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Essential oil extracted from plant tuber of nutgrass “Cyperus
rotundus” effectively decreased sperm quality of mice
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ABSTRACT

Tuber extract of nutgrass (Cyperus rotundus or rumput teki), induce apoptosis in leukemia cell lines. This effect related to the essential oil
content of nutgrass. The present study aimed to evaluate the effect of nutgrass essential oil on the quality of sperm in mice. Mice were
divided into 4 groups using a completely randomized design. Group 1 (control) received only distilled water. Groups 2, 3, and 4
received 9, 18 and 36 mg/ 30gBW essential oil, respectively for 35 days. At the end of 35 days, the total number of sperms was 51,
25.16, 16.66, and 11.83 million/ mL, and the sperm motility was 75.5%, 55.66%, 32.66% and 23.33%, in group 1, 2, 3, and 4
respectively. The results showed that the nutgrass essential oil in a dose-dependent manner decreased the motility and number of
sperms in mice. It is suggested that the essential oil extracted from the Cyperus rotundus tuber has the potential to be utilized as an
antifertility agent.
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the pregnancy process is difficult to occur and if it does occur

Introduction then the fetus will possibly experience disability [6].

Infertility in men can be determined through the measurement

of concentration, motility, and morphology of sperm. A
The plants have many applications due to their different ’ Y photogy P
L . . decreased motility and concentration of sperm, associated with
components [1-3]. The active ingredients found in purple
. . . . the disability of the secretion function of Sertoli cells and Leydig
nutsedge tuber are sesquiterpenes including isokobusone,
cells, causes imperfections in the process of spermatogenesis
kobusone, sugeonol, patchoulenone, cyperotundone, cyperene,
) o ) and sperm maturation in the epididymis, leading to decreased
[-selinene, and a-cyperone. In addition to these active . . ) .
. motility, and increased morphologic abnormalities of sperm [7].
components, the purple nutsedge tuber also contains several i )
) . . ) The number of spermatogenic cells is the number of
chemicals, namely saponins, glycosides, starches, tannins, . ) L i . 4
spermatogonia  cells rimary spermatocytes, secondar
flavonoids, and alkaloids [4, 5] which can be used as P & T P y P ) yees ) Y
) ) . ) spermatocytes, spermatids, and sperm which are located in the
antibacterial, menstrual, laxative, and contraceptives. o o
) ) o seminiferous  tubules  that indicate the process of
Contraceptives affect the reproductive process, in this case, by ) )
o ) ) spermatogenesis that occurs in the testes. The number of
inhibiting the ovulation of the menstrual cycle in humans and ) . )
) ) o spermatogenesis cells is the number of spermatid and sperm
the estrous cycle in mice (Mus musculus L.), inhibiting sperm ) ) ) o
. ) . . cells. The time required for the formation of spermatogonia is 3
penetration, and embryo implantation and fertilization so that )
days, primary spermatocytes for 16 days, secondary

Access this article online spermatocytes for 26 days, spermatids for 36 days, and sperm

for 49 days [8]. Sperms formed in the testes are channeled into
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the epididymis to undergo maturation.

Sperm motility is often used as an indicator of sperm fertility.

Motility testing is performed to determine the movement of
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progressively forward [9]. Cell plasma membrane that is still
intact will affect organelles in cells [10, 11]. This causes sperm
to move progressively and stay alive (viable) so that they are
able to fertilize [10, 11].

Disruption of spermatogenesis through cytotoxic testicular
mechanisms causes a decreased number of sperm, increased
number of abnormal sperms, and decreased sperm motility
[12]. Decreased sperm motility with incubation length is
thought to be due to sperm running out of energy. Energy is
needed by sperm to actively move and is obtained from the
decomposition of ATP into ADP and AMP in the mitochondria
that are inside the tail of sperm [13, 14]. If ATP and ADP are
depleted, the contraction of fibrils from the tail of the sperm
will stop so that the sperm do not move. To maintain the
continuity of sperm motility, ATP and ADP must be formed
again in the form of alternating reactions [15]. Provision of
essential oils of purple nutsedge grass tubers in animals, it is
necessary to know whether their essential oils can decrease the

number and motility of sperm of mice (Mus musculus L.).

