Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abe, M., Takiguchi, Y., Ichihara, K., Maruyama, 1., Goto, S. (2008) Comparison of
the protective effect of N-acetylcysteine by different treatments on rat
myocardial ischemia-reperfusion injury, Journal of Pharmacological
Sciences, 106(4): 571-577.

Akhter, N., Wilson, A., Thomas, R., Al-Rashed, F., Kochumon, S., Al-Roub, A. ef al.
(2021) ROS/TNF-a Crosstalk Triggers the Expression of IL-8 and MCP-1 in
Human Monocytic THP-1 Cells via the NF-«xB and ERK1/2 Mediated
Signaling. International Journal of Molecular Sciences, 22(19):10519.

Aktas, B. K., Bulut, S., Bulut, S., Baykam, M. M., Ozden, C., Senes, M., et al. (2010).
The effects of N-acetylcysteine on testicular damage in experimental testicular
ischemia/reperfusion injury. Pediatric Surgery International, 26(3), 293-298.

Alam, F., Shahid, M., Riffat, S., Zulkipli, I. N., Syed, F., Ashraf, M., et al. (2023).
SIRT1 and antioxidants in infertile females: Exploration of the role of vitamin
D. PLoS One, 18(7), €0287727.

Aldini, G., Altomare, A., Baron, G., Vistoli, G., Carini, M., Borsani, L., et al. (2018).
N-Acetylcysteine as an antioxidant and disulphide breaking agent: the reasons
why. Free Radical Research, 52(7), 751-762.Altman R, Luciardi HL,
Muntaner J, Herrera RN. (2004). The antithrombotic profile of aspirin. Aspirin
resistance, or simply failure? Thrombosis Journal. 2004 Jan 14;2(1):1.

Altman, R., Luciardi, H. L., Muntaner, J., Herrera, R. N. (2004). The antithrombotic
profile of aspirin: Aspirin resistance, or simply failure? Thrombosis Journal,
2(1), 1-8.

Arena, S., Lacona, R., Antonuccio, P., Russo, T., Salvo, V., Gitto, E., ef al. (2017).
Medical perspective in testicular ischemia-reperfusion injury. Experimental
and Therapeutic Medicine, 13(5), 2115-2122.

Awan, M. S., Irfan, B., Zahid, 1., Mirza, Y., Ali, S. A. (2017). Comparison of
polymerase chain reaction and immunohistochemistry assays for analysing
human papillomavirus infection in oral squamous cell carcinoma. Journal of
Clinical and Diagnostic Research, 11(6), XC10—-XC13.

Banihani, S. (2020). Effect of aspirin on semen quality: A review. Andrologia, 52(1),
e13487.

Bandyopadhyay, U., Cotney, J., Nagy, M., Oh, S., Leng, J., Mahajan, M., et al. (2013).
RNA-Seq profiling of spinal cord motor neurons from a presymptomatic
SOD1 ALS mouse. PLoS ONE, 8(1), e53575.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Bartsch, G., Frank, S., Marberger, H., Mikuz, G. (1980). Testicular torsion: Late
results with special regard to fertility and endocrine function. Journal of
Urology, 124(3), 375-378.

Baskar, M., Kiranmathyi, B., Sivaraj, C., Saraswathi, K., Arumugam, P. (2019).
Protective role of N-acetyl cysteine on methotrexate-induced testicular toxicity
in male Wistar rats. Journal of Drug Delivery & Therapeutics, 9(3), 661-668.

Bodur, A., Alver, A., Kahraman, C., Altay, D. U., ince, 1. (2016). Investigation of N-
acetylcysteine on contralateral testis tissue injury by experimental testicular
torsion: Long-term effect. American Journal of Emergency Medicine, 34(6),
101-103

Boettcher, M., Krebs, T., Bergholz, R., Wenke, K., Aronson, D., Reinshagen, K., et
al. (2013). Clinical and sonographic features predict testicular torsion in
children: A prospective study. BJU International, 112(8), 1201-1206.

Bowlin, P. R., Gatti, J. M., Murphy, J. P. (2017). Pediatric testicular torsion. Surgical
Clinics of North America, 97(1), 161-172.

Brodjonegoro, S. R., Rizal, D. M., Arfian, N., Luzman, R. A., Pikatan, N. W., Robert,
R., et al. (2025). Association of MPV, NLR, PLR and CRP on testicular

salvage in testicular torsion: A systematic review and meta-analysis. Narra
Journal, 5(1), el1785.

Cahyadi, A., Ugrasena, I. D. G., Andarsini, M. R., Larasati, M. C. S., Aryati, A.,
Arumsari, D. K. (2022). Relationship between Bax and Bcl-2 protein
expression and outcome of induction phase chemotherapy in pediatric acute

lymphoblastic leukemia. Asian Pacific Journal of Cancer Prevention, 23(5),
1679-1685.

