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Introduction

Uterine fibroids, or leiomyomas, are the most common 
type of solid tumor presenting in  women of reproductive 
age, with an incidence of 20-25% (Buttram and Reiter, 
1981). Although they may be asymptomatic, fibroids often 
cause a variety of health problems for women, including 
menorrhagia, chronic pelvic pain, pressure symptoms on 
adjacent pelvic organ, recurrent miscarriages, obstructed 
labour, postpartum haemorrhage and sepsis (Stewart, 2001). 
As a result of these problems, uterine fibroid is the most 
common indication for hysterectomy in Australia and 
USA (Farquhar and Steiner, 2002). In addition to these 
concern, women are increasingly searching for alternative 
treatments rather than hysterectomy for fibroid disease. 
Accumulating evidences indicate that high intake of green 
vegetables and fruit seem to have a protective role and 
associated with reduced risk of uterine fibroids of US 
and Italian populations (Vidya and Nagini, 2012; Surh, 
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2003). This result supports the possible use of dietary 
phytochemicals for the prevention and treatment of 
uterine fibroids. However, phytochemical based research 
in uterine fibroids is at its infancy. Epigallocatechin gallate 
(EGCG), an extract of green tea showed an ability to 
inhibit the proliferation of human leiomyoma (HuLM) 
cells and induces apoptosis (Zhang et al., 2010). Malik 
et al. (2009) found that curcumin has an antiproliferative 
effect on leiomyoma cells via regulation of apoptosis 
pathway and inhibited production of the extracellular 
matrix (ECM) component fibronectin.

Labisia pumila or locally known as Kacip Fatimah 
is a well known herb among Malaysian which has 
received much attention since more than a decade ago. 
There are three known varieties of L. pumila which 
are L. pumila var pumila, L. pumila var. alata and L. 
pumila var. lanceolata (Stone, 1988). Till now, it is 
consumed by local people to maintain a healthy female 
reproductive system, treating menstrual irregularities, 
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as well as enhancing sexual function. Plants from the 
Myrsinaceae family were known to exhibit a number 
of interesting pharmacological properties such as anti-
inflammatory, antiviral, anti-tumor (Kobayashi and De 
Meji’a, 2005), cytotoxic (Chang et al., 2009), antibacterial 
(Karimi et al., 2011), anti-inflammatory (Ibrahim et al., 
1996; Rasadah et al., 2001) and antioxidant (Mohamad 
et al., 2009) properties. Recently, numerous scientific 
researches on L. pumila were conducted. Study on 
anticancer potential of L. pumila in vitro models revealed 
its ability to inhibit HM3KO cell growth by arrested cell 
cycle at G1 phase and induce apoptosis via up and down 
regulation of Bax/Bcl-2 protein, mediated through a p53-
dependent pathway (Azimahtol et al., 2012). Melissa 
et al. (2013) suggests that high estrogenic activity and 
lower cell proliferation of L. pumila water extract on 
human endomentrial cell line provides a good insight 
for its use as an estrogen replacement agent. Manneras 
et al., (2010) showed that L. pumila exhibited estrogenic 
effect and improves insulin sensitivity and lipid profile in 
PCOS (polysystic ovary syndrome) rats without affecting 
body composition. Preliminary research by Ghafar et 
al., (2013) showed a possible anti-angiogenic effect of 
L. pumila extracts. Nadia et al., (2012) found that the 
phytoestrogenic, anti-inflammatory, and antioxidative 
properties that make L. pumila as an effective agent against 
osteoporosis. 

