant content, "has shown potential in
reducing oxidative damage induced by free radicals found in cigarette smoke" (Lu et al., 2017).
Previous studies have demonstrated that black garlic can improve antioxidant status and reduce
biomarkers of oxidative damage in animal models and humans (Agustina et al., 2020).

Therefore, this study aimed to evaluate the protective effect of ethanol extract of black
garlic (Allium sativum) against the negative impact of cigarette smoke on the reproductive
system of rats. Black garlic, a fermented form of garlic, is known to have a high concentration
of antioxidants that can fight free radicals and potentially reduce oxidative damage to
reproductive tissues (Lu et al., 2017).

This study is expected to provide new insights into the potential use of black garlic as a
mitigation strategy against the damaging effects of cigarette smoke, especially on
Malondialdehyde levels, oviduct smooth muscle thickness, and the number of endometrial
arterioles in animal models exposed to subacute cigarette smoke.

The results of this study are expected to provide new insights into the application of
herbal medicine as a supporting therapy to protect reproductive organs from the adverse effects
of cigarette smoke, offering a safer and more sustainable alternative therapy to reduce the health
impacts caused by smoking habits that are still high in Indonesia.

2. RESEARCH METHOD

This research presents a unique laboratory experimental study that utilizes a "post-test
only control group' approach. The novelty lies in its focus on the direct effect of ethanol extract
of black garlic on rats exposed to subacute cigarette smoke. The study was conducted at the
Pharmacology Laboratory, Anatomical Pathology Laboratory Faculty of Medicine Brawijaya
University, and Laboratorium Herbal Medika Batu City, from December 2024 to March 2024.
The entire experimental procedure was approved by the Ethics Committee of the Faculty of
Medicine, Brawijaya University, with ethical number 367/EC/KEPK-S2/11/2023.

The study population included 25 female Wistar strain white rats (Rattus norvegicus),
aged 8-10 weeks with body weights between 150-200 grams, randomly selected into five
groups of five animals each. The groups included one negative control group that was not
exposed to cigarette smoke or extract, one positive control group that was only exposed to
cigarette smoke, and three experimental groups that were exposed to cigarette smoke and given
black garlic extract at doses of 50 mg/kgBW, 100 mg/kgBW, and 150 mg/kgBW. Each group
was exposed to cigarette smoke for five minutes per session, two sessions per day for 28 days.
The following is the division of the groups and the duration of exposure:

1)  CN (Negative Control): This group was not exposed to cigarette smoke and was not given
black garlic extract.

2)  CP (Positive Control): Exposed to cigarette smoke twice a day for five minutes per
session for 28 days without black garlic extract.

3) P1 (Treatment 1): Exposed to cigarette smoke twice a day for five minutes per session
and given a dose of 50 mg/kgBW black garlic extract for 28 days.

4) P2 (Treatment 2): Exposed to cigarette smoke twice a day for five minutes per session
and given a dose of 100 mg/kgBW black garlic extract for 28 days.

5)  P3 (Treatment 3): Exposed to cigarette smoke twice a day for five minutes per session
and given a 200 mg/kgBW dose of black garlic extract for 28 days.

The data were meticulously measured through analysis of Malondialdehyde levels with
the Thiobarbituric Acid Reactive Substances (TBARS) method, ovarian smooth muscle
thickness through histopathological analysis using Hematoxylin and Eosin (H&E) staining, and
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the number of endometrial arterioles observed using light microscopy. To ensure the reliability
of the findings, statistical analysis was performed using ANOVA to compare between groups,
followed by Tukey's post hoc test if significant differences were found, with p<0.05 as the
significance limit.

Data presentation will include tables and graphs for straightforward interpretation of
results and experimental flow charts and histological images to support the analysis. The tools
used in this study include standard laboratory rat cages, a cigarette smoke machine that can
control the dose and duration of exposure, ethanol extract of black garlic produced through the
extraction of fermented black garlic with 70% ethanol, as well as a Thiobarbituric Acid
Reactive Substances (TBARS) kit, microtome, Hematoxylin and Eosin (H&E) staining
material, and microscope for histopathology analysis. Data were analyzed using statistical
SPSS software to test for significant differences between groups.

3. RESULTS AND DISCUSSION

This study involved 25 female Wistar white rats divided into five study groups, each with
five rats. The rats were exposed to two cigarette smoke cigarettes daily for 28 days and given
different doses of black garlic extract.

