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ABSTRACT

This rescarch aimed was to know whether fermented garlic (4//ium sativum L.)
extract could protect spermatogenic and Sertoli cells of mice (Mus musculus) exposed
to heat. Mice were exposed to a temperature of 40°C, 45 minutes daily, for 54 days.
This study used 25 mice, which were divided equally into five groups. C(-), the
negative control group was not exposed to heat and only given distilled water. C(+),
the positive control group was exposed to heat and given distilled water. T1, T2, T3
were given fermented garlic extract with doses of 125, 250, and 500 mg/kg BW,
respectively 5 minutes after heat exposure. All of the treatments were given orally. The
observations showed significant different (p<0.05) in all variables. Results showed a
significant difference in spermatogenic and Sertoli cell between C(-) and C(+). C(-)
and T2 showed unsignificant differences in spermatogenic and Sertoli cells. It could be
concluded that giving fermented garlic extract (Allium sativum 1..) could protect
spermatogenic and Sertoli cells of mice (Mus musculus) exposed to heat.

Keywords : Allium sativum L., heat exposure, spermatogenic cells, Sertoli cells,
Mus musculus

Introduction
Discase or disability conditions as a function of the reproductive system can lead
to infertility (Zegers-Horchschild et al., 2017). Infertility can be caused by damage to
spermatogenesis triggered by chemical agents (metal substances, pesticides, industrial
chemicals) or physical agents such as ionizing radiation and heat (Sheiner et al., 2003).
Spermatogenesis is the process of spermatozoa cell formation that occurs in the
testes. Exposure to heat in the testes affects the spermatogenesis process because
mammalian testes must be at a temperature of 2-8 °C lower than body temperature so
that the spermatogenesis process is optimal (Chen et al., 2008).
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Hotter testicular conditions trigger oxidative stress, its a disproportionate increase
in the production of Reactive Oxygen Species (ROS) accompanied by a decrease in the
production of antioxidants in the body (Agarwal et al., 2012). Uncontrolled increase of
ROS accompanied by Reactive Nitrogen Species (RNS) causes chain reactions
mediated by free radicals and damages proteins, lipids, polysaccharides, and DNA
(Slimen et al., 2014). This condition triggers apoptosis through the intrinsic pathway
or necrosis due to lipid peroxidation in spermatogenic and Sertoli cells. Damage due
to apoptosis and lipid peroxidation can cause infertility due to decreased
spermatogenesis activity, which is mostly supported by these cell.

Exposure to heat affects Sertoli cells (Chen et al., 2008). The Sertoli cells have a
role as nurse cells, are responsible for caring for and regulating the development of
spermatozoa in the testes (Depamede, 2010). Oxidative stress in these two cell types
caused by exposure to heat can be prevented and treated with antioxidants.

Antioxidants are substances that play a role in delaying, preventing, or eliminating

damage due to oxidative processes on molecular targets (Halliwell, 2007).
Antioxidants act 1o stabilize free radicals by donating electrons as reducing agents so
that they can inhibit chain reactions (Windono et al., 2001; Vaya et al., 2001). The
presence of antioxidants is needed by the body both from natural and synthetic sources.

Antioxidants from herbal ingredients are widely used because it is recognized to
have cytotoxic effects and lower residues than synthetic antioxidants (Rong-zhen ez al.,

2013). Several compounds that can be used as a source of antioxidants include
phenolics, betalain (Nurliyana et al., 2010) vitamin A, vitamin C, vitamin E, beta-
carotene, lutein, lycopene, and polyphenols (Sayuti e al., 2015) which are commonly
found. One of the herbal ingredients is fermented garlic. Fermented garlic showed more
potent antioxidants compared to fresh garlic (Kimura et al., 2016; Jeong et al., 2016).

Based on the background description, the researchers were interested in

researching the antioxidant potential of fermented garlic (Allium sativum L.) on
spermatogenic and Sertoli cells count of mice (Mus musculus) exposed to heat.

Materials and Method

This rescarch used male mice (Mus musculus) aged 2-3 months with an average
body weight of 30 grams totaling 25 individuals were bought from Pusat Veterinaria
Farma (PUSVETMA), Surabaya.

Fermented garlic processed into fermented garlic extract by cold maceration using
distilled water. The extract was diluted with distilled water according to each dose. The
fermented garlic extract was given using oral gavage once a day for 54 consecutive
days for treatment group (T1, T2, and T3) after being given heat exposure treatment.