Caito, S., Rajendrasozhan, S., Cook, S., Chung, S., Yao, H., Friedman, A. E., ef al.
(2010). SIRT1 is a redox-sensitive deacetylase that is post-translationally
modified by oxidants and carbonyl stress. FASEB Journal, 24(9), 3145-3159.

Candocia, F. J., Sack-Solomon, K. (2003). An infant with testicular torsion in the
inguinal canal. Pediatric Radiology, 33(10), 722-724.

Cao, K., Dong, Y. T., Xiang, J., Xu, Y., Hong, W., Song, H., et al. (2018). Reduced
expression of SIRT1 and SOD1 and the correlation between these levels in

various regions of the brains of patients with Alzheimer's disease. Journal of
Clinical Pathology, 71(12), 1090-1099.

Carswell, E. A., Old, L. J., Kassel, R. L., Green, S., Fiore, N., Williamson, B. (1975).
An endotoxin-induced serum factor that causes necrosis of tumors.
Proceedings of the National Academy of Sciences of the United States of
America, 72(9), 3666-3670.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Cay, A., Alver, A., Kiiciik, M., Isik, O., Eminagaoglu, M. S., Karahan, S. C. (2006).
The effects of N-acetylcysteine on antioxidant enzyme activities in
experimental testicular torsion. Journal of Surgical Research, 131(2), 199—
203.

Charan, J., & Kantharia, N. (2013). How to calculate sample size in animal studies?
Indian Journal of Pharmacology, 45(3), 262-267.

Chen, X., Andresen, B. T., Hill, M., Zhang, J., Booth, F., Zhang, C. (2008). Role of
reactive oxygen species in tumor necrosis factor-alpha induced endothelial
dysfunction. Current Hypertension Reviews, 4(4), 245-250.

Cimador, M., Di Pace, M. R., Castagnetti, M., De Grazia, E. (2007). Predictors of
testicular viability in testicular torsion. Journal of Pediatric Urology, 3(5),
387-390.

Chibaya, L., Karim, B., Zhang, H., Jones, S. N. (2021). Mdm2 phosphorylation by
Akt regulates the p53 response to oxidative stress to promote cell proliferation

and tumorigenesis. Proceedings of the National Academy of Sciences of the
United States of America, 118(4), €2003193118.

Danduga, R., Dondapati, S., Kola, P., Kavati, S., Singapalli, M. (2019). Combination
effect of aspirin and N-acetylcysteine against global cerebral ischemic
reperfusion injury in rats. Neurology Psychiatry and Brain Research, 33, 101—
111.

Davenport, M. (1996). ABC of general surgery in children: Acute problems of the
scrotum. British Medical Journal, 312(7028), 435-437.

Demir, T., Mammadov, M., Ocbe, P., Coruhlu, A., Coskun, D., Nazik, Y. et al. (2020).
The long-term effects of intrascrotal low dose and high dose N-acetylcysteine
on testis damage in rat model of testicular torsion. Journal of Pediatric
Surgery, 55(4):672—680.

Didolkar, A. K., Patel, P. B., & Roychowdhury, D. (1980). Effect of aspirin on
spermatogenesis in mature and immature rats. International Journal of
Andrology, 3(5), 585-593.

Dodd, S., Dean, O., Copolov, D. L., Malhi, G. S., Berk, M. (2008). N-acetylcysteine
for antioxidant therapy: Pharmacology and clinical utility. Expert Opinion on
Biological Therapy, 8(12), 1955-1962.

Drew, J., Arthur, J., Farquharson, A., Russell, W. R., Morrice, P. C., & Duthie, G. G.
(2005). Salicylic acid modulates oxidative stress and glutathione peroxidase
activity in the rat colon. Biochemical Pharmacology, 70(6), 888—893.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

D'Oria, R., Schipani, R., Leonardini, A., Natalicchio, A., Perrini, S., Cignarelli, A., et
al. (2020). The role of oxidative stress in cardiac disease: From physiological

response to injury factor. Oxidative Medicine and Cellular Longevity, 2020,
5732956.

Elshaari, F. A., Elfagih, R. L., Sheriff, D. S., Barassi, I. F. (2011). Oxidative and
antioxidative defense system in testicular torsion/detorsion. Indian Journal of
Urology, 27(4), 479-484.

Emara, S. M., Fahmy, S. F., AbdelSalam, M. M., Wakeel, L. M. E. (2025). Effect of
high-dose N-acetyl cysteine on the clinical outcome of patients with diabetic
peripheral neuropathy: A randomized controlled study. Diabetology and
Metabolic Syndrome, 17(1), 79-82.

Erkkild, K., Hirvonen, V., Wuokko, E., Parvinen, M., Dunkel, L. (1998). N-acetyl-L-
cysteine inhibits apoptosis in human male germ cells in vitro. Journal of
Clinical Endocrinology and Metabolism, 83(7), 2523-2531.