Various diseases have been treated using L. pumila 
and most focused on treating and maintaining women 
health related problem including postpartum care, improve 
menstrual cycle, treat delayed fertility, improve body 
strength after delivery, contract the birth channel, reduce 
menopausal symptoms, alleviating fatigue, promoting 
emotional well-being, relieving constipation, acting as 
anti-flatulence and anti-dysmenorrheal (Burkill, 1966; 
Zakaria and Mustafa, 2010). Based on its pharmacological 
properties and practices in traditional management, 
this plant possesses a potential to be develop for a new 
treatment in curing uterine fibroid disorder. At present, 
there is a lack of effective treatment for uterine fibroids. 
(Walker and Stewart, 2005; Lethaby et al., 2002; Sankaran 
and Mayonda, 2008). Thus, the present study provide 
a basis for using L. pumila in the management of uterine 
fibroids in women. Furthermore, there was none report 
on the use of L. pumila in treating uterine fibroid. Hence, 
we aim to evaluate the potential effect of this plant on the 
induction of apoptosis in uterine leiomyosarcoma cell lines 
and evaluation of L. pumila nano-formulation in order to 
improve the bioavailability of the active constituents and 
eventually provide some additional data and information 
for the future use.

Materials and Methods

Preparation of standardized plant materials
The whole plant of  L. pumila were puchased from 

HERBAGUS Sdn Bhd. A voucher specimen (No 11607) 
was deposited at the herbarium of School of Biological 
Sciences, Universiti Sains Malaysia. The plant was 
pulverized into fine powder using electric grinder 
(Retsch, Germany). Two hundred grams of powdered 

plant was extracted with 50% ethanol (LPEW) using 
soxhlet extraction technique and 100% water (LPW) using 
maceration technique, respectively. 

Preparation of liposome of L. pumila
Liposome of L. pumila (LPF), a formulated extract 

of L. pumila was prepared as described by Aisha et al., 
(2014). Briefly, L. pumila extract was dissolved in ethanol 
while soybean phospholipids was dissolved in chloroform, 
the solutions were mixed, and then solvent was evaporated 
under vacuum using rotary evaporator at 45°C and further 
dried in the oven at 60°C for 1 h.

Qualitative and quantitative of biomarker by High 
Performance Liquid Chromatography (HPLC)

HPLC analysis was carried out based on the method 
proposed by Saeed (2018). Briefly, the experiment was 
performed using an Agilent Technologies 1260 Infinity 
HPLC system (Agilent, USA) equipped with autosampler, 
quertenary pump, degasser, column oven an UV detector. 
Separation was performed using a reverse phase C-18 
Eclipse column (250 x 4.6 mm, 5 μm). The column 
temperature was set at 35 °C, using gradient mobile 
phase consists of 0.2% aqueous acetic acid denoted as 
A and acetonitrile denoted as B. Initial run conditions 
were 80% A; 20% B for 5 min. After that between 5.1 
to 20 min there was linear increase of solvent B up to 
90%. Between 20.1 to 30 min there was a linear decrease 
of starting run conditions (80% A; 20% B). The elution 
program was set as gradient for 30 minutes with flow rate 
was maintained at 1 mL/min and the injection volume 
was 10 μL. The chromatogram was collected under 270 
nm and data acquisition was carried out using Agilent 
ChemStation software. 

Briefly, a stock solution of gallic acid and caffeic acid 
mixture were prepared at 1 mg/mL in methanol (HPLC 
grade) and serial diluted to obtain 0.49 - 250 μg/mL. 
L. pumila (100% water and 50% ethanol water) extracts 
were prepared at 10 mg/mL in their respective solvents 
and further diluted to 5 mg/mL. All solutions were filtered 
through 0.45 μm syringe filters prior to analysis. L. pumila 
extracts (10 μL) were injected at 5000 μg/mL and the peak 
area corresponding to markers were recorded. The linear 
regression equations of the standard calibration curves 
were applied in order to calculate the concentration of 
the reference markers in the samples, and the results were 
presented as average % wt/wt using formula: 

% wt/wt = (the found concentration ÷ 5,000 μg/mL) 
x 100, (n=3). 

Gallic acid (GA) and caffeic acid (CA) were used 
as an identification reference markers for L. pumila 
plant as stated in Malaysian herbal monograph Vol 1 
(Zhari et al., 1999). In addition, GA and CA are the 
phenolic acid that abundantly found in L. pumila extract 
(Karimi et al., 2011; Chua et al., 2011). 

