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ARTICLE INFO ABSTRACT

Smilax myosotiflora and Eurycoma longifolia are recognized as aphrodisiac medicinal plants in
Malaysia. E. longifolia is widely purchased and extensively studied for its aphrodisiac effects,
unlike S. myosotiflora. There has been some uncertainty regarding whether S. myosotiflora is
comparable to E. longifolia in its aphrodisiac properties. In this study, both plants were extracted
using a water distillation method under reflux, followed by clarification, freeze-drying, and yield
comparison. The extracts were then subjected to in vitro experiments using TM-3 Leydig cell
cultures. In vivo experiments involving mice were administered oral doses of 6 mg of each extract
twice daily for 20 days. The results indicated that the extraction yield for E. longifolia was higher
at 7.43% (w/w) compared to 5.06% (w/w) for S. myosotiflora. In the in vitro experiments, Leydig
Copyright: © 2024 Said et al. This is an open-access Festicular cells treated wit}_l 50 pg/mL of E. longifolia for 72 hours exhibited an 83.93% increase
article distributed under the terms of the Creative N testosterone concentrations compared to untreated controls. Additionally, testosterone levels
Commons  Attribution License, which permits increased by 94.61% in mice treated with E. longifolia compared to control mice. However, no
unrestricted use, distribution, and reproduction in any  increase in testosterone was reported in either the in vitro or in vivo experiments conducted with
medium, provided the original author and source are ~ S. myosotiflora. Both S. myosotiflora and E. longifolia were confirmed to enhance libido, as
credited. indicated by increased frequencies of mounting and intromission in pairing experiments with
treated males and females. In conclusion, while both plants can enhance libido, S. myosotiflora
did not demonstrate the ability to boost testosterone during the short duration of the treatments.
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Introduction

Smilax myosotiflora belongs to the family Smilacaceae and
is a herbaceous climber found on small trees and bushes at altitudes up
to 1,400 m.* It is commonly found in lowland evergreen forests and is
characterized by a tough, rigid yet smooth, slender stem, lanceolate
leaves, and pale-green or white flowers.! S. myosotiflora produces
irregularly shaped, hard tubers and rhizomes that are slightly sweet in
taste and odor.* Locally known as “Ubi Jaga,” it has a reputation as an
aphrodisiac among the Malays and indigenous populations.
Traditionally, the rhizome of S. myosotiflora is consumed with betel.2
The tuber is taken orally as a decoction for virility and back pain
problems.? The leaves and fruit are used in the treatment of syphilis.*
Extracts from this plant have also been shown to be effective against
bacterial infections in  humans.®* S. myosotiflora contains
phytochemicals such as stigmasterol, sitosterol, campesterol, alkaloids,
coumarins, flavonoids, saponins, and tannins.®” A study demonstrated
that extracted samples of S. myosotiflora increased penile erection rates
during one hour of observation.® Additionally, an 18% increase in
epididymal sperm count was observed when treated with 400 and 800
mg/kg of S. myosotiflora extracts.®
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This study confirmed that orally ingesting the extract of S. myosotiflora
enhances sexual behavior and fertility in male rats.” S. myosotiflora was
also found to boost fertilization ability and sexual behavior indices in
male rats and significantly increase sperm density." These studies
suggest that S. myosotiflora is an aphrodisiac plant, although the
bioactive compound responsible for this activity has not yet been
identified. Rats treated with S. myosotiflora have shown to have higher
testosterone levels.'t However, a later investigation discovered that rats'
testosterone levels were lower than those of controls.’2 These
contradictory findings highlight the uncertainty surrounding S.
myosotiflora's capacity to raise testosterone levels similarly to E.
longifolia. Known for its aphrodisiac properties, E. longifolia,
sometimes locally referred to as "Tongkat Ali Putih," has been shown
in both in vitro and in vivo experiments to raise testosterone levels.!314
A glycoprotein has been shown to be the bioactive component in E.
longifolia that increases testosterone.'> Recently, lectin affinity
chromatography was used to isolate this glycoprotein quickly and
precisely." A 4.3 kDa bioactive peptide was found in both S.
myosotiflora and E. longifolia by research employing the SELDI-MS
method.'® These results point to the possibility that S. myosotiflora
contains a protein. Therefore, in contrast to E. longifolia, this work aims
to verify the existence of protein in S. myosotiflora and assess how well
its crude extract raises testosterone levels both in vitro and in vivo.

