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RINGKASAN 

 

MEKANISME PENURUNAN KUALITAS SPERMATOZOA PADA TIKUS 

PUTIH (RATTUS NORVEGICUS) JANTAN YANG BERAKTIVITAS FISIK BERAT 

DAN DIPAJAN PANAS 

 
Kebiasaan melakukan aktivitas fisik di pusat kebugaran / gym untuk mempertahankan 

kebugaran biasanya akan dilanjutkan dengan berendam di dalam whirlpool yaitu suatu kolam 

air yang mengalir dengan suhu 40°C yang dipercaya dapat membuat tubuh relaks. Pajanan 

panas 40°C sudah memiliki efek merusak dan merupakan faktor risiko infertilitas karena 

mempengaruhi proses spermatogenesis. WHO (World Health Organization) 

merekomendasikan latihan berupa aktivitas fisik selama 150-300 menit dengan intensitas 

sedang atau 75-150 menit dengan intensitas berat, atau kombisasi keduanya perminggu. 

Aktivitas fisik yang teratur dapat meningkatkan kualitas hidup, penurunan kerusakan akibat 

stress oksidatif, perbaikan pertumbuhan jaringan, remodeling, regenerasi revaskularisasi, dan 

diferensiasi sel punca (stem cell). 

Aktivitas fisik dengan intensitas ringan dan sedang dapat memberikan efek positif 

terhadap kondisi kardiovaskular, sedangkan aktifitas fisik dengan intensitas berat akan 

memberikan efek yang sebaliknya. Pada saat melakukan aktivitas fisik, kemampuan otot 

rangka untuk memenuhi permintaan energi yang meningkat dibatasi oleh ketersediaan 

oksigen dalam jaringan. Dalam keadaan aktivitas fisik terjadi ketidakcukupan pasokan O2 ke 

jaringan dibandingkan dengan keperluan jaringan terhadap oksigen (hipoksia relatif). 

Hypoxia inducible factor-1 (HIF-1) mempengaruhi aktivitas dari heat shock factor. Hypoxia 

inducible factor-1 (HIF-1) adalah faktor transkripsi penting yang terlibat dalam respons sel 

terhadap hipoksia. Dalam kondisi fisiologis, subunitnya terdegradasi dengan cepat di 

sebagian besar jaringan kecuali testis. HIF-1 secara stabil diekspresikan dalam sel Leydig, 

yang merupakan sumber utama testosteron untuk laki-laki, dan mungkin mengikat daerah 

promotor protein pengatur akut steroidogenik (Steroidogenic acute regulatory protein / 

STAR), yang diperlukan untuk sintesis testosterone. HIF-1α yang merupakan faktor 

transkripsi utama yang terlibat dalam induksi HSP, dapat mengurangi peradangan umum 

pada jaringan pembuluh darah, melalui peningkatan yang diinduksi HSF-1α dalam ekspresi 

HSP-70.  

HSP-70 dapat secara langsung merangsang penghambatan sitokin proinflamasi, 

termasuk TNFα dan IL-6. HSP-70 dapat mengurangi stres oksidatif dengan berbagai 

mekanisme termasuk fasilitasi jalur antioksidan. HSP-70 memiliki efek anti inflamasi, 

termasuk peradangan vascular. Aktivitas fisik meningkatkan kadar vaskular atau mengubah 

status fosforilasi berbagai HSP-70 dan kondisi ini berhubungan dengan keadaan 

antiinflamasi. Peningkatan HSP-70 terjadi oleh karena aktivitas fisik dan dipertahankan 

dengan aktivitas fisik yang berulang (repetitive exercise/exercise training). Aktivitas fisik 

dikaitkan dengan peningkatan ekspresi HSP, terutama HSP-70. Heat shock protein memiliki 

efek anti inflamasi dengan cara menghambat mediator dan inflamasi vaskuler.  

Aktivitas fisik dapat menyebabkan perubahan ekspresi enzim antioksidan. 