Materials and Methods

Preparing essential oils of nutsedge tubers

The study began with identifying and determining purple
nutsedge plants based on the observations of plant
morphological characteristics such as tubers, roots, stems,
leaves, and flowers at the Botanical Laboratory of the
Department FMIPA University of Lampung. The tubers were
washed with water, dried at room temperature for about 7
days, and cut to small sizes. A total of 1000g of tubers of purple
nutsedge were mixed with d distilled water (2/3 the flask
contents) and heated at 100°C for 3 h until a mixture of water
and oil was obtained (until essential oil drops were not formed).
Next, the oil mixture was evaporated in a vacuum at a low
temperature until essential oil was obtained. Finally, an
essential oil that was still mixed with a little water was
separated by the addition of MgSO,.7H,0 until saturated. The
essential oil obtained was used as the sample for further

research.

Determination of the dose of the nutsedge

tuber essential oil

The experimental animals used were 24 male mice (Mus

musculus L.) with an average body weight of 25-35g. The

essential oils were administered orally to the animals with the

following dosages:

1. Group 1 (Control): mice treated with 0.3 ml of aquabides
over 35 days.

2. Group 2: mice were treated with essential oils at a dose of
9 mg/30g BW in 0.3ml aquabides for 35 days.

3. Group 3: mice were treated with essential oils at a dose of
18 mg/30g BW in 0.3ml aquabides for 35 days.

4. Group 4: mice were treated with essential oil with a dose

of 36 mg/30g BW in 0.3ml aquabides for 35 days.

Treating experimental animals with essential

olls of purple nutsedge tubers

Experimental animals were weighed first, kept in controlled
laboratory conditions by feeding them ad libitum. Treatment
with essential oils of nutsedge tubers was done orally using a
special syringe whose edges were blunted and given a small
rubber pipe. The essential oils were administered to
experimental animals by adjusting the volume of suspension
with body weight. The treatment was given for 35 days based

on the spermatogenic cycle of mice.

Calculation of the number of sperm

The number of sperms was calculated using the Improved
Neubauer booth (hemocytometer). Suspension of sperm was
diluted in NaCl solution 0.9%, dropped onto a counting
chamber (hemocytometer), and then covered with a cover
glass. The number of sperms was counted under a light
microscope (400x). After knowing the number of sperms, their

concentration was calculated using the following formula:

Concentration (million/ml) = Dilution factor x Count
in 5 squares x 0.05 x 108

1)
Calculation of sperm motility

After finishing treatment, mice were sacrificed and dissected.
Sperms  were taken from the epididymis. One of the
epididymides was placed on a watch glass that contained 0.9%
NaCl, then the organs were chopped into small pieces. A drop
of sperm suspension in 0.9% NaCl was dropped on a
hemocytometer, covered with a glass cover, and observed
under a microscope (400x). The percentage of the number of
motile sperms was calculated by dividing the number of moving
sperms by the number of observed sperms and multiplied by
100%.

Statistical analysis

Data analysis was performed using one-way ANOVA and LSD
in post hoc test, both ANOVA analysis and LSD test were using
0. < 0.05 as the significant criterion.

Results and Discussion

The number of sperms
The results of the effect of tuber essential oils on the number of

sperms of mice are shown Table 1.

Table 1. Sperm counts of mice after treating with

essential oils extracted from tubers of nutgrass

Sperm counts (million/ml)

Treatments
(mean £ SD)
Control 51.00 8A02a
b
9 mg / 30g BW 25.16 £ 2.85

Journal of Advanced Pharmacy Education & Research | Apr-Jun 2021 | Vol 11 | Issue 2



Busman et al.: Sperms quality of mice effectively decreased by essential oil extracted from plant tuber of nutgrass “Cyperus rotundus”

c
18 mg / 30g BW 16.66 * 2.33

c
36 mg / 30g BW 11.83£2.32

Values followed by the same superscript were not statistically different at o0 =

0.05.