Materials and Methods

Plant Collection and ldentification

On February 8, 2021, 30 kg of Eurycoma longifolia roots and Smilax
myosotiflora rhizomes were purchased in bulk from indigenous people
residing in Perak, Malaysia (GPS coordinates: 4.724305, 100.951893).
Herbarium specimens of E. longifolia (H11445) and S. myosotiflora
(H11447) were deposited at University of Malaya.!® After being sun-
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dried, the roots and rhizomes were dried at 45°C in a laboratory
convection oven (OFA-110-8, Isotherm® Forced Convection
Laboratory Oven, Esco Technologies Pty Ltd, SG). They were then
chopped into smaller pieces and ground into a coarse powder using a
blender (SUS304, Electric Powder Grinder, Suzhou Donggang
Precision Technology Co., Ltd., CN).

Extraction

Each powdered plant material was extracted by aqueous distillation
under reflux, similarly done previously for E. longifolia.”'® Briefly, a
round bottom flask filled with 50 g of the root material was mixed with
500 mL of water. Next, the mixture with the round bottom flask
connected to a condenser with a cooling jacket (attached to running tap
water) was heated (EB 103, Mtops Heating Mantle, KR) to boiling for
five hours. Once completed, the insoluble debris was separated from the
soluble extract using Whatman No. 1 filter paper. The clarified extract
was consequently dried and preserved by a freeze-dryer and weighed to
calculate its % wiw.

Bradford assay

The same technique was used to measure the total protein in E.
longifolia and the total protein in S. myosotiflora.*® In total, 0.1 mL of
the freeze-dried extract that was dissolved in 0.25% w/v water was
combined with 1.0 mL of Bradford reagent [prepared using Coomassie
Brilliant Blue G-250 (Bio-Rad Laboratories, US), 95% ethanol
(absolute for analysis EMSURE® ACS, ISO, Reag. Ph Eur., Merck,
US) and 85% (w/v) phosphoric acid (Phosphoric acid 85% for analysis
EMSURE® ACS, ISO, Reag. Ph Eur., Merck, US)]. Using a
spectrophotometer (Genesys 10s UV-Vis, Thermo Scientific, US)
calibrated to a wavelength of 595 nm, absorbance measurements were
collected after mixing and letting the mixture sit at room temperature
for 20 minutes. Based on the absorbance values, a standard curve was
created using Bovine Serum Albumin (BSA stock, 2 mg/mL
concentration, molecular biology grade, ThermoFisher, US) to
determine the protein content. A similar process for the S. myosotiflora
extract was utilized to generate BSA solutions with different
concentrations (0 to 10 pg), followed by mixing with 1.0 mL of
Bradford reagent to create the standard curve.

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

The freeze-dried extract of S. myosotiflora was subjected to SDS-PAGE
to determine the molecular weight and presence of protein. The SDS-
PAGE process was comparable to the previously mentioned
procedures.’* The electrophoresis apparatus utilized was a 15%
homogenous gel and glass plates spaced one millimeter apart from Bio-
Rad Laboratories in the US. About one hour and thirty minutes was
spent with the power supply unit's (1645070, PowerPac Universal
Power Supply, Bio-Rad Laboratories, US) specifications set to 120 V.
The S. myosotiflora extract was ran next to a low molecular weight
ladder (Takara Bio Inc., US) in different wells. Following the run's
conclusion, the gel was stained with Coomassie Brilliant Blue
(PhastGel Blue R, GE Healthcare, US) and repeatedly de-stained with
10% acetic acid (anhydrous for analysis EMSURE® ACS, I1SO, Reag.
Ph Eur., Merck, US) while being shaken to reveal the protein bands.

In vitro evaluations with testicular cell cultures

Cell cultures of TM-3 Leydig cells (CRL-1714TM cell types, acquired
from American Type Culture Collections, ATCC, US) were grown to
confluency.®®** Each well was approximated with 4000 cells using a
hemocytometer (Neubauer, CN). After treating each well with 50
pg/mL of the plant extracts for 72 hours, the quantities of testosterone
were measured using an ELISA kit (Elabscience Biotechnology Inc.,
US). Using a Tecan, CH ELISA microplate reader (Infinite M200 Pro),
absorbances at 450 nm were measured to create a testosterone standard
curve for the kit. The testosterone concentration in the test samples was
determined using this standard curve. In comparison to the untreated
control wells, the ultimate outcomes were presented as a percentage of
testosterone release.
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In vivo evaluations

