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Abstract

In the present study, the safety and toxicity of Dendrophthoe pentandra (DP) extracted
using ethyl acetate were investigated. DP ethyl acetate (DPEA) extract was screened for
its phytochemical constituents using standard procedure and active compounds present
in DPEA extract were determined using gas chromatography-mass spectrometry (GC-
MS), the toxicity of DPEA extract was investigated using brine shrimp lethality assay
(BSLA) while the heavy metal content of DP plant was detected using atomic absorption
spectrophotometer (AAS) and the cytotoxicity effect of DPEA extract on selected cell lines
(HeLa, 1929, Glioma, MD-AMB 231, Hep G2 and MCF-7) was determined through MTT
assay. The results showed that DPEA extract consist of wide range of bioactive compounds
including tannins, saponins, flavonoids and alkaloids. The crude extract contained 1.33%
alkaloid, 2.67% flavonoid and 14.87+0.2ug/g total phenolic content. Heavy metals such as
copper, zinc and manganese were present below the maximum permissible level. GC-MS
result revealed the presence of 39 compounds and out of that, only decanoic acid, palmitic
acid, linolenic acid and beta-sitosterol were suggested to contribute to the medicinal use
of DP. The LC,; of DPEA extract was underdetermined and was predicted above 1000
ppm and DPEA extract showed antiproliferative activity on MCF-7 and 1.929 with LC,;
of 4.72+0.52pg/ml and 18.12+3.46pg/ml respectively. Thus, the result of the present study
revealed that DP plant is relatively safe and can be considered as possible candidates with
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Introduction

From the dawn of ancient medicine, herbal medicine has become a
topic of global importance, making an impact on both world health and
international trade over the past 30 years for their potential as novel
cancer preventive and therapeutic agents.'> Medicinal plants continue
to play a central role in the healthcare system of large proportions of
the world’s population. Approximately 60% of drugs currently used
for cancer treatment have been isolated from natural products and the
plant kingdom has been the most significant source.’* Many traditional
healers and herbalists have been treating cancer patients for many
years using various medicinal plant species.'

Dendrophthoe pentandra (DP) or mistletoe is an evergreen
semiparasitic shrub from the Viscaceae (Loranthaceae) family with
various types which can grow on the branches of various deciduous
trees including tea, apple, pine, mango, lime, larch, pear, oak and
some other plants. Approximately, 1500 species of mistletoe have
been found worldwide.* Different species of mistletoe can grow on the
same host plant or the other way round where one species of mistletoe
grow on multiple host trees.>® Since mistletoe is a semiparasitic
epiphyte, it is suggested that their bioactivities could also depend on
their host plant.

Mistletoe contains different types of biological active compounds
such as carbohydrates, fats, amino acids, oligosaccharides,
polysaccharides, enzyme, flavonoid, glycoprotein (lectin MLT),

polypeptide (viscotoxin), vesicles, and triterpene acids. The chemical
composition of mistletoe varies depending on the techniques of extract
preparation, season and time of harvesting, commercial producer, stage
of growth of the plant, location, and species of host tree. Lectins (ML-
I, ML-II, and ML-III) are the main constituents of mistletoe which
are responsible for its anticancer and immunomodulatory effects.
Researchers are looking forward for the use of medicinal plants in
combination with conventional medicine as supportive therapy
to improve health-related quality of life.* As an anthroposophical
medicine, mistletoe considered as one of the most important herbal
medicine and has the potential to be used in the treatment of cancer.
Founder of anthroposophy medical method, Rudolf Steiner has
introduced mistletoe into oncology in 1920 and it has been used as
an unconventional method in cancer therapy. Marvibaigi et al.* stated
that, using mistletoe extract in cancer therapy especially breast cancer
is recommended due to its minimal side effects and the fact that these
side effects are not life threatening.