Sperm motility
The results of the effect of purple nutsedge tuber essential oils

on the motility of sperm of male mice can be seen in Table 2.

Table 2. Sperm motility of mice after treating with

essential oils extracted from tubers of nutgrass

Sperm motility (%)

Treatments (mean * SD)
Control 75.50 +9.91°
9 mg/30g BW 55.66 = 10.42b
18 mg/30g BW 32,66+ 16,83
36 mg/30g BW 2333+ 11.82°

Values followed by the same superscript were not statistically different at ot =

0.05.

The results of the effect of purple nutsedge tuber essential oils
on the number of sperms of male mice revealed that there were
significant differences in the average number of sperms between
the control and treatment groups. The control group had the
highest average number of sperms, while the treatment group,
especially T3, had the lowest number of sperms. The results
showed that the number of sperms (million/ml) in male mice
that were orally administered with 0.3 ml/day essential oils of
purple nutsedge tubers for 35 days was decreased compared to
the control group. In control mice, the average number of
sperms was 51.00 million cells/ml; this number is the normal
amount. In T1, the average normal number of sperms was
25.16 million cells/ml, whereas, in T2 and T3, the average
number of sperms was less than 20 million per ml of cement
which was 16.66 and 11.83 million cells/ml and includes light
oligozoospermia light (less normal).

The process of sperm formation or spermatogenesis in male
animals occurs when puberty has begun. During this time, the
hypothalamus hormones and the pituitary glands actively
control reproductive hormones. This causes the testicles to
enlarge and develop due to seminiferous tubular activity, and
Leydig cells begin to produce the hormone testosterone.
Spermatogenesis occurs in the testicular seminiferous tubules
and involves spermatogenic cells, Sertoli cells, pituitary
hormones, and testosterone.

The results showed that the essential oil of purple nutsedge
tubers decreased the number of sperms. This effect causes the
number of sperms to be lower with increasing doses of essential
oil treatment. The lower number of sperm is thought to occur
because the active ingredients of essential oils affect the
components involved in spermatogenesis. It is well known that
Sertoli cells are responsible for the maturation of spermatogenic
cells in the seminiferous tubules, such as for the supply of

nutrients and hormones for the maturation of sperms. The

presence of a rough endoplasmic reticulum, a number of
mitochondria and Golgi bodies in the basal cytoplasm of Sertoli
cells characterizes Sertoli cells for protein metabolic activity,
such as Androgen Binding Protein (ABP) and steroid
biosynthesis [16].

No increase in the number of sperms at the reversibility stage
was observed; it was decreased or was less when compared to
the number of sperms taken at the end of the treatment. It is
estimated that this happens in the following ways: For normal
spermatogenesis after stopping the treatment for more than 40
days. This is consistent with the results of Hess and Chen
(1992), which showed that 90 days after the treatment was
stopped, the sperm count was lower than the sperm count in
the control group mice [17].

It can be further explained that testosterone is needed to begin
the process of the first meiosis, namely the formation of
primary spermatocyte cells into secondary spermatocyte cells.
Al-Makhzoomi (2008) states that testosterone plays a role in the
division of the first meiotic prophase that causes a decrease in
the number of secondary spermatocytes [18]. This is also
supported by Johnson's statement (2018) that spermatocytes are
very sensitive to external influences and tend to suffer damage
after the first prophylactic meiosis, especially at the pakiten
stage, i.e. when crossing between homologous chromosomes
[19]. At this stage, the nucleus and cytoplasm grow into the
largest cells among the spermatogenic cell layers, when
spermatocytes suffer damage such as tubular atrophy, tubular
necrosis, and loss of intermedia cells. Cummins et al., (1994)
stated that this causes spermatogenic cells to degenerate and
phagocytosis by Sertoli cells so that the number of
spermatocytes is reduced [20]. Decreasing the number of
spermatocytes causes the number of spermatids to also decrease
because spermatocytes that have second meiosis will become
spermatids. According to Sengupta et al. (2019), the
testosterone  hormone will maintain all stages of the
development of spermatids [21]. A decrease in the hormone
testosterone results in the release of spermatids from the Sertoli
cells into the seminiferous tubule lumen which causes the
failure of spermiogenesis [22] or it is suspected that because the
number of spermatids decreases it will also decrease the
number of sperms produced, because spermatids will
experience spermiogenesis to become sperm [23].