Animal selection and treatments

ICR mice (30-40 g) were used for this experiment following approval
from the university’s Institutional Animal Care and Use Committee
(IACUC), with approval No.: UMPIACUC/2021/01 (extension). Three
groups were established: a control untreated group and two treated
groups receiving S. myosotiflora and E. longifolia extracts, respectively,
with four mice in each group. The treatment protocol was similar to
previous work on E. longifolia, with modifications to the dosages.®® The
mice were dosed for 20 days with 6 mg of S. myosotiflora and E.
longifolia extracts dissolved in water, administered orally at a volume
of 1 mL via a feeding gavage. The dosing frequency was twice daily.
All husbandry conditions were maintained according to Institutional
Animal Care and Use Committee (IACUC) approval.

Sexual mating behaviours

After the 20th day, treated male mice were paired with females in a cage
equipped with closed-circuit TV to observe the frequencies of their
sexual behavior over a period of 24 hours.?° The test males were first
introduced to the cages for 30 minutes before introducing their partners
to allow for acclimatization. Three parameters of sexual behavior—
intromissions, mountings, and ejaculations—were carefully recorded
and tabulated without averaging, as done previously.' The frequencies
of these sexual behaviors were statistically compared to those of the
control mice.

Drawing blood and measuring the quantity of testosterone

Upon dosing for 20 days and completing the sexual mating experiments,
the procedure of sedating the animal to draw the blood was performed
to measure the changes in blood testosterone concentration. Cardiac
puncture was performed under sedation caused by the ketamine-
xylazine mixture, and 0.8 mL of blood was extracted. The ketamine-
xylazine cocktail was given at a dose of 125 mg/kg of ketamine and 10
mg/kg of xylazine. It was acquired from UKM Animal House
(Universiti Kebangsaan Malaysia, Malaysia). The blood sample was
centrifuged at 1000 x g for 20 minutes at 4 °C after being left to
coagulate for two hours at room temperature to separate the serum. The
blood serum or supernatant was used in an ELISA experiment. This
experiment also used the same kind of ELISA kit utilized for the in vitro
investigations.

Histopathology of certain organs

The kidneys and livers were dissected, and then they were immersed in
5 milliliters of 10% formalin (10% Neutral Buffered Formalin, Epredia,
US) and left overnight. The tissues underwent the same processing and
grading procedures as previously delineated.?! Using graded xylene (for
analysis EMSURE® ACS, ISO, Reag. Ph Eur., Merck, US) and alcohol,
the tissues were cut and examined before being embedded in paraffin
wax blocks. Sections were cut at 5 microns using a Leica microtome,
put on glass slides, and stained with hematoxylin (for microscopy,
Merck, US) and eosin (for microscopy, Sigma-Aldrich, US). Using a
light microscope (Nikon, Eclipse TS100), the produced slides from
each group were inspected for inflammation and congestion before
being assessed.

Statistical analysis

Data collected for the mating observations and biochemical parameters
were evaluated by one-way analysis of variance (one-way ANOVA)
from Microsoft Excel version 10 by comparing data of each sample and
control. Statistical significance of data was assessed by analysis of
variance with four replications (n=4) for each sample, and differences
were considered significant at (p<0.05).

Results and Discussion

Extraction yield

To extract the bioactive compounds from S. myosotiflora rhizomes and
E. longifolia roots, a solid-liquid extraction method was employed
using deionized water as the solvent.!” Table 1 shows the extraction
yield for S. myosotiflora and E. longifolia after freeze-drying, indicating
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that the yield percentage of the water extract for S. myosotiflora was
lower than that for E. longifolia. Water extraction is commonly chosen
because it preserves the structure and allows the isolation of high-
molar-mass compounds such as hemicelluloses, although it generally
provides comparatively lower yields.22 Additionally, water extraction
was used for these aphrodisiac plants because they were traditionally
consumed as decoctions for their purported benefits, necessitating a
standardized methodology for all tested plants.1*2 Freeze-dried plant
samples efficiently remove water while preserving bioactive
components, such as antioxidant compounds.?* Polar proteins are
particularly well-extracted using aqueous solvents. Previously, it was

