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Abstract

Scientists have been paying attention to the life-giving properties of medicinal plants for many years. Among
these plants is the eucalyptus plant. This plant has various compounds such as cineole and terpenes. It also
contains compounds such as flavonoids, aliphatic aldehydes, sesquiterpene, quinotanen, catechins, salts, and
vitamins. In the present study, the hydroalcoholic extract of Eucalyptus leaves with concentrations of 175, 350,
and 700 mg/kg body weight, and spermatogenesis were studied in 40 adult Wistar rats in five groups of eight.
Adult male mice received the extract at the above concentrations by gavage for 28 days. Control mice received
only solvent and water, while control mice received no substance other than municipal tap water and normal
food. After the last administration of the drug, the animals were weighed and anesthetized, and then blood
samples were taken from their hearts. Concentrations of LH, FSH, and testosterone were measured by an
ELISA kit. The results showed that body weight and testis, seminiferous tube diameter, Leydig cell diameter,
epithelium thickness, number of Leydig cells, spermatogonium, spermatocytes, spermatids, sperm, and
testosterone concentration increased significantly with the group. But no significant difference was observed in
the concentration of FSH and LH hormones or the number of Sertoli cells. Therefore, it can be concluded that
eucalyptus leaf extract may increase the proliferation of sex cells in the seminiferous tubules of rats.
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1. Introduction

Eucalyptus is an evergreen tree that is native to
Australia (1). This tree grows very fast, and its size
varies according to its different species. Among
eucalyptus species, globulus is the main source of
eucalyptus oil worldwide (2-4). Flavonoids and tannins
(5) are plant antioxidants found in eucalyptus leaves,
and tannins help reduce inflammation. The properties

of eucalyptus are many, such as anti-igflatulence (6),
fever (7), laxative (8), and hypoglycemia (9), treatment
of colds (10), respiratory infections (11), and antibiotic
properties (12).

Eucalyptus leaves are a rich source of antioxidants,
especially flavonoids, which protect the body against
oxidative stress and free radical damage (13). Diets rich
in these flavonoids can fight cancer, heart disease, and
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dementia. Research has shown that eucalyptus can
reduce mucus and help the lungs. This plant has anti-
inflammatory properties, and one of its main
components is eucalyptol (cineole), which is found in
eucalyptus oil or extract (14).

Eucalyptus can improve dry skin and increase
ceramide levels (15). Ceramides are a type of fatty acid
in the skin that helps maintain skin moisture (16).
People with dry or scaly skin or skin conditions such as
dermatitis and psoriasis usually have lower ceramide
levels in their skin than people with healthy skin.
Topical eucalyptus can increase ceramide production
and enhance moisture retention and skin protection
capacity. The extract of this leaf contains a compound
called macrocarpal-A, which stimulates the production
of ceramide (17). Inhalation of eucalyptus oil can
reduce  symptoms. Eucalyptus contains  anti-
inflammatory compounds such as cineole and limonene
that act as analgesics (18). This plant can reduce the
activity of the sympathetic nervous system—the stress
response system—and increase the activity of the
parasympathetic nervous system, causing relaxation.

Eucalyptus leaf extract contains eucalyptol (19),
which can improve dental health (20). Eucalyptus
leaves also contain large amounts of macrocarpal-C, a
type of polyphenol (21). This compound reduces the
bacteria that cause caries or the bacteria that cause gum
disease. Eucalyptol in eucalyptus extract is used as a
natural insecticide that can repel insects.

Eucalyptus (Eucalyptus globules Labill) has relatively
strong alien effects due to its plant secondary
compounds. Ebrahimi Kia (22) reported that eucalyptus
leaf essential oil had inhibitory effects on germination
and seed growth of leeks, sorghum, barley, tomatoes,
and corn; increased oxygen uptake by carrot
parenchyma and reduced reduction of indole 2- and 6-
dichlorophenol. (DCPIP) in spinach chloroplasts (22).