Table 1. Normality and Homogeneouseity Test of Malondialdehyde Level Data

Test p-value Description
Normality 0.207 Normal
Homogeneouseity 0.159 Homogeneous

Table 1 shows that data normal and homogeneous distribution fulfills the prerequisites
for further statistical analysis.

Table 2. Comparison of Test Results of Malondialdehyde Levels

Group n Mean +SD (UM)  p-value
CN 5 1.157 + 0.60°
CP 5 4,787 +0.70%
P1 5 2.674 £1.70° 0.000
P2 5 3.980 + 0.27"
P3 5 6.200 + 1.54¢

Notes: CN: Negative control group, not exposed to cigarette smoke. CP: Positive control group, only exposed to cigarette smoke. P1, P2, P3:
Groups exposed to cigarette smoke were given 50, 100, and 200 mg/kgBW of black garlic extract, respectively. p-value <0.05 indicates a
significant difference.

Table 2, One-way ANOVA analysis showed significant differences in Malondialdehyde
levels between the control and treatment groups, with the highest levels in the group receiving
the most significant black garlic dose (P3). Figure 1 shows the difference in mean
Malondialdehyde levels between the unexposed, cigarette smoke-exposed, and cigarette
smoke-exposed groups treated with black garlic extract.
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Figure 1. Malondialdehyde Levels

We divided the female Rattus norvegicus rats into several groups for our study. The first
group (CN) was not exposed to any external factors. The second group (CP) was exposed to
cigarette smoke. The third, fourth, and fifth groups (P1, P2, and P3) were also exposed to
cigarette smoke, but in addition, they were given black garlic extract at doses of 50, 100, and
200 mg/kgBW, respectively. We then measured the mean ovarian Malondialdehyde levels in
each group.

The results showed that black garlic extract could reduce Malondialdehyde levels at low
doses (50 mg/kgBW). However, increased Malondialdehyde levels occurred at higher doses,
suggesting a potential prooxidative effect at higher doses. These measurements suggest that
black garlic extract at a specific dose can reduce cigarette smoke-induced oxidative damage in
rat ovaries; however, increasing the dose above a certain threshold can increase
Malondialdehyde levels, indicating the importance of proper dosing in the therapeutic
application of this extract.

Effects of Black Garlic (Allium sativum) Ethanol Extract on Oviduct Smooth Muscle
Thickness Rattus norvegicus Exposed to Subacute Cigarette Smoke

This study involved 25 female Wistar white rats divided into five research groups, each
with five rats. The study lasted for 28 days in the pharmacology laboratory to measure the effect
of black garlic extract on the thickness of fallopian tube smooth muscle in rats exposed to
subacute cigarette smoke. Observations were made using an Olympus BX53 microscope with
400x magnification and counted in 5 fields of view.
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Figure 2. (a) Negative Control Group CN (-); (b) Positive Control Group CP (+); (c) Treatment
Group 1 (Cigarette smoke exposure and dose of 50 mg/Kg/BW); (d) Treatment Group 2
(Cigarette smoke exposure and dose of 100mg/kg/BW; (e) Treatment Group 3 (Cigarette smoke
exposure and dose of 200mg/kg/BW).

Table 3. Normality and Homogeneousity Test of Fallopian Tube Smooth Muscle Thickness
Data

Test p-value Description
Shapiro-Wilk Normality Test 0.715 Normal
Levene Homogeneousity Test 0.087 Homogeneous

Table 3 shows that fallopian tube smooth muscle thickness data were normally distributed
and homogeneous, fulfilling the prerequisites for further statistical analysis.

Table 4. One-Way Anova Test of Fallopian Tube Smooth Muscle Layer Thickness

Group n Mean +SD p-value
CN 5 6.74160 + 1.635602 b
CP 5 4.08940 + 0.256373 a
P1 5 5.78380 + 0.261336 b 0.002
P2 5 5.90960 + 0.893802 b
P3 5 6.17360 + 0.511684 b

Notes: CN: Negative control group, not exposed to cigarette smoke. CP: Positive control group, only exposed to cigarette smoke. P1, P2, P3:
Groups exposed to cigarette smoke and given black garlic extract, respectively, 50, 100, and 200 mg/kgBW. p-value <0.05 indicates a
significant difference.

The administration of black garlic extract significantly increased the thickness of the
smooth muscle layer, with a significant difference at a dose of 50 mg/kg/BW compared to the
positive control.
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Figure 3. Effect of Black Garlic Extract on Increasing the Thickness of the Smooth Muscle
Layer of Fallopian Tubes of White Rats Exposed to Cigarette Smoke.

