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Introduction 

Folliculogenesis produces a single dominant 

follicle from a collection of follicles growing in 

the ovaries. It involves several processes, 

namely recruitment, development of preantral 

follicles, selection, and atresia. 

Folliculogenesis occurs in the ovarian cortex 

in two phases, namely the preantral phase and 
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Cigarette smoke contains thousands of compounds that harm 
active and passive smokers' bodies. These compounds cause 
oxidative stress in the body. The part of the body that is often 
affected by exposure to cigarette smoke is female reproduction. 
Nigella sativa and its constituents have been shown to have 
antioxidants that can protect the ovaries from damage from 
cigarette smoke exposure. This study aims to assess the effect of 
Nigella sativa in ameliorating folliculogenesis due to free 
radicals from cigarette smoke. Forty-five female Rattus 
novergicus weighing 150-200 g were divided into five groups. 
Group 1 Negative Control, group 2 Positive Control (cigarette 
smoke), group 3 (cigarette smoke+Nigella sativa 300 mg/kg 
BW/day), group 4 (cigarette smoke+Nigella sativa 600 mg/kg 
BW/day), and group 5 (cigarette smoke+Nigella sativa 1200 
mg/kg BW/day) for 28 days. On the 29th day, the mice were 
sacrificed and blood was taken from the heart followed by the 
ovaries. This study showed that Nigella sativa extract increased 
GnRH levels between the control group and the treatment group 
(p=0.275), significantly reduced granulosa cell MDA expression 
(p=0.000), decreased oocyte MDA expression (p=0.000), 
decreased granulosa cell apoptosis expression (p=0.040), 
reduced oocyte apoptosis (p=0.005), and increased estrogen 
expression (p=0.000), increased GDF-9 expression (p=0.0004), 
and increased the number of follicle graafian (p=0.000). Nigella 
sativa extract is effective in ameliorating folliculogenesis 
through granulosa cell MDA, oocyte MDA, GDF-9, estrogen, 
granulosa cell apoptosis, oocyte apoptosis, and follicular growth 
due to exposure to cigarette smoke at a dose of 1200 mg/kg 
BW/day. 
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the antral phase. The preantral phase is 

characterised by the growth and 

differentiation of the oocyte. The antral phase 

is characterised by a rapid increase in follicle 

size [1]. If the two phases cannot function 

according to their functions, folliculogenesis 

will be disrupted. Folliculogenesis disorders 

can be caused by PCOS disease, stress, alcohol, 

and smoking through increased oxidative 

stress [2,3]. To date, many women who are 

exposed to passive smoking experience 

menstrual disorders, implantation failure, risk 

of miscarriage, low fetal weight, and other 

reproductive problems [4]. 

Cigarette smoke containing nicotine, tar, 

and carbon dioxide can cause oxidative stress. 

This is due to increased levels of oxidants such 

as hydroxyl radicals, superoxide anion, and 

hydrogen peroxide [5]. Hydrogen peroxide 

reacts with lipid membranes; then lipid 

membrane peroxidation occurs, causing cell 

oxidative stress marked by increased MDA [6].  

Systemic hydrogen peroxide can affect 

hypothalamic function, thereby causing GnRH 

secretion to be inhibited. Inhibited GnRH 

function can cause LH and FSH stimulation to 

be inhibited so that ovarian follicles do not 

grow. LH causes theca cells to release 

androgen hormones, which are subsequently 

converted into estrogen in granulosa cells by 

FSH using the aromatase enzyme [7]. Estrogen 

plays a vital role as a growth hormone in the 

reproductive system, is a trigger for ovulation, 

and functions to maintain oocyte development 

[8]. If estrogen decreases, it can induce a 

decrease in Bcl-2 through the estrogen 

receptor (ESR) signalling pathway. Decreased 

Bcl 2 will increase Bax gene expression, which 

causes an increase in caspase 9, caspase 3, and 

apoptosis [9]. Granulosa cell apoptosis can 

disrupt folliculogenesis by reducing 

communication granulosa cells and oocytes, 

affecting the supply of nutrients and growth 

factors for oocyte maturation, thereby 

affecting oocyte quality [10]. Oocytes also play 

an essential role in coordinating extra- and 

intrafollicular signals by producing several 

growth factors such as fibroblast growth 

factor 8 (FGF8), growth differentiation factor 

9 (GDF-9), and bone morphogenetic protein 6 

and 15 (BMP6 and -15). For the effects of 

estrogen on the competent maintenance of 

cumulus cells during the transition from 

preantral to antral follicles, GDF-9 and BMP-

15 are necessary [11].  

The body's defence system, namely 

endogenous antioxidants, can overcome 

oxidative stress caused by free radicals 

triggered by cigarette smoke. However, the 

body's ability to deal with free radicals is 

limited, requiring supplements rich in 

exogenous antioxidants. The natural 

antioxidant that can be used is Nigella sativa. 

Thymoquinone is one of Nigella sativa's 

derived components that can suppress 

oxidative stress and scavenge radicals [12]. 

Based on previous research, Nigella sativa 

extract contains antioxidants such as 

flavonoids, quercetin, and luteolin [13]. 

Therefore, this study was intended to assess 

the protective effect of Nigella sativa on the 

number of follicles in the ovaries as a result of 

exposure to cigarette smoke, as well as the 

previously unresearched impact of cigarette 

smoke on GnRH levels, granulosa cell MDA 

expression, oocyte MDA expression, estrogen 

expression, GDF-9 expression, and oocyte 

apoptosis. 

Experimental 

Animals 

Forty-five female Rattus norvegicus with a 

body weight of 150-200 g were obtained from 

the Rattus Breeding Centre in Malang, 

Indonesia. After a week of acclimatisation, the 

mice were kept in a 12-hour light-dark cycle 

at 23 ± 2 °C and fed a regular diet. All 

experiments were authorised by the ethics 

committee of Airlangga University's Faculty of 

Medicine. Five groups of nine mice were 

randomly selected from the group of mice. 

Group 1 Negative Control (no cigarette smoke 
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and no NS), Group 2 Positive Control (CS), 

Group 3 (CS + NS 300 mg/kgBW/day), Group 

4 (CS + NS 600 mg/kgBW/day), and Group 5 

(CS + NS 1200 mg/kgBW/day). On the 29th 

day, the mice were sacrificed, and then 

surgery was carried out, and intracardial 

blood samples were taken to check GnRH 

levels. Blood was taken from the rat's heart by 

inserting a syringe directly into the heart and 

slowly sucking it out. The blood tube is placed 

in the test tube rack and left for approximately 

10 minutes. After that, the blood serum was 

separated using a centrifuge running at 1200 

RPM for ten minutes. After that, the blood 

serum is separated into micro tubes and kept 

at -20 °C in the freezer [14]. 

Extraction material 

Nigella sativa seeds were obtained from 

Materia Medica Batu, East Java, Indonesia. 

Nigella sativa seeds were blended until 

smooth. 200 mg of Nigella sativa powder was 

extracted with 1 litre of 96% ethanol. After 

extraction, the solution is dried with an 

evaporator to obtain a blackish-brown 

concentrate, which will be used in the study 

[15].  

GnRH analysis  

GnRH analysis was performed following the 

procedures of the GnRH catalogue. A standard 

solution containing 0.2 ng/mL was made. The 

samples and prepared legal solutions were 

added to the microplate wells in increments of 

25 μL each. Subsequently, each well received 

200 μL of conjugate enzyme, and the mixture 

was allowed to sit at room temperature for 60 

minutes. Following incubation, 300 μL of 

washing solution was added to each 

microplate well to be cleaned thrice. Next, 

each well received 200 μL of substrate 

solution. The plates were incubated at room 

temperature for 15 to 20 minutes. Next, 

reading is carried out using an ELISA reader 

[16]. Measurements are carried out with the 

ELISA kit (FY-ER3820, Wuhan Feiyue 

Biotechnology). 