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

demonstrated that the glycoprotein from E. longifolia was isolated from
its polar water extract and shown to elevate testosterone in in vitro tests
using TM-3 Leydig cells.’>'* Consequently, in the current study,
extraction for both S. myosotiflora and E. longifolia was performed
using hot distillation under reflux. The results for S. myosotiflora water
extract indicated the presence of protein by the Bradford assay and
quantitated as indicated in Table 2. The protein was also determined to
have a single band, as shown in Figure 1. Similarly, the E. longifolia
water extract also produced a single band of protein in SDS-PAGE,
though with a lighter molecular weight of approximately 20 kDa.*®

Table 1: Percentage of yield of extracts after freeze-drying

Root samples Mass of solute (g)

Mass after removing solute and freeze-

Yield percentage (% w/w)

dried (g)
S. myosotiflora 50 2.53 £0.08 5.06 £0.11
E. longifolia 50 3.72+0.10 7.43+£0.12

n=4, mean + S.D included

Table 2: Yield of total protein in S. myosotiflora rhizomes

Absorbance

Protein concentration

Yield of total protein (% w/w)

0.05 +0.03

12.68 £2.31

2.58 £0.61

n=4, mean % SD included

In vitro evaluations

For a duration of 72 hours, 50 ug/mL of extracts of S. myosotiflora and
E. longifolia were applied to TM-3 Leydig cells. During this time, the
cells continued to exhibit normal shape and proliferation while still
having an epithelial-like appearance. The morphology of Leydig cells
under control and following a 72-hour treatment with extracts from S.
myosotiflora and E. longifolia is shown in Figure 2.

A standard curve was produced using the enzyme-linked
immunosorbent assay (ELISA) (Figure 3). Table 3 shows that,
compared to the control, E. longifolia had the greatest testosterone
concentration and percentage of testosterone release, measured 9.99
nmol/L (83.93%). According to ANOVA, there was a significant
difference (P-value < 0.05) in the testosterone levels between E.
longifolia and the control group.

M ul
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Figure 1: SDS PAGE for S. myosotiflora extract. M (low
molecular weight marker); UJ lane loaded with the S.
myosotiflora water extract showing a single band between 20
to 30 kDa.

When E. longifolia was dosed for 48 and 96 hours, it was discovered to
stimulate testosterone production in similar TM-3 cells. When the
extract was dosed for 72 hours, comparable repeatable action was
reported.?® For S. myosotiflora extract, the testosterone concentration
and percentage of testosterone release were lower, measuring 5.38
nmol/L (-0.88%), nearly equivalent to the control’s. ANOVA analysis
for S. myosotiflora indicated no significant difference (P-value > 0.05)
compared to the control. Although the percentage for S. myosotiflora
was negative, this is not considered suppressive of testosterone
production, as slight measurement errors are generally expected. Thus,
the outcome suggests that S. myosotiflora has similar testosterone-
producing capabilities to the untreated controls. It is concluded that S.
myosotiflora did not significantly elevate testosterone concentration
compared to E. longifolia in the TM-3 cells.

In vivo evaluations

Weight of mice and its histology

Twelve male mice were used in this experiment, with three groups:
extracts from S. myosotiflora, E. longifolia, and a control group. For 20
days, the plant extracts were given orally by gavage twice a day at a
dose of 6 mg/mL, whereas the control group was given water only. On
the first day and the twentieth day, mice were weighed.

Table 4 shows the weight gain difference between the 20th day and the
initial day. The E. longifolia and control groups exhibited weight gain
by the 20th day, whereas the S. myosotiflora group did not. According
to ANOVA, the testosterone concentration in E. longifolia was not
significantly different (P-value > 0.05) compared to the control. A
previous study demonstrated that the weights of the prostate, seminal
vesicles, and body weight of rats significantly increased after orally
administering E. longifolia extract for ten days.?® In contrast, another
study reported that rats treated with S. myosotiflora extract showed a
decrease in weight within the first three weeks, followed by an increase
in the fourth week.?’ Figure 4 presents photomicrographs of liver and
kidney tissues at ten times magnification under a light microscope.
Histological examinations of liver and kidney tissues from 3 out of 4
mice treated with S. myosotiflora (UJ1 to UJ3) were graded as
moderate, mild, or unaffected for inflammation and congestion. No
edema or necrosis was observed in the graded tissues, and none of the
tissues exhibited severe histological damage.
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Figure 2: Morphology of TM-3 Leydig cells without treatment (control) at (A) 0 hour and (B) 72 hours, cell incubated with
E. longifolia at (C) 0 hour and (D) 72 hours and with S. myosotiflora at (E) 0 hour and (F) 72 hours under magnification of
400X using inverted phase contrast microscope (CKX41 Olympus, JP)

A study indicated that male rats receiving S. myosotiflora orally for 70
days did not experience any harm.” The methanol extract of S.
myosotiflora showed no cytotoxic activity, with LCso values exceeding
200 pg/mL for all liver cancer cells.? Furthermore, the LCso of S.
myosotiflora methanolic extract was reported to be greater than 1,000
pg/mL in brine shrimp assays.'