CN: control negative without exposure to cigarette smoke and administration of black
garlic extract; CP: control positif exposed to cigarette smoke and without administration of
black garlic extract; P1: exposed to cigarette smoke and given 50 mg/kgBW black garlic
extract; P2: exposed to cigarette smoke and given 100 mg/kgBW black garlic extract; P3:
exposed to cigarette smoke mg/gBW and given 200 mg/kgBW black garlic extract.

Figure 3 shows the fallopian tube smooth muscle thickness in groups exposed to cigarette
smoke and those given black garlic extract. The increase in the thickness of the smooth muscle
layer is most significant at low doses of extract.

This analysis indicates that black garlic extract can reduce the adverse effects of cigarette
smoke exposure on the thickness of the fallopian tube smooth muscle, especially at a dose of
50 mg/kg/BW. These results confirm the potential of black garlic extract as a protective agent
against tissue damage due to cigarette smoke exposure.

Effects of Black Garlic (Allium sativum) Ethanol Extract on Endometrial Arteriols Count
in Rattus Norvegicus Exposed to Subacute Cigarette Smoke

This study used female Wistar rats divided into control and treatment groups with
exposure to cigarette smoke and different doses of black garlic extract (50 mg/kg, 100 mg/kg,
and 200 mg/kg). Observations were made using an Olympus BX53 light microscope, with 400x
magnification, to measure the effect on the number of endometrial arterioles.



https://doi.org/10.31965/infokes.Vol22.Iss2.1533
https://doi.org/10.31965/infokes.Vol22.Iss2.1533

251 | https://doi.org/10.31965/infokes.\Vol22.1ss2.1533

Figure 4. Arrows indicate spiral arterioles in rat endometrium with round tissue shape, with
tunica intima, tunica media, and adventitia. (a) negative control group/no treatment; (b) positive
control group/exposed to cigarette smoke; (c) treatment group 1 with cigarette smoke and black
garlic 50 mg/kgBW; (d) treatment group with cigarette smoke and black garlic 100 mg/kgBW;
(e) treatment group 3 with cigarette smoke and black garlic 200 mg/kgBW).

Table 5. Normality and Homogeneousity Test of the Number of Endometrial Arterioles

Test p-value Description
Normality 0.972 Normal
Homogeneousitas 0.149 Homogeneous

Table 5 shows that the test results show that the data is usually distributed and
Homogeneous, which allows further statistical analysis using the One Way ANOVA test.

Table 6. Comparison Test Results of The Number of Endometrial

Group n Mean £SD p-value
CN 5 524 +1.10°
CP 5 2.20 + 0.38?
P1 5 5.12 + 1.06° 0.000
P2 5 4.24 +0.49°
P3 5 3.76 £ 0.72°

Different notations (a,b) give significant meaning to the mean + sd obtained (p-value < a
= 0.05), which means that there is a significant difference, and if the notation makes different
letters (p-value > a = 0.05), there is no significant difference in the HS post hoc test. Statistical
analysis showed significant differences in the number of arterioles between the control and
treatment groups, with a significant increase in the group treated with black garlic extract,
especially at the lowest dose (50 mg/kg).
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Figure 5. Number of Endometrial Arterioles

Different notations (a,b) give significant meaning to the mean + sd obtained (p-value < a
= 0.05), which means that there is a significant difference, and if the notation makes different
letters (p-value > o = 0.05), there is no significant difference in the HS post hoc test. Statistical
analysis showed significant differences in the number of arterioles between the control and
treatment groups, with a significant increase in the group treated with black garlic extract,
especially at the lowest dose (50 mg/kg).

Figure 5 shows the mean number of endometrial arterioles in the negative control group,
positive control group (exposed to cigarette smoke two cigarettes/day), P1 (exposed to cigarette
smoke + BG 50 mg/kg/BW), P2 (exposed to cigarette smoke + BG 100 mg/kg/BW), P3
(exposed to cigarette smoke + BG 200 mg/kg/BW). The mean = sd obtained (p-value < a =
0.05) can mean that there is a significant difference, and if (p-value > o = 0.05), then there is
no significant difference. This shows an increase in the number of arterioles in the group given
black garlic extract, showing a protective effect against damage due to exposure to cigarette
smoke.

Microscopic observations revealed that the arterioles in the group given black garlic
extract showed a more preserved structure than those exposed to cigarette smoke in the positive
control group. The group with a dose of 50 mg/kgBW of black garlic showed the highest
number of arterioles, indicating the strongest positive effect against cigarette smoke damage.

