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RINGKASAN 

MEKANISME GANGGUAN FOLIKULOGENESIS  

PADA MENCIT MUS MUSCULUS TERPAPAR ASAP ROKOK 

 
 

 Infertilitas merupakan masalah yang dialami wanita maupun 
pria di seluruh dunia. Prevalensi penyebab infertilitas pada wanita menurut 
WHO diantaranya adalah gangguan ovulasi 33%. Gangguan proses ovulasi 
biasanya disebabkan karena gangguan hipotalamus-hipofisis, ovarium, dan 
endometrium sehingga terjadi gangguan proses pematangan folikel serta 
gangguan implantasi. Salah satu pemicu terjadinya gangguan proses 
pematangan oosit adanya ROS yang dapat mempengaruhi terjadinya stress 
oksidatif yang salah satunya disebabkan oleh zat yang terkandung dalam 
asap rokok. Kenyataan di masyarakat, kebiasaan merokok masih sulit 
dihentikan, walaupun  petugas kesehatan dan  media sudah sering 
mensosialisasikan tentang bahaya asap rokok. Tujuan Penelitian : untuk 
menjelaskan mekanisme gangguan folikulogenesis pada mencit Mus 
musculus terpapar asap rokok. 

 Penelitian ini menggunakan rancangan True Experimental dengan 
post test control group design. Subyek yang digunakan dalam penelitian ini 
adalah 20 mencit Mus musculus Balbb/c betina yang berumur sekitar 8-10 
minggu dengan berat badan 25-30 gram. Variable independent adalah paparan 
asap rokok, sedangkan variabel antara adalah kadar MDA, kadar GnRH, 
ekspresi HSP70, ekspresi Smad 3, ekspresi GDF 9, indeks apoptosis sel teka, 
indeks apoptosis sel oosit serta variabel dependent adalah jumlah folikel, 
penelitian ini dibagi 2 kelompok : Kelompok 1 : Kelompok kontrol tanpa 
pemberian asap rokok, Kelompok 2 :  kelompok perlakuan dengan pemberian 
asap rokok dosis 1 batang per hari selama 20 hari. Analisis data menggunakan 
uji independent t test atau Mann Withney. 

 Hasil penelitian ini didapatkan bahwa asap rokok meningkatkan 
kadar MDA (p: 0.000), asap rokok signifikan menurunkan kadar GnRH (p: 
0.000), asap rokok signifikan menurunkan ekspresi HSP 70 di sel teka  (p: 
0.002), asap rokok signifikan menurunkan ekspresi Smad 3 (p: 0.000), asap 
rokok signifikan menurunkan ekspresi GDF 9 (p: 0.000), asap rokok 
signifikan meningkatkan indeks apoptosis sel teka (p: 0.000), asap rokok tidak 
mempengaruhi kadar indeks apoptosis sel oosit (p: 1).  Asap rokok 
menurunkan jumlah folikel di ovarium (0.004). Pada analisis jalur didapatkan 
hasil bahwa asap rokok meningkatkan kadar MDA (β=0.676, p=0.001), kadar 
MDA tinggi menurunkan ekspresi HSP70 (β=-0.462, p=0.040), kadar HSP 
rendah meningkatkan indeks apoptosis pada sel teka (β=-0.662, p=0.001), 
indeks apoptosis pada sel teka tinggi menurunkan jumlah folikel (β=-0.593, 
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p=0.006). Pada jalur lain Peningkatan kadar MDA juga menurunkan kadar 
GnRH pada serum darah mencit (β=-0.492, p=0.028), selain kadar MDA yang 
tinggi dapat menurunkan kadar GnRH, namun kadar MDA yang tinggi juga 
menurunkan ekspresi Smad 3 di sel granulosa (β=-0337, p=0.022). Kadar 
GnRH yang rendah mengakibatkan ekspresi Smad 3 di sel granulosa juga 
rendah (β=0,660 p=0.000). Rendahnya ekspresi Smad 3 di sel granulosa 
mengakibatkan rendahnya ekspresi GDF9 oleh oosit (β=0,916 p=0.000). 

 Kesimpulan dari penelitian ini adalah mekanisme gangguan 
folikulogenesis akibat paparan asap rokok melalui jalur sel teka, yaitu asap 
rokok meninhgkatkan kadar MDA, menurunkan kadar GnRH dan ekspresi 
HSP 70, serta meningkatkan apoptosis di sel teka sehingga meningkatkan 
gangguan folikulogenesis. Selain itu, asap rokok berdampak pada sel 
granulosa melalui penurunan ekspresi smad 3 dan GDF 9 sehingga 
menurunkan jumlah folikel di ovarium. Keterbatasan pada penelitian ini 
adalah Penelitian experimental ini tidak bisa dilakukan pada manusia, karena 
kendala etik perlakuan pada manusia. 