Consumption of eucalyptus extract significantly
increased the activity of ACP and ALP SOD enzymes
in the liver and increased MDA activity in both the
liver and serum (23). The hydroalcoholic extract of
Eucalyptus leaf has inhibitory activity against

tyrosinase and hyaluronidase enzymes and therefore
can be useful in the treatment of allergies and
inflammation (24). This extract has anti-hyperglycemic
effects that do not directly affect blood glucose
concentration in normal mice. Therefore, it modulates
insulin secretion or insulin function (25, 26). This study
aimed to investigate the effect of eucalyptus extract on
the physiology of the male reproductive system in rats.

2. Materials and Methods

2.1. Experimental Animals and Treatments

In this experiment, 40 adult male Wistar rats with an
average body weight of 180.40+10.26 g were used. The
rats were kept in polycarbonate cages measuring
42x15x42 cm® with a steel mesh roof. The floors of the
cages were covered with sawdust and wood chips.
Eight cages were selected, and five rats were placed in
each cage. The cages were washed with water and
disinfectant every two days, and the floor was cleaned
at the same time. The ambient temperature during the
experimental period was approximately 22+2°C.
Irradiation of light from the windows of the laboratory
was done indirectly and uniformly by the ventilation
device in it. The light frequency for the animals was
adjusted to 12 hours of light and 12 hours of darkness.
Animal drinking water (urban tap water) and feeding
pellets were provided to rats throughout the study
period without restriction.

The animals were weighed with a digital scale with
an accuracy of 0.001 g and were randomly divided into
5 separate groups based on the weight range as follows.

e The control group consisted of eight adult male rats
who consumed only intensive food and water daily for
28 days, and the animals did not receive any
medication.

e The control group consisted of eight adult male rats
that were gavaged with solvent (distilled water and
alcohol) daily for 28 days.

e Experimental group 1 consisted of eight adult male
rats who received 175 mg/kg body weight of
hydroalcoholic extract of Eucalyptus leaf by gavage
daily.
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e Experimental group 2 consisted of eight adult male
rats who received 350 mg/kg body weight of
hydroalcoholic extract of Eucalyptus leaf by gavage
daily.

e Experimental group 3 consisted of eight adult male
rats who received 700 mg/kg body weight of
hydroalcoholic extract of Eucalyptus leaf by gavage
daily.

2.2. Preparation of Hydroalcoholic Extract of
Eucalyptus Leaves

The leaves of the eucalyptus plant were purchased
from the local market, and after cleaning and washing,
they were powdered with an electric mill. Eucalyptus
leaf powder was mixed with 500 mL of distilled water
and 96 ° C ethyl alcohol (50:50) and kept in the dark
for 48 hours. During this time, Erlenmeyer mixes the
powder, water, and alcohol for 20 minutes each day
until the extract is completely dissolved in the alcohol.
The contents of the Erlenmeyer flask were then
smoothed with filter paper. The filtered liquid was
concentrated using an evaporator at 50 °C under a
vacuum. The concentrated extract from the extractor
was placed in sterile Petri dishes. Petri dishes were
placed at 40 ° C to evaporate as much water and
alcohol as possible. In the last step, the obtained dry
matter was used to prepare different concentrations of
eucalyptus leaf extract (175, 350, and 700 mg/kg) in
sterile distilled water.

The method of administration of the extract was
gavage. All ethical principles with laboratory animals
were observed in this study. In this method, the mouse
is first restrained, and then slowly, with one hand, the
skin of the mouse's neck is held in place so that the
mouse's head and neck are completely restrained,
leaving the rat's mouth relatively open, while at the
same time injecting the mouth without injury to the
lower limbs (lungs, etc.) was done slowly by inserting a
gavage into the beginning of the oesophagus and finally
the stomach of the rat.