Ezerina, D., Takano, Y., Hanaoka, K., Urano, Y., Dick, T. P. (2018). N-acetyl cysteine
functions as a fast-acting antioxidant by triggering intracellular H>S and
sulfane sulfur production. Cell Chemical Biology, 25(4), 447-459.e4

Fang, J., Wang, S., Wang, H., Zhang, S., Su, S., Song, Z. et al. (2014). The cytochrome
P4501A1 gene polymorphisms and idiopathic male infertility risk: A meta-
analysis. Gene, 535(2):93-96.

Fehér, A. M., Bajory, Z. (2016). A review of main controversial aspects of acute
testicular torsion. Journal of Acute Disease, 5(1), 1-8.

Feroz, W., Sheikh, A. M. A. (2020). Exploring the multiple roles of guardian of the
genome: P53. Egyptian Journal of Medical Human Genetics, 21(1), 49-53.

Flohé¢, L. (1973). Glutathione peroxidase: A selenoenzyme. FEBS Letters, 32(1), 132—
134.

Gambini, J., Stromsnes, K. (2022). Oxidative stress and inflammation: From
mechanisms to therapeutic approaches. Biomedicines, 10(4), 753-755.

Garibyan, L., Avashia, N. (2013). Polymerase chain reaction. Journal of Investigative
Dermatology, 133(3), 1-4.

Goldwasser, B., Weissenberg, R., Lunenfeld, B., Nativ, O., & Many, M. (1984).
Semen quality and hormonal status of patients following testicular torsion.
Andrologia, 16(3), 239-243.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

UNIVERSITAS Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Gielchinsky, I., Suraqui, E., Hidas, G., Zuaiter, M., Landau, E. H., Simon, A., ef al.
(2016). Pregnancy rates after testicular torsion. Journal of Urology, 196(3),
852-855.

Gonzalez, J., Ciancio, G. (2014). Vascular diseases of the testis. PanVascular
Medicine, pp. 1-41.

Hagen, P., Buchholz, M. M., Eigenmann, J., Bandhauer, K. (1992). Testicular
dysplasia causing disturbance of spermiogenesis in patients with unilateral
torsion of the testis. Urologia Internationalis, 49(3), 154-157.

Hentzen, N. B., Mogaki, R., Otake, S., Okuro, K., Aida, T. (2020). Intracellular
photoactivation of caspase-3 by molecular glues for spatiotemporal apoptosis
induction. Journal of the American Chemical Society, 142(18), 8080-8084.

Howe, A. S., Vasudevan, V., Kongnyuy, M., Rychik, K., Thomas, L. A., Matuskova,
M., et al. (2017). Degree of twisting and duration of symptoms are prognostic

factors of testis salvage during episodes of testicular torsion. Translational
Andrology and Urology, 6(6), 1159-1166.

Huang, W. Y., Chen, Y., Chang, H., Yang, T., Hsieh, J., Huang, K. (2013). The
incidence rate and characteristics in patients with testicular torsion: A

nationwide, population-based study. Acta Paediatrica International Journal of
Paediatrics, 102(8), 1-5.

Ibtisham, F., Jinjun, C. (2016). Aspirin affect on reproduction of male rat: An
overview. Pharmacology and Pharmacology International Journal, 4(4), 387—
390.

Israel, Y., Quintanilla, M. E., Ezquer, F., Morales, P., Santapau, D., Berrios-Cércamo,
P., et al. (2021). Aspirin and N-acetylcysteine co-administration markedly
inhibit chronic ethanol intake and block relapse binge drinking: Role of

neuroinflammation—oxidative stress self-perpetuation. Addiction Biology,
26(1), e12853

Jacobsen, F. M., Rudlang, T. M., Fode, M., Ostergen, P. B., Sonksen, J., Ohl, D. A.,
et al. (2019). The impact of testicular torsion on testicular function. World
Journal of Men’s Health, 37, 1-10.

Jannatifar, R., Parivar, K., Hayati Roodbari, N., Nasr-Esfahani, M.H. (2020). The
effect of N-acetyl-cysteine on NRF2 antioxidant gene expression in
asthenoteratozoospermia men: A clinical trial study. International Journal of
Fertility and Sterility, 14(3):171-175.

Kamble, P., Litvinov, D., Aluganti Narasimhulu, C., Jiang, X., Parthasarathy, S.
(2014). Aspirin may influence cellular energy status. European Journal of
Pharmacology, 749:12-19.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Karagiizel, E., Kutlu, O., Yulug, E., Mungan, S., Kazaz, L.O., Tok, D.S. et al. (2012).
Comparison of the protective effect of dipyridamole and acetylsalicylic acid
on long-term histologic damage in a rat model of testicular ischemia-
reperfusion injury. Journal of Pediatric Surgery, 47(9):1716—1723.

Karakostis, K., Fahraeus, R. (2019). Shaping the regulation of the p53 mRNA tumour
suppressor: the co-evolution of genetic signatures. BMC Cancer, 19(1):1-16.