Keseimbangan reduksi oksidasi dalam tubuh dapat mengekspresikan enzim antioksidan 

endogen, antara lain:  peroxiredoxin (Prx), thioredoxin (Trx), superoksida dismutase (SOD) 

dan gluthatione peroxidase (Gpx). Aktivitas fisik menonaktifkan spesies oksigen reaktif 

(ROS) dan mempertahankan dalam tingkat fisiologis. Testosteron disekresikan oleh sel-sel 

Interstisial Leydig dalam testis, merupakan hormon testis yang paling penting. Testosteron 

berperan dalam proses spermatogenesis sejak masa pubertas, dan memelihara sistem 

reproduksi sepanjang masa dewasa, juga berperan dalam proses spermatogenesis pada masa 

dewasa. Oksigen sangat diperlukan untuk kehidupan; namun, dalam situasi tertentu ia 
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memiliki efek merusak karena pembentukan radikal bebas atau spesies oksigen reaktif 

(ROS). Untuk menetralkan ROS terjadi mekanisme enzimatik dan nonenzimatik seluler.  

Superoksida dismutase (SOD) adalah keluarga enzim yang ada diseluruh tubuh yang 

berfungsi mengkatalisis dismutasi superoksida. Malondialdehid (MDA) adalah suatu 

senyawa yang sangat reaktif yang merupakan produk ahir dari peroksidasi lipid, dan biasanya 

digunakan sebagai biomarker biologis peroksidasi lipid untuk menilai stres oksidatif. 

Penurunan kualitas spermatozoa pada tikus putih (rattus norvegicus) jantan yang terpajan 

panas setelah beraktivitas fisik berat masih sangat sedikit diketahui, sehingga penelitian ini 

diharapkan dapat menjadi salah satu upaya pencegahan efektif bagi pria yang terpajan suhu 

tinggi setelah beraktivitas fisik berat berisiko menjadi infertil.  

Penelitian ini bertujuan untuk menganalisis mekanisme penurunan kualitas 

spermatozoa pada tikus putih (rattus norvegicus) jantan yang terpajan panas setelah 

beraktivitas fisik berat dan merupakan penelitian jenis True Experimental Research yang 

menggunakan desain penelitian Post Test Only Control Group Design untuk membuktikan 

perbedaan rerata kadar HIF-1α, kadar HSP-70,  kadar TNFα, kadar IL-6, kadar SOD, kadar 

MDA, dan kualitas spermatozoa pada tikus putih (Rattus norvegicus) jantan yang terpajan 

suhu panas setelah melakukan aktivitas fisik berat dibandingkan dengan tikus putih (Rattus 

norvegicus) jantan yang tidak terpajan panas setelah melakukan aktivitas fisik berat. 

Penelitian dimulai dengan membagi tikus menjadi 4 kelompok. Kelompok yang tidak 

mendapatkan perlakuan aktivitas fisik dan tidak mendapatkan pajanan panas (kelompok K0), 

kelompok yang tidak mendapatkan perlakuan aktivitas fisik tetapi mendapat pajanan panas 

diahir minggu ke-4 (kelompok K1), kelompok yang mendapatkan perlakuan aktivitas fisik 

intensitas berat dan pajanan panas diahir minggu ke-4 (kelompok K2), kelompok yang 

mendapat perlakuan aktivitas fisik intensitas berat tanpa pajanan panas diahir minggu ke-4 

(K3). 

Hasil uji Shapiro-Wilk menunjukkan data jumlah HIF-1 ke-4 kelompok berdistribusi 

normal (p>0,05), sedangkan pada data HSP-70 hanya kelompok K1 yang tidak berdistribusi 

normal (p<0,05). Data testosteron semua kelompok dan data TNF- kelompok K0 dan K3 

berdistribusi normal (p>0,05), sedangkan data IL-6 semua kelompok tidak berdistribusi 

normal (p<0,05). Data SOD dan MDA semua kelompok berdistribusi normal (p>0,05). Data 

konsentrasi kelompok K0 dan K1; data motilitas dan viabilitas kelompok K0 dan K2 tidak 

berdistribusi normal; dan data abnormalitas hanya kelompok K1 yang berdistribusi normal. 