The weight of each mouse was recorded twice a week
before the experiment and during the experiment. The

weighing method was to set the digital scale to zero
(digital scale accuracy: 0.001 g) then the mice were
weighed one by one.
2.3. Anaesthetize Rats

It anesthetized the animals 24 hours after the last
administration of the drug using ether and inhalation.
For this purpose, a cotton ball is soaked in a suitable
amount of ether and placed in an animal anesthesia
container. Animals were placed in it one by one for
about 1-2 minutes to observe mild anesthesia
symptoms in the animals. The animal was then taken
out of the enclosure and placed on the dissection table.
At this time, the heart rate and respiration of rats per
minute decreased significantly. Ether was used for mild
anesthesia and had less effect on blood flow velocity,
which is important for proper blood collection.
2.4. Blood Sampling

After placing the animal on the dissection table, first
cut the sternum and ribs with pliers and a scalpel, then
cut the sternum and ribs, and cut the diaphragm with
pliers by pulling aside the sternum and ribs to expose
the heart. Then a 5 mL syringe was inserted into the
ventricle, and blood sampling was performed carefully.
2.5. Preparation of Serum

The collected blood was poured into the test tube
without anticoagulant, and after coagulation, the tubes
were centrifuged for 15 minutes at 3000 rpm. After
removing the tube from the centrifuge, the blood serum
was carefully separated by a pipette and transferred to
other test tubes. Then their lids were sealed with
parafilm, and after labeling, they were kept in the
freezer at -20 °C until the measurement of FSH, LH,
and testosterone.
2.6. Measure the Concentrations of LH, FSH, and
Testosterone

Concentrations of FSH, LH, and testosterone in the
blood serum of animals were measured using standard
kits by the ELISA method in the university laboratory.
2.7. Preparation of Testicular Tissue Samples

After collecting blood from the animal's heart, the left
and right testicles were removed from the scrotum, as
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well as the epididymis in the lower part of the scrotum.
Other connective tissues were isolated with a surgical
razor, and then the testes were placed in physiological
serum. All additional tissues were isolated. They were
then dried with sterile gauze, and the left and right
testes were weighed on a digital scale with an accuracy
of 0.0001 g. After weighing, the left and right testicles
were placed separately in containers containing a 10%
formalin fixator to prepare for tissue preparation and
cross-section.
2.8. Counting Testicular Tissue Cells

After preparing tissue samples and slides,
spermatogonia, spermatocytes, spermatids,
spermatozoa, Sertoli, and Leydig cells within 6 tubules
in three primary, middle, and terminal regions were
randomly prepared from three sections. They were
counted from each testicular tissue with x40
magnification, and after calculating the means, they
were statistically analyzed by the software.
2.9. Statistical Analysis

The results were compared based on SPSS (Ver. 19)
statistical software using the T-test, ANOVA, and
Duncan tests at a 5% level. Then, based on the obtained
analysis, the relevant diagrams were drawn in Excel.

3. Results

In this study, the effects of a hydroalcoholic extract of
Eucalyptus leaves were compared after 28 days in
experimental group 1 with a minimum dose of 175
mg/kg, experimental group 2 with an average dose of
350 mg/kg, and experimental group 3 with a maximum
dose of 700 mg/kg. The control and control groups
examined 40 adult male rats, and factors such as
changes in body weight during the experiment, changes
in the weight of the male reproductive organs (testes),
the concentrations of FSH, LH, and testosterone, and
changes in sperm count, spermatocytes, spermatids,
spermatozoid, Sertoli, and Leydig were examined.

Body weight changes in all groups are shown in
figure 1. The mean body weight was not affected by
different treatments (P>0.05). Changes in testicular
weight in different groups are shown in figure 2,

respectively. In this experiment, the mean testicular
weight did not show a statistically significant difference
(P>0.05). Different levels of eucalyptus extract had no
effect on the mice's testicular weight to body weight
ratio, which was in the range of 0.58 to 0.61.
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Figure 1. The effect of different experimental treatments on
body weight (g)
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Figure 2. The effect of different experimental treatments on
testicular weight (g) and testicular to body weight ratio
BW: Body weight