Kazaz, 1.O., Demir, S., Yulug, E., Colak, F., Bodur, A., Yaman, S.O. ef al. (2019). N-
acetylcysteine protects testicular tissue against ischemia/reperfusion injury via
inhibiting endoplasmic reticulum stress and apoptosis. Journal of Pediatric
Urology, 15(3):253.e1-253.¢8.

Kim, S.0O., Hwang, E.C., Kim, S.H., Jung, H.C., Kwon, D.D., Park, K. ef al. (2019).
Risk factors for testicular loss in patients with testicular torsion: a retrospective

study using a national database in Korea. Investigative and Clinical Urology,
60:187-193.

Krause, W.K.H., Naz, R.K. (2016). Immune infertility: Impact of immune reactions
on human fertility, Second Edition. Springer, pp. 1-302.

Kumar, R., Chinoy, N.J. (1988). Effects of acetylsalicylic acid on reproductive organs
of adolescent male rats. Endocrinologia Experimentalis, 22(3):187-195.

Kutluhan, M. A., Urkmez, A., Sahin, A., Topaktas, R., Gumrukcu, G., Verit, A. (2020).
Predictive value of ischaemia-modified albumin in spermatogenesis in an
experimental testicular torsion model. Andrologia, 52(2):e13471.

Kutuk, O., Basaga, H. (2004). Aspirin inhibits TNFalpha- and IL-1-induced NF-
kappaB activation and sensitizes HeLa cells to apoptosis. Cyfokine, 25(5):229—
237.

Laher, A., Ragavan, S., Mehta, P., Adam, A. (2020). Testicular torsion in the
emergency room: A review of detection and management strategies. Open
Access Emergency Medicine, 12:237-246.

Lee, S.-H., Pekas, E. J., Lee, S., Headid, R. J. III, Park, S.-Y. (2020). The impact of
aspirin intake on lactate dehydrogenase, arterial stiffness, and oxidative stress
during high-intensity exercise: A pilot study. Journal of Human Kinetics, 72,
101-113.

Leelarungrayub, D., Khansuwan, R., Pothongsunun, P., Klaphajone, J. (2011). N-
acetylcysteine supplementation controls total antioxidant capacity, creatine
kinase, lactate, and tumor necrotic factor-alpha against oxidative stress
induced by graded exercise in sedentary men. Oxidative Medicine and Cellular
Longevity, 2011:329643.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Lei, B., Zhou, X., Lv, D., Wan, B., Wu, H., Zhong, L. ef al. (2017). Apoptotic and
nonapoptotic function of caspase 7 in spermatogenesis. Asian Journal of
Andrology, 19(1):47-51.

Li, C., Xie, N., Li, Y., Liu, C., Hou, F.F., Wang, J. (2019). N-acetylcysteine
ameliorates cisplatin-induced renal senescence and renal interstitial fibrosis

through sirtuinl activation and p53 deacetylation. Free Radical Biology and
Medicine, 130:512-527.

Lim, C.C., Bryan, N.S., Jain, M., Garcia-Saura, M.F., Fernandez, B.O., Sawyer, D.B.
et al. (2009). Glutathione peroxidase deficiency exacerbates ischemia-
reperfusion injury in male but not female myocardium: insights into

antioxidant compensatory mechanisms. American Journal of Physiology -
Heart and Circulatory Physiology, 297(6):H2144-H2153.

Liu, B, Dou, J., Cao, J. (2024). Nuclear respiratory factor 1 regulates super enhancer-
controlled SPIDR to protect hepatocellular carcinoma cells from oxidative
stress. BMC Gastroenterology, 24(1):97-98.

Liu, Y., Liu, K., Wang, N., Zhang, H. (2017). N-acetylcysteine induces apoptosis via
the mitochondria-dependent pathway but not via endoplasmic reticulum stress
in H9¢2 cells. Molecular Medicine Reports, 16(5):6626—6633.

Lu, N., Wu, B, Xia, Y., Wang, W., Gu, A., Liang, J. et al. (2008). Polymorphisms in
CYPIA1 gene are associated with male infertility in a Chinese population.
International Journal of Andrology, 31(5):527-533.

Lubos, E., Loscalzo, J., Handy, D.E. (2011). Glutathione peroxidase-1 in health and
disease: From molecular mechanisms to therapeutic opportunities.
Antioxidants & Redox Signaling, 15(7):1957-1997.

Mahmoud, N.M., Kabil, S.L. (2019). Pioglitazone abrogates testicular damage
induced by testicular torsion/detorsion in rats. lranian Journal of Basic
Medical Sciences, 22(8):884—-892.

Majchrzak, M., Drela, K., Andrezejewska, A., Rogujski, P., Figurska, S., Fiedorowicz,
M. et al. (2019). SOD1/Rag2 mice with low copy number of SOD1 gene as a
new long-living immunodeficient model of ALS. Scientific Reports, 9(1):799-
801.

