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Abstract Phyillanthus niruri or Dukung Anak is native to Southeast Asia, particularly in Malaysia
and has been used as traditional preparations and as health supplements. However, previous
studies have found that P. niruri can impair the male reproductive functions. With booming
population of stray animals within the community, a new controlling method that is more affordable
and safer must be developed. This study was aimed to explore the safety of P. niruri as a male
herbal contraceptive to be used in veterinary medicine as one of the non-surgical sterilisation
methods. For the preliminary part of this ongoing research, we have investigated the cytotoxicity
activity of P. niruri ethanolic extract on Vero and primary feline testicular cells (FTC) and DNA
apoptotic activity in FTC. Phyllanthus niruri extract was prepared using cold maceration method in
50% ethanol. The FTC were prepared from feline testes obtained from post-routine castration
from local private veterinary clinics, while Vero cells were obtained from the archived cells of
Virology Laboratory, Faculty of Veterinary Medicine Universiti Malaysia Kelantan (FPV UMK). The
MTT assay was performed to evaluate the cytotoxicity of these plant extracts on FTC and Vero
cells. Apoptosis was assessed using DNA laddering assay on extracted DNA of the treated FTC
cells and observed the DNA patterns in gel electrophoresis. The 50% cytotoxic concentration
(CCso) of the ethanolic extract of P. niruri was a dose dependent. The DNA laddering assay
revealed that the plant extract does not induce apoptosis in FTC. Therefore, the study outcomes
indicated that the ethanolic extract of P. niruri is potentially safe for animal use. However, in vivo
studies are required to confirm these findings.
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Introduction

The overpopulation of stray animals, mainly cats and dogs, remains a concerning issue in the community.
Unowned dogs comprise approximately 75% of the dog population worldwide [22]. In addition, intact
male cats tend to be involved in fights or aggressive encounters thus become predisposed to more
severe complications due to fight-related wounds [19, 29]. As one of the initiatives to manage this issue,
Trap-Neuter-Release (TNR) method was introduced as a humane way to control the overpopulation of
stray animals by combining surgical sterilisation and natural mortality [24]. However, according to a study
by Lohr et al. [8], TNR is considered beyond economical than trapping and euthanising. Therefore, in
this study, we intend to apply a more cost-effective and affordable method to control a mass population
of stray animals that can be widely used in underdeveloped and developing countries.
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Herbal contraceptives are seen as one of the effective methods of controlling the fertility of animals and
humans [1]. They are widely used in rural areas as an affordable way to manage human overpopulation
as compared to chemical-based contraceptives [25]. Different parts of certain medicinal plants, including
flowers and seeds, can be utilized for the development of herbal contraceptives for both males and
females [18]. Furthermore, herbal contraceptives generally received good cultural acceptance by the
local community with effective antifertility property and minimal adverse reactions [6, 40].

As the intention to provide a more affordable method for controlling stray animals’ overpopulation, we
have chosen Phyllanthus niruri (P. niruri) to be developed into herbal contraceptives as it possesses the
antifertility effect and non-toxic [42]. P. niruri, locally known in Malaysia as “Dukung Anak”, is one of the
largest genera that is indigenous to Southeast Asian countries including Malaysia, Philippines, and
Thailand [29, 55]. Physical appearances of many Phyllanthus species are nearly identical, hence, difficult
to differentiate between the species [10]. Tuhin et al. [33] documented that the variations of the epidermal
shape and circumference can be used to distinguish P. amarus, P. niruri and P. debilis. Additionally, P.
niruri is usually around 30-60 cm in height with distichous elliptical leaves and branching stem at the
base of the plant near the root region, as can be seen in Figure 1 [35, 42]. The leaves carry the fruits of
P. niruri that are smooth capsules with globose shape and approximately 2-3 mm in diameter [28].

()

(B)

Figure 1. The morphological features of Phyllanthus niruri L. (A) Whole plant including roots; (B) The
elliptical leaves and rounded fruits (location found: Jeli, Kelantan, Malaysia)

The phytochemical constituents in the ethanolic extract of P. niruri includes the presence of alkaloids,
phenolics, flavonoids, terpenoids, steroids, glycosides, saponins and tannin compounds [5]. The
alkaloids found in P. niruri is a securinega-type that includes nor-securinine, epibubbialine, nirurine and
securinine [12, 36]. The quercetin and rutin are among the flavonoids found in P. niruri [12, 43]. One of
the phenolic compounds isolated from P. niruri is ellagic acid and it is a common phenolic that can be
found in Phyllanthus spp. [30]. In a previous study, it was found that the phenolic and flavonoid
compounds isolated in a plant are responsible to cause antifertility [53]. Due to this fact, P. niruri was
chosen as the best candidate for evaluation of the antifertility effect.

In societal context, P. niruri is used by the locals as traditional preparation for numerous diseases and
as health supplements [2, 54]. The species is known to be used as antispasmodic, antihepatotoxic,
antimalarial, antiviral, antibacterial, laxative, treatment for jaundice, hepatitis B and kidney-related
problems [2, 54]. Besides possessing various health benefits, previous studies have reported the
negative effect of consuming P. niruri resulting in disruption of the reproductive functions in both males
and females [2, 15, 56]. The antifertility activity of P. niruri is related to the reduction in seminal fluid
fructose level and sperm quality including sperm motility, counts and viability [56]. Following that, P. niruri
can cause reduction in mature spermatozoa counts, degenerative effects on sperms and reduction in
testosterone level [2, 15]. From histological evaluation, aqueous extract of P. niruri has caused shrinkage
of the seminiferous tubules with testicular oedema leading to male infertility [15].