Changes in the number of spermatogonial cells in all
groups after the experiment are shown in figure 3. The
mean number of spermatogonia in different groups
receiving the extract (experimental with the minimum,
medium, and maximum doses) increased compared to
the control and control groups. The experimental group
3 had the most Spermatogonia cells (P>0.05), while the
control and placebo groups had the fewest. The ratio of
the number of spermatogonia cells produced to
testicular weight was 47.78 to 59.22, and the lowest
ratio belonged to the control groups (50.21) and
placebo (47.87). Changes in spermatocyte count and
spermatocyte ratio to testicular weight in all groups
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after the test are shown in figure 3. The mean number
of spermatocytes and their ratio to testicular weight in
different groups receiving the extract (experimental
with the minimum, moderate, and maximum doses)
increased compared to the control and control groups
(87.15 to 98.44) (P<0.05). The results of the spermatid
cell count in all groups after the experiment are
presented in figure 3. The mean number of spermatid
cells in the experimental groups was affected by the
experiments, and the treatments with moderate and
maximum doses increased compared to the control and
control groups (P<0.05). The results showed that the
experimental groups had a spermatid count to testicular
weight ratio of 2, 90.02, while the placebo group had a
ratio of 83.71.The consumption of eucalyptus extract
exhibited a significant effect on the number of sperm
cells and their ratio to testicular weight in different
groups compared to the control group. This ratio was
estimated to be more than 75% in all three
experimental groups (Figure 3).
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Figure 3. The effect of different experimental treatments on
reproductive cells and reproductive cells to testis weight ratio
Columns of the same color and with different letters showed a
significant difference at the level of 5%

Figure 4 indicated that the number of Sertoli and
Leydig cells and their ratio to testicular weight were not
affected by the experimental treatments (P>0.05).
Figures 5 and 6 showed that the mean diameter of
Leydig cells, seminiferous tubules, and epithelial
thickness of seminiferous tubules increased significantly
(P<0.05) but lumen diameter was not affected by
different levels of experimental treatments (P>0.05).

Plasma concentrations of testosterone in different
groups are shown in Figure 7. The results obtained in
the experimental groups with moderate and maximum
doses compared to the control groups show a
significant increase. The results of the statistical
analysis revealed that the concentrations of LH and
FSH hormones in different groups (experimental with
the minimum, moderate, and maximum doses) did not
demonstrate a significant difference compared to the
control and control groups. However, the experimental
group's concentration of all three hormones was 3.86
compared to 2.58 in the placebo group.
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Figure 4. The effect of different experimental treatments on the
ratio of Leydig and Sertoli cells and their ratio to testicular weight
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Figure 5. The effect of different experimental treatments on
the diameter and thickness of Leydig, epithelial, lumen and
seminiferous tubes

Columns of the same color and with different letters showed a
significant difference at the level of 5%
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Figure 7. The effect of different experimental treatments on
the ratio of reproductive hormones to testicular weight

4, Discussion

It has long been known that men's beliefs are
proportional to their sperm concentration. The critical
number of spermatozoids necessary for pregnancy is
estimated at 20 million spermatozoids per cubic
millimeter of semen, and men whose sperm count is
less than 20 million sperm per milliliter are less likely
to believe it (27).

Causes of male infertility include androgen
abnormalities associated with normal sperm cell
production due to hypothalamic-pituitary defects,
interstitial cell defects, or androgen resistance;
abnormal sperm cell production with normal levels of
androgens due to infection, trauma, congenital duct
deformity, immobile sperm production, or abnormal
sperm cell production; and combined defects in the
production of androgens and sperm cells due to
developmental defects such as abnormal testicular

descent with acquired testicular defects such as
infections or general diseases such as chronic liver and
kidney disease (28-30).

Although there was no significant difference in the
testicular weights of the rats in this experiment,
testicular weight can be increased by increasing
testosterone secretion, germ cell growth and division,
and the susceptibility of terpenes and flavonoids in the
extract (31, 32). The hydroalcoholic extract of
eucalyptus leaves has antioxidant properties and
eliminates free radicals and active metabolites in the
body (33, 34). Vitamins A, B, C, and E prevent DNA
breakage and damage. These compounds cause mitotic
and meiotic divisions within the testes to continue,
leading to increased testicular weight (17, 35-37).