Malmir, M., Faraji, T., Noreini, N.S., Mehranjani, S.M. (2018). Protective antioxidant
effects of N-acetylcysteine on testicular tissue and serum testosterone in para-

nonylphenol treated mice (A stereological analysis). Reproductive System &
Sexual Disorders, 7(2), 225-227.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Mansbach, J.M., Forbes, P., Peters, C. (2005). Testicular torsion and risk factors for
orchiectomy. Archives of Pediatrics and Adolescent Medicine, 159(12), 1167—
1171.

Martini, A., Molina, R., Tissera, A., Cuneo, M. (2003). Analysis of semen from
patients chronically treated with low or moderate doses of aspirin-like drugs.
Fertility and Sterility, 80(1), 221-222.

Mike-Antoine, M.A., Sihalikyolo, J., Agasa, S.B., O'yandjo, A.M., Mbutu, B.,
Bosunga, G.K. et al. (2019). Anti-sperm antibodies: Risk factors of positive
serology among infertile men patients in Kisangani-Democratic Republic of
Congo. Open Journal of Obstetrics and Gynecology, 9(8), 1130-1141.

Millea, P.J. (2009). N-acetylcysteine: Multiple clinical applications. American Family
Physician, 80(3), 265-269.

Minas, A., Fouzas, 1., Tsiampali, J., Kourkouni, E., Baltogiannis, D., Sarafis, P., et al.
(2023). The impact of oxidative stress on testicular torsion/detorsion-induced
ischemia-reperfusion injury: The TXNIP/NLRP3 inflammasome axis as a
promising therapeutic target. Andrologia, 55(1), €14626.

Mlejnek, P., Dolezel, P., Kriegova, E., Pastvova, N. (2021). N-acetylcysteine can
induce massive oxidative stress, resulting in cell death with apoptotic features
in human leukemia cells. International Journal of Molecular Sciences, 22(23),
126-135.

Modlinska, K., Pisula, W. (2020). The Norway rat, from an obnoxious pest to a
laboratory pet. eLife, 9, €50651.

Mohamed, D.I., Abou-Bakr, D.A., Ezzat, S.F., El-Kareem, H.F.A., Nahas, H.H.A.,
Saad, H.A. et al. (2021). Vitamin D3 prevents the deleterious effects of
testicular torsion on testis by targeting miRNA-145 and ADAM17: In silico
and in vivo study. Pharmaceuticals, 14(12), 1222-1224.

Morciano, G., Pinton, P. (2024). Modulation of mitochondrial permeability transition
pores in reperfusion injury: Mechanisms and therapeutic approaches.
European Journal of Clinical Investigation, 55(1), e14331.

Mustafa, M., Ahmad, R., Tantry, [.Q., Ahmad, W., Siddiqui, S., Alam, M. et al.
(2024). Apoptosis: A comprehensive overview of signaling pathways,
morphological changes, and physiological significance and therapeutic
implications. Cells, 13(22), 1838-1840.

Nagelschmitz, J., Blunck, M., Kraetzschmar, J., Ludwig, M., Wensing, G., Hohlfeld,
T. (2014). Pharmacokinetics and pharmacodynamics of acetylsalicylic acid
after intravenous and oral administration to healthy volunteers. Clinical
Pharmacology: Advances and Applications, 6, 51-59.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

UNIVERSITAS Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Naito, H., Nojima, T., Fujisaki, N., Tsukahara, K., Yamamoto, H., Yamada, T. ef al.
(2020). Therapeutic strategies for ischemia reperfusion injury in emergency
medicine. Acute Medicine & Surgery, 7(1), e501.

Ning, J., Li, W., Cheng, F., Yu, W., Rao, T., Ruan, Y. et al (2017). MiR-29a
suppresses spermatogenic cell apoptosis in testicular ischemia-reperfusion
injury by targeting TRPV4 channels. Frontiers in Physiology, 8, 966-968.

Obernier, J.A., Baldwin, R.L. (2006). Establishing an appropriate period of

acclimatization following transportation of laboratory animals. /LAR Journal,
47(4), 364-369.

Ozbal, S., Ergur, B.U., Erbil, G., Tekmen, 1., Bagriyanik, A., Cavdar, Z. (2012). The
effects of a-lipoic acid against testicular ischemia-reperfusion injury in rats.
The Scientific World Journal, 2012, 489248.

Palmer, L.S., Palmer, J.S. (2020). Management of abnormalities of the external
genitalia in boys. In: Partin, A.W., Dmochowski, R.R., Kavoussi, L.R., Peters,
C.A. (Eds), Campbell-Walsh-Wein Urology (12th ed.). Philadelphia: Elsevier,
pp- 871-904.

Parada-Bustamante, A., Molina, C., Valencia, C., Florez, M., Lardone, M.C.,
Argandonia, F. et al. (2017). Disturbed testicular expression of the estrogen-
metabolizing enzymes CYP1A1l and COMT in infertile men with primary
spermatogenic failure: possible negative implications on Sertoli cells.
Andrology, 5(3), 486—494.