Perbedaan data antar kelompok dimana semua kelompok berdistribusi normal dianalisis 

menggunakan analisis varian, sedangkan bila ada kelompok yang tidak berdistribusi normal 

digunakan uji Kruskal Wallis. Kesimpulan penelitian ini adalah Terdapat perbedaan kadar 

HIF-1α, testosteron, TNFα pada tikus putih (Rattus norvegicus) jantan yang terpajan suhu 

panas setelah melakukan aktivitas fisik dibandingkan dengan tikus putih (Rattus norvegicus) 

jantan yang tidak terpajan suhu panas setelah melakukan aktivitas fisik, sedangkan kadar 

HSP-70, SOD, MDA, dan kualitas spermatozoa tidak didapatkan perbedaan yang bermakna. 

Dari analisis jalur menggunakan structural equation model based partial least square (SEM-

PLS) didapatkan koefisien jalur yang kuat sampai paling lemah (0,965 – 0,011) baik interaksi 

positif maupun negatif. Hasil yang signifikan didapatkan dari jalur aktivitas fisik ke kadar 

TNFα (p=0,001), aktivitas fisik ke kadar MDA (p=0.043), aktivitas fisik ke kadar SOD 
(p=0.017), dan kadar SOD ke kadar MDA(p=0,001).  Kekuatan jalur aktivitas fisik ke kadar 

TNF-α (β = -0.532), aktivitas fisik ke kadar MDA (β =0,408 x 0,554 = 0,226), aktivitas fisik 

ke kadar SOD (β =0.408), dan kadar SOD ke kadar MDA (β =0,554). 
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SUMMARY 

THE MECHANISM OF SPERMATOZOA QUALITY DEGRADATION IN RATTUS 

NORVEGICUS MALE RAT WITH STRENUOUS PHYSICAL ACTIVITY AND 

HEAT EXPOSURE 

The habit of doing physical activity at the fitness center / gym to maintain fitness will 

usually be followed by soaking in a whirlpool, which is a pool of flowing water with a 

temperature of 40°C which is believed to relax the body. Heat exposure 40°C already has a 

deleterious effect and is a risk factor for infertility because it affects the process of 

spermatogenesis. WHO (World Health Organization) recommends exercise in the form of 

physical activity for 150-300 minutes of moderate intensity or 75-150 minutes of high 

intensity, or a combination of both per week. Regular physical activity can improve quality of 

life, decrease damage caused by oxidative stress, repair tissue growth, remodeling, 

revascularization regeneration, and stem cell differentiation. Physical activity with light and 

moderate intensity can have a positive effect on cardiovascular conditions, while physical 

activity with high intensity will have the opposite effect. During physical activity, the ability 

of skeletal muscles to meet increased energy demands is limited by the availability of oxygen 

in the tissues. In a state of physical activity, there is an insufficient supply of O2 to the tissues 

compared to the tissue's need for oxygen (relative hypoxia). 

 Hypoxia inducible factor-1 (HIF-1) affects the activity of the heat shock factor. 

Hypoxia inducible factor-1 (HIF-1) is an important transcription factor involved in the 

cellular response to hypoxia. Under physiological conditions, its subunits are rapidly 

degraded in most tissues except the testes. HIF-1 is stably expressed in Leydig cells, which 

are the main source of testosterone for males, and may bind to the promoter region of the 

steroidogenic acute regulatory protein (Star), which is required for testosterone synthesis. 

HIF-1α which is a major transcription factor involved in HSP induction, can reduce general 
inflammation in vascular tissue, through HSF-1α-induced increase in HSP-70 expression. 