Administration of the extract in different
experimental groups compared to control and placebo
groups, the mean concentration of LH, but the increase
in testosterone, which affects the LH-producing cells in
the anterior pituitary gland by creating a negative self-
regulatory mechanism, caused a decrease. Serum levels
of LH decreased, which in turn reduced GnRH levels.
A decrease in this hormone also ultimately affected LH
levels (38).

Sesquiterpenes and other flavonoids inhibit the
production of arachidonic acid by inhibiting the
lipoxygenase and cyclooxygenase pathways, which in
turn inhibit the production of prostaglandins. Negative
self-regulation of gonadotropins inhibits the secretion
of testosterone. Therefore, by increasing the dose of the
extract in the experimental groups, an increase in
testosterone is observed (39, 40). In addition,
testosterone is secreted by interstitial cells, so an
increase in the number of interstitial cells can be a
factor in increasing the secretion of this hormone. In
the experimental groups, increasing the dose of the
extract, the secretion of testosterone. In this study, the
number and diameter of Leydig cells also increased
(42).

Research has shown that in seminiferous tubules, the
secretory function is controlled by the number, size,
and differentiation of Leydig cells. It has been
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suggested that gametes determine the sensitivity of
peritoneal cells to androgenic hormones in stages of the
spermatogenesis process. According to research,
injections of androgenic hormones alter testicular blood
circulation, including changes in blood flow, lymphatic
flow, and blood vessel permeability. The response to
androgens depends on the presence of Leydig cells,
which tightly control testicular blood flow (42, 43).

Research has shown that there is a very close
relationship between the function of Leydig cells and
sex cells in the fallopian tubes, and the differentiation
and secretion of Leydig cells are controlled by the
fallopian tubes (44, 45). On the other hand, the
proliferation of germ cells in spermatozoa is controlled
by Leydig cells. Therefore, it must be acknowledged
that a significant increase in the number of germ cells
in the seminiferous tubules increases the number and
secretory function of Leydig cells and increases the
progression of spermatogenesis (46).

There is a direct relationship between the secretion of
LH and FSH hormones and the proliferation of
spermatogonia. Thus, an increase in LH and FSH
causes an increase in spermatogonia. In this study, LH
and FSH hormones did not show significant changes.
Therefore, it can be stated that the increase in cells is
due to the increased secretion of testosterone, which is
the most important sex hormone (47).

Increasing the number and diameter of interstitial
cells can be a factor in increasing the secretion of
testosterone. In the experimental groups, with
increasing doses, the concentration of testosterone
increased. Increased  testosterone  stimulated
spermatogenesis and spermatocyte proliferation (48).

Studies have shown that the enzyme glutathione
peroxidase, as an antioxidant, plays a special role in
protecting sperm in testicular and epididymal tissues.
Deficiency of this enzyme in the body causes infertility,
which is located in the plasma membrane of sperm,
sperm nucleus, and epididymal fluid protects sperm
from free radical bites and causes the final maturation

and development of sperm (49, 50). Studies show that
consumption of hydroalcoholic extract of Eucalyptus
significantly increased the amount of glutathione
peroxidase (51).

Authors' Contribution

Study concept and design: G. W. and N. J. |
Acquisition of data: M. Q. S.and G. Y.

Analysis and interpretation of data: S. J. H.

Drafting of the manuscript: Y. F. M.

Critical revision of the manuscript for important
intellectual content: F. C.and A. T. J.

Statistical analysis: A. G. H. A.

Administrative, technical, and material support: G. W.,
N.J.l.and S. J. H.

Ethics

The study was approved by the Research Ethics
Committee of the Indonesia University, Depok,
Indonesia.

Conflict of Interest

The authors declare that they have no conflict of
interest.

References

1. Vecchio MG, Loganes C, Minto C. Beneficial and
healthy properties of Eucalyptus plants: A great potential
use. Open Agric J. 2016;10(1).