The average percentage of motile sperms of male mice was
decreased (in the treatments with essential oils of purple
nutsedge tubers with a dose of 9 mg/30gBW, 18 mg/30gBW,
and 36 mg/30gBW they were 55.66%, 32.66%, and 23.33%
respectively). While the percentage of sperm motility of male
mice that were not given essential oils of purple nutsedge tubers
(control) was 75.50%. After statistical tests, the results
revealed that the control treatments were significantly different
from groups 2, 3, and 4 (<0.05). Treatment of 9 mg/30g BW,
was significantly different from 18 mg/30¢gBW, and 36
mg/30gBW (<0.05). Whereas 18 mg/30gBW treatment was
not significantly different from the 36 mg/30gBW treatment (P
=0.213).
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Sperm motility can occur if sperm have mitochondria that
function well to produce mobile energy through oxidative
phosphorylation [24]. It is suspected that the active compounds
contained in the purple nutsedge can inhibit the function of
mitochondria in producing energy so that the percentage of
sperm motility after administration of essential oils of the
purple  nutsedge tubers  decreases. The  oxidative
phosphorylation process requires the ATP synthase enzyme. It
is suspected that the active compounds contained in the purple
nutsedge can inhibit the activity of the ATP synthase enzyme so
that the available energy cannot be used and causes the sperm to
be immobile.

Sperm motility shows the movement of sperm by the presence
of flagella that gets energy from the neck of the sperm which is
rich in mitochondria. The results of research on the motility of
sperm show that papaya seed extract greatly influences motility.
Sperms that are released from the testes into the epididymis are
not mature because they are not yet motile and cannot be used
to fertilize the ovum. The maturation process of sperm occurs
in the epididymis.

According to Lohiya et al. (2005), decreased sperm motility is
not caused by the stage of maturation in the epididymis but has
already occurred while still in the testis [25]. Sperm motility
can occur if sperms have mitochondria that function well to
produce mobile energy through oxidative phosphorylation.
Januskauskas and Zillinskas, (2002) added that the thing that
plays a role in determining sperm motility is the stage of
spermiogenesis [24]. If during the metamorphosis of
spermatids, sperms become abnormal (such as decondensation
in the nucleus), the formation of acrosomes and mitochondria
will affect the success of motility in the epididymis.

Sperm can become motile because of the energy from the neck
that is distributed to the tail. This part causes sperm to move
forward. So, the main key to the movement of sperm is the
production of energy by the mitochondria in the neck of the
sperm. It has been suggested that the essential oil of the tubers
causes organelle abnormalities in the neck of the sperm, namely
vacuolization of the mitochondria and structural abnormalities
in the form of a bent neck [26]. Thus, the mitochondrial
function in producing energy is not optimal and ultimately
affects the motility of sperm. Lohiya et al. (2005) stated that this
affects directly the mechanism of sperm formation, while the
effect on the epididymis is indirect. Furthermore, it is proved
by the correlation between the number and motility of sperm.
The number of sperm in the treatment group was less when
compared to the number of sperm in the control group. Thus,
the essential oil of the tubers affects spermatogenesis at the
stage of the metamorphosis of spermatids into sperm. If the
spermatozoa produced are abnormal in their formation, of
course, this will also affect the maturation of the epididymis.
Menezo et al. (2010) reported that sperm motility can occur
due to contractions of fibrils in the tail of sperm [27]. This can
happen if sperms have energy in the form of ATP. ATP is
produced from simple sugar metabolism through respiration.
Respiration can occur if sperm gets nutritional intake from