Therefore, this study aims to evaluate the testicular cellular changes in vitro using 50% ethanolic extracts
of P. niruri as preliminary understanding for the development of a more affordable, safe, and effective
male herbal contraceptive in the future. Additionally, this article also highlights the preparation of primary
feline testicular cells with cytotoxicity evaluation using MTT assay and apoptosis activity assessment
using DNA laddering assay onto treated cells. The findings from this study can help us to understand
the safety levels of exposing the 50% ethanolic extracts of P. niruri in cultured cells before being applied
into in vivo study.
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Materials and Methods

Preparation of Plant Materials

The P. niruri plants were collected from local herbal farm in Jeli, Kelantan, Malaysia. Plant species
authentication was conducted by Faculty of Science and Technology, Universiti Kebangsaan Malaysia
(UKM) Herbarium to validate the plant species prior to further analysis. The plants were authenticated
as ‘Phyllanthus niruri Linn.” with voucher number, ID033/2022. Following the species identification, the
whole plants including the seeds were rinsed using running water and distilled water consequently. To
minimize the water content from the plants, we shade dried the rinsed whole plants for one week.
Following that, the dried whole plants were cut into shorter lengths to ease grinding process using a
mechanical blender available at Animal Nutrition Laboratory, FPV UMK, City Campus, Kelantan and light
yellowish green fine powder was acquired.

Preparation of Plant Extracts

Cold maceration extraction method of P. niruri was adapted from a study by Kamarudin et al. [34]. In a
1000 mL borosilicate glass bottle (Schott Duran, Germany), 100 g of P. niruri powder was measured and
added into 1000 mL of 50% ethanol and were stirred thoroughly until mixed. Following that, aluminium
foil was used to cover the borosilicate glass bottle containing the mixtures and the immersion was
conducted for three days at room temperature. Filtration of the mixture was performed using Whatman
filter paper no. 1 to remove the solid materials from the liquid extracts. To remove the remaining solvents
from the liquid extracts, the extracts were evaporated using Hei-VAP Core rotary evaporator (Heidolph,
Germany) and dark greenish-brown concentrates were resulted. The concentrates were then oven dried
at the temperature of 35°C for approximately three to four days to acquire the crude extracts. The crude
extracts were stored in a refrigerator at 4°C prior to further analysis. To create the stock solution for cell
culture study, 100 mg of viscous crude extracts were added into 1 mL of filtered 1% dimethyl sulphoxide
(DMSO) and was mixed vigorously until dissolved.

Preparation of Cell Culture

The primary feline testicular cells (FTC) were prepared using a method described by Mota et al. [38] but
with modification. Feline testes were acquired immediately after aseptic routine castration performed at
local private clinics. Prior to that, the feline candidates were selected from male domestic shorthair (DSH)
breed with age under 1 year old at the day of castration. The testes were put into pre-warmed sterile
PBS solution mixed with 1% penicillin-streptomycin (Sigma-Aldrich, USA) and 5% foetal bovine serum
(FBS, Gibco, USA) to transport the testes from local private clinic to the Virology Laboratory, FPV UMK.
At the laboratory, the testes were cut and minced using sterile scalpel to create smaller pieces. The
attached tissues, apart from testicular structure, were removed. The minced testes were put into PBS
solution containing 1% penicillin-streptomycin (Sigma-Aldrich, USA), 5% FBS (Gibco, USA) and 0.25%
trypsin (Gibco, USA). A sterile magnetic bar was put into the solution to stir the cells on magnetic plate
stirrer (C-MAG HS 7, IKA, Malaysia) at 37°C until cell suspensions were formed. The suspensions were
then collected and centrifuged at 1,500 x g for five minutes. The process was repeated until the resulting
supernatant was clear in color. To wash the cells, sterile PBS solution was added and centrifuged at
1,500 x g for five minutes. The supernatant was discarded and growth media, Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 1% penicillin-streptomycin (Sigma-Aldrich, USA) and 10%
FBS (Gibco, USA), were added to the cell pellet. The cell pellet was mixed with the growth culture media
by vigorous up-and-down pipetting technique. Following that, the cells were transferred into T75 cell
culture flasks and were incubated at 37°C for 24 hours in the presence of 5% CO2 and 95% humidity.
Vero cells were acquired from Virology Laboratory, FPV UMK. The cells were revived from L2 nitrogen
tank and cultured in T75 cell culture flasks containing the growth medium. The Vero cells were passaged
three times until reaching confluency. After the first 24 hours, both cultured cells were reviewed to monitor
the cell growth and the condition of FTC can be seen in Figure 2. The cells were further incubated until
75% confluent and the cells were trypsinised using Trypsin-EDTA solution (Gibco, USA) and about 4 x
104 cells/mL of both cells were seeded in 96-wells tissue culture plate and grown at 37°C for 24 hours in
the presence of 5% CO2 and 95% humidity.
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Figure 2. The condition of the adherent-type primary FTC after the first 24 hours incubation

Cell Viability Evaluation using MTT Assay

This procedure was performed to assess the effect of ethanolic extracts of P. niruri towards cell viability
using MTT Cell Count Kit (Nacalai Tesque, Japan). The procedures were based on manufacturer’s
instructions. The cells were seeded into 96-well plates and incubated until 75% confluent. A total of 100
pL of 100 pg/mL P. niruri ethanolic extract was serially diluted and incubated at 37°C for 24 hours. After
24 hours, 10 pL of MTT solution was added into each well and the cells were incubated for three hours.
Following that, the plates were observed for the formation of formazan crystal and 100 yL of solubilisation
solution was added into each well and continued for incubation for another three hours. After incubation,
the 96-well plates were viewed using POLARstar Omega microplate reader (BMG, Labtech, Germany)
with optical density of 570 nm.