2. Ben Marzoug HN, Romdhane M, Lebrihi A,
Mathieu F, Couderc F, Abderraba M, et al. Eucalyptus
oleosa essential oils: chemical composition and
antimicrobial and antioxidant activities of the oils from
different plant parts (stems, leaves, flowers and fruits).
Molecules. 2011;16(2):1695-709.

3. Boukhatem MN, Amine FM, Kameli A, Saidi F,
Walid K, Mohamed SB. Quality assessment of the essential
oil from Eucalyptus globulus Labill of Blida (Algeria)
origin. ILCPA. 2014;17.

4, Dhakad AK, Pandey VV, Beg S, Rawat JM, Singh
A. Biological, medicinal and toxicological significance of
Eucalyptus leaf essential oil: a review. J Sci Food Agric.



122 Widjaja et al / Archives of Razi Institute, Vol. 78, No. 1 (2023) 115-123

2018;98(3):833-48.

5. Okamura H, Mimura A, Yakou Y, Niwano M,
Takahara Y. Antioxidant activity of tannins and flavonoids
in Eucalyptus rostrata. Phytochemistry. 1993;33(3):557-61.

6. Saravani K, Bameri O, Baradaran Kayal |, Ramezan
Nejad P. A Review of Plants Effective Against
Trichomonas vaginalis (Causative Agent of Human
Infections) and Their Therapeutic Properties. J Obstet
Gynecol Cancer Res. 2020;5(4):131-6.

7. Tascini C, Ferranti S, Gemignani G, Messina F,
Menichetti F. Clinical microbiological case: fever and
headache in a heavy consumer of eucalyptus extract. Clin
Microbiol Infect. 2002;8(7):445-6.

8. Nagata H, Inagaki Y, Tanaka M, Ojima M, Kataoka
K, Kuboniwa M, et al. Effect of eucalyptus extract chewing
gum on periodontal health: a double-masked, randomized
trial. J Periodontol. 2008;79(8):1378-85.

9. Dey B, Mitra A. Chemo-profiling of eucalyptus and
study of its hypoglycemic potential. World J Diabetes.
2013;4(5):170-6.

10. Vuong QV, Chalmers AC, Jyoti Bhuyan D, Bowyer
MC, Scarlett CJ. Botanical, Phytochemical, and Anticancer
Properties of the Eucalyptus Species. Chem Biodivers.
2015;12(6):907-24.

11. Pereira V, Dias C, Vasconcelos MC, Rosa E,
Saavedra MJ. Antibacterial activity and synergistic effects
between Eucalyptus globulus leaf residues (essential oils
and extracts) and antibiotics against several isolates of
respiratory tract infections (Pseudomonas aeruginosa). Ind
Crops Prod. 2014;52:1-7.

12. Mulyaningsih S, Sporer F, Zimmermann S,
Reichling J, Wink M. Synergistic properties of the
terpenoids aromadendrene and 1,8-cinecle from the
essential oil of Eucalyptus globulus against antibiotic-
susceptible and antibiotic-resistant pathogens.
Phytomedicine. 2010;17(13):1061-6.

13. Nakhaee A, Bokaeian M, Saravani M, Farhangi A,
Akbarzadeh A. Attenuation of oxidative stress in
streptozotocin-induced diabetic rats by Eucalyptus
globulus. Indian J Clin Biochem. 2009;24(4):419-25.

14. Sharma AD. Eucalyptol (1, 8 cineole) from
eucalyptus essential oil a potential inhibitor of COVID 19
corona virus infection by molecular docking studies. 2020.

15. Ishikawa J, Shimotoyodome Y, Chen S, Ohkubo K,
Takagi Y, Fujimura T, et al. Eucalyptus increases ceramide
levels in keratinocytes and improves stratum corneum
function. Int J Cosmet Sci. 2012;34(1):17-22.

16. Meckfessel MH, Brandt S. The structure, function,
and importance of ceramides in skin and their use as
therapeutic agents in skin-care products. J Am Acad
Dermatol. 2014;71(1):177-84.