HSP-70 can directly stimulate the inhibition of proinflammatory cytokines, including TNFα 
and IL-6. HSP-70 can reduce oxidative stress by various mechanisms including facilitation of 

antioxidant pathways.HSP-70 has anti-inflammatory effects, including vascular 

inflammation. Physical activity increase vascular levels or alter the phosphorylation status of 

various HSP-70 and these conditions are associated with an anti-inflammatory state. The 

increase in HSP-70 is due to physical activity and is maintained withrepetitive physical 

activity (repetitive exercise/exercise training). Physical activity was associated with increased 

expression of HSPs, particularly HSP-70. Heat shock protein has an anti-inflammatory effect 

by inhibiting vascular mediators and inflammation. 

Physical activity can cause changes in the expression of antioxidant enzymes. The 

balance of oxidation-reduction in the body can express endogenous antioxidant enzymes, 

including:  peroxiredoxins (Prx), thioredoxins (Trx), superoxide dismutases (SOD) and 

glutathione peroxidases (Gpx). Physical activity inactivates reactive oxygen species (ROS) 

and maintains them at physiological levels. Testosterone, secreted by the Leydig Interstitial 

cells in the testes, is the most important testicular hormone. Testosterone plays a role in the 

process of spermatogenesis since puberty, and maintains the reproductive system throughout 

adulthood, also plays a role in the process of spermatogenesis in adulthood. Oxygen is 

indispensable for life; however, in certain situations it has a deleterious effect due to the 

formation of free radicals or reactive oxygen species (ROS). To neutralize ROS, cellular 

enzymatic and non-enzymatic mechanisms occur. Superoxide dismutase (SOD) is a family of 

enzymes present throughout the body that function to catalyze superoxide dismutation. 

Malondialdehyde (MDA) is a highly reactive compound which is the end product of lipid 
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peroxidation, and is commonly used as a biological biomarker of lipid peroxidation to assess 

oxidative stress.  

Very little is known about the decrease in the quality of spermatozoa in male white 

rats (Rattus norvegicus) after strenuous physical activity, so that this study is expected to be 

one of the effective prevention efforts for men who are exposed to high temperatures after 

strenuous physical activity at risk of becoming infertile. This study aims to analyze the 

mechanism of decreasing the quality of spermatozoa in male white rats (Rattus norvegicus) 

exposed to heat after strenuous physical activity and is a True Experimental Research type 

that uses a Post Test Only Control Group Design research design to prove the difference in 

the mean levels of HIF-1α, HSP-70 levels, TNFα levels, IL-6 levels, SOD levels, MDA 

levels, and the quality of spermatozoa in male white rats (Rattus norvegicus) that were 

exposed to heat after strenuous physical activity compared to male white rats (Rattus 

norvegicus) that did not exposed to heat exposure after strenuous physical activity. The study 

began by dividing the rats into 4 groups. The group that did not receive physical activity 

treatment and did not get heat exposure (K0 group), the group that did not get physical 

activity but received heat exposure at the end of the 4th week (K1 group), the group that 

received high intensity physical activity treatment and heat exposure at the end of the 4th 

week (K2 group), the group receiving high intensity physical activity without heat exposure 

at the end of the 4th week (K3). 

The results of the Shapiro-Wilk test showed data on the amount of HIF-1 the 4 

groups were normally distributed (p>0.05), while in the HSP-70 data only group K1 was not 

normally distributed (p<0.05). Testosterone data for all groups and TNF- datagroups K0 

and K3 were normally distributed (p>0.05), while the IL-6 data for all groups were not 

normally distributed (p<0.05). SOD and MDA data for all groups were normally distributed 