Partin, A.W., Dmochowski, R.R., Kavoussi, L.R., Peters, C.A. (2020). Campbell
Walsh Wein Urology, E-Book: 3-Volume Set. Elsevier Health Sciences. 1560-
1569.

Payabvash, S., Salmasi, A.H., Kiumehr, S., Tavangar, S.M., Nourbakhsh, B., Faghihi,
S.H. et al. (2007). Salutary effects of N-acetylcysteine on apoptotic damage in
a rat model of testicular torsion. Urologia Internationalis, 79(3), 248-254.

Percie du Sert, N., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.J. et
al. (2020). Reporting animal research: explanation and elaboration for the
ARRIVE guidelines 2.0. PLOS Biology, 18(7), €3000411.

Portella, A. O. V., Vieira, J. R., Gongalves, P. M., Paula, F. J. A., Greco, K. V., &
Alves, V. A. F. (2004). Effects of N-acetylcysteine in hepatic ischemia-

reperfusion injury during hemorrhagic shock. Transplantation Proceedings,
36(4), 846-848.

Rai, S., Ozbal, F., Cakirdadi, M. (2022). Protective effect of cerium oxide on testicular
function and oxidative stress after torsion/detorsion in adult male rats.
Experimental and Therapeutic Medicine, 24(1), 102-106.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Ringdahl, E., & Teague, L. (2006). Testicular torsion. American Family Physician,
74(10), 1739-1743.

Safe, 1. P., Lacerda, M. V. G., Printes, V. S., Marins, A. F. P., Rabelo, A. L. R., Costa,
A. A., et al. (2020). Safety and efficacy of N-acetylcysteine in hospitalized
patients with HIV-associated tuberculosis: An open-label, randomized, phase
II trial (RIPENACTB Study). PLoS ONE, 15(6), €023538]1.

Sato, Y., Moriya, K., Ogawa, Y., & Sato, M. (2023). Epidemiological analysis of
testicular torsion in Japanese males under 21 years old: A nationwide study.
Japanese Journal of Urology, 114, 45-52.

Schieber, M., & Chandel, N. S. (2014). ROS function in redox signaling and oxidative
stress. Current Biology, 24(10), R453—R462.

Sekerci, C. A., Tanidir, Y., Sener, T. E., Sener, G., Cevik, O., Yarat, A., et al. (2017).
Effects of platelet-rich plasma against experimental ischemia/reperfusion
injury in rat testis. Journal of Pediatric Urology, 13(3), 317.e1-317.€9.

Seng, Y. J., & Moissinac, K. (2000). Trauma-induced testicular torsion: A reminder
for the unwary. Journal of Accident and Emergency Medicine, 17(5), 381-382.

Shamsi-Gamchi, N., Razi, M., & Behfar, M. (2018). Testicular torsion and
reperfusion: Evidences for biochemical and molecular alterations. Cell Stress
and Chaperones, 23(3), 429-439.

Shamsi-Gamchi, N., Razi, M., & Behfar, M. (2021). Cross-link between
mitochondrial-dependent apoptosis and cell cycle checkpoint proteins after
experimental torsion and detorsion in rats. Gene, 795, 145793.

Sharp, V. J., Kieran, K., & Arlen, A. M. (2013). Testicular torsion: Diagnosis,
evaluation, and management. American Family Physician, 88(12), 835-840.

Schick, M. A., & Sternard, H. (2023). Pioglitazone eases testicular torsion/detorsion-
induced ischemia-reperfusion injury in rats. Journal of Urological Surgery
(2022-2023), 104-110

Shackelford, R.E., Alford, P.B., Xue, Y., Thai, S.F., Adams, D.O., Pizzo, S. (1997).
Aspirin inhibits tumor necrosis factor-alpha gene expression in murine tissue
macrophages. Molecular Pharmacology, 52(3), 421-429.

Shimizu, S., Tsounapi, P., Dimitriadis, F., Higashi, Y., Shimizu, T., & Saito, M.
(2016). Testicular torsion-detorsion and potential therapeutic treatments: A

possible role for ischemic postconditioning. International Journal of Urology,
23(6), 454-463.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Soto, M. E., Manzano-Pech, L., Palacios-Chavarria, A., Valdez-Véazquez, R. R.,
Guarner-Lans, V., & Pérez-Torres, 1. (2023). N-acetyl cysteine restores the
diminished activity of the antioxidant enzymatic system caused by SARS-
CoV-2 infection: Preliminary findings. Pharmaceuticals, 16(4), 591-593.

Soytiirk, E., Bigakei, U., Aslan, S., Giiveng, T., & Ceyhan Bilgici, M. (2023). Effects
of acetylsalicylic acid and ultrasound elastography on testicular torsion in rats.
Turkish Journal of Medical Sciences, 53(6), 1605-1613.

Speidel, D. (2010). Transcription-independent pS3 apoptosis: An alternative route to
death. Trends in Cell Biology, 20(1), 14-24.