Heat exposure was given for 54 days using an incubator with a temperature of
40°C for 45 minutes. The samples except from negative control group were exposed to
heat using artificial incubators with 4 pieces of 100-watt incandescent lamps.

After 54 days of treatment, all mice were euthanized using ether and then
dissected to extract the testes from the mice. The testes were taken and put in a tissue




Interciencia Journal ISSN: 0378-1844

voL a5, NO 3, 2021 FEE A A R R SRR

storage pot containing 10% formalin buffer before the histopathological preparations
was made.

Result and Discussion

The results of spermatogenic and Sertoli cells count originating from both testes
can be seen on Table 1 and Figure 1. Rescarch data was processed used the One-Way
ANOVA test and continued with the Duncan test.

Table 1 Spermatogenic (spermatogonia, spermatocytes, spermatids) and Sertoli cells
count (Mean + Standard Deviation) of mice exposed to heat at 40°C for 45 minutes
then given fermented garlic extract for 54 days.

Spermatogonia Spermatocytes ~ Spermatids Sertoli
Contol Negative 36.54°+ 1.69 45.72°+1.24 78.00°+9.70 534" £0.56
Control Positive 2420°+£095 32.04'£3.81 37.74°+3.00 3.08°+0.35

Garlicextract 125 mg  32.03"+4.08 41.13°£523  66.27°+231 4.85°£0.67

Garlic extract 250 mg ~ 33.36™+7.39 4492°+5.16 73.92°+9.62 5.1 2°+ 0.68

Garlic extract 500 mg 2924+ 1.02 3528°+196 4380°+252 3.60"+0.40
Different superscripts in one column showed significant differences (p <0.05),
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Figure | Spermatogenic and Sertoli cells count (mean + SD) of mice (Mus musculus)
given fermented garlic extract (Allium sativum L.) after given heat exposure
treatmen
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The highest number of spermatogenic and Sertoli cells was in the negative control
group (C(-)). This indicates that giving distilled water for 54 days did not affect the
increase or decrease in the number of spermatogenic and Sertoli cells. Observation of
the histopathological picture of spermatogenic and Sertoli cells using 400x
magnification with Hematoxylin Eosin (HE) staining is presented in Figure 2.

Figure 2 Histopathological preparation of seminiferous tubules of mice (Mus musculus)
exposed to heat and given fermented garlic extract (Allium sativum L.). Red arrows =
spermatogonia, yellow = spermatocytes, green = spermatids, and blue = Sertoli cells.
C(+): Heat exposure 40°C, Heat exposure 40°C for 45 minutes and garlic extract 125
mg/kg BW (T1), 250 mg/kg BW (T2), 500 mg/kg BW (T3).

Exposure to heat 40°C with a duration of 45 minutes for 54 days without giving
fermented garlic extract (4llium sativum L.) given to the positive control group (C(+))
showed the lowest number of spermatogenic cells and Sertoli cells among all groups.
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Giving exposure to heat 40°C with a duration of 45 minutes for 54 days causes
oxidative stress caused by an increase in free radicals in the body. Increase in free
radicals in the form of Reactive Oxygen Species (ROS) in the testes. The increase in
ROS is triggered by dysfunction in mitochondrial activity as a cell organelle in charge
of metabolizing oxygen to produce energy for the body (Slimen ef al., 2014). The testes
arc organs that have a small amount of the Superoxide Dismutase enzyme so that
excessive oxidative stress can easily damage cells in the tissue (Ishii ef al., 2005). In
male animals, heat stress has the most influence on the meiosis phase (Sun et al., 2019).
The effect can be in the form of DNA damage in spermatogenic cells, especially
spermatocytes or damage due to apoptosis (Perez-Crespo et al., 2008; Paul ez al., 2008).

Apoptosis is the programmed death of a cell under certain conditions. Reactive
Oxygen Species are one of the causes of apoptosis through the intrinsic pathway. The
result of this event is the active pro-apoptotic protein, which makes the outer membrane
of the mitochondria permeable and triggers the release of the second mitochondria-
derived activator of caspase/direct inhibitor of apoptosis-binding protein with low pl
(Smac/DIABLO) and cytochrome C to the cytosol. Smac/DIABLO then binds directly
to cytosolic AP (inhibitor of apoptosis protein) and removes it so that the caspase
enzyme can be active and break down the substrate (Kulbacka et al., 2012).