Cell lines and culture condition
Uterine leiomyosarcoma SK-UT-1 cells and normal 

A7r5 smooth muscle were purchased from American Type 
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In vivo uterine fibroid xenograft in athymic mouse model
The present work was approved by the USM Animal 

Ethical Committee (Reference Number USM / Animal 
Ethics Approval / 2016 / (101) (818). SK-UT-1 cells 
were cultured in RPMI 1640 cell culture medium 
supplemented with 10% Foetal Bovine Serum and 1% 
penicillin/streptomycin. The cells were collected by 
trypsinization when reached 70% confluences. After that 
the cells (200 µL containing 5 x 106 cells) were implanted 
subcutaneous into the right flank of the nude mice 
(4-6 weeks old, 22-24 g) using 1 mL syringe attached to 
25 Gauge needle (Al-Suede et al., 2014). The mice were 
maintained in a specific pathogen germ-free environment. 
Twenty four mice randomly divided into four groups of 
six mice each. Treatment was started when tumor size 
reached ˃ 100 mm3 (Ahamed et al., 2012). The animals 
were divided into four groups. Group I and II were 
received oral treatment with 200 and 400 mg/kg body 
weight of LPF, respectively. Group III was given 0.1 mL 
autoclaved distilled water (negative control) and group 
IV received suramin (positive control). It is noted that 
the toxicity study has been conducted on the plant extract 
and showed no mortality up to 2,000 mg/kg (Saeed, 
2018). Based on that, 200 and 400 mg/kg have been 
selected by dividing the LD50 ie 2,000 mg/kg with 10 
and 5. The regimens were administered by oral gavage 
once daily for a period of three weeks. Animals were 
examined weekly for bodyweight, and the size of tumors 
was measured with calipers in 3 dimensions. All surgical 
procedures were performed under aseptic conditions. After 
21 days, the mice were sacrificed, and the tumors were 
collected. Tumor volume and size was determined. The 
tumor volume was calculated using the following formula 
(Adeneye et al., 2010): 

Tumor volume (mm3) = (L x W x D) ½.
Where,
L is the length (mm), W is the width (mm) and D is 

the depth of the tumor (mm).

Results

Determination of Marker Compounds by HPLC analysis
The identification of marker compounds in L. pumila 

extracts were determined by matching the retention time 
of the unknown peaks against standards eluted with same 
conditions as comparison. The standards, gallic acid 
(GA) and caffeic acid (CA) were resolved and eluted at 
2.9 min and 4.6 min, respectively. Both markers were 
present in the chromatographic profiles of both extracts 
and GA was found as the major peak in both extracts 
(Figure 1). Quantification analysis showed the amount of 
GA and CA were varied within the extract types. LPEW 
contained highest amount of GA (3.746 ± 0.05) and 
(CA, 0.194 ± 0.05) while LPW showed lowest amount of 
GA and CA (2.816 ± 0.10 and 0.062 ± 0.12 respectively) 
(Table 1). This suggest that, different types of extraction 
solvent used leads to different variations in the amount of 
constituents present. The present of these compounds 
might contribute to the activity in L. pumila. From this 
point onwards, GA and CA together with L. pumila 

Cell Culture Collection (ATCC), USA (ATCC No. HTB 
1114 and ATCC No. CRL 1444). These cells were cultured 
in RPMI-1640 supplemented with 10% fetal bovine serum 
and 1% penicillin-streptomycin. Cells were maintained in 
a humidified incubator at 37°C with 5% CO2 and grown 
in 75 cm2 culture flask supplied with 12 mL DMEM, and 
after a few passages cell were seeded in 96-well plate 
and 6-well plate. All studies were carried out with cells 
at 70-80% confluency. 