17. Murata M, Yamakoshi Y, Homma S, Aida K, Hori
K, Ohashi Y. Macrocarpal A, a Novel Antibacterial
Compound from Eucalyptus macrocarpa. Agric Biol Chem.
1990;54(12):3221-6.

18. Mondal M, Quispe C, Sarkar C, Bepari TC, Alam
MJ, Saha S, Ray P, Rahim MA, Islam MT, Setzer WN,
Salehi B. Analgesic and anti-inflammatory potential of
essential oil of Eucalyptus camaldulensis leaf: in vivo and
in silico studies. Nat Prod Commun. 2021;16(4).

19. Galan DM, Ezeudu NE, Garcia J, Geronimo CA,
Berry NM, Malcolm BJ. Eucalyptol (1,8-cineole): an
underutilized ally in respiratory disorders? J Essent Qil
Res. 2020;32(2):103-10.

20. Salehi B, Sharifi-Rad J, Quispe C, Llaique H,
Villalobos M, Smeriglio A, et al. Insights into Eucalyptus
genus chemical constituents, biological activities and
health-promoting effects. Trends Food Sci Technol.
2019;91:609-24.

21, Wong JH, Lau KM, Wu YO, Cheng L, Wong CW,
Yew DT, et al. Antifungal mode of action of macrocarpal C
extracted from Eucalyptus globulus Labill (Lan An)
towards the dermatophyte Trichophyton mentagrophytes.
Chin Med. 2015;10:34.

22. Ebrahimi Kia F. Allelopathic effects of leaf extracts
and essential oils of Eucalyptus species on weeds on crops:
M. Sc thesis, Shiraz University; 2003.

23. Arise R, Malomo S, Adebayo J, Igunnu A. Effects
of aqueous extract of Eucalyptus globulus on lipid
peroxidation and selected enzymes of rat liver. J Med Plant
Res. 2009;3(2):077-81.

24. Sugimoto K, Suzuki J, Nakagawa K, Hayashi S,
Enomoto T, Fujita T, et al. Eucalyptus leaf extract inhibits
intestinal fructose absorption, and suppresses adiposity due
to dietary sucrose in rats. Br J Nutr. 2005;93(6):957-63.

25. Al-Khazraji SM. The effect of aqueous extract of the
leaves of Eucalyptus globulus on clinical laboratory parameters
in alloxan induced diabetic rats. J Tech. 2009;22(4).

26. Ismail SM. The effect of aqueous extract of the
leaves of eucalyptus globules on the blood glucose level in
fasted rats. Iran J Pharmacol Ther. 2007;6(2):239-0.

217. Macleod J, Gold RZ. The male factor in fertility and
infertility. 1. Spermatozoon counts in 1000 men of known
fertility and in 1000 cases of infertile marriage. J Urol.
1951;66(3):436-49.



Widjaja et al / Archives of Razi Institute, Vol. 78, No. 1 (2023) 115-123 123

28. Dohle GR, Smit M, Weber RF. Androgens and
male fertility. World J Urol. 2003;21(5):341-5.

29. Maduro MR, Lamb DJ. Understanding new
genetics of male infertility. J Urol. 2002;168(5):2197-205.
30. Sokol RZ. Endocrinology of male infertility:
evaluation and treatment. Semin Reprod Med.

2009;27(2):149-58.

3L Shojaeepour S, Sharififar F, Haghpanah T, Iranpour
M, Imani M, Dabiri S. Panax ginseng ameliorate toxic
effects of cadmium on germ cell apoptosis, sperm quality,
and oxidative stress in male Wistar rats. Toxin Rev.
2022;41(2):389-401.

32. Yakubu MT. Effect of a 60-day oral gavage of a
crude alkaloid extract from Chromolaena odorata leaves on
hormonal and spermatogenic indices of male rats. J Androl.
2012;33(6):1199-207.

33. Kiasalari Z, Khalili M, Roghani M, Heidari H,
Azizi Y. Antiepileptic and antioxidant effect of
hydroalcoholic extract of ferula assa foetida gum on
pentylentetrazole-induced kindling in male mice. Basic
Clin Neurosci. 2013;4(4):299.