(p>0.05). Concentration data for groups K0 and K1; motility and viability data for groups K0 

and K2 were not normally distributed; and abnormality data only group K1 which is normally 

distributed. Differences in data between groups where all groups were normally distributed 

were analyzed using analysis of variance, whereas if there were groups that were not 

normally distributed, the Kruskal Wallis test was used. The conclusion of this study is that 

there are differences in levels of HIF-1α, testosterone, TNF in male white rats (Rattus 
norvegicus) exposed to heat after physical activity compared to male white rats (Rattus 

norvegicus) that were not exposed to heat after physical activity, while levels of HSP-70, 

SOD, MDA, and quality of spermatozoa no significant difference was found. From the path 

analysis using a structural equation model based on partial least squares (SEM-PLS) it is 

found that the path coefficients are strong to the weakest (0.965–0.011) both positive and 

negative interactions. Significant results were obtained from physical activity to TNFα levels 
(p=0.001), physical activity to MDA levels (p=0.043), physical activity to SOD levels 

(p=0.017), and SOD levels to MDA levels (p=0.001) . Strength of the physical activity 

pathway to TNF- levels (β = -0.532), physical activity to MDA levels (β = 0.408 x 0.554 = 
0.226), physical activity to SOD levels (β =0.408), and SOD levels to MDA levels (β 

=0,554). 
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ABSTRAK 

 

MEKANISME PENURUNAN KUALITAS SPERMATOZOA PADA TIKUS 

PUTIH (RATTUS NORVEGICUS) JANTAN YANG BERAKTIVITAS FISIK BERAT 

DAN DIPAJAN PANAS 

 

Latar Belakang: Kebiasaan beraktivitas fisik di pusat kebugaran / gym untuk 

mempertahankan kebugaran biasanya akan dilanjutkan dengan berendam di dalam kolam 

whirlpool yaitu suatu kolam air yang mengalir dengan suhu 40°C yang dipercaya dapat 

membuat tubuh relaks. Pajanan panas 40°C sudah memiliki efek merusak dan merupakan 

faktor risiko infertilitas karena mempengaruhi proses spermatogenesis. 
Tujuan: Menganalisis mekanisme penurunan kualitas spermatozoa pada tikus putih (rattus 

norvegicus) jantan yang terpajan panas setelah beraktivitas fisik berat dengan menganalisa 

perbedaan rerata kadar HIF-1α, kadar HSP-70,  kadar TNFα, kadar IL-6, kadar SOD, kadar 

MDA, dan kualitas spermatozoa pada tikus putih (Rattus norvegicus) jantan yang terpajan 

suhu panas setelah melakukan aktivitas fisik berat dibandingkan dengan tikus putih (Rattus 

norvegicus) jantan yang tidak terpajan panas setelah melakukan aktivitas fisik. 

Metode: Penelitian yang dilakukan adalah penelitian eksperimental laboratoris. Penelitian ini 

merupakan penelitian jenis True Experimental Research yang menggunakan desain 

penelitian Post Test Only Control Group Design. Unit eksperimentalnya terdiri dari 44 Tikus 

putih (Rattus norvegicus) Penelitian dimulai dengan membagi tikus menjadi 4 kelompok. 

Kelompok kontrol (kelompok K0), kelompok yang tidak mendapatkan perlakuan aktivitas 

fisik tetapi mendapat pajanan panas diahir minggu ke-4 (kelompok K1), kelompok yang 

mendapatkan perlakuan aktivitas fisik intensitas berat dan pajanan panas diahir minggu ke-4 

(kelompok K2), kelompok yang mendapat perlakuan aktivitas fisik intensitas berat tanpa 

pajanan panas diahir minggu ke-4 (K3). 