Cell death analysis by Acridine Orange and Propidium 
Iodide (AO/PI) double staining and fluorescence 
microscopy

Acridine Orange and Propidium Iodide double 
staining assay (AO/PI) was used to study the mode of cell 
death by following the method of Tajudin et al., (2012) 
with slight modifications. We have previously reported the 
cytoxicity activity of marker compounds and extracts with 
the following IC50 values; Gallic acid: 4 µg/mL, Cafeic 
acid: 8 µg/mL, EGCG: 22 µg/mL, LPEW: 22 µg/mL, 
LPW: 28 µg/mL and LPF: 32 μg/mL (Zakaria et al., 2019). 
In this study, SK-UT-1 cells were treated with the extracts 
and its biomarker for 24 hours according to their IC50, 
values and extra dosages of 100 μg/mL and 250 μg/mL 
for 72h. Cells without treatment were used as a negative 
control. Each of the treatments was done in triplicate. 
After incubation, cells were harvested and pellet down 
at 100 g for 10 min. Cell pellets were washed with PBS 
by centrifuging the cells as mention above. Then, pellets 
were suspended in 50 µL of acridine orange solution (10 
µg/mL) and 50 µL of propidium iodide solution (10 µg/
mL) for 5 min. A volume of 10 µL of stained cells was 
added into glass slide and covered with a cover slip. 
Viable, apoptotic and necrotic cells were observed using 
the fluorescence microscope. 

Cell death analysis by Annexin V/PI double staining and 
flow cytometry

The proportion of apoptotic cells was done using FITC 
Annexin V Apoptosis detection kit I (BD Pharmingen™, 
USA) according to manufacturer instruction. Briefly, cells 
were seeded (1x105) into 6-well plate with 2 mL DMEM 
and cultured overnight at 37°C. Cells were then treated the 
same manner as previous for 24h, subsequently harvested 
by removing old media and washed twice with cold PBS. 
Cells were then re-suspended in 1 mL of 1X binding 
buffer (1x 106 cells/mL) and centrifuged at 300xg, 4°C 
for 10 min. A volume of 100 μL of 1 x 106 cells/ mL was 
transferred to a 5 mL flow-cyto tube. Then a volume of 
5 μL of Annexin V-FITC and 5 μL of propidium iodide 
(PI) was added and incubated for 15 minutes at room 
temperature in the dark. A volume of 400 μL of 1X 
binding buffer was added and cells were analysed by 
flow cytometer using CytoFLEX flow cytometry with 
CytExpert software version 1.1 (Beckman Coulter, USA). 
About 10,000 events were sorted accordingly into viable, 
early apoptotic, late apoptotic and necrotic cells. The 
percentage of each category of apoptosis and cell death 
were determined.
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extracts, were used to further elucidate anti fibrosis 
potential involved in SK-UT-1 cells. 

Morphological changes in the SK-UT-1 cells treated with 
L. pumila extracts

In the view of report by Zakaria et al., (2019) that 
revealed the cytotoxicity effect of L. pumila extracts 
against SK-UT-1 cells, we suspect that apoptosis as 
an underlying mechanism of SK-UT-1 cell death. 
In the first instance, we examined the morphological 
changes in response to the treatment under light contrast 
miscroscope. In untreated cell population, most of the 
cells were seen attached onto flask surface and displaying 
regular epithelial-like shape. In treated cell population 
most cells were dead and sloughed off, leaving an empty 
space behind. However, treatment at IC50 concentration 
(Zakaria et al., 2019) did not showed much differences 
between untreated and treated and for all treatments 
(LPEW, LPW, LPF, GA, CA and EGCG). On the other 
hand, treatment with 100 μg/mL and 250 μg/mL, showed 
obvious morphological changes including cell shrinkage 
and membrane blebbing. Some were observed in spherical 
shape indicating the degree of loss of attachment and 
formation of apoptotic bodies. Analysis on morphological 
study was conducted using Acridine Orange/Propidium 

Figure 1. HPLC Chromatogram of L. pumila Extracts at 270 nm Performed under Gradient Conditions for 30 minutes. 
A), Standard mixture of chromatogram gallic acid and caffeic acid; B), Chromatogram of LPEW; C), Chromatogram 
LPW. a, Gallic acid; b, Caffeic acid. LPEW, L. pumila ethanol-water extract; LPW, L. pumila water extract

Figure 2. Representative Image Shows Morphological 
Observation of SKUT-1 Cells after Stainning with 
Acridine Orange-propidium Iodide (AO/PI) for 24h. (a) 
cells were untreated with L. pumila remain uniformly 
stained. (b), (c) and (d) were treated with L. pumila. 
Treated cells showed significant morphological changes 
and formation of apoptotic bodies.VC-viable cell; 
EA-early apoptotic; LA-late apoptotic; NC-necrosis.