Immunohistochemical test 

For immunohistochemical staining, paraffin 

was removed by sequentially immersing 

tissue sections in xylol and ethanol at graded 

concentrations. The incision was then placed 

in 3% hydrogen peroxide for 30 minutes and 

washed for 2 minutes, then treated with 

0.025% trypsin for 6 minutes at 37 °C. The 

incision is treated with primary antibodies 

(MDA, Estrogen, GDF-9, apoptosis) for 30 

minutes and washed with PBS thrice. The 

incision was treated with secondary 

antibodies by incubating the incision 

preparation for 30 minutes. After that, the 

incision preparation was washed with PBS 

three times for 2 minutes each and placed in 

streptavidin/avidin HRP for 30 minutes. The 

incision preparations were washed with PBS 

three times for 2 minutes each, rinsed with 

distilled water, put in Mayer hematoxylin for 6 

minutes, washed with running water, and 

continued with dehydration, clearing, 

mounting, and observation under a light 

microscope [17]. 

Ovarian morphology 

The ovaries were placed in a phosphate-

buffered saline dish, dehydrated in acetone at 

-20 °C for 20 hours, and clarified with metal 

benzoate and xylene. The samples were 

penetrated with paraffin. The resulting 

paraffin blocks were stored at 4 °C until tissue 

expression was carried out. Samples on 

paraffin blocks were subjected to serial 

incisions in 4 sets with a thickness of 3-5 µm 

each. The first section of each prepared set 

was stained with hematoxylin-eosin (HE), and 

then the preantral, antral, and atretic follicles 

were counted. Observe the structure of the 

ovaries with 100x magnification using a 

microscope [18]. 
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Data analysis 

Data were tested using the Shapiro-Wilk test 

to assess whether the data was normally 

distributed or not because the sample was 

<50. The information was presented as mean 

± standard deviation. A one-way variance 

analysis (ANOVA) is used to perform a 

parameter comparison test between the 

control and treatment groups if the data 

distribution is normal. The Kruskal-Wallis test 

compares the parameters between the control 

and treatment groups if the data are not 

regularly distributed. Data were analyzed 

using the EZR version 1.61 program with a 

significance limit of p<0.05. 

Ethical approval 

The animal research was reviewed and 

approved by the experimental design and 

animal handling procedures as indicated by 

the animal handling Ethics Committee 

guidelines at Airlangga University 

(No.134/EC/KEPK/FKUA/2022). 

Results and discussion 

Figures 1-7 present the findings of MDA 

expression, estrogen expression, GDF-9 

expression, apoptosis expression, and the 

follicles morphology. Table 1 presents the 

mean and standard deviation for each phrase. 

The results of the Kruskal-Wallis statistical 

test indicated a significance level of p < 0.05 

for data on MDA expression, GDF-9 

expression, estrogen expression, and 

apoptosis expression and p>0.05 for data on 

GnRH levels. Table 2 lists that Nigella sativa at 

a dose of 1200 mg/kg BW can improve 

follicular growth with the most significant 

mean and ANOVA statistical test p < 0.000. 

 

TABLE 1 Effect of different doses of Nigella sativa extract on GnRH levels, MDA expression, 

estrogen expression, and apoptosis granulosa expression in Rats exposed to cigarette smoke 
Proteins  Group P-value  

 1 ( NC ) 2 (PC) 3 (NS 300) 4 (NS 600) 5 (NS 1200)  
GnRH 1.76 ± 0.21 1.59 ± 0.14 1.62 ± 0.16 1.77 ± 0.26 1.70 ± 0.08 0.275 

MDA granulosa 1.39 ± 0.35 3.74 ± 1.54# 1.97 ± 1.74 1.64 ± 0.76 1.23 ± 0.43 * 0.000 

MDA oocyte 1.54 ± 0.84 4.52 ± 0.49# 1.34 ± 0.51* 1.5 ± 0.76* 1.06 ± 0.88* 0.000 

Estrogen 4.64 ± 0.90 1.82 ± 0.63# 3.57 ± 1.98 2.62 ± 1.23 2.24 ± 0.44 * 0.000 

GDF-9 3.74 ± 1.53 1.38 ± 0.35# 2.78 ± 0.86 2.60 ± 1.17 3.54 ± 1.99* 0.004 

Apoptosis granulosa 
cell 

1.83 ± 0.63 2.76 ± 0.48# 2.32 ± 0.66 2.01 ± 0.73 1.98 ± 0.76* 0.040 

Apoptosis oocyte 1.76 ± 0.51 2.66 ± 0.40# 2.03 ± 0.25 1.91 ± 0.48* 2.11 ± 0.73 0.005 
 

Data represented mean ± SD. # P<0.05 significantly different from NC group;  * P<0.05 significantly different from PC 

group. 

 

TABLE 2 Effect of different doses of Nigella sativa extract on the number of primary, secondary, 

tertiary Graafian, atretic follicles, and corpus luteum in the ovarian tissues of rats exposed to 

cigarette smoke 

Data represent mean ± SD. #P<0.05 significantly different from NC group; *P<0.05 significantly different from PC 

group. 

 

Follicles Group P-value 
1 (NC) 2 (PC) 3 (NS 300) 4 (NS 600) 5 (NS 1200) 

Primary follicles 0.67 ± 0.71 1.22 ± 0.83 1.22±0.83 1.44 ±1.13 2.55 ± 1.67 0.045 

Secondary follicles 2.22 ± 1.09 1.22 ± 1.09 1.89 ± 0.78 2.89 ± 0.93 2.78 ± 1.56 0.041 
Graafian follicles 6 ±2.2 1.67 ± 0.71# 4.22 ± 0.97* 4.22 ± 1.48* 7 ± 1.32* 0.000 

Atretic follicles 1.67 ± 0.71 6.67 ± 1.22# 2.22 ± 0.97* 2.56 ± 1.33* 1 ± 0.87* 0.000 
Corpus luteum 7.00 ± 1.80 1.78 ± 2.17# 5.11 ± 1.62* 6.33 ± 1.73* 6.22 ± 1.56* 0.000 
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FIGURE 1 Light microscopy immunohistochemistry MDA expression of granulosa cells is brown 

and shown by red arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. CS + NS 

600 mg, and 5. CS + NS 1200 mg, 400 x magnification 

 

 

 
 

FIGURE 2 Light microscopy immunohistochemistry MDA expression of the oocyte is brown and 

shown by red arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. CS + NS 600 

mg, and 5. CS + NS 1200 mg, 400 x magnification 
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FIGURE 3 Light microscopy immunohistochemistry estrogen expression of granulosa cells is 

brown and shown by blue arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. 

CS + NS 600 mg, and 5. CS + NS 1200 mg, 400 x magnification 

 

 

FIGURE 4 Light microscopy immunohistochemistry expression of GDF-9 is brown and shown 

by blue arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. CS + NS 600 mg, 

and 5. CS + NS 1200 mg, 400 x magnification 
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FIGURE 5 Light microscopy immunohistochemistry apoptosis expression of granulosa cells is 

brown and shown by blue arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. 

CS + NS 600 mg, and 5. CS + NS 1200 mg, 400 x magnification 

 

 

FIGURE 6 Light microscopy immunohistochemistry expression of oocyte apoptosis is brown 

and shown by blue arrows: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. CS + NS 

600 mg, and 5. CS + NS 1200 mg, 400 x magnification 
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FIGURE 7 Morphology of follicles: 1. Negative Control, 2. Positive Control, 3. CS + NS 300 mg, 4. 

CS + NS 600 mg, 5. CS + NS 1200 mg, Pf: Primary follicle, Sf; Secondary follicle, Gf; Graafian 

follicle, Af; and Atretic follicle, Cl; Corpus luteum. Hematoxylin and eosin staining Nikon E100 

microscope, Optilab Advance Plus 12-megapixel camera Magnification 40x-100x 

 

This study reports the potential effect of 

Nigella sativa extract against cigarette smoke-

induced damage to folliculogenesis in a mice 

model. Cigarette smoke contains around 4,000 

chemicals, most of which have known toxic 

effects. These chemicals include benzopyrene, 

nitrosamines, cadmium, nicotine, and 

aromatic amines, which are polycyclic 

aromatic hydrocarbons (PAH) [19]. 