In Malaysia, Drug Control Authority (DCA) had emphasis on
the quality efficacy and safety of all pharmaceutical dosage forms of
traditional medicine preparations. DCA has set registration criteria
on traditional medicine particularly on the limits for heavy metals,
limits for microbial contaminations and the absence of steroids and
other adulterants, limits of disintegration time, claimed indications,
prohibition of herbs with known adverse effects, prohibition of
endangered animal species and compliance to good manufacturing
practice. Therefore, the aims of this work are to evaluate the safety
and toxicity of ethyl acetate extract of Dendrophthoe pentandra
(DPEA) as potential anticancer agent. This work also screen the
phytochemical constituents of DPEA extract and determine the active
compounds present in DPEA extract through gas chromatography-
mass spectrometry (GC-MS).
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Materials and methods

Plant material

The leaves of Dendrophthoe pentandra (DP) were collected at
Pasir Hor, Kelantan from Lansium parasiticum tree in May 2013 and
aunthenticated by a botanist of Herbarium Unit, School of Biological
Sciences, Universiti Sains Malaysia, Penang, Malaysia. A voucher
herbarium specimen was deposited at the Department’s herbarium
(Voucher No. 11289). The leaves were washed, dried and blended
into powdered form. The plant powder was stocked in refrigerators
at -200C.

Extraction of dendrophthoe pentandra

Successive solvent extractions were performed in ascending order
of petroleum ether, diethyl ether, chloroform and lastly ethyl acetate
(Merck, Malaysia). Petroleum ether extract was prepared by soaking
powdered sample with petroleum ether in a ratio of 1:10 and placed
on a shaker overnight at room temperature. The extract was filtered
and concentrated using rotary evaporator (Rotavac Heidolph Laborate
4000 series) with water bath set at 250C, followed by evaporating
in fume hood for several days. The dried residue was further
extracted with the following organic solvent sequence of diethyl
ether, chloroform, and finally ethyl acetate. The same procedure was
repeated to give diethyl ether extract. The same residue remained was
re-used for the subsequent extract by reflux method. Later on, the ethyl
acetate extract was dissolved in dimethylsulfoxide (DMSO) to form
stock solution of 10mg/mL. The yields of extracts were calculated
using the following formula:

W Weight e 51009,

Extraction yield = -
w,,,Weight,

otal

Where,

W_= Weight of the extract in respective solvent.

W, = Total weight of the DP plant extract of all solvent.
Phytochemical class of dendrophthoe pentandra

Dendrophthoe  pentandra ethyl acetate (DPEA) extract
was preliminary screened qualitatively and quantitatively for
phytochemical constituents according to the protocols described by
Sofowara’ and Harborne.®

Qualitative phytochemical screening

Detection of flavonoids: ImL plant extract was added to ImL of
10% lead acetate and gently shaken. A muddy brownish precipitate
indicates the presence of flavonoids.

Detection of tannins: 1mL of plant extract was added to ImL of 3%
iron (III) chloride. A greenish black precipitate signifies the presence
of tannins.

Detection of alkaloids: 1mL of plant extract was stirred with SmL
(1%) hydrochloric acid on a steam bath (600C) for 15min and filtered.
ImL of Dragendorff reagent was added to 1mL filtrate. The formation
of cloudy orange is formed indicate the presence of alkaloids.

Detection of terpenoids: SmL extract was mixed with 2mL
chloroform. Then 3mL concentrated sulphuric acid was carefully
added to observe a reddish brown coloration between upper and lower
layer. Formation of reddish brown coloration between those layers
signifies the presence of terpenoids.
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Detection of saponins: Approximately 0.2mL extract was mixed with
SmL distilled water and was shaken vigorously for S5min. Persistence
of foams was the indicator for saponins.

Quantitative phytochemical screening

Total alkaloids: DP extract was dispered in 10% acetic acid solution
in ethanol in a ratio of 1:10. The mixture were allowed to stand for
4 hours at 28°C. Subsequently, it was filtered and the filtrate was
concentrated to one quarter of its original volume by evaporation and
treated with drop wise addition of concentrated aqueous ammonium
hydroxide solution (NH,OH) until the alkaloid will precipitated. The
alkaloid precipitated was received in a weighed filter paper, washed
with 1% ammonia solution dried in the oven at 80°C. Alkaloid
contents was calculated and expressed as a percentage of the weight
of sample anlyzed.