Apoptotic DNA Fragmentation Assessment using DNA Laddering
Assay

The qualitative DNA laddering assay was used to assess the apoptotic DNA fragmentation of the cell
lines that may be resulted from exposure to different concentration of P. niruri ethanolic extract. The
technique was based on a study by Paul et al. [51]. The cultured cells were transferred into 6-well plates
and were incubated to grow. After cell growth has reached 70% confluency, the prepared plant extracts
were mixed with the cells using serial dilution method and the cells were incubated for 24 hours. After
24 hours, DNA extraction was performed using GF-1 Tissue DNA Extraction Kit (Vivantis, Malaysia) and
the procedures were followed based on the manufacturer’s instructions. The treated cells were harvested
and centrifuged at 800 x g for five minutes at 4°C to obtain pellets. The cell pellets were mixed with 200
uL of PBS by pipetting. To perform cell lysis, 20 yL of Proteinase K and 2 pL of lysis enhancer were
added into the samples and mixed thoroughly with 200 pL of Buffer TB and incubated at 65°C for 10
minutes. After incubation, 200 uL of absolute ethanol was added into the sample and vortexed. Following
that, 650 uL of the samples were transferred into the column’s mixture and centrifuged at 5,000 x g for
one minute. Then, the columns were washed with 650 L of wash buffer and centrifuged at 5,000 x g for
one minute. After repeating the column washing, the column was centrifuged at 10,000 x g for one minute
to remove the excess ethanol. Following that, the column was inserted into clean microcentrifuge tubes
and 200 pL of preheated elution buffer and TAE buffer were added and let stand at room temperature
for two minutes. The resultant column was centrifuged at 5,000 x g for one minute to elute the DNA. For
DNA laddering assay, agarose gel electrophoresis (AGE) method was performed to assess any
degradation of DNA following apoptosis. An amount of 10 uL of DNA for each sample was mixed with 2
UL of loading dye and loaded into wells of 2% agarose gel stained with Midori green. The electrophoresis
was set for 90 minutes at 45 V. Following that, the agarose gel was examined.

Statistical Analyses

The results were analysed by One-Way ANOVA to identify significant difference between treatment and
control groups using SPSS version 26.0 (IBM). Tukey’s post-hoc test comparisons were performed
following detection of the significant difference. For cell viability, a non-linear regression analysis was
performed to plot the dose-response curves and the CCso values for both FTC and Vero cells were
determined using Microsoft Excel for Office 365. All data were expressed as means * standard deviation
and all significant differences were set at p < 0.05.
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Results and Discussions

Cell Viability Evaluation using MTT Assay

The cell viability evaluation for both FTC and Vero cells against different concentrations of P. niruri
ethanolic extracts was dose dependent. Lowest cell viability was observed at 10.0 mg/mL for both FTC
(0.22 £ 0.04) and Vero cells (0.87 £ 0.04). The cell viability peaked at concentration of 0.312 mg/mL for
both FTC (0.55 + 0.03) and Vero cells (1.47 + 0.17). These values were significantly different when
compared with control group (p < 0.05). After 24-hour exposure, the CCso for FTC was observed at
higher concentration of P. niruri ethanolic extract in which concentration of lower than 5 mg/mL (0.29 +
0.04) is safe and non-toxic (Figure 3). This result indicates that higher doses of P. niruri ethanolic extract
(more than 5 mg/mL) are toxic to FTC cells. For Vero cell viability, the CCso can be observed at 2.5
mg/mL (1.03 + 0.05), at lower concentration compared to FTC (Figure 3). The result from this study
indicated that P. niruri ethanolic extract with concentrations below 2.5 mg/mL is considered as safe and
non-toxic for both cells while P. niruri ethanolic extract is more toxic to Vero cells compared to FTC cells.

—o=FTC 24 HRS VERO 24 HRS
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Figure 3. Cell viability (%) against different doses of ethanolic extract of P. niruri (mg/mL) on Vero and
FTC after exposure for 24 hours. The CCso of the P. niruri ethanolic extract is indicated by orange arrow
(Vero cells) and blue arrow (FTC)