Compounds in cigarette smoke are thought to 

be able to change hormone function [20]. 

Nicotine, Tar, and carbon monoxide are all 

components of cigarette smoke that enter the 

body and transform into free radicals. An 

increase in free radicals in the body causes 

ROS. ROS will cause the GnR protein to change 

into the protein carbonyl. The protein 

carbonyl enters the proteasome, thereby 

causing inhibition of GnRH secretion [21]. The 

results of this study showed that 

administration of Nigella sativa extract at a 

dose of 600 mg/kgBW increased the average 

GnRH levels. Research results of Bideskan et 

al. showed that giving Nigella sativa extract to 

rats with kidney failure could increase the 

activity of antioxidant enzymes, namely SOD 

and kidney catalase. Increased SOD and 

catalase activity can inhibit the occurrence of 

ROS [22]. The results of other studies also 

state that Nigella sativa has been proven to 

provide a protective effect against 

experimental ischemia-reperfusion injury and 

has a strong ability to ward off free radicals 

due to its antioxidant properties [23]. 

Thymoquinone is an active compound from 

Nigella sativa seeds with a strong antioxidant 

effect due to its ability to reduce ROS. 

Thymoquinone reacts with glutathione (GSH), 

NADH, and NADPH to form reduced 

metabolites, such as glutathione-dihydro-TQ, 

which can scavenge free radicals  [24,25]. 

Oxidative stress conditions, apart from being 

characterised by a decrease in antioxidant 

enzymes, are also accompanied by an increase 

in MDA. 

This study revealed the highest mean MDA 

expression of oocyte and granulosa cells was 

in the Positive Control group, and the lowest 

was in the cigarette smoke+NS 1200 mg/kg 

BW treatment group. Oxidative stress brought 

on by the presence of cigarette smoke was the 

cause of the increase in MDA expression in the 

Positive Control group. This is consistent with 

a study by Lykkesfeldt et al. which found that 
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smokers' plasma MDA levels were 

significantly higher than those of non-smokers 

[26]. Based on this examination, 

administering Nigella sativa 1200 mg/kgBW 

can reduce MDA expression in oocyte and 

granulosa cells. This is in line with the 

research by Khaldi et al., the administration of 

Nigella sativa extract caused a decrease in 

MDA levels in mice exposed to smokeless 

tobacco [27]. Other research also 

demonstrated that Nigella sativa can reduce 

serum MDA levels in mice with experimental 

head trauma [23]. The decrease in MDA levels 

was due to the prevention of ROS. This is 

because Nigella sativa has components such 

as polyphenols and flavonoids [28]. 

The findings of Soldin's study indicate that 

the hormonal system is further impacted by 

exposure to cigarette smoke. Smoking, both 

active and passive, can lower a woman's 

estrogen levels [29,30]. Smoking affects 

hormones' secretion, synthesis, metabolism, 

distribution, and secretion. Smoking can 

drastically reduce aromatase (CYP 19) levels 

and activity in granulosa cells [31]. The 

absence of aromatase activity results in 

antiestrogenic effects. Aromatase deficiency 

can reduce estrogen concentrations [32]. The 

average estrogen expression in this study was 

the lowest in the Positive Control group, and 

estrogen expression increased further in the 

Nigella sativa treatment group. Oral 

administration of Nigella sativa 300 mg/kgBW 

to mice exposed to cigarette smoke can 

increase granulosa cell estrogen expression. 

Results of research Parhizkar et al., where 

administration of Nigella sativa extract 

showed estrogenic activity by increasing 

serum estradiol levels [33]. This uterotrophic 

activity of Nigella sativa can be attributed to 

the flavonoid and phenolic compound content 

of Nigella sativa, which has been shown to 

have high estrogenic activity [34]. The oocyte-

associated granulosa cells become competent 

to undergo cumulus expansion during the 

transition from preantral to antral follicles. 

Estrogen signalling in granulosa cells 

coordinates with oocyte GDF-9 signalling to 

promote normal follicle development [11]. 

GDF-9 can stimulate granulosa cell 

proliferation. Female mice lacking GDF-9 

become infertile because folliculogenesis 

stops at the primary follicle stage [35]. The 

results showed that administration of Nigella 

sativa extract at a dose of 1200 mg/kgBW 

increased the average expression of GDF-9 in 

female mice exposed to cigarette smoke. 

Based on research by Jiao et al., it was found 

that the administration of quercetin can 

improve the quality of pig oocytes and recover 

GDF-9 from aging in vitro due to its 

antioxidant properties. Quercetin is a 

component of the flavonoid family [36]. 

Nigella sativa is rich in antioxidants because it 

contains flavonoids, quercetin, and luteolin 

[13]. Apart from that, Nigella sativa and its 

derivative components, especially 

thymoquinone, as an antioxidant, have the 

potential to ward off free radicals and inhibit 

oxidative stress [12]. The results of the in 

silico study further showed that the active 

compounds cholestan-3-ol, 2-methylene-, 

(3β,5α)-, and cis-13,16-docasadienoic acid 

could act as candidate activators of GDF-9 and 

ESR. Therefore, it can increase the production 

of GDF-9 and ESR [37]. 

This study showed that the Positive 

Control group had the highest average 

expression of oocyte apoptosis and granulosa 

cell apoptosis. Exposure to cigarette smoke 

influences increased apoptosis in oocyte and 

granulosa cells. Administration of Nigella 

sativa extract in several doses can reduce the 

expression of oocyte and granulosa cell 

apoptosis. These results are in accordance 

with the research of Kamasak et al., that the 

administration of Nigella sativa after 

experimental head trauma can reduce 

oxidative stress products in serum and brain 

tissue and reduce the level of apoptosis in 

brain tissue [23]. Another research also states 

that Nigella sativa extract can weaken 

apoptosis in yeast Sacchromyces cerevisiae 

[38].  
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Assessment of follicle morphology in this 

study showed that administration of Nigella 

sativa extract could increase the number of 

secondary follicles, graafian follicles, and 

corpus lutheum. These results are by the 

research by Khani et al., that giving Nigella 

sativa to PCOS model mice can increase the 

number of primary, secondary, graphian 

follicles, and corpus lutheum [39]. Nigella 

sativa has been reported to have antioxidant 

properties with its thimoquinone content. 

Apart from its antioxidant activity, it can 

protect the ovaries [40]. Estrogen-like activity 

from Nigella sativa extract in female mice 

stimulates follicular development and corpus 

lutheum formation. Follicles are the functional 

unit of the ovary, and each consists of an 

oocyte surrounded by somatic cells. To 

relalize the functions of steroidogenesis and 

ovulation, the follicle must develop through a 

series of highly coordinated developmental 

stages [41]. A woman's reproductive 

condition can be assessed by the continuity of 

the ovarian and endometrial cycles. 

Folliculogenesis is part of the ovarian cycle 

and is influenced by interactions between 

oocytes, granulosa cells, and theca cells. This 

communication provides nutrients and 

regulatory signals needed for maturation [7]. 

Conclusion  

Administration of Nigella sativa extract can 

improve oocyte and granulosa cell 

communication through granulosa cell MDA 

expression, oocyte MDA expression, GDF-9 

expression, estrogen expression, oocyte 

apoptosis expression, granulosa cell 

apoptosis, and the number of follicles in 

female mice exposed to cigarette smoke. 

Further research is needed to evaluate 

ovarian changes in theca cells of female mice 

given Nigella sativa and exposed to cigarette 

smoke. 

 

Acknowledgements 

The authors would like to thank all those who 

provided useful suggestions and support in 

this study. 

Funding   

This study did not receive a specific grant 

from a funding agency in the public, 

commercial, or nonprofit sector. 