Total flavonoid: 5g of DP extract was boiled in SOmL of 2M HCI
solution for 30min under reflux. It was allowed to cool and then
filtered. A measured volume of the extract was treated with equal
volume of ethyl acetate starting with a drop. The flavonoid precipitated
was recovered by filtration using weighed filter paper. The resulting
weight difference gave the weight of flavonoid in the sample.

Total phenolic content (TPC): 100g of DPEA extract was dissolved
in ImL of 1% hydrochloric acid in methanol (v/v). The extract was then
centrifuged at 6000rpm for 60mins (Hettich Zentrifugen; Universal
32R). 100ul of supernatant was pipetted into a bottle after which
750ul of Folin-Ciocalteau reagent (10 x dilutions) was added. The
solution was left to stand at room temperature (250C) for Sminutes.
After that, 750ul of sodium bicarbonate (60mg/mL) was mixed into
the solution and left to react in the dark for 90minutes. Distilled water
was used as a blank in the analysis. The absorbance of the sample was
read at 725 nm by using UV-VIS spectrophotometer (Varians, USA).
The TPC was calculated by comparing the absorbance with the tannic
acid calibration curve according to the following formula:

TPC(,ug/g) = CXK
Where, g

C= concentration of the tannic acid equivalent from standard curve
(hg/mL).

V= volume of the extract used (mL) and g = weight of extract (g)
The contents were expressed as tannic acid equivalent (ug TAE/g).

Chemical compounds identification of dendrophthoe
pentandra using GC-MS

50pg of crude plant extract was dissolved in 2mL methanol and
put into GC-MS vial for GC-MS analysis. GC-MS analysis was
carried out on a GC Agilent Technologies 6890 Network System
and gas chromatography interfaced to a mass spectrometer Agilent
Technologies 5973 inert Mass Selective Detector. For identification
of components, the interpretation on mass spectrum GC-MS
was conducted using database of National Institute Standard and
Technologies (NIST) 2002 having more than 62 000 patterns. The
spectrum of the unknown component was compared with the spectrum
of the known components in the NIST library. The name, molecular
weight and molecular structure of the components of the test material
were ascertained.

Estimation of lethal dose (LC50) of Dendrophthoe
pentandra using brine shrimp lethality assay (BSLA)

0.25g of brine shrimp eggs (nauplii) were hatched in a well aerated
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beaker containing 3.8% of 250mL seawater (sea salt in distilled water).
Then, it is left at room temperature for 24 to 48hours with bright light
for the hatching process. Later, 0.2g of DPEA extract was dissolved
in 100mL of distilled water to make 2000ppm concentration of stock
solution. Serial dilution will be carried out using the stock solution to
prepare working extract solution with 1000ppm, 500ppm, 250ppm,
125ppm, 62.5ppm, 31.2ppm, 15.6ppm and 7.8ppm concentration.
After the hatching process completed, SmL of each extract solution
and Sml of seawater containing 10 brine shrimp eggs were treated and
incubated in petri dish. The petri dishes were left for 24 hour at room
temperature with well aerated condition and bright light source. Each
of the petri dish was examined after 24hours by using magnifying
glass and the average number of survived nauplii was counted. The
control for this assay is 10mL of seawater containing 10 brine shrimp
eggs. The percentage (%) of mortality of the brine shrimp nauplii was
calculated using the following formula:

% Mortality = Nt/No X100

Where,

Nt= number of killed nauplii after 24 hours of incubation.
No= number of total nauplii transferred, that is 30.