Sexual behaviour frequency

The coital activity of an average male rat consists of three parts:
ejaculation, intromission, and mounting. A male assuming a copulatory
position—dorsally and from behind—without placing his penis within
the female's vagina is known as mounting.?® Pelvic thrusts, or
hindquarter thrusting actions, are mostly connected to mounting. When
the penis penetrates the vagina during a mount, this is known as

intromission. The hindquarter thrusting actions in mice are associated
with intromission. Intromission is usually followed by a brief phase of
genital auto-grooming.® After many mountings and intromissions, the
male will ejaculate, or forcefully expel semen from its body. A sperm
plug is deposited in the vagina to block further intromission by other
males until the sperm has had time to fertilize the ovum.3!

Table 5 compares the frequencies of sexual mating behaviors in male
mice treated with crude extracts of E. longifolia and S. myosotiflora.
The observation involved 12 males paired with a new female each time
in separate cages. Observations were conducted for 24 hours, and all
behaviors were recorded. Ejaculation was rare among the treated
groups, although sperm plugs were observed in the female mice.

8744

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, October 2024; 8(10): 8741 - 8748

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Table 3: Percentage of testosterone release

Samples Absorbance (450 Testosterone concentration Testosterone release compared to
nm) (nmol/L) control (%)
Control 0.36 £ 0.02 543+0.11 NA
S. myosotiflora 0.35+£0.02 5.38+0.10 -0.88
E. longifolia 0.26 +£0.01 9.99+0.14 83.93
n=4, mean = S.D included; NA: not applicable
Table 4: Weight of mice

Samples Average weight (g) Difference in weight (20"

Initial day 20" day day — initial day)
Control 33.27£0.98 35.58 £ 0.99 +2.31
S. myosatiflora 35.89 +1.02 34.13+£0.91 -1.75
E. longifolia 32.82+0.87 33.07+0.88 +0.25

n=4, mean * S.D included, + = weight gain, - = weight loss

A 24-hour observation period was deemed sufficient for the animals to
become comfortable with each other and achieve ejaculation. Mice that
achieved ejaculation were observed to refrain from further sexual
encounters with the female. Typically, a prolonged period of genital
auto-grooming follows ejaculation, and the male enters a phase of
sexual inactivity, which can extend up to 24 hours in mice.?

Upon introduction to the female, each male mouse in all groups
displayed notable behaviors, including following and smelling the

female. Table 5 indicates that mice treated with E. longifolia exhibited
a higher frequency of mounting and intromission than the S.
myosotiflora and the control groups. An increase in libido, or sexual
desire may explain this. A study on rats showed an increase in sexual
activity following treatment with E. longifolia extract.?s Statistical
analysis using ANOVA revealed no significant differences (P-value >
0.05) in the frequencies of mounting and intromission between the
treatment groups and the control.

Table 5: Sexual behaviour frequencies

Samples Total frequencies observed
Mounting Intromission Ejaculation

Control 5 2 -
S. myosoatiflora 8 4 1
E. longifolia 9 5 1

Total frequencies observed for n=4 mice without averaging

Table 6: Testosterone release when compared with control (%)
Samples Absorbance (450 nm)  Testosterone  concentration  Testosterone release when
(nmol/L) compared to control (%)