Authors' Contributions  

Amirul Amalia: Amirul Amalia contributed to 

finding concepts,  literature search, definition 

of intellectual content and laboratory 

experiments. She also contributed to 

manuscript preparation, editing and 

finalization of the manuscript.  

Hendy Hendarto: Hendy Hendarto 

contributed to the design methodology and 

statistical analysis. And he also contributed to 

the statistical writing and discussion of this 

article.  

Arifa Mustika: Arifa Mustika Focuses on data 

acquisition and data analysis. He also 

contributed to drafting and editing the results  

of this study. 

Conflict of Interest    

There is no conflict of interest in this 

research. 

Orcid:    

Amirul Amalia:  

https://orcid.org/0000-0001-8697-6474 

Hendy Hendarto*: 

https://orcid.org/0000-0001-5551-2028 

Arifa Mustika: 

https://orcid.org/0000-0001-6461-5782 

 

 

https://orcid.org/0000-0001-8697-6474
https://orcid.org/0000-0001-5551-2028
https://orcid.org/0000-0001-6461-5782


P a g e  | 1007  Nigella sativa ameliorates folliculogenesis…  
  

 References 

[1] M.  Rizov, P. Andreeva, I. Dimova, 

Molecular regulation and role of angiogenesis 

in reproduction, Taiwanese Journal of 

Obstetrics and Gynecology, 2017, 56, 127-132. 
[Crossref], [Google Scholar], [Publisher] 

[2] M. Faghani, S. Saedi, K. Khanaki, F. 

Mohammadghasemi, Ginseng alleviates 

folliculogenesis disorders via induction of cell 

proliferation and downregulation of apoptotic 

markers in nicotine-treated mice, Journal of 

Ovarian Research, 2022, 15, 14. [Crossref], 
[Google Scholar], [Publisher] 

[3] X. Liu, C. Sun, K. Zou, C. Li, X. Chen, H. Gu, Z. 

Zhou, Z. Yang, Y. Tu, N. Qin, Y. Zhao, Novel 

PGK1 determines SKP2-dependent AR 

stability and reprograms granular cell glucose 

metabolism facilitating ovulation 

dysfunction, EBioMedicine, 2020, 61. 
[Crossref], [Google Scholar], [Publisher] 

[4] P. Rzymski, K. Tomczyk, P. Rzymski, B. 

Poniedzialek, T. Opala, M. Wilczak, Impact of 

heavy metals on the female reproductive 

system, Annals of Agricultural And 

Environmental Medicine, 2015, 22. [Crossref], 
[Google Scholar], [Publisher] 

[5] D. Caserta, G. Bordi, N. Di Segni, A. 

D’Ambrosio, M. Mallozzi, M. Moscarini, The 

influence of cigarette smoking on a population 

of infertile men and women, Archives of 

Gynecology And Obstetrics, 2013, 287, 813-
818. [Crossref], [Google Scholar], [Publisher] 

[6] G.P. Bienert, J.K. Schjoerring, T.P. Jahn, 

Membrane transport of hydrogen 

peroxide, Biochimica et Biophysica Acta (BBA)-

Biomembranes, 2006, 1758, 994-1003. 
[Crossref], [Google Scholar], [Publisher] 

[7] C.E. Dunlop, R.A. Anderson, The regulation 

and assessment of follicular growth, 

Scandinavian Journal of Clinical and 
Laboratory Investigation, 2014, 74, 13-17. 
[Crossref], [Google Scholar], [Publisher] 

[8] K.J. Hamilton, S.C. Hewitt, Y. Arao, K.S. 

Korach, Estrogen hormone biology, Current 

Topics in Developmental Biology, 2017, 125, 

109-146.Crossref], [Google Scholar], 
[Publisher] 

[9] Z.L. Zhang, P. Qin, Y. Liu, L.X. Zhang, H. Guo, 

Y.L. Deng, Y.S. Hou, L.Y. Wang, Y. Miao, Y.L. Ma, 

W.G. Hou, Alleviation of ischaemia-

reperfusion injury by endogenous estrogen 

involves maintaining Bcl-2 expression via the 

ERα signalling pathway, Brain Research, 2017, 

1661, 15-23. [Crossref], [Google Scholar], 
[Publisher] 

[10] S. Prasad, M. Tiwari, A.N. Pandey, T.G. 

Shrivastav, S.K. Chaube, Impact of stress on 

oocyte quality and reproductive 

outcome, Journal of Biomedical Science, 

2016,  23, 1-5. [Crossref], [Google Scholar], 
[Publisher] 

[11] K. Sugiura, Y.Q. Su, Q. Li, K. Wigglesworth, 

M.M. Matzuk, J.J. Eppig, Estrogen promotes the 

development of mouse cumulus cells in 

coordination with oocyte-derived GDF9 and 

BMP15, Molecular Endocrinology, 2010, 24, 

2303-2314. [Crossref], [Google Scholar], 
[Publisher] 

[12] M.Ş.K. Ermumcu, N. Şanlıer, Black cumin 

(Nigella sativa) and its active component of 

thymoquinone: effects on health, Food and 

Health, 2017, 3, 170-183. [Crossref], [Google 
Scholar], [Publisher] 

[13] D. Choudhary, S. Paul, R. Gupta, J.H. Clark, 

Catalytic properties of several palladium 

complexes covalently anchored onto silica for 

the aerobic oxidation of alcohols, Green 

Chemistry, 2006, 8, 479-482. [Crossref], 
[Google Scholar], [Publisher] 

[14] B. Panjaitan, A. Dewi, F.F. Nasution, M. 

Adam, T.N. Siregar, C.N. Thasmi, S.  Syafruddin, 

Comparison of estrous performance and 

progesterone level of kacang goats induced by 

PGF2α versus ovsynch protocol, In E3S Web of 

Conferences, EDP Sciences, 2020, 151, 1045 
[Crossref], [Google Scholar], [Publisher] 

[15] T. Rostinawati, S. Karipaya, Y. Iskandar, 

October. Antibacterial Activity of Ethanol 

Extract of Nigella Sativa L. Seed Against 

Streptococcus mutans, In IOP Conference 

Series: Earth and Environmental Science, IOP 

Publishing, 2019,  334, 12050. [Crossref], 
[Google Scholar], [Publisher] 

[16] H.  Pendleton, R. Alm, G.N. Fredrikson, B. 

Ohlsson, Antibodies against gonadotropin-

releasing hormone in patients with posterior 

laryngitis, 2013. [Crossref], [Google Scholar], 
[Publisher] 