 Perlu dilakukan penelitian lanjutan yaitu apakah efek paparan asap 
rokok bersifat reversible dan bagaimana cara mencegah efek paparan asap 
rokok terhadap folikulogenesis melalui jalur sel teka. Penelitian ini belum bisa 
mengungkap mekanisme gangguan folikulogenesis melalui jalur apoptosis 
oosit, , sehingga peneliti merekomendasikan untuk penelitian lanjutan. 
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SUMMARY 

THE MECHANISM OF FOLLICULOGENESIS DISORDER 

ON MUS MUSCULUS MICE EXPOSED TO CIGARETTE SMOKE 

 
 

 Infertility is a problem experienced by women and men around 
the world. The prevalence cause of female infertility, according to WHO, 
is ovulation disorder amount to 33%. The disorder in the ovulation process 
are usually caused by hypothalamic-pituitary, ovarian, and endometrial 
disorders. Therefore, it causes disruption of the follicular maturation 
process and impaired implantation. One of the triggers of oocyte 
maturation process disruption is the presence of ROS, which can affect the 
occurrence of oxidative stress, one of which is caused by the substances 
contained in cigarette smoke. Based on the reality of society, the reality in 
the community, smoking habits are still difficult to stop, even though 
health workers and media have often disseminated about the dangers of 
cigarette smoke. Research Objectives: to explain the mechanism of 
folliculogenesis disorders in Mus musculus mice exposed to cigarette 
smoke. 

 This study used a true experimental design with a post-test control 
group. The study subjects were 20 female Balbb/c Mus musculus mice aging 
around 8-10 weeks and weighing approximately 25-30 grams. The 
independent variable is cigarette smoke exposure, while the intermediate 
variables include MDA level, GnRH level, HSP70 expression, Smad3 
expression, GDF9 expression, theca cell apoptosis index, oocyte cell apoptosis 
index. The dependent variable is the number of follicles. This study was 
divided into two groups: group 1, the control group without cigarette smoke 
exposure, Group 2, the treatment group exposed to cigarette smoke at a dose 
of 1 stick of cigarette per day for 20 days. The data analysis used the 
independent t-test or Mann Whitney test.  

 The research results suggest that cigarette smoke increased the 
MDA level (p: 0.000), significantly decreased GnRH level (p: 0.000), 
significantly decreased HSP 70 expression in theca cells (p: 0.002), 
significantly decreased Smad expression 3 (p: 0.000), significantly decreased 
GDF9 expression (p: 0.000), and significantly increased theca cell apoptosis 
index (p: 0. 000). Cigarette smoke did not affect the level of oocyte cell 
apoptotic index (p: 1) and decreased the number of follicles in the ovary 
(0.004). On the path analysis, the results show that cigarette smoke increased 
the MDA level (β = 0.676, p = 0.001). The high MDA level decreased HSP70 
expression (β = -0.462, p = 0.040), and low HSP level increased apoptotic 
index in theca cells (β = -0.662, p = 0.001). The apoptotic index in high theca 
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cells decreased the number of follicles (β = -0.593, p = 0.006). On another 
path analysis, the MDA level increase also decreased the GnRH level in blood 
serum of mice (β = -0.492, p = 0.028) High MDA level can reduce GnRH 
levels, but it can also reduce Smad3 expression in granulose cells (β) = -0337, 
p = 0.022). Low GnRH level results in low Smad3 expression in granulose 
cells (β = 0.660, p = 0.000). Low Smad3 expression in granulose cells results 
in low expression of GDF9 by oocytes (β=0,916 p=0.000). 

  The summary from the research results indicates the mechanism 
of folliculogenesis disorder due to cigarette smoke exposure through theca cell 
pathway. Cigarette smoke increases the MDA level, decreases the GnRH level 
and HSP 70 expression, and increases apoptosis in theca cells, thereby 
increase folliculogenesis disorders. Besides, cigarette smoke affects granulosa 
cells through the decrease of Smad3 and GDF9 expression through the 
necrosis pathway in oocytes, thereby reducing the number of follicles in the 
ovary. Yhe limitation of this research is that the experimental research is not 
possible on humans, because of ethical constraints on the treathment of human 
beings which made it imposible to remove ovarian organs. 

Further research needs to carry out research which discusses whether the 
effects of cigarette smoke exposure are reversible and the ways to prevent the 
effects of cigarette smoke exposure on folliculogenesis through the theca cell 
pathway. This research has not been capable of revealing the mechanism of 
folliculogenesis disorder through the oocyte apoptosis pathway, but through 
another pathway, namely the oocyte necrosis which is supported by high 
MDA level data in groups exposed to cigarette smoke exposure. Therefore, 
further research is recommended.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
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