Increased levels of ROS in the testes also can lead to lipid peroxidation. Lipid
peroxidation occurs as a result of the meeting of free radicals with Polyunsaturated
Fatty Acids (PUFA), which are mostly contained in spermatogenic cell

membranes.This lipid peroxidation causes changes in membrane fluidity and
permeability, disrupts ion transport, and inhibits metabolic processes. The disruption
of the membrane causes the antioxidant system to be ineffective (Desai et al., 2014).

The presence of membrane permeability disturbances in cells caused by lipid
peroxidation can lead to cell injury. In conditions of injury, cells have a limited
response and depend heavily on the type of cell and the nature of the injury. This cell
response can be in the form of adaptation, degeneration or cell death. Cells can adapt
to sublethal (reversible) injury by increasing efficiency or productivity, or undergo
degeneration resulting in reduced functional capacity. The presence of irreversible
lesions will lead to cell death (Miller et al., 2017).

The morphological changes of cell injury due to reversible and irreversible injuries
is certainly different. In reversible lesions, degeneration occurs, namely a state of
decreased intracellular biochemistry accompanied by morphological changes due to
reversible lesions. Morpholological changes can be in the form of accumulation of
fluids or other substances in cell organelles. When the injury is severe enough, the cell
will reach the point where the cell reaches the "point of no return" and its called
necrosis. Necrosis is presence of cell death in living tissue and metabolism is unable to
continue (Miller et al., 2017). The presence of damage in the form of irreversible
lesions (necrosis) can be the cause of the inability of cells to return to near-normal
numbers after being given heat exposure and then given the extract.

The results of the research that have been done showed that giving fermented garlic
extract (A/lium sativum L.) can maintain the number of spermatogenic and Sertoli cells
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in mice, after exposed to heat at 40°C with a duration of 45 minutes for 54 days with
an optimum dose of 250 mg/kg BW. The group that was given a fermented garlic dose
of 250 mg/kg BW received a spermatogonia count of 36.54, 45.72 of spermatocytes,
78.00 spermatids, and 5.34 Sertoli cells, these results were the highest compared to
other groups.

Fermented garlic contains antioxidant compounds, including polyphenols,
alkaloids, flavonoids, S-allyl-cysteine, and antioxidant products derived from the
Maillard reaction (Kimura et al., 2016; Choi et al., 2014). Flavonoids are phenolic
compounds and are one of the secondary metabolites in plants that function as a source
of antioxidants (Zuraida et al., 2017). Flavonoids arc water-soluble, polar, and less
reactive antioxidants, and it is reported that during the process of making Fermented
garlic, the levels of these antioxidants have increased (Choi et al., 2014; Hwang et al.,
2011).

Flavonoids can play a role in inhibiting lipid autoxidation. Flavonoids can
transfer electrons to free radicals, act as metal catalysts, activate antioxidant enzymes,
reduce alpha-tocopherol radicals, and inhibit the oxidation process (Heim ef al., 2002).
Flavonoids can also act as intracellular antioxidants through inhibition of these free
radical-producing enzymes as xanthine oxidase, lipoxygenase, protein kinase C,
cyclooxygenase, microsomal monooxygenase, mitochondrial succinoxidase, and
NADPH oxidase (Prochazkova et al., 2011).

Polyphenols have a role in fighting Reactive Oxygen Species (ROS), including
suppressing the formation of ROS by inhibiting enzymes involved in ROS production
or increasing regulation or protection of antioxidant defenses (Hussain et al., 2016).

Fermented garlic extract must be given in the right and optimal dosage to get the
best results. Mice given Fermented garlic extract at a dose of 125 mgkg BW
experienced an increase in the number of spermatogenic cells (spermatogonia,
spermatocytes, spermatids) and Sertoli cells, but still lower than mice given fermented
garlic extract at a dose of 250 mg/kg BW. This could be due to the insufficient amount
of antioxidants provided by the fermented garlic extract at a dose of 125 mg/kg BW
compared to the ROS production caused by exposure to heat. The imbalance of
antioxidants and free radicals causes antioxidants to not work optimally so that the
number of spermatogenic cells and Sertoli cells has decreased because oxidative stress
still occurs.