These observations suggest that black garlic extract is potentially a protective agent
against endometrial arteriolar damage caused by cigarette smoke exposure, with the most
significant effect seen at a dose of 50 mg/kgBW.

DISCUSSION
Effects of Black Garlic (Allium sativum) Ethanol Extract on Malondialdehyde Levels in
RattusNorvegicus Exposed to Subacute Cigarette Smoke

Cigarette smoke exposure was shown to increase Malondialdehyde levels in Rattus
norvegicus, indicating increased oxidative stress due to free radical activity derived from toxic
substances in cigarette smoke (Aningsih et al., 2020). Higher Malondialdehyde levels in groups
exposed to cigarette smoke confirm the role of cigarette smoke in inducing lipid peroxidation
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that has the potential to cause damage to cell membranes (Kole et al., 2020)'(Ningrum et al.,
2021).

Administering black garlic extract at a dose of 50 mg/kgBW led to a notable reduction in
Malondialdehyde levels, highlighting black garlic's protective properties against oxidative
stress caused by cigarette smoke exposure (Tsai et al., 2019). These results are consistent with
the study (Tsai et al., 2019) , which found that black garlic extract was able to reduce
Malondialdehyde and inflammatory responses in an acute liver injury model in rats.

Interestingly, increasing the black garlic extract given to the P3 group (200 mg/kgBW)
did not provide a better protective effect; instead, it tended to show higher Malondialdehyde
levels than the group with lower doses. This may indicate the existence of an optimal dose limit
of black garlic extract in reducing oxidative stress, where higher doses can potentially induce
pro-oxidative effects or toxicity by the thoughts expressed (Dutta et al., 2021) (Gorrini et al.,
2013)'(Penke et al., 2017) regarding the potential toxicity of active components at high doses
(Marengo et al., 2016).

Furthermore, the decrease in Malondialdehyde levels at low doses (50 mg/kgBW) reflects
the potential of black garlic in increasing the body's intrinsic antioxidant capacity through
various mechanisms, including increased antioxidant enzyme activity and modulation of
oxidative stress, as demonstrated (Oktari et al., 2020):(Djedjibegovic et al., 2020). Active
components of black garlic such as S-Allylcysteine (SAC) play an important role in this
process, given that SAC is known to have strong antioxidant effects. The differences in results
between studies regarding the effectiveness of black garlic doses in reducing Malondialdehyde
levels could be due to variations in extraction methods, experimental conditions, and the type
and biological condition of the study subjects. This underscores the importance of standardizing
research conditions and carefully considering the dose selection.

Effects of Black Garlic (Allium sativum) Ethanol Extract on Oviduct Smooth Muscle
Thickness Rattus norvegicus Exposed to Subacute Cigarette Smoke

This study showed that exposure to cigarette smoke caused a decrease in fallopian tube
smooth muscle thickness, which the administration of black garlic extract significantly
increased. This decrease can be explained by the impact of cigarette smoke that induces
oxidative stress and damages the structural integrity of smooth muscle tissue, as shown by the
decrease in muscle thickness in the control group exposed to cigarette smoke (Lee et al.,
2017)(Kimura et al., 2017).

The increase in smooth muscle thickness in the group given black garlic indicates the
protective effect of bioactive compounds in black garlic against cigarette smoke-induced
damage (Lu et al., 2017). Black garlic, which undergoes a fermentation process, contains high
concentrations of antioxidant compounds such as S-allyl cysteine (SAC), which are effective
in neutralizing free radicals generated from cigarette smoke (Felix et al., 2014).

These results are consistent with a study (Lu et al., 2017), which showed that black garlic
extract can reduce oxidative stress and increase antioxidant enzyme levels, reducing
inflammation associated with oxidative damage to tissues (Lee et al., 2017). By inhibiting
inflammatory pathways and strengthening the body's antioxidant capacity, black garlic extract
promotes the maintenance of smooth muscle tissue structure and avoids degradation caused by
free radicals (Tsai et al., 2019).

In the context of molecular mechanisms (Dampati & Veronica, 2020) explained that
cigarette smoke can interfere with hormone signals necessary for the normal function of the
fallopian tubes through disruptive endocrine mechanisms (Recinella et al., 2021). Black garlic
extract may mitigate some of these effects by affecting the expression of hormone receptors
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and proteins involved in muscle contractility, which might help maintain fallopian tube smooth
muscle function in the face of oxidative stress (Szumilas et al., 2020).