Control 0.30 £ 0.04 8.11+0.26 -
S. myosotiflora 0.30 £0.04 8.03+£0.25 -1.02
E. longifolia 0.12£0.01 15.78 £ 0.43 94.61

n=4, mean + S.D included

Blood testosterone levels

Blood was extracted and an ELISA kit was used to measure the
testosterone content, referencing the earlier testosterone standard curve
(Figure 3). As detailed in Table 6, the testosterone concentration in the
blood serum of mice treated with E. longifolia extract was the highest
among all groups, at 15.78 nmol/L (94.61%). In contrast, S.
myosotiflora showed a negative percentage release of testosterone (-
1.02%), nearly identical to the testosterone release observed in the
control mice. ANOVA analysis indicated that the testosterone
concentration in the E. longifolia group differed significantly (P-value
< 0.05) from the control group, whereas the testosterone concentration
in the S. myosotiflora group was not significantly different (P-value >
0.05) compared to the control. Several studies have demonstrated the
efficacy of E. longifolia in enhancing testosterone levels. E. longifolia
has been found to elevate serum testosterone levels in humans, address
erectile function issues, and improve sperm production.3®3

Furthermore, all three Tongkat Ali plants—S. tuberosa (Tongkat Ali
Merah), E. longifolia (Tongkat Ali Putih), and P. bullata (Tongkat Ali
Hitam)—contain various glycoproteins that have been shown to
increase testosterone in both in vitro and in vivo tests.'*35 In contrast, S.
myosotiflora did not elevate testosterone levels either in the 72-hour
TM-3 Leydig cell cultures or in the group of mice treated twice daily
for 20 days. However, this does not definitively rule out any aphrodisiac
activity of S. myosotiflora, as it did increase sexual behavior frequencies
as shown in Table 5, suggesting an improvement in libido in mice. It is
also not conclusive that S. myosotiflora cannot boost testosterone
compared to untreated controls. Recent studies have reported that S.
myosotiflora increases testosterone in rats.2%® These studies involved
treating rats for 28 and 60 days using less polar methanolic extraction,
whereas the current study employed hot water distillation under reflux,
which extracts polar
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Figure 3: Standard curve for various testosterone concentrations at 450 nm absorbance using online curve calculator (AAT

Bioquest, 2021)

ology mild congestion and
Figure 4: Photomicrograph and grading (normal, mild or moderate with none severe) of liver tissue: A) UJ1, B) UJ2 and C)
UJ3 and kidney tissues: D) UJ1, E) UJ2 and F) UJ3 of mice treated with S. myosotiflora

constituents more effectively. Additionally, the duration of treatment in
this study (20 days) was shorter than those studies. Nonetheless, E.
longifolia appears to have a more rapid effect on boosting testosterone
than S. myosotiflora, which may require a longer dosing duration to
achieve similar effects.

Conclusion

Both S. myosotiflora and E. longifolia were extracted using water under
reflux and examined for testosterone-boosting properties in vitro and in
vivo. Similar to previous studies, E. longifolia was shown to elevate
testosterone levels in treated TM-3 Leydig cell cultures and in a group
of mice dosed twice daily for 20 days. In contrast, S. myosotiflora did
not exhibit similar potential to elevate testosterone in male mice.

mild inflammation

S5 moderate congestion and mild inflammation

However, it did produce higher sexual behavior frequencies compared
to untreated controls during the 24-hour observation period following
pairing with females. Based on these observations and the available
literature, it is suggested that the aphrodisiac effects of S. myosotiflora
are not likely due to testosterone boosting, particularly within the 20-
day timeframe studied, unlike E. longifolia. While S. myosotiflora was
safe for consumption at the tested dose and duration, further chronic
studies of at least six months are recommended to determine its long-
term safety conclusively.

Conflict of Interest

The authors declare no conflict of interest.

8746

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, October 2024; 8(10): 8741 - 8748

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that they will bear any liability for claims relating to the
content of this article.

Acknowledgments

Funding for this work was made possible by the Malaysian Ministry of
Higher Education under the Fundamental Research Scheme (FRGS),
with grant number FRGS/1/2022/STG01/UMP/02/1 (with university
reference RDU220110).

References

1.

10.

11.

12.

13.

Chee BJ, Nik MM. Men’s Health: Tongkat Ali Hitam
(Polyalthia bullata). For. Res. Inst. Malay. 2013; 60-61.
Rosdi RA, Sul'ain MD, Darnis DS, Ishak WR. Traditional
uses, pharmacology, toxicology and chemical constituents of
an aphrodisiac plant, Smilax myosotiflora: A systematic
review. Hacettepe Uni. J. Fac. of Pharm. 2022; 42(4): 276-
290.

Ong HC, Faezah AW, Milow P. Medicinal plants used by the
jah hut orang asli at kampung pos penderas, Pahang,
Malaysia. Stud. on Ethno-Med. 2012; 6(1): 11-15.