outside the cell. Spermatozoa motility occurs because of the

movement of the flagellum which consists of microtubules.
Flagel motion is the sliding motion between doublets mediated
by dynein. Dynein is a protein that has a group that is
responsible for ATPase, which contributes to the hydrolysis of
ATP. Dynein performs a movement cycle because of the ATP
produced by the mitochondria. ATP is activated by the ATPase
enzyme to release the first phosphate bonds to form ADP and
inorganic phosphate by releasing energy for fibril contraction. If
the supply of phosphate, sperm contraction of the fibrils will

stop and muotility also stops.

Conclusion

The essential oil extracted from the tuber of nutgrass (Cyperus
rotundus) has been revealed to reduce the parameters of sperm
quality in male mice in a dose-dependent manner. It can be
concluded, therefore, that the essential oil extracted from the
tuber of Cyperus rotundus has the potential to be used as an anti-

fertility agent.

Acknowledgments: The authors are very grateful to Ms. Anis

Karimah for her assistance in preparing and keeping samples of the

essential oil obtained from tuber extract of rumput teki.

Conflict of interest: None.

Financial support: This research was fully funded by the authors.

Ethics statement: The study was approved by the Health Research

Ethics Committee, Faculty of Medicine, University of Lampung (Ref.
No: 3531/UN26.18/PP05.02.00/2018).

References

1. Pucot JR, Manting MME, Demayo CG. Ethnobotanical
Plants used by Selected Indigenous Peoples of Mindanao,
the Philippines as Cancer Therapeutics. Pharmacophore.
2019;10(3):61-9.

2. Kanjikar AP. On Anti-Diabetic Potential of Phyto-
nanoparticles Comparison with Hormonal Therapy and
Medicinal Plants. Int ] Pharm Phytopharmacol Res.
2019;9(1):103-11.

3. Niazi M, Yari F, Shakarami A. A Review of Medicinal
Herbs in the Lamiaceac Family Used to Treat Ar-terial
Hypertension. Entomol Appl Sci Lett. 2019;6(1):22-7.

4. Hu QP, Cao XM, Hao DL, Zhang LL. Chemica
Composition, Antioxidant, DNA Damage Protective,
Cytotoxic and Antibacterial Activities of Cyperus rotundus
Rhizomes Essential Oil against Foodborne Pathogens. Sci
Rep. 2017;7(45231):1-9.

5. Lawal OA, Adebola O. Chemical composition of the
essential oils of Cyperus rotundus L. from South Africa. ]
Mol. 2009;14(8):2909-17.

Journal of Advanced Pharmacy Education & Research | Apr-Jun 2021 | Vol 11 | Issue 2 69)



Busman et al.: Sperms quality of mice effectively decreased by essential oil extracted from plant tuber of nutgrass “Cyperus rotundus”

10.

11.

12.

13.

14.

15.

16.

17.

Krussel JS, Bielfeld P, Polan ML, Simon C. Regulation of
embryonic implantation. Eur ] Obstet Gynecol Reprod
Biol. 2003;110(Suppl 1):52-S9.

Somwanshi SD, Madole MB, Bikkad MD, Bhavthakar SS,
Ajay G, Bhgwat S. Effect of cigarette smoking on Sperm
Count and sperm Motility. ] Med Educ Res. 2012;1:30-8.
Rasgele PG. Abnormal sperm morphology in mouse germ
cells after short-term exposures to acetamiprid, propineb,
and their mixture. ] Toksikol. 2014;65(1):47-56.

Hopper RM. Bovine Reproduction. 2*! Ed. John Wiley &
Sons, 2010.