https://doi.org/10.1016/j.tjog.2016.06.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D%09Rizov+M%2C+Andreeva+P%2C+Dimova+I%2C+Molecular+regulation+and+role+of+angiogenesis+in+reproduction%2C+Taiwanese+Journal+of+Obstetrics+and+Gynecology%2C+2017%2C+56%282%29%2C+127%E2%80%93132+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.tjog.2016.06.019%29+&btnG=
https://www.sciencedirect.com/science/article/pii/S1028455917300013
https://doi.org/10.1186/s13048-022-00945-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D%09%09Faghani+M%2C+Saedi+S%2C+Khanaki+K%2C++Mohammadghasemi+F%2C+Ginseng+alleviates+folliculogenesis+disorders+via+induction+of+cell+proliferation+and+downregulation+of+apoptotic+markers+in+nicotine-treated+mice.+Journal+of+Ovarian+Research%2C+2022%2C+1%E2%80%9315+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1186%2Fs13048-022-00945-x%29+&btnG=
https://link.springer.com/article/10.1186/s13048-022-00945-x
https://doi.org/10.1016/j.ebiom.2020.103058
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D%09%09Liu+X%2C+Sun+C%2C+Zou+K%2C+Li+C%2C+Chen+X%2C++Gu+H%2C+Novel+PGK1+determines+SKP2-dependent+AR+stability+and+reprograms+granular+cell+glucose+metabolism+facilitating+ovulation+dysfunction%2C+EBioMedicine%2C+2020%2C+61%2C+1%E2%80%9315+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ebiom.2020.103058%29+&btnG=
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(20)30434-5/fulltext
https://doi:10.5604/12321966.1152077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rzymski+P%2C+Tomczyk+K%2C+Rzymski+P%2C+Poniedzia%C5%82ek+B%2C+Opala+T.%2C+Impact+of+heavy+metals+on+the+female+reproductive+system%2C+Ann+Agric+Environ+Med%2C+2015%3B22%282%29%3A259%E2%80%9364+%28DOI+link%3A+https%3A%2F%2Fdoi%3A10.5604%2F12321966.1152077%29+&btnG=
file:///C:/Users/Sajjad/Downloads/Impact_of_heavy_metals_on_the_femal.pdf
https://doi.org/10.1007/s00404-012-2643-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Caserta+D%2C+Bordi+G%2C+Di+Segni+N%2C+D%E2%80%99Ambrosio+A%2C+Mallozzi+M%2C+Moscarini+M.+The+influence+of+cigarette+smoking+on+a+population+of+infertile+men+and+women%2C+Arch+Gynecol+Obstet.+2013%3B287%284%29%3A813%E2%80%938+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1007%2Fs00404-012-2643-5%29+&btnG=
https://link.springer.com/article/10.1007/s00404-012-2643-5
https://doi.org/10.1016/j.bbamem.2006.02.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D%09%09Bienert+GP%2C+Schjoerring+JK%2C+Jahn+TP.+Membrane+transport+of+hydrogen+peroxide.+Biochim+Biophys+Acta+-+Biomembr.+2006%3B1758%288%29%3A994%E2%80%931003+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.bbamem.2006.02.015%29+&btnG=
https://www.sciencedirect.com/science/article/pii/S0005273606000472
https://doi.org/10.3109/00365513.2014.936674
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dunlop+CE%2C+Anderson+RA.+The+regulation+and+assessment+of+follicular+growth.+Scand+J+Clin+Lab+Invest.+2014%3B74%28SUPPL.+244%29%3A13%E2%80%937+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3109%2F00365513.2014.936674%29+&btnG=
https://www.tandfonline.com/doi/full/10.3109/00365513.2014.936674
https://doi.org/10.1016/bs.ctdb.2016.12.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D%09Hamilton+KJ%2C+Hewitt+SC%2C+Arao+Y%2C+Korach+KS.+Estrogen+Hormone+Biology+%5BInternet%5D.+1st+ed.+Vol.+125%2C+Current+Topics+in+Developmental+Biology.+Elsevier+Inc%2C+2017%2C+109%E2%80%93146+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fbs.ctdb.2016.12.005%29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0070215316302046
https://doi.org/10.1016/j.brainres.2017.02.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+ZL%2C+Qin+P%2C+Liu+Y%2C+Zhang+Li-Xia%2C+Guo+Hang%2C+Deng+You-Liang%2C++Yizhao-Liu%2C+Hou+Yu-shu%2C+Wang+Li-yang%2C+Miao+Yi%2C+Ma+Yu-long%2C+Hou+Wu-gang%2C+Alleviation+of+ischaemia-reperfusion+injury+by+endogenous+estrogen+involves+maintaining+Bcl-2+expression+via+the+ER%CE%B1+signalling+pathway%2C+Brain+Research%2C+2017%3B+15-23+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.brainres.2017.02.004%29+&btnG=
https://www.sciencedirect.com/science/article/pii/S0006899317300598
http://dx.doi.org/10.1186/s12929-016-0253-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prasad+S%2C+Tiwari+M%2C+Pandey+AN%2C+Shrivastav+TG%2C+Chaube+SK.+Impact+of+stress+on+oocyte+quality+and+reproductive+outcome%2C+J+Biomed+Sci%2C+2016%2C+23%281%29%3A19%E2%80%9323+%28DOI+link%3A+http%3A%2F%2Fdx.doi.org%2F10.1186%2Fs12929-016-0253-4%29+&btnG=
https://link.springer.com/article/10.1186/s12929-016-0253-4
https://doi.org/10.1210/me.2010-0260
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sugiura+K%2C+Su+YQ%2C+Li+Q%2C+Wigglesworth+K%2C+Matzuk+MM%2C+Eppig+JJ.+Estrogen+promotes+the+development+of+mouse+cumulus+cells+in+coordination+with+oocyte-derived+GDF9+and+BMP15.+Mol+Endocrinol.+2010%3B24%2812%29%3A2303%E2%80%9314+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1210%2Fme.2010-0260%29+&btnG=
https://academic.oup.com/mend/article-abstract/24/12/2303/2737994
https://doi.org/10.3153/jfhs17020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kara%C3%A7il+Ermumucu+M%C5%9E%2C+%C5%9Eanl%C4%B1er+N%2C+Black+cumin+%28Nigella+sativa%29+and+its+active+component+of+thymoquinone%3A+effects+on+health%2C+Journal+of+Food+and+Health+Science%2C+2017%2C+3%284%29%2C+pp.+170%E2%80%93183.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3153%2Fjfhs17020%29+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kara%C3%A7il+Ermumucu+M%C5%9E%2C+%C5%9Eanl%C4%B1er+N%2C+Black+cumin+%28Nigella+sativa%29+and+its+active+component+of+thymoquinone%3A+effects+on+health%2C+Journal+of+Food+and+Health+Science%2C+2017%2C+3%284%29%2C+pp.+170%E2%80%93183.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3153%2Fjfhs17020%29+&btnG=
https://dergipark.org.tr/en/download/article-file/343532
https://doi.org/10.1039/B601363E
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Atasever+M%2C+Bakacak+Z%2C+Nigella+Sativa+Oil+Protects+the+Rat+Ovary+from+Oxidative+Injury+Due+to+Ischemia-Reperfusion%2C+Med+Sci+Monit.+2017%2C+23%3A5027-5033.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1039%2FB601363E%29+&btnG=
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b601363e/unauth
https://doi.org/10.1051/e3sconf/202015101045
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panjaitan+Budianto%2C+Dewi+Almira%2C+Nasution+Fadli%2C+Adam+Mulyadi%2C+Siregar+Tongku%2C+Thasmi+Cut+N%2C+Syarifuddin+S%2C+Comparison+of+estrous+performance+and+progesterone+level+of+goats+induced+by+pgf2%CE%B1+versus+ovsynch+protocol%2C+E3S+Web+of+Conferences%2C+2019%2C+151%2C+01045%2C+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1051%2Fe3sconf%2F202015101045%29+&btnG=
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/11/e3sconf_icvaes2020_01045/e3sconf_icvaes2020_01045.html
https://doi:10.1088/1755-1315/334/1/012050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rostinawati+T%2C+Karipaya+S%2C+Iskandar+Y%2C+Antibacterial+Activity+of+Ethanol+Extract+of+Nigella+Sativa+L.+Seed+Against+Streptococcus+mutans%2C+IOP+Conf.+Ser.%3A+Earth+Environ.+Sci%2C+2019%2C+334+%28DOI+link%3A+https%3A%2F%2Fdoi%3A10.1088%2F1755-1315%2F334%2F1%2F012050%29+&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/334/1/012050/meta
https://doi.org/10.4137/DTI.S10837
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pendleton+H%2C+Alm+R%2C+Nordin+Fredrikson+G%2C+Ohlsson+B%2C+Antibodies+against+gonadotropin-releasing+hormone+in+patients+with+posterior+laryngitis%2C+Drug+Target+Insights%2C+2013%2C+7%3A1-8.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.4137%2FDTI.S10837%29+&btnG=
https://journals.sagepub.com/doi/full/10.4137/DTI.S10837


P a g e  | 1008  A. Amalia et al.  
 
 

 

 

[17] S. Magaki, S.A. Hojat, B. Wei, A. So, W.H. 

Yong, An introduction to the performance of 

immunohistochemistry, Biobanking: Methods 

and Protocols, 2019, 289-298. [Crossref], 
[Google Scholar], [Publisher] 

[18] L.L.  Luo, J. Huang, Y.C. Fu, J.J. Xu, Y.S. 