Based on current available information, this plant has not been investigated against primary feline
testicular cell line. Previous cell viability studies using MTT assay for P. niruri were assessed using cell
lines such as Vero, HepG2 human liver cells and SH-SY5Y neuroblastoma cells [9, 17]. In our study, 10
mg/mL of P. niruri resulted in the lowest cell viability performance for both FTC and Vero cells. As this
study is the first one to evaluate the cytotoxicity activity of FTC, we compare the result for FTC with the
previous studies using various cell lines. The 50% cytotoxic concentration (CCso) for FTC was recorded
at 5 mg/mL. Based on a study by Dey et al. [9], the P. niruri does not cause cytotoxicity for up to 50.0
pug/mL in HepG2 cells and was discovered to possess approximately 85% cell viability when being tested
on SH-SY5Y neuroblastoma cells [17]. Furthermore, the CCso for Vero cells can be observed at 2.5
mg/mL in this study. This result agrees with a study by Faral-Tello et al. [39] where, the CCso of P. niruri
ethanolic extracts on Vero cells was 2.542 mg/mL. However, the CCso value in this study is higher
compared to P. niruri aqueous extract on Vero cells where the CCso is 0.5 mg/mL [56]. The CCso values
of the 50% ethanolic extract of P. niruri for both FTC and Vero are lower compared to other medicinal
plants with antifertility property such as P. indica (20.66 mg/mL) and R. communis (16.5 mg/mL) [3, 18].
According to Njeru et al. [48], CCso above 500 pg/mL is considered as acceptable toxicity limit. These
findings indicated that both cell lines’ cytotoxicity activity occurred after exposing the cells at certain
doses of P. niruri 50% ethanolic extract. Hence, we can summarize that the cytotoxic effect of P. niruri
50% ethanolic extract is dose-dependent. Due to the antiproliferative effect observed on FTC, our finding
may also suggest that the 50% ethanolic extract of P. niruri possesses the antifertility property and can
be further studied in animal model. For the development of male herbal contraceptive, understanding
the antifertility effect on the male androgen synthesis, spermatogenesis and the evaluation of the male
reproductive organs using animal model is crucial to be studied [50].
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Additionally, our finding on the dose-dependency cytotoxic effect of the 50% ethanolic extracts of P.
niruri in cell viability is in accordance with a previous study by Ooi et al. [26]. According to a study using
HepG2 cell line, the cumulative cytotoxic response of P. niruri at lower dose is already sufficient to
reduced 50% cell growth due to its antiproliferative potential. This is associated with phyllanthin, an active
compound of P. niruri, where at lower concentrations, it can exert hepatoprotective property but becomes
cytotoxic when higher concentrations were used [26, 37]. The finding on the dose-dependency is further
supported by a study by Paul et al. [51] where, the MTT assay result of P. niruri extracts on Hela, SiHa
and C33A cell lines was found to be dose-dependent as compared to the untreated control.

Apoptotic DNA Fragmentation using DNA Laddering Assay

As DNA fragmentation activity is the hallmark for apoptosis, DNA laddering assay was performed. The
DNA fragmentation assessment revealed no DNA laddering activity when different concentrations of P.
niruri ethanolic extract were used in FTC after 24 hours post-exposure (Figure 4). For FTC cells exposed
to 1% DMSO and 1% ethanol, slight laddering pattern can be observed. This result indicates that DNA
apoptotic activity has occurred in both 1% DMSO and 1% ethanol treated cells.

Figure 4. Gel electrophoresis result following DNA laddering assay using P. niruri ethanolic extracts at
different concentrations on FTC. Lane 1 indicates DNA ladder, ethanolic extract of 100 mg/mL (lane 2),
50 mg/mL (lane 3), 25 mg/mL (lane 4), 12.5 mg/mL (lane 5), 1% DMSO (lane 6) and 1% ethanol (lane
7), while lane 8 is a blank. The fragmented DNA patterns in Lane 6 and 7 can be noted through
observation of faint lines below the detected bands (blue arrow)

Cell apoptosis is a programmed cell death which referred to the series of orderly processes of cell death
which occurred through intrinsic or extrinsic apoptosis pathways [14, 49]. Initially, apoptosis was defined
as dying cells based on alterations of their morphological characteristics where the cellular plasma
membrane is showing blebbing feature [20, 49]. However, there are other apoptotic characteristics that
also includes DNA fragmentation [14, 31]. In the event of DNA fragmentation following cell apoptosis,
the presence of DNA ladder pattern can be observed using certain DNA staining technique and can be
achieved using assays such as DNA laddering assay [41]. In conjunction with this information, DNA
laddering assay was conducted in our study. However, we found out that the DNA ladder pattern in FTC
cells treated with different concentrations of P. niruri was absent. The DNA fragmentation was reported
in other plants possessing antifertility potential such as C. borivilianum, L. sativum, A. rohituka and C.
dichotoma [11, 44, 47, 52]. The absence of DNA fragmentation indicates that the 50% ethanolic extract
of P. niruri does not induce genotoxicity in reproductive cells in vitro. However, the lack of DNA ladder
pattern observed in treated FTC cells with declining cell viability from MTT assay could mean that the
apoptosis is not the main cause of cell death. Cell death can be induced by several major types including
apoptosis, necrosis, autophagy and pyroptosis following the series of cellular stress and damage [21].
With absent of DNA fragmentation in gel electropherosis, we can conclude that the apoptotic pathway is
not the main cause of cell death in this study. Despite that, the absence of DNA ladder pattern using this
method alone does not prove that there is no apoptosis as this method is a qualitative method to assess
only the late-stage apoptosis due to internucleosomal cleavage of DNA [4, 16, 41, 46].
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For the confirmation of the apoptosis in the different stages, quantitative methods such as Western blot
to measure apoptotic cell-related proteins, real-time quantitative Polymerase Chain Reaction (RT-gPCR)
by measuring the mRNA expression of apoptotic cells or flow cytometry by detecting the apoptotic cells
stained with Annexin-V or propidine iodine (Pl) can be performed [7, 13, 32, 58]. The slight laddering
pattern displayed could indicate that the treated cells were still progressing to the late-stage apoptosis
as the intranucleosomal cleavage of DNA occurred [7, 16, 41, 46]. The DNA laddering occurs when the
DNA is being degraded by caspase-activated DNAse (CAD), a crucial process of apoptosis [46]. The
DNA separation by agarose gel electrophoresis can be observed using staining such as ethidium
bromide or Midori green, as used in this present study, resulting in laddering pattern [27, 46]. Hence,
according to these findings, no apoptotic activity can be observed using different concentration of P.
niruri ethanolic extracts on FTC as compared to using 1% DMSO and 1% ethanol in which, the laddering
pattern was visible. However, to confirm the apoptotic activity, the cells need to be further tested using
assays such as TUNEL and COMET assays [41].