Ratnawati D, Isnaini N, Susilawati T. Character Motility of
Liquid Semen on Ongole Crossbreed (PO), Bali and
Madura Bulls with Different Diluents at Cold Storage.
Asian ] Microbiol Biotech Env Sc. 2018;20(1):21-8.
Kaeoket K, Chanapiwat P, Tummaruk P, Techakumphu
M, Kunavongkrit A. A preliminary study on using
autologous and heterologous boar sperm supernatant from
freezing processes as post-thawing solution: its effect on
sperm Anim Health Prod.
2011;43(5):1049-55.

Adeoye O, Olawumi ], Opeyemi A, Christiania O.

motility. Trop

Review on the Role of Glutathione on Oxidative Stress and
Infertility. JBRA Assist Reprod. 2018;22(1):61-6.

Hafez B, Hafez ESE. Reproduction in Farm Animals. 7th
Ed. Philadelphia: Lippincott Williams & Wilkins; 2000.
King C]. Reproduction in domesticated animals. New
York: Elservier Science Publisher; 1993.

Mathews CK, van Holde KE, Appling DR, Cahil SJA.
Biochemistry. 4* Ed. New York: Pearson; 2013.

Lara NDM, Costa GM], Figueiredo AFA, Franca LR. The
Sertoli Cell: What can We
Vertebrate Models? Anim Reprod. 2019;16(1):81-92.
Hess RA, Chen P. Computer tracking of germ cells in the

Learn from Different

cycle of the seminiferous epithelium and prediction of
changes in cycle duration in animals commonly used in
J  Androl.

reproductive

1992;13(3):185-90.

biology and  toxicology.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Al-Makhzoomi A, Lundeheim N, Hiird M, Rodriguez-
Martinez H. Sperm morphology and fertility of progeny-
tested Al dairy bulls in Sweden.
2008;70(4):682-91.

Johnson MH. Essential  Reproduction. 8th Edition.
Oxford London: Wiley Blackwell; 2018.

Cummins JM, Jequier AM, Kan R. Molecular biology of

Theriogenology.

human male infertility: links with aging, mitochondrial

genetics, and oxidative stress?. Mol Reprod Dev.
1994;37(3):345-62.

Sengupta P, Arafa M, Elbardisi H. Hormonal regulation of
spermatogenesis. In: Molecular Signaling in
Spermatogenesis and Male Infertility. 1% Ed. Singh R,
editors. Boca Raton: CRC Press, 2019.

Cyrus A, Kabir A, Goodarzi D, Moghimi M. The effect of
adjuvant vitamin C after varicocele surgery on sperm
quality and quantity in infertile men: a double blind
placebo controlled clinical trial. Int Braz ] Urol.
2015;41(2):230-8.

Houston BJ, Nixon B, Martin JH, Luliis GND, Trigg NA,
Bromfield EG, et al. Heta Exposure Induces Oxidative
Stress and DNA Damage in the Male Germ Line. Biol
Reprod. 2018:98(4):593-606.

Januskauskas A, Zillinskas H. Bull semen evaluation post-
thaw and relation of semen characteristics to bull’s
fertility. Vet Zoot. 2002;17(39):1392-2130.

Lohiya NK, Mishra PK, Pathak N, Manivannan B, Bhande
SS, Panneerdoss S, et al. Efficacy trial on the purified
compounds of the seeds of Carica papaya for male
contraception  in  albino  rat. Toxicol.
2005;20(1):135-48.

Lohiya NK, Pathak N, Mishra PK, Manivannan B.

Reversible contraception with chloroform extract of

Reprod

Carica papaya Linn. seeds in male rabbits. Reprod Toxicol.
1999;13(1):59-66.

Ménézo Y, Dale B, Cohen M. DNA damage and repair in
human

oocytes and review,

2010;18(4):357-65.

embryos: a

Zygote.

Journal of Advanced Pharmacy Education & Research | Apr-Jun 2021 | Vol 11 | Issue 2