Qian, Effects of tea polyphenols on ovarian 

development in rats, Journal of 

Endocrinological Investigation, 2008, 31, 

1110-1118. [Crossref], [Google Scholar], 
[Publisher] 

[19] M.C.  Budani, E. Carletti, G.M. Tiboni, 

Cigarette smoke is associated with altered 

expression of antioxidant enzymes in 

granulosa cells from women undergoing in 

vitro fertilization, Zygote, 2017, 25, 296-303. 
[Crossref], [Google Scholar], [Publisher] 

[20] G.C. Windham, P. Mitchell, M. Anderson, 
B.L. Lasley, Cigarette smoking and effects on 

hormone function in premenopausal 

women, Environmental Health 

Perspectives, 2005, 113, 1285-1290. 
[Crossref], [Google Scholar], [Publisher] 

[21] G. Vani, K. Anbarasi, C.S. Shyamaladevi, 

Bacoside A: role in cigarette smoking induced 

changes in brain, Evidence-Based 

Complementary and Alternative Medicine, 

2015, 2015. [Crossref], [Google Scholar], 
[Publisher] 

[22] S. Hosseinian, A. Ebrahimzadeh Bideskan, 

M.N. Shafei, H.R. Sadeghnia, M. Soukhtanloo, S. 

Shahraki, Z. Samadi Noshahr, A. Khajavi Rad, 

Nigella sativa extract is a potent therapeutic 

agent for renal inflammation, apoptosis, and 

oxidative stress in a rat model of unilateral 

ureteral obstruction, Phytotherapy 

Research, 2018, 32, 2290-2298. [Crossref], 
[Google Scholar], [Publisher] 

[23] K. Kamaşak, K. Başarslan, A.T. Dağlı, M. 

Öğden, U. Alabalık, A. Ekinci, A. Ceviz, Effects 

of nimodipine and Nigella sativa on oxidative 

stress and apoptosis in serum and brain tissue 

of rats with experimental head 

trauma, Turkish Neurosurgery, 2021, 31, 8-17. 
[Crossref], [Google Scholar], [Publisher] 

[24] I.M.M. Ammar, M.A.A. Salem, 

Amelioration of polycystic ovary syndrome-

related disorders by supplementation of 

thymoquinone and metformin, Middle East 

Fertility Society Journal, 2021, 26, 1-9. 
[Crossref], [Google Scholar], [Publisher] 

[25] J.L. Bolton, T. Dunlap, Formation and 

biological targets of quinones: cytotoxic 

versus cytoprotective effects, Chemical 

Research in Toxicology, 2017, 30, 13-37. 
[Crossref], [Google Scholar], [Publisher] 

[26] J. Lykkesfeldt, M. Viscovich, H.E. Poulsen, 

Plasma malondialdehyde is induced by 

smoking: a study with balanced antioxidant 

profiles, British Journal of Nutrition, 2004, 92, 

203-206. [Crossref], [Google Scholar], 
[Publisher] 

[27] T. Khaldi, N. Chekchaki, M. Boumendjel, F. 

Taibi, M. Abdellaoui, M. Messarah, A. 

Boumendjel, Ameliorating effects of Nigella 

sativa oil on aggravation of inflammation, 

oxidative stress and cytotoxicity induced by 
smokeless tobacco extract in an allergic 

asthma model in Wistar rats,  Allergologia et 

Immunopathologia, 2018, 46, 472-481. 
[Crossref], [Google Scholar], [Publisher] 

[28] A. Bouasla, I. Bouasla, Ethnobotanical 

survey of medicinal plants in northeastern of 

Algeria, Phytomedicine, 2017, 36, 68-81. 
[Crossref], [Google Scholar], [Publisher] 

[29] O.P. Soldin, K.H. Makambi, S.J. Soldin, D.M. 

O’Mara, Steroid hormone levels associated 

with passive and active smoking, Steroids, 

2011, 76, 653-659. [Crossref], [Google 
Scholar], [Publisher] 

[30] H. Jandíková, M. Dušková, L. Stárka, The 

influence of smoking and cessation on the 

human reproductive hormonal 

balance, Physiological Research, 2017, 66, 

323-331. [Crossref], [Google Scholar], 
[Publisher] 

[31] A. Kendall, E.J. Folkerd, M. Dowsett, 

Influences on circulating oestrogens in 

postmenopausal women: relationship with 

breast cancer, The Journal of Steroid 

Biochemistry and Molecular Biology, 2007, 

103, 99-109. [Crossref], [Google Scholar], 
[Publisher] 

[32] F. Modugno, C. Knoll, A. Kanbour-Shakir, 

M. Romkes, A potential role for the estrogen-

metabolizing cytochrome P450 enzymes in 

human breast carcinogenesis,  Breast Cancer 

Research and Treatment, 2003, 82, 191-197. 
[Crossref], [Google Scholar], [Publisher] 