Agrawal DC, Chen EC, Chang HC, Chen CC, Kuo CL, Tsay
HS. Biotechnology of Medicinal Plants and Fungi in Taiwan:
Production of Bioactive Secondary Metabolites in In Vitro
Culture Systems. Med. Plants and Fungi: Rec. Adv. in Res.
Dev. 2017; 459-483.

Intan SZ, Nik ASNZ, Afzanizan A, Lau SY, Nurul SR,
Dasuki MS. Evaluation of toxicity in Smilax myosotiflora
plant. Int. J. Med. 2016; 23(6): 696-699.

Hasnah O, Shaida SF. Sterols from the rhizomes of
Malaysian Smilax myosotiflora ADC. InProceedings of
International Conference on Traditional/Complementary
Medicine, held at Legend Hotel, Kuala Lumpur, Malaysia.
2000.

Dasuki MS, Khaizil EZ, Noor INJ, Mohsin SS. Evaluation of
antioxidant and antiproliferative activities on methanolic
extract of Smilax myosotiflora tuber. Int. J. Med. 2012; 19(3):
188-192.

Hoon AH, Leng LK, Kiyoshi M. Smilax myosotiflora and
aphrodisiac property: Is it a fact or folklore. Thai. Nat. Res.
Rep. 2005; 1-8.

Hilmi WM, Ahmad N, Sul'ain MD. Assessment of Smilax
myosotiflora Toxicity on Male Sprague Dawley Rats' Organs
and Reproductive System. Int. J. Med. 2015; 22(5): 378-382.
Wan MH, Ahmad N, Sul'ain MD. Evaluations of cytotoxicity
of Smilax myosotiflora and its effects on sexual hormone
levels and testicular histology in male rats. Asian Pac. J.
Trop. Biomed. 2016; 6(3): 246-250.

Damayanthi D, New KHH, Hamid A, Aminuddin AHK,
Azman MAB. Comparison Between The Effects Of Two
Different Doses Of Smilax myosotiflora (Ubi Jaga) Rhizome
On  Testicular 11 _-Hydroxysteroid  Dehydrogenase
Oxidative Activity And Plasma Hormonal Levels In
Corticosterone-Treated Normal Rats. Malay. J. Med. Sci.
2006; 13: 232.

Damayanthi D, Azman MA, Aminuddin AH, Hamid A, Nwe
KH. Effects of Smilax myosotiflora on testicular 11 beta-
hydroxysteroid dehydrogenase oxidative activity and plasma
hormone levels in rats. Biomed. Res. India. 201; 22(2): 188.
Said SA, Ahmad F, Chakravarthi S, Vejayan J. The Ranking
of Tongkat Ali Plants to Boost Testosterone Hormone

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Evaluated in both In vitro and In vivo Experiments. Trop. J.
Nat. Prod. Res. 2023; 7(11): 5236-5243.

Vejayan J, Yahya YA, Said SA, Norhidayah A, Jayarama V,
Zamri N, Ibrahim H. Glycoprotein isolated from Eurycoma
longifolia (Tongkat Ali) is capable of boosting testosterone
levels in Leydig cells. Trop. J. Nat. Prod. Res. 2021; 5(6):
1078-1082.

Sambandan TG, Rha C, Kadir AA, Aminudim N, Saad JM.
U.S. Patent No. 7,132,117. Washington, DC: U.S. Patent and
Trademark Office. 2006.

Asiah O, Nurhanan MY, Ilham AM. Determination of
bioactive peptide (4.3 kDa) as an aphrodisiac marker in six
Malaysian plants. J. Trop. For. Sci. 2007; 19(1): 61-63.
Vejayan J, Mohamed AN, Zulkifli AA, Yahya YA, Munir N,
Yusoff MM. Marker to authenticate Eurycoma longifolia
(Tongkat Ali) containing aphrodisiac herbal products. Curr.
Sci. 2018; 115(5): 886-894.

Vejayan J, Yahya YA, Chakravarthi S, Ibrahim H, Yun A.
Aphrodisiac potential of Polyalthia bullata (Tongkat Ali) in
fowl. Asian Pac. J. Rep. 2021; 10(2): 75-81.