Conclusion

This is a preliminary study for the development of oral male herbal contraceptive using P. niruri on Vero
and primary FTC cells. In vitro cell viability indicates that P. niruri ethanolic extract is safe and non-toxic
to the treated cells at concentration below 2.5 mg/mL. The DNA fragmentation assessment revealed no
apoptotic activity, indicating the lack of genotoxicity effect of P. niruri. The data provided from this in vitro
study will be further used as a reference or fundamental for in vivo study. In the future, we hope that our
findings can contribute to controlling the stray animals’ overpopulation thus minimizing the transmission
of zoonotic and infectious diseases within the community without the need for surgical sterilization or
euthanization.

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper.

Acknowledgement

We would like to express our gratitude to FPV UMK laboratory staff, Klinik Haiwan Kubang Kerian and
Klinik Haiwan dan Surgeri Vet O Vet for their support, and assistance throughout the research period.

References

[1] A Sitasiwi, A. J., Isdadiyanto, S., & Mardiati, S. M. (2018). Effect of ethanolic Neem (Azadirachta indica)
leaf extract as an herb contraceptive on Hepato-somatic Index of the male mice (Mus musculus). Journal
of Physics: Conference Series, 1025, 0123043. https://doi.org/10.1088/1742-6596/1025/1/012043

[2] Manjrekar, A., Jisha, V., Bag, P., Adhikary, B., Pai, M., Hegde, A., & Nandini, M. (2008). Effect of
Phyllanthus niruri Linn. treatment on liver, kidney and testes in CCl, induced hepatotoxic rats. Indian
Journal of Experimental Biology, 46, 514-520. Retrieved from
https://pubmed.ncbi.nim.nih.gov/18807755/

[3] Salem, A. N. B,, Zyed, R,, Ali, L. M., Nidhal, S., Souad, S., & Mahjoub, A. (2012). Cytotoxic effect of
nanoparticles synthesized from Salvia officinalis L. and Ricinus communis aqueous extracts against vero
cell line and evaluation of their antioxidant activities. African Journal of Biotechnology, 11(52), 11530—
11534. https://doi.org/10.5897/AJB12.344

[4] Collins, A. R., Ai-Guo, M., & Duthie, S. J. (1995). The kinetics of repair of oxidative DNA damage (strand
breaks and oxidised pyrimidines) in human cells. Mutation Research/ DNA Repair, 336(1), 69-77.
https://doi.org/10.1016/0921-8777(94)00043-6

[5] Fatema, A. S., Khumbhare, S., & Khapekar, R. (2019). Phytochemical screening and medicinal potential
of Phyllanthus niruri. International Journal of Advanced Science Research and Management, 4(5).
Retrieved from https://ijasrm.com/wp-content/uploads/2019/05/IJASRM_V4S5_1502_148_154.pdf

[6] Yadav, A., Sharma, S., Wani, S. N., Kaushal, K., & Sharma, P. (2022). Development of oral herbal male
contraceptive. In Current Aspects in Pharmaceutical Research and Development (Vol. 8, pp. 77-88). B
P International. https://doi.org/10.9734/bpi/caprd/v8/3416E

[7] Fischer, B. M., Neumann, D., Piberger, A. L., Risnes, S. F., Koberle, B., & Hartwig, A. (2016). Use of
high-throughput RT-gPCR to assess modulations of gene expression profiles related to genomic stability
and interactions by cadmium. Archives of Toxicology, 90, 2745-2761. https://doi.org/10.1007/s00204-
015-1621-7

[8] Lohr, C. A., Cox, L. J., & Lepczyk, C. A. (2013). Costs and benefits of trap-neuter-release and euthanasia

10.11113/mjfas.v20n4.3523

858


https://pubmed.ncbi.nlm.nih.gov/18807755/
https://doi.org/10.5897/AJB12.344
https://ijasrm.com/wp-content/uploads/2019/05/IJASRM_V4S5_1502_148_154.pdf

MJFAS

Roslan et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 852—-861

19l

[10]

(1]

(2]

[13]

[14]

(18]

[16]

(7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

(26]

[27]

(28]

[29]

(30]

[31]

for removal of wurban cats in Oahu, Hawaii. Conservation Biology, 27(1), 64-73.
https://doi.org/10.1111/.1523-1739.2012.01935.x

Dey, D., Chaskar, S., Bhatt, N., & Chitre, D. (2020). Hepatoprotective activity of BV-7310, a proprietary
herbal formulation of Phyllanthus niruri, Tephrosia purpurea, Boerhavia diffusa, and Andrographis
paniculata, in alcohol-induced HepG2 cells and alcohol plus a haloalkane, CCl,, induced liver damage in
rats. Evidence-Based Complementary and Alternative Medicine, 2020.
https://doi.org/10.1155/2020/6428906

Kandavel, D., Rani, S. K., Vinithra, M. G., & Sekar, S. (2011). Systematic studies in herbaceous
Phyllanthus spp. (region: Tiruchirappalli district in India) and a simple key to authenticate 'Bhumyamalaki'
complex members. Journal of Phytology, 3(2). Retrieved from
https://updatepublishing.com/journal/index.php/jp/article/view/2239

Raghuvanshi, D., Sharma, K., Verma, R., Kumar, D., Kumar, H., Khan, A., & Nepovimova, E. (2022).
Phytochemistry and pharmacological efficacy of Cordia dichotoma G. Forst. (Lashuda): A therapeutic
medicinal plant of Himachal Pradesh. Biomedical Pharmacotherapy, 153, 113400.