34. Mohammed W, Soud S, Hameed A, Hussein N.
Assessment of the Cytotoxic Activity of Alcoholic Extract
of Eucalyptus camaldulensis on Breast Cancer Cell Line.
Arch Razi Inst. 2021;76(5):1307-14.

35. Fenech M, Aitken C, Rinaldi J. Folate, vitamin B12,
homocysteine status and DNA damage in young Australian
adults. Carcinogenesis. 1998;19(7):1163-71.

36. Hartmann A, Niess AM, Grunert-Fuchs M, Poch B,
Speit G. Vitamin E prevents exercise-induced DNA
damage. Mutat Res. 1995;346(4):195-202.

37. Sram RJ, Binkova B, Rossner P, Jr. Vitamin C for
DNA damage prevention. Mutat Res. 2012;733(1-2):39-
49,

38. Ristic N, Ajdzanovi¢ V, Petrovi¢-Kosanovi¢c D,
Miler M, Uséebrka G, Milosevic¢ V.
Immunohistomorphometric Changes of The Pituitary
Gonadotropic Cells After Testosterone Application in a Rat
Model of the Andropause. Maced Vet Rev. 2019;42(1):5-
13.

39. Silvan AM, Abad MJ, Bermejo P, Villar A. Effects
of compounds extracted from Tanacetum microphyllum on
arachidonic acid metabolism in cellular systems. Planta
Med. 1998;64(3):200-3.

40. Sumner H, Salan U, Knight DW, Hoult JR.
Inhibition of 5-lipoxygenase and cyclo-oxygenase in
leukocytes by feverfew. Involvement of sesquiterpene
lactones and other components. Biochem Pharmacol.
1992;43(11):2313-20.

41. Lin H, Tsai SC, Chen JJ, Chiao YC, Wang SW,
Wang GJ, et al. Effects of evodiamine on the secretion of
testosterone in rat testicular interstitial cells. Metabolism.
1999;48(12):1532-5.

42, Bergh A. Local differences in Leydig cell
morphology in the adult rat testis: evidence for a local
control of Leydig cells by adjacent seminiferous tubules.
Int J Androl. 1982;5(3):325-30.

43. Chemes HE. Infancy is not a quiescent period of
testicular development. Int J Androl. 2001;24(1):2-7.

44, Begum MM, Sultana F. Sertoli-Leydig Cell Tumor
(SLCT) of the Ovary-A Case Report. Bangladesh J Obstet
Gynecol. 2017;32(2):117-20.

45, Sajjad Y. Development of the genital ducts and
external genitalia in the early human embryo. J Obstet
Gynaecol Res. 2010;36(5):929-37.

46. Liu X, Wang Z, Liu F. Chronic exposure of BPA
impairs male germ cell proliferation and induces lower
sperm quality in male mice. Chemosphere.
2021;262:127880.

47. Simorangkir DR, Ramaswamy S, Marshall GR,
Pohl CR, Plant TM. A selective monotropic elevation of
FSH, but not that of LH, amplifies the proliferation and
differentiation of spermatogonia in the adult rhesus monkey
(Macaca mulatta). Hum Reprod. 2009;24(7):1584-95.

48. Heinrich A, DeFalco T. Essential roles of interstitial
cells in testicular development and function. Andrology.
2020;8(4):903-14.

49. Chabory E, Damon C, Lenoir A, Kauselmann G,
Kern H, Zevnik B, et al. Epididymis seleno-independent
glutathione peroxidase 5 maintains sperm DNA integrity in
mice. J Clin Invest. 2009;119(7):2074-85.

50. Drevet JR. The antioxidant glutathione peroxidase
family and spermatozoa: a complex story. Mol Cell
Endocrinol. 2006;250(1-2):70-9.

51. Ahlem S, Khaled H, Wafa M, Sofiane B, Mohamed
D, Jean-Claude M, et al. Oral administration of Eucalyptus
globulus extract reduces the alloxan-induced oxidative
stress in rats. Chem Biol Interact. 2009;181(1):71-6.