Elemental analysis of dendrophthoe pentandra using
AAS

0.5g of DPEA extract was subjected to dry ash in well cleaned
porcelain crucible at 550°C in a muffle furnace. The resultant ash was
dissolved in SmL nitric acid/hydrogen peroxide (HNO/ HO) (1:1)
and heated gently on hot plate until brown fumes disappeared. 5SmL
of distilled water was added and heated until colourless solution was
obtained. The digested sample were then diluted to 100mL distilled
water and filtered. This solution was used for elemental analysis by
AAS (PerkinElmer, Model Aanalyst 800).

Cytotoxicity test of dendrophthoe pentandra using
MTT assay

Cells were seeded 24hours prior to treatment in a 96-well plate with
a density of 5 x 10* cells/well in 100uL of medium in order to obtain
70% - 80% confluent cultures within 24hours. Then, the medium was
discarded and the cells were supplied with 200pL growth medium.
DPEA extract was dissolved in DMSO, followed by a 2 times serial
dilution from 0.2 to 100ug/mL was added to the cells in 200uL
medium. The 96-well plate was incubated for 72hours at 370C in a
humidified atmosphere with 5% CO,. At the end of incubation, S0uL
of MTT solution (2mg/mL MTT in plain culture medium) was added
to each well and incubated for 4hours. MTT solution was removed
and the purple formazan crystal formed at the bottom of the wells
was dissolved with 200uL. DMSO for 30minutes. The absorbance
at 570nm was read on a spectrophotometric microplate reader. The
proportion of surviving cells was calculated as follow:

%  Cell Viability =  (Absorbance  of
(Absorbance of negative control ) X 100

extract)/

Dose response curve was constructed to determine the IC, values.
Statistical analysis

All experiments will be run in triplicate. Data will be subjected to
analysis of varience (ANOVA) and mean comparisons will be carried
out by using Duncan’s multiple range tests. Statistical analysis will be
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performed using the Statistical Package for Social Sciences (SPSS for
windows: SPSS Inc. Chicago, II., USA, 2006).

Results

Yield of dendrophthoe pentandra from different solvent
extraction

The weight of each solvent extract was recorded and presented in
the form of percentage in Figure 1.

® Ethyl acetate ® Petroleum ether ® Diethyl ether ® Chloroform
Figure | Percentage yield of DP extracts using solvent extraction.

Phytochemical screening of dendrophthoe pentandra
ethyl acetate extract

The qualitative phytochemical screening of DPEA extract shows
that DP comprises of tannins, saponins, flavonoids and alkaloids
but without terpenoids. The results were summarized in Table 1.
The quantitative phytochemical analysis of DPEA extract shows
the presence of 1.3+0.2% of alkaloid, 2.7+0.1% of flavonoid and
14.9+0.2pg/g of total phenolic content using tannic acid equivalent.
The findings were summarized in Table 2.

Table | Phytochemical screening from DP leaves extract

Constituent Ethyl Acetate (Solvent)

Tannins +
Saponins +
Flavonoids +
Terpenoids -
Alkaloids +

Key: + indicate the presence of constituent.

- indicate the absence of constituent.

Table 2 Quantitative phytochemical identification of DPEA extract

Phytochemical Class  Value
Alkaloid 1.32+0.1%
Flavonoid 2.7°40.1%

Total phenolic content 14.9< 0.1 pg/g TAE

Values represent means * standard deviation.

These assays were done in triplicate (p<0.05).

GC-MS analysis of dendrophthoe pentandra ethyl
acetate extract

The active principles with their retention time (RT), peak area in
percentage, and name of the compound were presented in Table 3. The
GC-MS analysis revealed that 39 compounds were detected from the
crude DPEA sample (Figure 2). Out of these 39 compounds, the most
highly abundance compounds of higher peak area such as, acetoacetic
acid, citramalic acid, linolenic acid, ethylene glycol, monoacetate, and
beta-sitosterin were highlighted and listed as follow.
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Figure 2 GC-MS chromatogram on DPEA extracts.
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Figure 3 The relationship between the mortality rate and log different
concentration of the DPEA extracts.