Black garlic has metabolic and anti-inflammatory effects in chronic disease models,
indicating that black garlic administration not only affects tissue structure but also has the
potential to improve physiological functions in the reproductive system affected by exposure
to environmental toxins such as cigarette smoke (Amor et al., 2019).

This study underscores the potential of black garlic extract as a therapeutic agent in
preventing tissue damage induced by cigarette smoke. These findings may enrich our
understanding of the interactions between nutrition and oxidative stress and support the
development of nature-based therapeutic approaches in dealing with oxidative damage in the
reproductive system.

The absence of articles from Indonesian researchers in this discussion does not imply that
black garlic is unavailable in Indonesia or that it lacks research interest there. Black garlic,
known for its numerous health benefits, is indeed available and used in Indonesia. The use of
international references, such as those cited from Lee, Kimura, and Lu, highlights studies that
may have broader recognition or specific findings pertinent to this research.

Black garlic is gaining popularity in Indonesia, both as a culinary ingredient and for its
medicinal properties. Indonesian researchers and consumers are increasingly aware of its
benefits, and local studies are emerging that focus on its health effects. The fermentation
process to produce black garlic, which enhances its antioxidant properties, is well understood
and practiced in Indonesia.

However, the inclusion of international articles in this discussion aims to leverage widely
recognized studies to support the findings and ensure the study's credibility. Future research
could benefit from incorporating more local studies to reflect regional usage and research
advancements in Indonesia, thereby providing a comprehensive view of black garlic's impact
based on both global and local perspectives.

Effects of Black Garlic (Allium sativum) Ethanol Extract on Endometrial Arteriols Count
in Rattus Norvegicus Exposed to Subacute Cigarette Smoke

This study highlights the significant impact of black garlic extract in increasing the
number of endometrial arterioles in rats exposed to subacute cigarette smoke. Cigarette smoke
contains compounds that can cause oxidative reactions and inflammation in various body
tissues, including the endometrium, which in this study led to a decrease in the number of
endometrial arterioles (Oktari et al., 2020).

In the context of this study, black garlic extract, which is rich in antioxidants, plays a vital
role in protecting endometrial tissue from cigarette smoke-induced oxidative damage. The
increase in the number of arterioles observed in the treated groups, especially at the dose of 50
mg/kgBW, suggests that black garlic has a protective effect on the microvascular structure of
the endometrium.

The mechanism behind this effect could be explained through the role of black garlic
extract in modulating the VEGF and FGF pathways, which are critical factors in angiogenesis,
as revealed (Guo et al., 2021). These two growth factors are responsible for endothelial cell
proliferation and migration, which are the initial steps in angiogenesis. Research by Delbandi
et al. (2020) also showed that black garlic extract supports the formation of new blood vessels
by facilitating the migration of these cells, which might explain the increased number of
arterioles found in this study.

Administration of black garlic extract is also associated with increased antioxidant
activity and reduced oxidative stress in endometrial tissue, as shown (Hoyt et al., 2003), who
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found that the extract increased enzymes such as SOD, catalase, and GPx. This is relevant as
high oxidative stress is associated with vascular damage and angiogenesis dysfunction.

In addition, studies (Wei et al., 2017) highlighted the potential of black garlic as an anti-
inflammatory and anti-cancer agent, showing that it can inhibit angiogenesis in the context of
cancer cells, yet in the context of inflammation and damage by cigarette smoke, this extract
supports healthy angiogenesis processes (Holbrook, 2016).

This discovery significantly contributes to the development of science, particularly in
understanding the interaction between functional food components such as black garlic and
biological processes such as angiogenesis under pathological conditions. It also paves the way
for the development of therapeutic strategies that can reduce the risk of vascular diseases
induced by environmental factors such as cigarette smoke.

In the context of enrichment and technological development for society, these results
support using black garlic in the diet as a preventive and therapeutic strategy to ameliorate
vascular damage and support reproductive health, particularly in communities exposed to
cigarette smoke or other pollutants.

4. CONCLUSION

This study concludes that black garlic extract has the potential to be a protective agent
against oxidative damage in the reproductive system of rats exposed to cigarette smoke, with
effectiveness that depends on the dose of extract given. Further studies should investigate the
long-term effects and optimal dosing of black garlic extract in humans. Additionally, exploring
the molecular mechanisms behind its protective properties could enhance its application in
reproductive health management.
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