Mice given Fermented garlic extract at a dose of 500 mg/kg BW experienced a
decrease in the number of spermatogenic cells (spermatogonia, spermatocytes,
spermatids) and Sertoli cells when compared to mice given fermented garlic extract at
a dose of 250 mg/kg BW. Too high levels of antioxidants in the body will be converted
into pro-oxidants so that there is a decrease in antioxidant function in counteracting
free radicals.

Giving exogenous antioxidants in high doses can also disrupt the balance in
redox reactions (Bouayed and Bohn, 2010). This event is called hormesis, which causes
the opposite effect between giving a low dose and a high dose of a drug compound or
substance (Ray et al., 2014). This condition also known as antioxidant paradox, which
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is the condition of the presence of oxidants and frec radicals in the body that cause
certain diseases, but giving large doses of dietary antioxidants has little or no
therapeutic or preventive effect (Halliwell, 2012).

Conclusion
Fermented garlic (4l/lium sativum L.) can maintain spermatogenic and Sertoli
cells of mice (Mus musculus) after given exposure to heat.

References

1. Zeger-Hochschild, F., G.D. Adamson, S. Dyer, C. Racowsky, J. de Mouzon, R.
Sokol, L. Rienzi, A. Sunde, L. Schmidt, 1.D. Cooke, J.L. Simpson and S. van der
Poel. 2017. The International Glossary on Infertility and Fertility Care. Fertil. Steril.
108(3): 393-406.

2. Sheiner, E.K., E. Sheiner, R.D. Hammel, G, Potashnik and R. Carel. 2003. Effect of
Occupational Exposures on Male Fertility : literature review. Indus. Health. 41: 55-
62

3. Chen, M., H. Cai, C.H. Fan, F. Gao, J. Guo, X.Q. Hu, Z.Y. Hu, T. Liu, Y.X. Liu,
C.L. Lu, J.L. Yang and W. Yang. 2008. Effect of Heat Stress on Expression of
Junction-associated Molecules and Upstream Factors Androgen Receptor and
Wilms’ Tumor | in Monkey Sertoli Cells. Endocrinology. 149: 4871-82.

4. Agarwal, A., A. Hamada, and S.C. Esteves. 2012. Insight into Oxidative Stress in
Varicocele-associated Male Infertility. Nat Rev Urol. 9: 678-690.

5. Slimen, I.B., T. Najar, A. Ghram, H. Dabbebi, M.B. Mrad and M. Abdrabbah. 2014.
Reactive Oxygen Species, Heat Stress and Oxidative-induced Mitochondrial
Damage. A review. Inter. J. of Hyperthermia. 30(7):513-523.

6. Depamede, S.N. 2010. Imunobiologi Sel sertoli : Prospek Pemanfaatan Sel Sertoli
Bagi Alternatif Penanganan Cangkok Jaringan. J Kedokteran Yarsi 18(2): 144-150.

7. Depamede, S.N. 2010. Imunobiologi Sel sertoli : Prospek Pemanfaatan Sel Sertoli
Bagi Alternatif Penanganan Cangkok Jaringan. J Kedokteran Yarsi 18(2): 144-150.

8. Halliwell, B. 2012. The antioxidant paradox: less paradoxical now? Br J Clin Pharmacol.
75(3): 637-644.

9. Windono, T., S. Soediman, U. Yudawati, E. Ermawati, Srielita and T.I. Erowati.
2001. Uji Perendam Radikal Bebas Terhadap 1,1-diphenyl-2-picrylhydrazyl
(DPPH) dari Ekstrak Kulit Buah dan Biji Anggur (Vitis vinifera L.) Probolinggo
Biru dan Bali. Artocarpus. 1:34-43.

10. Vaya, J. and M. Aviram. 2001. Nutritional Antioxidants : Mechanism of Action,
Analyses of Activities and Medical Applications. Curr Med Chem Imm Endoc &
Metab Agents. 1(1): 99-117.

11. Rong-zhen, Z. and Z. Dao-wei. 2013. Oxidative Stress and Role of Natural Plant
Derived Antioxidants in Animal Reproduction. J of Integrative Agric. 12(10): 1826-
1838

12. Nurliyana, R., I.S. Zahir, K.M. Suleiman, M.R. Aisyah and K.K. Rahim. 2010.
Antioxidants Study of Pulps and Peels of Dragon Fruits : a Comparative Study. Inter




Interciencia Jt_:urnal ISSN: 0378-1844
VOL 46, NO 3, 2021

Food Research J. 17:367-375.