Hasil: Terdapat perbedaan kadar HIF-1α, testosteron, TNFα pada tikus putih (Rattus 

norvegicus) jantan yang terpajan suhu panas setelah melakukan aktivitas fisik dibandingkan 

dengan tikus putih (Rattus norvegicus) jantan yang tidak terpajan suhu panas setelah 

melakukan aktivitas fisik, sedangkan kadar HSP-70, SOD, MDA, dan kualitas spermatozoa 

tidak didapatkan perbedaan yang bermakna. Dari analisis jalur menggunakan SEM-PLS 

didapatkan hasil yang signifikan didapatkan dari jalur aktivitas fisik ke kadar TNFα 
(p=0,001), aktivitas fisik ke kadar MDA (p=0.043), aktivitas fisik ke kadar SOD (p=0.017), 

dan kadar SOD ke kadar MDA(p=0,001).  Kekuatan jalur aktivitas fisik ke kadar TNF-α (β = 

-0.532), aktivitas fisik ke kadar MDA (β =0,408 x 0,554 = 0,226), aktivitas fisik ke kadar 

SOD (β =0.408), dan kadar SOD ke kadar MDA (β =0,554). 

Kesimpulan: Pajanan panas akut 40
o
C selama 12 jam setelah aktivitas fisik berat tidak 

memperbaiki motilitas, viabilitas, konsentrasi, dan abnormalitas morfologi spermatozoa. 

Pajanan panas setelah beraktivitas fisik berat menurunkan kualitas spermatozoa melalui jalur 

sinyal: Aktivitas TNFα, stress oksidatif dan penurunan aktivitas antioksidan SOD.  

 

Kata kunci : Aktivitas fisik berat, pajanan panas, TNFα , SOD, MDA, kualitas 

spermatozoa. 
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ABSTRACT 

 

THE MECHANISM OF SPERMATOZOA QUALITY DEGRADATION IN RATTUS 

NORVEGICUS MALE RAT WITH STRENUOUS PHYSICAL ACTIVITY AND 

HEAT EXPOSURE 

 

Background: The habit of doing physical activity at the fitness center / gym to maintain 

fitness usually followed by soaking in a whirlpool, a pool of flowing water with a 

temperature of 40°C which is believed to relaxing the body. 40°C heat exposure has a 

deleterious effect and risk factor for infertility due its effect to spermatogenesis. 

Objective: This study aimed to analyze the mechanism of decreasing the quality of 

spermatozoa in male white rats (Rattus norvegicus) which were exposed to heat after 

strenuous physical activity by analyzing differences in the mean levels of HIF-1α, HSP-70, 

TNFα, IL-6, SOD, MDA, and quality of spermatozoa in male white rats (Rattus 

norvegicus) exposed to heat after strenuous physical activity compared to male white rats 

(Rattus norvegicus) that were not exposed to heat after strenuous physical activity. 

Methods: This research is a laboratory experimental research. This research is a True 

Experimental Research type that uses a Post Test Only Control Group Design research 

design. The experimental unit consisted of 44 white rats (Rattus norvegicus). We dividing 

the rats into 4 groups. The control group (K0 group), the group that did not get physical 

activity treatment but got heat exposure at the end of the 4th week (K1 group), the group 

that got high intensity physical activity treatment and heat exposure at the end the 4th week 

(K2 group), the group that received treatment with high intensity physical activity without 

heat exposure at the end of the 4th week (K3). 

Results: There are differences in the levels of HIF-1α, testosterone, TNFα in male white 
rats that were exposed to heat after physical activity compared to male white rats that were 

not exposed to heat after physical activity, while There were no significant differences in 

the levels of HSP-70, SOD, MDA, and spermatozoa quality. Analysis using a SEM-PLS, 

significant results were obtained from physical activity to TNFα levels (p=0.001), physical 
activity to MDA levels (p=0.043), physical activity to SOD levels (p=0.017), and SOD 

levels to MDA levels (p=0.001). 

Conclusion: Acute heat exposure of 40
o
C for 12 hours after strenuous physical activity 

did not improve motility, viability, concentration, and morphology abnormality of rat 

spermatozoa. Heat exposure after strenuous physical activity decreases the quality of 

spermatozoa through signaling pathways: TNFα activity, oxidative stress and decreased of 

SOD antioxidant activity. 

Keywords :Strenuous activity, heat, TNFα , SOD, MDA, spermatozoa quality. 
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