Asian Pacific Journal of Cancer Prevention, Vol 21 947

DOI:10.31557/APJCP.2020.21.4.943
 Anti-Uterine Fibroid Effect Of Standardized Labisia Pumila Var. Alata Extracts In Vitro

Iodide dual staining assay (AO/PI) and examined 
under flourescence microscope. Figure 2 showed the 
representative image of AO/PI staining for L. pumila 
extracts and its bioactive marker compounds treated on 
SK-UT-1 cells at different concentration. The untreated 
SK-UT-1 cells remained uniformly stained. The plasma 
membrane, nuclear envelope and nucleolus were complete. 
By contrast, the nuclei of SK-UT-1 cells treated with L. 
pumila exhibited condensed and fragmented chromatin, 
indicative of apoptosis. Result showed that L. pumila 
extracts and its bioactive marker compounds have the 
ability to induce apoptosis against SK-UT-1 cells.

Induction of apoptosis by L. pumila extracts and 
compounds against SK-UT-1 cells 

To further confirm that L. pumila extracts and 
its bioactive compounds induces apoptosis, treated 
SK-UT-1 cells were stained with Annexin-V FITC/
PI and subsequently 10,000 cells were analyzed by 
flow cytometer. The analyzed cells were grouped into 

four quadrants based on the cell stage; viable cell, 
early apoptosis, late apoptosis and necrosis (Figure 3). 
The quadrant at the bottom on the left represents the 
viable cells which did not take both dyes. While cells at 
the early stage of apoptosis were stained with Annexin V 
due to high affinity to the externalized phosphatidylserine 
on the surface of plasma membrane which represented in 
the second quadrant at the bottom on the right. Cells that 
were in late apoptosis were stained with both dyes which 
represented  in the third quadrant at top right and cells 
in necrosis were stained only with PI which represented 
in fourth quadrant at the top left . The proportion of 
SK-UT-1 cells in the early and late apoptotic and necrotic 
cell death modes were determined and presented in 
Figure 4. Treatment using IC50 concentration showed 
that the extracts significantly reduced (p<0.001) viable  
cell to 61.64%. Approximately 25.64% of cells were 
in early apoptosis and 10.27% were in late apoptosis. 
In corroboration with morphological observation above, 
treatment with higher concentration (100 μg/mL) of 
extracts showed significant decreased (p<0.001) of 
viable cell population as well as increased  the number of 
cells undergoing apoptosis in all treatments. Meanwhile 
treatment at 250 ug/mL concentration caused a significant 
increased in late apoptosis event in all treatments. These 
results indicate at 50% inhibition concentration, there 
were minimal effect on apoptosis induction by the extracts 
and the markers. However, at higher concentration, the 
growth inhibition by  the extracts and marker compounds 

Extracts Gallic acid (% w/w) Caffeic acid (% w/w)
LPEW 3.746 ± 0.05 0.194 ± 0.05
LPW 2.816 ± 0.10 0.062 ± 0.12

Figure 3. Scatter Plots of Annexin V-FITC/PI dual Staining Induction of Apoptosis of L. pumila Extracts and Its 
Bioactive Marker Compounds for 24h According to their (a) Treatment Based on IC50 Values (LPW, 28 μg/mL; 
LPEW, 22 μg/mL; LPF, 32μg/mL; GA, 4 μg/mL; CA, 8 μg/mL; and EGCG, 22 μg/mL) (b) SK-UT-1 Cells Treated 
with 100 μg/mL, (c) SK-UT-1 Cells Treated with 250 μg/mL. 

LPEW, L. pumila ethanol-water extract; LPW, L. pumila water extract

Table 1. Gallic acid and Caffeic acid Concentration in 
L. pumila Extracts. Result are depicted as average % 
w/w ± SD (n=3). Significance level was expressed as 
*** p< 0.001.
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was mainly due to the induction of apoptotic cell death in 
SK-UT-1 cell lines.