Stenz, L., Escoffier, J., Rahban, R., Nef, S., & Paoloni-Giacobino, A. (2017).
Testicular dysgenesis syndrome and long-lasting epigenetic silencing of
mouse sperm genes involved in the reproductive system after prenatal
exposure to DEHP. PLoS ONE, 12(1), e0170441.

Su, L., Jenardhanan, P., Mruk, D. D., Mathur, P. P., Cheng, Y. H., Mok, K.-W., et al.
(2013). Role of P-glycoprotein at the blood-testis barrier on adjudin
distribution in the testis. Advances in Experimental Medicine and Biology, 763,
318-333.

Suematsu, N., Tsutsui, H., Wen, J., Kang, D., Ikeuchi, M., Ide, T., et al. (2003).
Oxidative stress mediates tumor necrosis factor-o—induced mitochondrial
DNA damage and dysfunction in cardiac myocytes. Circulation, 107(10),
1418-1423.

Sun, L., Gu, L., Wang, S., Yuan, J., Yang, H. (2012). N-acetylcysteine protects against
apoptosis through modulation of Group I metabotropic glutamate receptor
activity. PLoS ONE, 7(3), €32503.

Sun, Y., Pu, L. Y., Lu, L., Wang, X. H., Zhang, F., & Rao, J. H. (2014). N-
acetylcysteine attenuates reactive oxygen species-mediated endoplasmic
reticulum stress during liver ischemia-reperfusion injury. World Journal of
Gastroenterology, 20(41), 15289—-15298.

Sury, M. D., Frese-Schaper, M., Miihlemann, M. K., Schulthess, F. T., Blasig, L. E.,
Tauber, M. G., ef al. (2006). Evidence that N-acetylcysteine inhibits TNF-a-
induced cerebrovascular endothelin-1 upregulation via inhibition of mitogen-
and stress-activated protein kinase. Free Radical Biology and Medicine, 41(9),
1372—-1383.

Ta, A., D'Arcy, F. T., Hoag, N., D'Arcy, J. P., & Lawrentschuk, N. (2016). Testicular
torsion and the acute scrotum: Current emergency management. European
Journal of Emergency Medicine, 23(3), 160—165.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Takahashi, Y., Sawada, T., Akahane, T., Kawase, Y., Ikeda, H., Makino, K., et al.
(2017). Monocyte chemoattractant protein 1 expression and proliferation in
primary central nervous system lymphoma. Oncology Letters, 14(1), 264-270.

Tangiil, S. U., Cakmak, A. M., Caglayan, O., & Bozdogan, O. (2020). Prevention of
the harmful effects of free oxygen radicals by using N-acetylcysteine in
testicular torsion. Journal of Pediatric Urology, 16(1), 42.e1-42.¢e8.

Teixeira, T. A., Pariz, J. P., Dutra, R. T., Saldiva, P. H., & Costa, E. (2019). Cut-off
values of the Johnsen score and Copenhagen index as histopathological
prognostic factors for postoperative semen quality in selected infertile patients
undergoing microsurgical correction of bilateral subclinical varicocele.
Translational Andrology and Urology, 8(4), 346-355.

Tian, Z., Liu, H., Chen, X., Losiewicz, M. D., Wang, R., Du, X., ef al. (2021). The
activated ATM/p53 pathway promotes autophagy in response to oxidative
stress-mediated DNA damage induced by Microcystin-LR in male germ cells.
Ecotoxicology and Environmental Safety, 227, 112919.

Tryfonas, G., Violaki, A., Tsikopoulus, G., Avtzoglou, P., Zioutis, J., Limas, C., et al.
(1994). Late postoperative results in males treated for testicular torsion during
childhood. Journal of Pediatric Surgery, 29(4), 553-556.

Tsang, C.K., Liu, Y., Thomas, J., Zhang, Y. & Zheng, X.F.S. (2014). Superoxide
dismutase 1 acts as a nuclear transcription factor to regulate oxidative stress
resistance. Nature Communications, 5:3446.

Turkmen, S., Mentese, A., Karaguzel, E., Uzun, A., Yulug, E. & Turedi, S. (2012). A
comparison of the effects of N-acetylcysteine and ethyl pyruvate on
experimental testicular ischemia-reperfusion injury. Fertility and Sterility,
98(3):626—631.

Turkseven, S., Turato, C., Villano, G., Ruvoletto, M., Guido, M., Bolognesi, M., et al.
(2023). Low-dose acetylsalicylic acid and mitochondria-targeted antioxidant

mitoquinone attenuate non-alcoholic steatohepatitis in mice. Antioxidants,
12(4), 971.

Ung, T.T., Nguyen, T.T., Li, S., Han, J.Y., Jung, Y.D. (2021). Nicotine stimulates
CYPI1ALI expression in human hepatocellular carcinoma cells via AP-1, NF-
kB, and AhR. Toxicology Letters, 349, 155-164.

Vanderah, W. (2024). Katzung's basic & clinical pharmacology. New York: McGraw
Hill.