Brine shrimp lethality assay (BSLA)

The lethality of the DPEA extract to brine shrimp was determined
and the values were expressed in Table 4. The mortality of brine
shrimp increased with increasing concentration for DPEA extract.
It shows that effect of DPEA was concentration dependent on brine
shrimp nauplii. Using BSLA, DPEA extract had shown the mortality
rate of only 3.45% at the highest concentration of 1000ppm whereas
no mortality been observed at other lower concentrations. The
mean results of brine shrimp mortality against the logarithms of
concentrations were plotted in Figure 3 using the GraphPad Prism
version 6.01 program and the regression equations were used to
calculate LC, value.
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Figure 4 Relationship between the percentage of cell viability and logarithms
of different concentration of DPEA extract with representative cell line.

Heavy metal level in dendrophthoe pentandra

The elemental composition of lead, cadmium and chromium were
not detected in DPEA whereas copper, zinc and manganese were
detected with respective value as shown in Table 5.

Cytotoxicity analysis of dendrophthoe pentandra ethtl
acetate extract

To further confirm cytotoxicity of DPEA extract, the extract was
screened by MTT assay for cytotoxicity effect against MCF-7, HeLa,
Hep G2, glioma, MDA-MB-231, and normal mammalian (L929) cell
lines (Table 6). The graphs on relationship between the percentage
of cell viability and logarithms of different concentration of DPEA
extract with representative cell lines were shown in Figure 4.

Discussion

Cancer is often associated with increased risk of death and patients
often suffered from the toxic side effects caused by the modern
medicine. Therefore a lot of cancer patients seek for alternative and
complementary methods of treatment such as usage of phytomedicine.’
On the other hand, WHO has emphasized strongly on the rational use
of traditional and natural indigenous medicines, for treating diseases.'
In this regard, we had conducted several studies to determine the
safety and toxicity as well as phytochemical constituents and active
compounds of medicinal plant, Dendrophthoe pentandra which is the
potential anticancer agent.

Phytochemicals are chemical compounds that naturally occur in
plants and responsible for color and other organoleptic properties and
may have some biological significance like carotenoids and flavonoids
but not established as essential nutrients.!"""* Phytochemistry or plant
chemistry had developed in recent years as distinct discipline and
pointed out by Harbone® that natural product organic chemistry and
plant biochemistry is closely related to both. It is concerned with
the enormous variety of organic substances that are elaborated and
accumulated by plants and deals with the chemical structures of these
substances, their biosynthesis, turnover and metabolism, their natural
distribution and their biological function.® In the experiment, methods
are needed for separation and identification of the many different
constituents present in plants.

In the present study DP leaves was found out to be rich in tannins,
saponins, flavonoids and alkaloids while terpenoids were absent.
Tannins are defines as phenolic compounds of high molecular weight
ranging from 500Da to 3000Da. It is closely associated with plant
defense mechanisms and have beneficial effects on protein metabolism
in ruminants, decreasing rumen degradation of dietary protein and
increasing absorption of amino acids in the small intestine.'* Although
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tannins have astringency' and poor bioavailability'® it is reported to
possess the ability to reduce the risk of cardiovascular disease,'”'®
antioxidant activity and anti-carcinogenic as well as anti-mutagenic
properties.!” The present study was in agreement with the findings of
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researchers which reported that the DP leaves have high antioxidant
activities.*” These perhaps, explain why DP is used in treating
wounds and skin infection due to the presence of tannins that hasten
the healing of wounds and inflamed mucous membrane.*'

Table 3 Library search report of GC/MS chromatogram revealing bioactivecomponents in DPEA extract

No RT Peak Area Library ID Molecular Weight (g/mol)  Molecular Formula
1,3,6-Trioxocane, 2-methyl- 132.16 CGHIZO3

| 5.22 7.07 Butanoic acid, 2,2-dimethyl-3-oxo-, methyl ester 144.17 CH,O,
N,N-Dimethyl-3-tert-butoxypropylamine 159.26 CH, NO
Butanedioic acid, 2-hydroxy-2-methyl-, (S)- 148.11 CHO,