In vivo uterine fibroid xenograft in athymic mouse model
To evaluate the anti-tumor effect of L. pumila 

extracts, SK-UT-1 cells were injected subcutaneously 
into the right flank of the nude mice. The mice were 
treated with formulated extract of L. pumila, LPF. LPF 
exhibited high significant anti-uterine fibroid activity 
on 21st post cell inoculation day. Figure 5(i) shows the 
average tumor volume in which the two doses of LPF 
(200 and 400 mg/kg) reduced tumor volume significantly 
compared to control group (p < 0.001). Percentage 
reduction in tumor volume for the different groups 
shown in Figure 5(ii). Figure 5(iii) shows tumor size for 
each group after treatment. The treatment with LPF at 
concentration of 200 and 400 mg/kg showed reduction 
of the tumor volume of 48.34 and 53.97 %, respectively. 
The body weight for the mice from each group was 
recorded weekly throughout the experiment, no significant 
reduction of body weight were observed, Figure 5(iv). 

Discussion

Studies have shown that ethanol extract of L. pumila 
and its active fraction possess antiproliferative and 
proapoptotic effect in various cell lines while having 
reduced effects on non-malignant cells. In present study, 
we reported that L. pumila moderately induced apoptotic 
cell death against SK-UT-1 in concentration dependent 
manner. Our HPLC analysis indicate that bioactive 
markers, caffeic acid and gallic acid are present in the 
extracts tested. Cumulating evidence has revealed that both 
compounds may serve as potential adjunct to chemotherapy 
in cancer treatment. Gallic acid has been shown to have 
cytotoxic effects in certain cancer cells, without damaging 
normal cells. Faried et al. (2007) indicated that gallic 
acid isolated from Phaleria macrocarpa induced cancer 
cell death in various cancer cells such as breast cancer 
(MCF-7), gastric cancer (MKN-28) and colon cancer 
(HT-29, colon 201 and colon 26). Gallic acid also showed 
a pro-apoptotic activity mediated, at least in part, by the 
production of H2O2 in leukemia cancer cells (Fabiani et 
al., 2011). 

Figure 4. The Percentage of Viable, Apoptosis and Necrosis in SK-UT-1 Cells after Treatment with L. pumila Extracts 
and Its Biomarker Using Annexin V-FITC/PI Flow Cytometry Quantification. Data were expressed by mean ± SD, 
(n=3). One way ANOVA was used for statistical analysis and the significant differences from untreated control are 
indicated by *p< 0.05, **p< 0.01 and ***p< 0.001. (a) Treatment based on IC50 values (LPW, 28 μg/mL; LPEW, 22 
μg/mL; LPF, 32μg/mL; GA, 4 μg/mL; CA, 8 μg/mL; and EGCG, 22 μg/mL) (b) 100 (μg/mL) (c) 250 (μg/mL). UT, 
untreated; LPW, L. pumila water extract; LPEW, L. pumila ethanol-water extract; LPF, L. pumila formulation; GA, 
gallic acid; CA, caffeic acid; EGCG, epigallocatechin gallate.
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Morphological assessment and flow cytometry 
analysis were conducted to understand the morphological 
assessment and mode of cell death of the extracts and 
its bioactive compounds. Both analysis suggest that the 
growth inhibition by L. pumila extracts was mainly due to 
induction apoptotic cell death. In animal study, it clearly 
shown that L. pumila extract significantly reduced tumor 
size in tested mice. This result indicated that the extract of 
L. pumila was able to suppress tumor growth even though 
it only have moderate apoptotic effects. 

One of the biggest challenges for the use of herbal 
bioactives is their poor solubility and bioavailability. 
These limitations could be resolved by reducing the size of 
the bioactive to enhance the solubility and increasing the 
bioavailability thereof (Medina et al., 2004; Angare et al., 
2012; Agrawal et al., 2012). Recently, many researchers 
have utilized the nanomedicines for the delivery of plant 
bioactives or herbal extracts. Nanosystems can distribute 
the bioactive component at adequate concentration 
throughout the whole treatment period, directing it to the 
preferred site of action. In the present study, liposome of 
L. pumila showed in vivo anti-uterine fibroid effects by 
significant reduction of the tumor size. It is found that the 
phytoconstituents presents in L. pumila, such as gallic 
acid and caffeic acid have been shown to be the bioactive 
compounds with remarkable inhibitory effects the 
proliferation of cancer cells and to inhibits angiogenesis 
(Chang et al., 2010; Zhao and Hu, 2013; Lu et al., 2010). 
A number of nanodosage forms can be developed like, 
liposomes, solid lipid nanoparticles, nanoemulsion, 