Vasdev, N., Chadwick, D., & Thomas, D. (2012). The acute pediatric scrotum:
Presentation, differential diagnosis and management. Current Urology, 6(2),
57-61.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Veres, G., Harsanyi, L., Olah, A., Molnar, L., Barath, B., Polos, M., et al. (2022).
Aspirin reduces ischemia-reperfusion injury induced endothelial cell damage
of arterial grafts in a rodent model. Antioxidants, 11(2), 177.

Wang, Y., Branicky, B., Noe, A., & Hekimi, S. (2018). Superoxide dismutases: Dual
roles in controlling ROS damage and regulating ROS signaling. Journal of
Cell Biology, 217(6), 1915-1928.

Wang, C., Zhang, Q., Yang, F., Yu, L., Liu, Q., Guo, Y., et al. (2014). N-
acetylcysteine attenuates ischemia-reperfusion-induced apoptosis and
autophagy in mouse liver via regulation of the ROS/JINK/BCL-2 pathway.
PLoS ONE, 9(9), e108855.

Wolf, B.B., Schuler, M., Echeverri, F., & Green, D.R. (1999). Caspase-3 is the
primary activator of apoptotic DNA fragmentation via DNA fragmentation
factor-45/inhibitor of caspase-activated DNase inactivation. Journal of
Biological Chemistry, 274(43), 30651-30656.

Williamson, R.C.N. (1976). Torsion of the testis and allied conditions. British Journal
of Surgery, 63(6), 465-476.

Xie, L., L1, C., Wang, C., Wu, Z., Wang, C., Chen, C., et al. (2024). Aspirin-mediated
acetylation of SIRT1 maintains intestinal immune homeostasis. Advanced
Science, 11(19), €2306378.

Xiong, T., Zhang, Z., Zheng, R., Huang, J., & Guo, L. (2019). N-acetyl cysteine
inhibits lipopolysaccharide-induced apoptosis of human umbilical vein
endothelial cells via the p38MAPK signaling pathway. Molecular Medicine
Reports, 20(3), 2945-2953.

Xu, G., & Shi, Y. (2007). Apoptosis signaling pathways and lymphocyte homeostasis.
Cell Research, 17(9), 759-771.

Xu, J., Su, X., Burley, S.K., & Zheng, X.F.S. (2022). Nuclear SODI1 in growth control,
oxidative stress response, amyotrophic lateral sclerosis, and cancer.
Antioxidants, 11(2), 427-429.

Xu, W., Guo, G, Li, J., Ding, Z., Sheng, J., Li, J., et al. (2016). Activation of Bcl-2-
Caspase-9 apoptosis pathway in the testis of asthmatic mice. PLoS ONE, 11(3),
e0149353.

Yang, C., Song, B., Tan, J., Liu, X., & Wei, G. (2011). Testicular torsion in children:
A 20-year retrospective study in a single institution. The Scientific World
Journal, 11, 362-368.

Yigman, M., Ekenci, B.Y., & Durak, H.M. (2024). Predictive factors for manual
detorsion success in testicular torsion. International Urology and Nephrology,
56(12), 3797-3804.



Pengaruh Suplementasi N-Acetylcysteine (NAC) dan Aspirin Dosis Rendah terhadap Cedera
Iskemik-Reperfusi pada Torsio Testis dalam Model Tikus: Kajian pada Spermatogenesis, Enzim
Antioksidan, Inflamasi, dan Apoptosis

Sakti Ronggowardhana Brodjonegoro, Prof. Dr. dr. Dicky Moch Rizal, M.Kes, Sp. And, Subsp. FER, AIFM, dr. Nur Ar

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Yuksel, S., Erginel, B., Bingul, 1., Ozluk, Y., Karatay, H., Aydin, F., et al. (2021). The
effect of hydrogen sulfide on ischemia/reperfusion injury in an experimental
testicular torsion model. Journal of Pediatric Urology, 17(6), 782.e1-782.¢6.

Zhang, X., Zhang, J., Cai, Z., Wang, X., Lu, W., & Li, H. (2020). Effect of unilateral
testicular torsion at different ages on male fertility. Journal of International
Medical Research, 48(4), 1-8.

Zhao, L.C., Lautz, T.B., Meeks, J.J., & Maizels, M. (2011). Pediatric testicular torsion
epidemiology using a national database: Incidence, risk of orchiectomy and
possible measures toward improving the quality of care. Journal of Urology,
186(5), 2009-2013.

Ziegler, M., Wang, X., & Peter, K. (2019). Platelets in cardiac ischaemia/reperfusion
injury: A promising therapeutic target. Cardiovascular Research, 115(7),
1178-1188.

Zivna, D., Plhalova, L., Praskova, E., Stepanova, S., Siroka, Z., Sevcikova, M., et al.
(2013). Oxidative stress parameters in fish after subchronic exposure to
acetylsalicylic acid. Neuro Endocrinology Letters, 34(Suppl 2), 116-122.



	DAFTAR PUSTAKA