Rusmana, D., & Widowati, W. (2017). Antioxidant activity of Phyllanthus niruri extract, rutin, and
quercetin. Indonesian Biomedical Journal, 9(2), 84—90. https://doi.org/10.18585/inabj.v9i2.281
Wilodkowic, D., Skommer, J., & Darzynkiewicz, Z. (2009). Flow cytometry-based apoptosis detection. In
Apoptosis: Methods and Protocols (2nd ed., pp. 19-32). Springer. https://doi.org/10.1007/978-1-60327-
017-5_2

Obeng, E. (2020). Apoptosis (programmed cell death) and its signals—A review. Brazilian Journal of
Biology, 81, 1133-1143. https://doi.org/10.1590/1519-6984.228437

Asare, G. A., Bugyei, K., Fiawoyi, ., Asiedu-Gyekye, I. J., Gyan, B., Adjei, S., & Nyarko, A. (2013). Male
rat hormone imbalance, testicular changes and toxicity associated with aqueous leaf extract of an
antimalarial  plant:  Phyllanthus  niruri.  Pharmacology = & Pharmacy, 51(6), 691-699.
https://doi.org/10.3109/13880209.2013.764325

Cohen, G., Sun, X., Snowden, R., Dinsdale, D., & Skilleter, D. (1992). Key morphological features of
apoptosis may occur in the absence of internucleosomal DNA fragmentation. Biochemical Journal,
286(2), 331-334. https://doi.org/10.1042/bj2860331

Rajamanickam, G., & Manju, S. (2023). Formulation and characterization of chitosan nanoparticles
loaded with neuroprotective flavonoid from Phyllanthus niruri Linn. Macromolecular Research, 31(1), 13—
24. https://doi.org/10.1007/s13233-023-00114-z

Priyanjani, H., Senarath, R., Senarath, W., & Munasinghe, M. (2021). Propagation, phytochemistry, and
pharmacology of Plumbago indica — A review. Journal of Pharmaceutical Research International,
33(42B), 188-202. https://doi.org/10.9734/JPRI/2021/v33i42B32439

Han, H. S., Toh, P. Y., Yoong, H. B., Loh, H. M., Tan, L. L., & Ng, Y. Y. (2018). Canine and feline
cutaneous screw-worm myiasis in Malaysia: Clinical aspects in 76 cases. Veterinary Dermatology, 29(5),
442—e148. https://doi.org/10.1111/vde. 12672

Kerr, J. F., Wylie, A. H., & Currie, A. R. (1972). Apoptosis: A basic biological phenomenon with wide-
ranging implications in tissue kinetics. British Journal of Cancer, 26(4), 239-257.
https://doi.org/10.1038/bjc.1972.33

Hanus, J., Zhang, H., Wang, Z., Liu, Q., Zhou, Q., & Wang, S. (2013). Induction of necrotic cell death by
oxidative stress in retinal pigment epithelial cells. Cell Death & Disease, 4(12), e965.
https://doi.org/10.1038/cddis.2013.478

Hughes, J., & Macdonald, D. W. (2013). A review of the interactions between free-roaming domestic dogs
and wildlife. Biological Conservation, 157, 341-351. https://doi.org/10.1016/j.biocon.2012.07.005

Jena, J., & Gupta, A. K. (2012). Ricinus communis Linn: A phytopharmacological review. Journal of
Medicinal Plants Research, 6(27), 4194-4201. Retrieved from
https://academicjournals.org/journal/JMPR/article-full-text-pdf/5SF63A7464392

Levy, J. K, Gale, D. W., & Gale, L. A. (2003). Evaluation of the effect of a long-term trap-neuter-return
and adoption program on a free-roaming cat population. Journal of the American Veterinary Medical
Association, 222(1), 42-46. https://doi.org/10.2460/javma.2003.222.42

Bala, K., Arya, M., & Katare, D. P. (2014). Herbal contraceptives: An overview. World Journal of
Pharmaceutical and Pharmaceutical Sciences, 3(8), 1305-1326. Retrieved from
http://www.wjpps.com/wjpps_controller/abstract_id/1838

Ooi, K. L., Loh, S. I, Sattar, M. A.,, Muhammad, T. S., & Sulaiman, S. F. (2015). Cytotoxic, caspase-3
induction and in vivo hepatoprotective effects of phyllanthin, a major constituent of Phyllanthus niruri.
Journal of Functional Foods, 14, 236—243. https://doi.org/10.1016/}.jff.2015.01.032

Motohashi, K. (2019). Development of highly sensitive and low-cost DNA agarose gel electrophoresis
detection systems, and evaluation of non-mutagenic and loading dye-type DNA-staining reagents. PLoS
One, 14(9), e0222209. https://doi.org/10.1371/journal.pone.0222209

Narendra, K., Swathi, J., Sowjanya, K., & Satya, A. K. (2012). Phyllanthus niruri: A review on its
ethnobotanical, phytochemical, and pharmacological profile. Journal of Pharmacy Research, 5(9), 4681—
4691. Retrieved from http://jpronline.info/index.php/jpr/article/view/15271/7767

Vitale, K. R. (2022). The social lives of free-ranging cats. Animals, 12(1), 126.
https://doi.org/10.3390/ani12010126

Dhooghe, L., & Apers, S. (2011). The quantification of ellagic acid in the crude extract of Phyllanthus
amarus Schum. & Thonn. (Euphorbiaceae). Phytochemical Analysis, 22(4), 361-366.
https://doi.org/10.1002/pca.1288

Enari, M., Sakahira, H., Yokoyama, H., Okawa, K., lwamatsu, A., & Nagata, S. (1998). A caspase-
activated DNase that degrades DNA during apoptosis, and its inhibitor ICAD. Nature, 391(6662), 43-50.
https://doi.org/10.1038/34112