https://doi.org/10.1007/978-1-4939-8935-5_25
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Magaki+S%2C+Hojat+SA%2C+Wei+B%2C+So+A%2C+Yong+WH%2C+An+Introduction+to+the+Performance+of+Immunohistochemistry.+Methods+Mol+Biol%2C+2019%2C+1897%3A289-298.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1007%2F978-1-4939-8935-5_25%29+&btnG=
https://link.springer.com/protocol/10.1007/978-1-4939-8935-5_25
https://doi.org/10.1007/BF03345661
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luo+LL%2C+Huang+J%2C+Fu+YC%2C+Xu+JJ%2C+Qian+YS%2C+Effects+of+tea+polyphenols+on+ovarian+development+in+rats.+J+Endocrinol+Invest%2C+2008%2C+Dec%3B31%2812%29%3A1110-8.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1007%2FBF03345661%29+&btnG=
https://link.springer.com/article/10.1007/BF03345661
https://doi.org/10.1017/S0967199417000132
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09%09Budani+MC%2C+Carletti+E%2C+Tiboni+GM%2C+Cigarette+smoke+is+associated+with+altered+expression+of+antioxidant+enzymes+in+granulosa+cells+from+women+undergoing+in+vitro+fertilization%2C+Zygote%2C+2017%2C+Jun%3B25%283%29%3A296-303.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1017%2FS0967199417000132%29+&btnG=
https://www.cambridge.org/core/journals/zygote/article/cigarette-smoke-is-associated-with-altered-expression-of-antioxidant-enzymes-in-granulosa-cells-from-women-undergoing-in-vitro-fertilization/DCE08CF72D5A84A52B16A6A2DE7BE9AF
https://doi.org/10.1289/ehp.7899
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Windham+GC%2C+Mitchell+P%2C+Anderson+M%2C+Lasley+BL%2C+Cigarette+smoking+and+effects+on+hormone+function+in+premenopausal+women%2C+Environmental+Health+Perspectives%2C+2005%2C+113%2810%29%2C+1285%E2%80%931290+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1289%2Fehp.7899%29+&btnG=
https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.7899
https://doi.org/10.1155/2015/286137
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D%09Vani+G%2C+Anbarasi+K%2C+Shyamaladevi+CS%2C+Bacoside+A%3A+Role+in+Cigarette+Smoking+Induced+Changes+in+Brain.+Evidence-Based+Complementary+and+Alternative+Medicine%2C+2015+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1155%2F2015%2F286137%29+&btnG=
https://www.hindawi.com/journals/ecam/2015/286137/
https://doi.org/10.1002/ptr.6169
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D%09Bideskan+AE%2C+Hosseinian+S%2C+Sadeghnia+HR%2C+Soukhtanloo+M%2C+Shahraki+S%2C+Rad+AK%2C+Nigella+sativa+extract+is+a+potent+therapeutic+agent+for+renal+inflammation%2C+apoptosis%2C+and+oxidative+stress+in+a+rat+model+of+unilateral+ureteral+obstruction.+Phytotherapy+Research%2C+2018%2C+April%2C+1%E2%80%939+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1002%2Fptr.6169&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.6169
https://doi.org/10.5137/1019-5149.JTN.25523-19.3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kamasak+K%2C+Basarslan+K%2C+Dagli+AT%2C+Ogden+M%2C+Alabalik+U%2C+Ekinci+A%2C+Ceviz+A%2C+Effects+of+Nimodipine+and+Nigella+sativa+on+Oxidative+Stress+and+Apoptosis+in+Serum+and+Brain+Tissue+of+Rats+with+Experimental+Head+Trauma%2C+Turk+Neurosurg.+2021%2C+31%281%29%3A8-17.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.5137%2F1019-5149.JTN.25523-19.3%29+&btnG=
http://earsiv.hitit.edu.tr/xmlui/handle/11491/7402
https://doi.org/10.1186/s43043-021-00076-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ammar+IMM%2C+Salem+MAA%2C+Amelioration+of+polycystic+ovary+syndrome-related+disorders+by+supplementation+of+thymoquinone+and+metformin%2C+Middle+East+Fertil+Soc+J%2C+2021%2C+26%2C+29%29.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1186%2Fs43043-021-00076-1&btnG=
https://mefj.springeropen.com/articles/10.1186/s43043-021-00076-1
https://doi.org/10.1021/acs.chemrestox.6b00256
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bolton+JL%2C+Dunlap+T%2C+Formation+and+biological+targets+of+quinones%3A+Cytotoxic+versus+cytoprotective+effects.+Chemical+Research+in+Toxicology%2C+2017%2C+30%281%29%2C+13%E2%80%9337+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1021%2Facs.chemrestox.6b00256%29+&btnG=
https://pubs.acs.org/doi/full/10.1021/acs.chemrestox.6b00256
https://doi.org/10.1079/bjn20041191
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lykkesfeldt+J%2C+Viscovich+M%2C+Poulsen+HE%2C+Plasma+malondialdehyde+is+induced+by+smoking%3A+a+study+with+balanced+antioxidant+profiles%2C+British+Journal+of+Nutrition%2C+2004%2C+92%282%29%2C+203%E2%80%93206+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1079%2Fbjn20041191%29+&btnG=
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/plasma-malondialdehyde-is-induced-by-smoking-a-study-with-balanced-antioxidant-profiles/11FCE764644164ED2062FF7DE9A3504C
https://doi.org/10.1016/j.aller.2018.02.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khaldi+T%2C+Chekchaki+N%2C+Boumendjel+M%2C+Taibi+F%2C+Abdellaoui+M%2C+Messarah+M%2C+Boumendjel+A%2C+Ameliorating+effects+of+Nigella+sativa+oil+on+aggravation+of+inflammation%2C+oxidative+stress+and+cytotoxicity+induced+by+smokeless+tobacco+extract+in+an+allergic+asthma+model+in+Wistar+rats.+Allergol+Immunopathol+%28Madr%29%2C+2018%2C+Sep-Oct%3B46%285%29%3A472-481.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.aller.2018.02.005%29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030105461830048X
https://doi.org/10.1016/j.phymed.2017.09.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bouasla+A%2C+Bouasla+I%2C+Ethnobotanical+survey+of+medicinal+plants+in+northeastern+of+Algeria.+Phytomedicine%2C+2017%2C+Dec+1%3B36%3A68-81.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.phymed.2017.09.007%29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0944711317301228
https://doi.org/10.1016/j.steroids.2011.02.042
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D%09%09Soldin+OP%2C+Makambi+KH%2C+Soldin+SJ%2C+O%E2%80%99Mara+DM%2C+Steroid+hormone+levels+associated+with+passive+and+active+smoking%2C+Steroids%2C+2011%2C+76%287%29%2C+653%E2%80%93659.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.steroids.2011.02.042%29+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D%09%09Soldin+OP%2C+Makambi+KH%2C+Soldin+SJ%2C+O%E2%80%99Mara+DM%2C+Steroid+hormone+levels+associated+with+passive+and+active+smoking%2C+Steroids%2C+2011%2C+76%287%29%2C+653%E2%80%93659.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.steroids.2011.02.042%29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0039128X11000821
https://doi.org/10.33549/physiolres.933724
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jand%C3%ADkov%C3%A1+H%2C+Du%C5%A1kov%C3%A1+M%2C+St%C3%A1rka+L%2C+The+influence+of+smoking+and+cessation+on+the+human+reproductive+hormonal+balance%2C+Physiol+Res%2C+2017%2C+Sep+26%3B66+%28DOI+link%3A++https%3A%2F%2Fdoi.org%2F10.33549%2Fphysiolres.933724%29+&btnG=
https://www.biomed.cas.cz/physiolres/pdf/2017/66_S323.pdf
https://doi.org/10.1016/j.jsbmb.2006.07.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kendall+A%2C+Folkerd+EJ%2C+Dowsett+M+%282007%29+Influences+on+circulating+oestrogens+in+postmenopausal+women%3A+Relationship+with+breast+cancer.+Journal+of+Steroid+Biochemistry+and+Molecular+Biology%2C+103%282%29%2C+99%E2%80%93109.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jsbmb.2006.07.011&btnG=
https://www.sciencedirect.com/science/article/pii/S0960076006002780
https://doi.org/10.1023/B:BREA.0000004376.21491.44
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modugno+F%2C+Knoll+C%2C+Kanbour-Shakir+A%2C++Romkes+M+%282003%29+A+potential+role+for+the+estrogen-metabolizing+cytochrome+P450+enzymes+in+human+breast+carcinogenesis.+Breast+Cancer+Research+and+Treatment%2C+82%283%29%2C+191%E2%80%93197.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1023%2FB%3ABREA.0000004376.21491.44%29+&btnG=
https://link.springer.com/article/10.1023/B:BREA.0000004376.21491.44


P a g e  | 1009  Nigella sativa ameliorates folliculogenesis…  
  

[33] S. Parhizkar, L.A. Latiff, A. Parsa, Effect of 

Nigella sativa on reproductive system in 

experimental menopause rat model, Avicenna 

Journal of Phytomedicine, 2016, 6, 95-103. 
[Google Scholar], [Publisher] 

[34] M.L. Liu, X. Xu, W.Q. Rang, Y.J. Li, H.P. 

Song, Influence of ovariectomy and 17β-

estradiol treatment on insulin sensitivity, lipid 

metabolism and post-ischemic cardiac 

function,  International Journal of 

Cardiology, 2004, 97, 485-493. [Crossref], 
[Google Scholar], [Publisher] 

[35] Q. Huang, A.P. Cheung, Y. Zhang, H.F. 

Huang, N. Auersperg, P.C. Leung, Effects of 

growth differentiation factor 9 on cell cycle 

regulators and ERK42/44 in human granulosa 

cell proliferation,  American Journal of 

Physiology-Endocrinology and 

Metabolism, 2009, 296, 1344-1353. [Crossref], 
[Google Scholar], [Publisher] 

[36] Y. Jiao, Y.  Wang, T. Jiang, K. Wen, P. Cong, 

Y. Chen, Z. He, Quercetin protects porcine 

oocytes from in vitro aging by reducing 

oxidative stress and maintaining the 

mitochondrial functions, Frontiers in Cell and 

Developmental Biology, 2022, 10, 915898. 
[Crossref], [Google Scholar], [Publisher] 

[37] A. Amalia, H. Hendarto, A. Mustika, In 

silico analysis of Nigella sativa bioactive 

compounds as fertility potential in 

folliculogenesis disorders,  Journal of 

Pharmacy & Pharmacognosy Research, 2023, 

11, 733-742. [Crossref], [Google Scholar], 
[Publisher] 

[38] W. Mihoubi, E. Sahli, F. Rezgui, N. Dabebi, 

R. Sayehi, H. Hassairi, N. Masmoudi-Fourati, K. 

Walha, K. ben Khadhra, M. Baklouti, I. Ghzaiel, 

Whole and purified aqueous extracts of 

Nigella sativa L. seeds attenuate apoptosis and 

the overproduction of reactive oxygen species 

triggered by p53 over-expression in the yeast 

Saccharomyces cerevisiae, Cells, 2022, 11, 
869. [Crossref], [Google Scholar], [Publisher] 

[39] S. Khani, M. Abdollahi, A. Khalaj, H. 