13. Sayuti, K. and R. Yenrina. 2015. Antioksidan, Alami dan Sintetik. Andalas
University Press. Padang. 4.

14. Kimura, S., Y. Yen-Chen T, Min-Hsiung P, Nan-Wei S, Ying-Jang L and Kuan-
Cheng C. 2016. Fermented Garlic: A Critical Review of its Production, Bioactivity,
and Application. J. of Food and Drug Analysis. 30: 1-9.

15. Jeong, Y.Y.,J.H. Ryu, J.H. Shin, M.J. Kang, J.R. Kang, J. Han and D. Kang. 2016.
Comparison of Anti-oxidant and Anti-inflammatory Effects Between Fresh and
Aged Fermented Garlic Extracts. Molecules. 21(4): 430.

16. Tshii, T., S. Matsuki, Y. Tuchi, F. Okada, S. Toyosaki, Y. Tomita, Y. Tkeda and J. Fuji. 2005.
Accelerated Impairment of Spermatogenix Cells in sod1-knockout Mice under Heat Stress.
Free Radical Research. Taylor and Francis Ltd. 39(7): 697-705.

17. Sun, X.Y., J. Li, L. Fu, J. Jiang, J.H. Zhao, G.F. Wang, P. Zhou and H.X. Ren.
2019. The Epigenetic Modification in Mammals Under under Heat Stress. World J
of Vet Sci. Meditext Pub. 1: 011-014.

18. Pérez-Crespo M., B. Pintado and A. Gutiérrez-Adan. 2008. Scrotal Heat Stress
Effects on Sperm Viability, Sperm DNA Integrity, and the Offspring Sex Ratio in
Mice. Mol Reprod Dev. 75(1): 40-47.

19. Paul, C., A.A. Murray, N. Spears and P.T.K. Saunders. 2008. A Single, Mild,
Transient Scrotal Heat Stress Causes DNA Damage, Subfertility and Impairs
Formation of Blastocysts in Mice. Reproduction. 136(1): 73-84.

20. Kulbacka, I., J. Saczko, A. Chwilkowsa, A. Chromanska and N. Skolucka. 2012.
Apoptosis, Free Radicals and Antioxidant Defense In Antitumor Therapy. In:
Antioxidant enzyme. Intech. 265-302.

21. Desai, S.N., F.F. Farris and S.D. Ray. 2014. Lipid Peroxidation. Encyclopedia of
Toxicology. Elsevier. 3: 89-93.

22. Miller, M.A. and J.F. Zachary.2017 Mechanism and Morphology of Cellular
Injury, Adaptation, and Death. In: J.F. Zachary. Pathologic Basis of Veterinary
Disease. Sixth Edition. Elsevier. China. 8-14.

23. Choi, I. S., H.S. Cha and Y.S. Lee. 2014. Physicochemical and Antioxidant
Properties of Fermented Garlic. Molecules. 19 : 16811-16823.

24. Zuraida, S., D. Sajuthi and I.LH. Suparto. 2017. Fenol, Flavonoid, dan Aktivitas
Antioksidan Ekstrak Kulit Batang Pulai (Alstonia scholaris R. Br). J Penelitian Hasil
Hutan, 35(3): 211-219.

25. Hwang, 1.G., H.Y. Kim, K.S. Woo, J. Lee and H.S. Jeong.. 2011. Biological Activities of
Maillard Reaction Product (MRPs) in a Sugar-amino Acid Model System. Food Chemistry.
126:221-227.

26. Prochazkova, D., 1. BouSova and N. Wilhelmova. 2011. Antioxidant and
Prooxidant Properties of Flavonoids. Fitoterapia. Elsevier. 82: 513-523.

27. Hussain, T., B. Tan, Y. Yin, F. Blachier, M.C.B. Tossou and N. Rahu. 2016. Oxidative
Stress and Inflammation: What Polyphenols Can Do for Us?. Oxi Med and Cell Longevity.
Hindawi Pub Corp. 2016: 1-9.

28. Bouayed, J. and T. Bohn. 2010. Exogenous Antioxidants Double-edged Swords in




Interciencia Journal ISSN: 0378-1844
VOL 46, NO 3, 2021

Cellular Redox State. Oxi Med and Cell Longevity. Landes Bioscience. 3: 228-237.
29. Ray, S.D., F.F. Farris and A.C. Hartmann. 2014. Hormesis. Encyclopedia of
Toxicology. Elsevier. 2: 944-948.