Ahmad F, Said SA, Chakravarthi S, Norhidayah A,
Mohamed B, Edros RZ, Vejayan J. Comparison of Three
Aphrodisiac Plants (Eurycoma longifolia, Polyalthia bullata
and Stema tuberosa) Synonymous with Tongkat Ali. Trop. J.
Nat. Prod. Res. 2023; 7(5): 3002-3008.

Johansen JA, Clemens LG, Nunez AA. Characterization of
copulatory behavior in female mice: evidence for paced
mating. Physiol. Behav. 2008; 95(3): 425-429.
Haleagrahara N, Siew CJ, Ponnusamy K. Effect of quercetin
and desferrioxamine on 6-hydroxydopamine (6- OHDA)
induced neurotoxicity in striatum of rats. J. Toxicol. Sci.
2013; 38(1): 25-33.

Fortunati E, Luzi F, Puglia D, Torre L. Extraction of
lignocellulosic ~ materials ~ from  waste  products.
Multifunctional Polymeric Nanocomposites Based on
Cellulosic Reinforcements. Sci. Dir. 2016.

Talbott SM, Talbott JA, George A, Pugh M. Effect of
Tongkat Ali on stress hormones and psychological mood
state in moderately stressed subjects. J. Inter. Soc. Sports
Nutr. 2013; 10(1): 28.

Krakowska-Sieprawska A, Kietbasa A, Rafinska K, Ligor M,
Buszewski B. Modern methods of pre-treatment of plant
material for the extraction of bioactive compounds. Mol.
2022; 27(3): 730.

Erasmus N. Investigations on the in vitro effects of aqueous
Eurycoma longifolia Jack extract on male reproductive
functions (Doctoral dissertation, Uni. Western Cape). 2012.
Ezzat SM, Ezzat MI, Okba MM, Hassan SM, Alkorashy Al,
Karar MM, Ahmed SH, Mohamed SO. Brain cortical and
hippocampal dopamine: a new mechanistic approach for
Eurycoma longifolia well-known aphrodisiac activity and its
chemical characterization. eCAM. 2019.

Rosdi RA, Sul'ain MD, Darnis DS, Baharun NB, Ahmad NF,
Ishak WR. Toxicological Evaluations of Smilax myosotiflora
Methanol Extract and its Effect to Testosterone Level of
Male in Subacute Study. Fabad J. Pharm. Sci. 2023; 48(2):
265-278.

Ng KW, Salhimi SM, Majid AM, Chan KL. Anti-angiogenic
and cytotoxicity studies of some medicinal plants. Planta
Med. 2010; 76(09): 935-940.

Lucio RA, Fuentes-Morales MR, Fernandez-Guasti A.
Copulation in Rats: Analysis of Behavioral and Seminal
Parameters. Springer Sci. Rev. 2023; 200: 235-264.
Gonzalez MH. Post-weaning social isolation alters the
development of behavioral indices of sexual maturation and

8747

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



31.

33.

34.

Trop J Nat Prod Res, October 2024; 8(10): 8741 - 8748

leads to deficits in the sexual behavior of male rats. e-
CUCBA. 2015.

André GlI, Firman RC, Simmons LW. The effect of genital
stimulation on competitive fertilization success in house
mice. Sci. Dir. 2022; 190: 93-101.

Hamdi AH, Ming LC, Kassab YW. A review on safety and
efficacy of products containing Longifolia. Arch. Pharm.
Pract. 2016; 7(5): 39-42.

Chinnappan SM, George A, Pandey P, Narke G, Choudhary
YK. Effect of Eurycoma longifolia standardised aqueous
root extract-Physta® on testosterone levels and quality of
life in ageing male subjects: a randomised, double-blind,
placebo-controlled multicentre study. Food Nut. Res. 2021;
65.

32.

35.

36.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Bakker, J. Encyclopedia of Animal Behavior (2nd ed)
London: Academic Press; 2019.

Vejayan J, Ahmad F, Said SA, Chakravarthi S, Karikalan B.
Glycoproteins Isolated from Tongkat Ali Plants Capable to
Elevate Testosterone in both in vitro and in vivo
Experiments. Trop. J. Nat. Prod. Res. 2024; 8(6): 7303-7306.
Rosdi RA, Sul'ain MD, Darnis DS, Baharun NB, Ahmad NF,
Ishak WR. Toxicological Evaluations of Smilax myosotiflora
Methanol Extract and its Effect to Testosterone Level of
Male in Subacute Study. Fab. J. Pharm. Sci. 2023; 48(2):
265-278.

8748

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