nanocapsules and phytosomes. Among these, liposome has 
the capability to makes it more preferable delivery system 
for these herbal bioactives, like its biocompatibility, 
drug loading efficiency for hydrophilic, lipophilic and 
amphiphilic compounds and acted by changing the 
bilayer chemical composition which may regulate the 
pharmacokinetic properties of a drug (Liu et al., 2014; Lin 
and Gu, 2014; Martins et al., 2011). In this study, L. pumila 
liposome was developed and showed its effectiveness in 
in vivo mechanism by reducing the tumor development. 
Thereby, nanoformulation of plant extracts could be a 
valuable aid in increased the efficiency of plant extract 
and minimise their side effects. 

In vitro study anti-uterine fibroid activity showed that 
L. pumila induced apoptosis in a dose dependent manner. 
Anti tumor evaluation through xenograft model shows that 
L. pumila formulation significantly inhibits the ectopic 
implanted uterine fibroid tumor in immune-compromised 
mouse xenograft model. In cancer treatment, one of the 
approaches to restrain tumor growth is by activating the 
apoptotic machinery in the tumor cells (Call et al., 2008; 
Gerl and Vaux, 2005). Cell proliferation and apoptotic cell 
death are important determinants of growth of a tumors 
(Lowe and Lin, 2000). As many chemotherapeutic agents 
have been identified to be able to induce apoptosis in 
cancer cells, (Liu et al., 2000; Hannun, 1997; Simstein 
et al., 2003) apoptosis has been considered as a method 
for the treatment of cancer. Our finding indicated 
that, L. pumila was able to shrink the uterine fibroid 
cancerous cell. Therefore, the mechanisms underlying this 

Figure 5. (i) Tumor Volume of the Uterine Fibroid Induced Mice Treated with LPF-200 mg/kg, LPF-400 mg/kg, Nega-
tive Control and Positive Control. The data indicated high significant reduction in tumor size compared to negative 
control group. *P< 0.05, **P < 0.01, ***P< 0.001. (ii) Percentage reduction in the uterine fibroid tumor size for LPF-
200 mg/kg, LPF-400 mg/kg and positive control. The data indicated high reduction in tumor size. The positive control 
group indicated significant reduction in tumor size as compared to LPF-200 mg/kg and LPF-400 mg/kg, respectively. 
*P<0.05, **P<0.01, ***P<0.001. (iii) Photos show representative mice with tumors from each group after treatment. 
A, LPF-400 mg/kg; B, LPF-200 mg/kg; C, positive control and D, negative control. (iv) Body weight for LPF-200 mg/
kg, LPF-400 mg/kg, negative control and positive control for 21 days.
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potential were suggested due to the cumulative effect of 
phytoconstituents particularly, gallic acid and caffeic acid 
found in L. pumila extracts. The presence of both active 
compounds in L. pumila inhibit the cell viability and 
proliferation activities and thus promoted induction of 
apoptosis on SK-UT-1 cells. 

To our knowledge, this is the first study that addresses 
the potential effect of L. pumila extracts on uterine 
fibroid cancer. Currently, L. pumila is widely consume 
by local people and various research have been made that 
suggested the plant extract can improve the well-being of 
women and posseses an anticancer effects. Therefore, as 
an important plant in traditional malay medicine and the 
potential of this plant possesses, L. pumila were utilized 
for the treatment of uterine fibroids. Based on the data, we 
suggest that L. pumila extracts and it bioactive markers 
play a significant role in treatment of uterine fibroids. 
Further evaluation of L. pumila extract in well-designed 
clinical trials in women with uterine fibroid tumors is 
warranted.
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