Heidari, S. Zohali, The effect of hydroalcoholic 

extract of Nigella Sativa seed on 

dehydroepiandrosterone-induced polycystic 

ovarian syndrome in rats: An experimental 

study, International Journal of Reproductive 

BioMedicine, 2021, 19, 271. [Crossref], 
[Google Scholar], [Publisher] 

 [40] A.E.N.A. Mohammed, Nigella sativa oil 

improves physiological parameters, oocyte 

quality after ovarian transplantation, and 

reproductive performance of female mice, 

Pakistan Journal of Zoology, 2019, 51, 2225-
2231. [Crossref], [Google Scholar], [Publisher] 

[41] E. Gershon, N. Dekel, Newly identified 

regulators of ovarian folliculogenesis and 

ovulation, International Journal of Molecular 

Sciences, 2020, 21, 4565. [Crossref], [Google 

Scholar], [Publisher] 

 

 

 
 

 

 

How to cite this article: Amirul Amalia, 
Hendy Hendarto, Arifa Mustika,  Nigella sativa 
ameliorates folliculogenesis disorders due to 
exposure to cigarette smoke through gnrh, 
mda expression, estrogen expression, GDF-9 
expression, apoptosis expression, and ovarian 
follicles. Journal of Medicinal and 
Pharmaceutical Chemistry Research, 2024, 
6(7), 997-1009. Link: 
https://jmpcr.samipubco.com/article_191011
.html 

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parhizkar+S%2C+Latiff+LA%2C+Parsa+A.+Effect+of+Nigella+sativa+on+reproductive+system+in+experimental+menopause+rat+model.+Avicenna+J+Phytomed%2C+2016%2C+Jan-Feb%3B6%281%29%3A95-103.+PMID%3A+27247926%3B+PMCID%3A+PMC4884222&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4884222/
https://doi.org/10.1016/j.ijcard.2003.11.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liu+ML%2C+Xu+X%2C+Rang+WQ%2C+Li+YJ%2C+Song+HP%2C+Influence+of+ovariectomy+and+17beta-estradiol+treatment+on+insulin+sensitivity%2C+lipid+metabolism%2C+and+post-ischemic+cardiac+function.+Int+J+Cardiol%2C+2004%2C+Dec%3B97%283%29%3A485-93+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ijcard.2003.11.046%29+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167527304000464
https://doi.org/10.1152/ajpendo.90929.2008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Huang+Q%2C+Cheung+AP%2C+Zhang+Y%2C+Huang+HF%2C+Auersperg+N%2C+Leung+PCK.+Effects+of+growth+differentiation+factor+9+on+cell+cycle+regulators+and+ERK42%2F44+in+human+granulosa+cell+proliferation.+Am+J+Physiol+-+Endocrinol+Metab%2C+2009%3B296%286%29%3A1344%E2%80%9353+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.1152%2Fajpendo.90929.2008&btnG=
https://journals.physiology.org/doi/abs/10.1152/ajpendo.90929.2008
https://doi:10.3389/fcell.2022.915898
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jiao+Y%2C+Wang+Y%2C+Jiang+T%2C+Wen+K%2C+Cong+P%2C+Chen+Y%2C+Quercetin+protects+porcine+oocytes+from+in+vitro+aging+by+reducing+oxidative+stress+and+maintaining+the+mitochondrial+functions%2C+Front+Cell+Dev+Biol%2C+2022%3B10%28October%29%3A1%E2%80%9313+%28DOI+link%3A+https%3A%2F%2Fdoi%3A10.3389%2Ffcell.2022.915898%29+&btnG=
https://www.frontiersin.org/articles/10.3389/fcell.2022.915898/full
https://doi.org/10.56499/jppres23.1610_11.5.733
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D%0937.%09Amalia+A%2C+Hendarto+H%2C+Mustika+A%2C+In+silico+analysis+of+Nigella+sativa+bioactive+compounds+as+fertility+potential+in+folliculogenesis+disorders%2C+J+Pharm+Pharmacogn+Res%2C+2023%3B11%285%29%3A733%E2%80%9342+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.56499%2Fjppres23.1610_11.5.733%29++&btnG=
https://jppres.com/jppres/pdf/vol11/jppres23.1610_11.5.733.pdf
https://doi.org/10.3390/cells11050869
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mihoubi+W%2C+Sahli+E%2C+Rezgui+F%2C+Dabebi+N%2C+Sayehi+R%2C+Hassairi+H%2C+Masmoudi-Fourati+N%2C+Walha+K%2C+Ben+Khadhra+K%2C+Baklouti+M%2C+Ghzaiel+I%2C+Fattouch+S%2C+Menif+H%2C+Mokdad-Gargouri+R%2C+Lizard+G%2C++Gargouri+A%2C++Whole+and+Purified+Aqueous+Extracts+of+Nigella+sativa+L.+Seeds+Attenuate+Apoptosis+and+the+Overproduction+of+Reactive+Oxygen+Species+Triggered+by+p53+Over-Expression+in+the+Yeast+Saccharomyces+cerevisiae%2C+Cells%2C+2022%2C+11%285%29.+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3390%2Fcells11050869%29+&btnG=
https://www.mdpi.com/2073-4409/11/5/869
https://doi.org/10.18502/ijrm.v19i3.8575
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Khani+S%2C+Abdollahi+M%2C+Khalaj+A%2C+Heidari+H%2C+Zohali+S%2C+The+effect+of+hydroalcoholic+extract+of+Nigella+Sativa+seed+on+dehydroepiandrosterone-induced+polycystic+ovarian+syndrome+in+rats%3A+An+experimental+study%2C+Int+J+Reprod+Biomed%2C+2021%2C+Mar+21%3B19%283%29%3A271-282+%28DOI+link%3A%29+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8023008/
https://doi.org/http:/dx.doi.org/10.17582/journal.pjz/2019.51.6.2225.2231
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mohammed+AEA%2C+Nigella+sativa+Oil+Improves+Physiological+Parameters%2C+Oocyte+Quality+after+Ovarian+Transplantation%2C+and+Reproductive+Performance+of+Female+Mice%2C+Pakistan+J.+Zool%2C+2019%2C+51%286%29%2C+2225%E2%80%932231+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2Fhttp%3A%2F%2Fdx.doi.org%2F10.17582%2Fjournal.pjz%2F2019.51.6.2225.2231%29+&btnG=
https://www.researchgate.net/profile/Abd-El-Nasser-Mohammed-2/publication/335386480_Nigella_sativa_Oil_Improves_Physiological_Parameters_Oocyte_Quality_after_Ovarian_Transplantation_and_Reproductive_Performance_of_Female_Mice/links/5d641eae92851c619d780bbc/Nigella-sativa-Oil-Improves-Physiological-Parameters-Oocyte-Quality-after-Ovarian-Transplantation-and-Reproductive-Performance-of-Female-Mice.pdf
https://doi.org/10.3390/ijms21124565
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D%09Gershon+E%2C++Dekel+N%2C+Newly+identified+regulators+of+ovarian+folliculogenesis+and+ovulation%2C+International+Journal+of+Molecular+Sciences%2C+2020%2C+21%2812%29%2C+1%E2%80%9318+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3390%2Fijms21124565%29+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D%09Gershon+E%2C++Dekel+N%2C+Newly+identified+regulators+of+ovarian+folliculogenesis+and+ovulation%2C+International+Journal+of+Molecular+Sciences%2C+2020%2C+21%2812%29%2C+1%E2%80%9318+%28DOI+link%3A+https%3A%2F%2Fdoi.org%2F10.3390%2Fijms21124565%29+&btnG=
https://www.mdpi.com/1422-0067/21/12/4565
https://jmpcr.samipubco.com/article_191011.html
https://jmpcr.samipubco.com/article_191011.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