10.11113/mjfas.v20n4.3523

859


https://updatepublishing.com/journal/index.php/jp/article/view/2239
https://doi.org/10.18585/inabj.v9i2.281
https://doi.org/10.9734/JPRI/2021/v33i42B32439
http://www.wjpps.com/wjpps_controller/abstract_id/1838
http://jpronline.info/index.php/jpr/article/view/15271/7767
https://doi.org/10.1002/pca.1288

MJFAS

Roslan et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 852—-861

[32]
[33]

[34]

[39]
(36]

[37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[49]
[46]

[47]

(48]

(49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

Guo, M., Lu, B., Gan, J., Wang, S., Jiang, X., & Li, H. (2021). Apoptosis detection: A purpose-dependent
approach selection. Cell Cycle, 20(11), 1033—1040. https://doi.org/10.1080/15384101.2021.1919830
Tuhin, M. S. H., & Limon, M. S. H. (2019). Morpho-anatomical observations on Phyllanthus of
southwestern Bangladesh with two new records for Bangladesh. bioRxiv. https://doi.org/10.1101/608711
Kamarudin, N. A., Markom, M., & Latip, J. (2016). Effects of solvents and extraction methods on herbal
plants Phyllanthus niruri, Orthosiphon stamineus, and Labisia pumila. Indian Journal of Science and
Technology, 9(21). https://doi.org/10.17485/ijst/2016/v9i21/95235

Kaur, N., Kaur, B., & Sirhindi, G. (2017). Phytochemistry and pharmacology of Phyllanthus niruri L.: A
review. Phytotherapy Research, 31(7), 980-1004. https://doi.org/10.1002/ptr.5825

Kaur, N., & Sirhindi, G. (2017). Phytochemistry and pharmacology of Phyllanthus niruri L.: A review.
Phytotherapy Research, 31(7), 980—1004. https://doi.org/10.1002/ptr.5825

Lee, N. Y., Khoo, W. K., Adnan, M. A., Mahalingam, T. P., Fernandez, A. R., & Jeevaratnam, K. (2016).
The pharmacological potential of Phyllanthus niruri. Journal of Pharmacy and Pharmacology, 68(8), 953—
969. https://doi.org/10.1111/jphp.12565

Mota, P. C., & Ramalho-Santos, J. (2006). Comparison between different markers for sperm quality in
the cat: Diff-Quik as a simple optical technique to assess changes in the DNA of feline epididymal sperm.
Theriogenology, 65(7), 1360-1375. https://doi.org/10.1016/j.theriogenology.2005.08.016

Faral-Tello, P., Mirazo, S., Dutra, C., Pérez, A., Geis-Asteggiante, L., Frabasile, S., & Heinzen, H. (2012).
Cytotoxic, virucidal, and antiviral activity of South American plant and algae extracts. Scientific World
Journal, 2012. https://doi.org/10.1100/2012/174837

Ghosh, P., Gupta, P., Tripathy, A., Das, B., & Ghosh, D. (2018). Evaluation of hypotesticular activities of
different solvent fractions of hydro-methanolic extract of the fruit of Terminalia chebula in Wistar strain
adult albino rats: Genomic and flow cytometric approaches. Journal of Applied Biomedicine, 16(4), 394—
400. https://doi.org/10.1016/j.jab.2018.08.003

Maijtnerova, P., & Rousar, T. (2018). An overview of apoptosis assays detecting DNA fragmentation.
Molecular Biology Reports, 45, 1469-1478. https://doi.org/10.1007/s11033-018-4258-9

Dasiman, R., & Bahari, E. A. (2021). Malaysian Phyllanthus sp: An updated review of their impacts on
reproductive functions and fertility. Malaysian Journal of Medical and Health Sciences, 17(3). Retrieved
from https://medic.upm.edu.my/upload/dokumen/2021060914470445_2020_1152.pdf

Jadhav, R., & Puchchakayala, G. (2012). Hypoglycemic and antidiabetic activity of flavonoids: Boswellic
acid, ellagic acid, quercetin, rutin on streptozotocin-nicotinamide induced type 2 diabetic rats.
International Journal of Pharmacy and Pharmaceutical Sciences, 4(2), 251-256. Retrieved from
https://www.innovareacademics.in/journal/ijpps/Vol4lssue2/3343.pdf

Singh, R. K., Ranjan, A., Srivastava, A. K., Singh, M., Shukla, A. K., Atri, N., & Singh, S. K. (2020).
Cytotoxic and apoptotic inducing activity of Amoora rohituka leaf extracts in human breast cancer cells.
Journal of Ayurveda and Integrative Medicine, 11(4), 383—390. https://doi.org/10.1016/j.jaim.2018.12.005
Sultana, R. S., & Raham, M. (2020). Anatomy of Phyllanthus niruri L. (Euphorbiaceae). EXIM Bank Agri
Uni Bangladesh (EBAUB), 2, 24—-29. Retrieved from https://ebaub.ac.bd/journal/ej/files/vol2/jc2_4.pdf
Elmore, S. (2007). Apoptosis: A review of programmed cell death. Toxicologic Pathology, 35(4), 495—
516. https://doi.org/10.1080/01926230701320337

Mahassni, S. H., & Al-Reemi, R. M. (2013). Apoptosis and necrosis of human breast cancer cells by an
aqueous extract of garden cress (Lepidium sativum) seeds. Saudi Journal of Biological Sciences, 20(2),
131-139. http://dx.doi.org/10.1016/j.sjbs.2012.12.002

Njeru, S. N., Obonyo, M. A., Ngari, S. M., Onsarigo, S. N., Njeru, J. M., & Kamweru, P. K. (2015).
Antituberculous, antimicrobial, cytotoxicity and phytochemical activity study of Piliostigma thonningii
extract fractions. Journal of Medicinal Plant Research, 9(22), 655-663.
https://doi.org/10.5897/JMPR2015.5822

Nagata, S. (2018). Apoptosis and clearance of apoptotic cells. Annual Review of Immunology, 36, 489—
517. https://doi.org/10.1146/annurev-immunol-042617-053010

Abarikwu, S. O., Onuah, C. L., & Singh, S. K. (2020). Plants in the management of male infertility.
Andrologia, 52(3), e135009. https://doi.org/10.1111/and.13509

Paul, S., Chakraborty, S., Mukherjee, A., & Kundu, R. (2015). Evaluation of cytotoxicity and DNA
damaging activity of three plant extracts on cervical cancer cell lines. International Journal of
Pharmaceutical ~ Sciences Review and Research, 31(1), 183-189. Retrieved from
https://www.academia.edu/download/71063491/Evaluation_of_Cytotoxicity_and_DNA_Damag2021100
2-15366-kq112.pdf

Ray, S., Chatterjee, K., De, D., & Ghosh, D. (2014). Bioefficacy of hydromethanolic extract of tuber of
Chlorophytum borivilianum (Safed Musli) for the management of male infertility in cyproterone acetate-
treated albino rats. Andrologia, 46(6), 659—671. https://doi.org/10.1111/and.12133

Joshi, S. C., & Chaturvedi, M. (2011). Antifertility potential of some medicinal plants in males: An
overview. International Journal of Pharmacy and Pharmaceutical Sciences, 3(5), 204-217. Retrieved
from
https://scholar.archive.org/work/nio72ublcvfmtnwoz3z3vgzgjqg/access/wayback/http://ijppsjournal.com/V
0l3Suppl5/2761.pdf

Poh-Hwa, T., Yoke-Kqueen, C., Indu Bala, J., & Son, R. (2011). Bioprotective properties of three Malaysia
Phyllanthus species: An investigation of the antioxidant and antimicrobial activities. International Food
Research Journal, 18(3). Retrieved from http://mymedr.afpm.org.my/publications/46197

Badron, U. H., Nawi, M. M., Lee, T. A., Sabki, N. M., & Sagadevan, D. (2022). Morphological and
anatomical studies of Phyllanthus emblica L. and Phyllanthus pectinatus Hook. F. (Phyllanthaceae) in
Peninsular Malaysia. Malaysian Journal of Biochemistry and Molecular Biology, 2, 58—64.

Ezeonwu, V. (2011). Antifertility activity of aqueous extract of Phyllanthus niruri in male albino rats.

10.11113/mjfas.v20n4.3523

860


https://doi.org/10.1002/ptr.5825
https://doi.org/10.1002/ptr.5825
https://medic.upm.edu.my/upload/dokumen/2021060914470445_2020_1152.pdf
https://www.innovareacademics.in/journal/ijpps/Vol4Issue2/3343.pdf
https://doi.org/10.1016/j.jaim.2018.12.005
https://ebaub.ac.bd/journal/ej/files/vol2/jc2_4.pdf
http://dx.doi.org/10.1016/j.sjbs.2012.12.002
https://doi.org/10.1111/and.13509
https://www.academia.edu/download/71063491/Evaluation_of_Cytotoxicity_and_DNA_Damag20211002-15366-kq1l2.pdf
https://www.academia.edu/download/71063491/Evaluation_of_Cytotoxicity_and_DNA_Damag20211002-15366-kq1l2.pdf
https://scholar.archive.org/work/nio72ublcvfmtnwoz3z3vgzgjq/access/wayback/http:/ijppsjournal.com/Vol3Suppl5/2761.pdf
https://scholar.archive.org/work/nio72ublcvfmtnwoz3z3vgzgjq/access/wayback/http:/ijppsjournal.com/Vol3Suppl5/2761.pdf
http://mymedr.afpm.org.my/publications/46197

MJFAS

Roslan et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 20 (2024) 852861

[57]

(58]

Internet Journal of Laboratory Medicine, 4(2). Retrieved from
http://www.studentpulse.com/articles/577/antifertility-effects-ofaqueous-extract-of-phyllanthus-niruri-in-
male-albino-rats

Tan, W. C., Jaganath, |. B., Manikam, R., & Sekaran, S. D. (2013). Evaluation of antiviral activities of four
local Malaysian Phyllanthus species against herpes simplex viruses and possible antiviral target.
International Journal of Medical Sciences, 10(13), 1817. https://doi.org/10.7150/ijms.6902

Xia, Y., Shi, L., Ai, Z., Zhang, D., Liu, Y., & You, P. (2017). Chinese medicine formula “Shengi San” extract
inhibits proliferation of human lung adenocarcinoma A549 cells via inducing apoptosis. Current Medical
Science, 37(5), 766—771. https://doi.org/10.1007/s11596-017-1802-0

10.11113/mjfas.v20n4.3523

861


http://www.studentpulse.com/articles/577/antifertility-effects-ofaqueous-extract-of-phyllanthus-niruri-in-male-albino-rats
http://www.studentpulse.com/articles/577/antifertility-effects-ofaqueous-extract-of-phyllanthus-niruri-in-male-albino-rats

	Introduction
	Materials and Methods
	Preparation of Cell Culture
	Results and Discussions
	Conclusion
	Conflict of Interest
	Acknowledgement
	References