2 5.67 8.92 |,2-Ethanediol, monoacetate 104.10 C4HHO3
Pentanoic acid, 3-hydroxy-, methyl ester 146.18 CH,O,

3 7.57 8.10 n-Decanoic acid 172.26 C,,H,0,
9,12,15-Octadecatrienoic acid, (Z,Z, Z)- 278.43 CIBHJOO2

4 11.83 9.55 9,12,15-Octadecatrien-1-ol, (Z,Z,Z)- 264.45 CH,0
9,12,15-Octadecatrienoic acid, ethyl ester, (z,z,z)- 306.48 CmHMO2

B eas e esterolbetn Skostri 41472 CouO

Table 4 Number of shrimp nauplii that survived after treating with DPEA extract and mortality rate

Plant Extract DP Concentration (ppm)

Number of Surviving (after 24 hours)

Total Number of Survivors % Mortality

RI R2 R3
1000 9 10 10 29 345
500 10 10 10 30 0
250 10 10 10 30 0
itc';yt'ate 125 10 10 10 30 0
Extract 62.5 10 10 10 30 0
315 10 10 10 30 0
15.6 10 10 10 30 0
7.8 10 10 10 30 0
Table 5 Elemental composition of DP leaves using AAS
Elemental Analysis Value Detected
Copper 3.0°£0.1ppm
Zinc 1.1°20.1ppm
Lead 0.0+0.0ppm
Cadmium 0.0+0.0ppm
Chromium 0.0+0.0ppm
Manganese 11.84+0.1ppm
Values represent means * standard deviation.
This assay was done in triplicate (p<0.05).
Table 6 IC,  value of DPEA on the tested cell lines
Cell Line IC, Value of DPEA IC,, Value of TAMO
MCF-7 4.72+0.52pg/mL |.6ug/mL*
Hela NA 35.2+2.7pg/mL
Hep G2 NA 3.2+0.5pg/mL
Glioma NA 10.2+0.8ug/mL
MDA-MB-231 NA |.3pg/mL*
L929 18.12+3.46pug/ mL 2.5+0.3pg/mL

Key: *Indicate for manual calculation.

Saponins are chemical compounds found in particular abundance
in various plant species and can be further divided into three major
classes which are triterpene glycosides, steroid glycosides and
steroid alkaloid glycosides. Saponin has the antioxidant effect,”
antiglycation,”?* anti-inflammatory,? surfactant activity due to
amphipathic nature,” complexation with cholesterol and causes
hemolysis in erythrocyte on iv, enhance proteins penetration through
membranes and augment the cytotoxicity of targeted immunotoxins

directed against human cancer cell.?® Researchers also in line with
the present finding where DP had shown to have anticancer and free
radical scavenging potency by means of anticancer activity on cell
proliferation inhibition and inducing apoptosis of breast cancer cell
lines T47D and MCF-7.2!27-28

The presence of flavonoids in DP justifies a wide range of
possible biological and pharmacological activities. In vitro studies
shown that flavonoids been reported to exhibit anti-allergic,? anti-
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inflammatory,®3°  antioxidant,®® antibacterial,®® antifungal and
antiviral,’! anticancer’® and antidiarrheal activities.*® Though there
is ongoing research into the potential health benefits of individual
flavonoids, neither the Food and Drug Administration (FDA) nor the
European Food Safety Authority (EFSA) has approved any health
claim for flavonoids or approved any flavonoids as pharmaceutical
drugs. Study from Marvibaigi and coworkers* pointed out that
mistletoe contains different types of biological active compounds
including flavonoid.*

Alkaloids appear to be active metabolites but their usefulness
to plants remains obscure. An alkaloid is a nitrogen-contained
organic compound. Medicinal use of alkaloid-contained plant had
a long history for instance at 19th century, morphine from Papaver
somniferum immediately found application in clinical practice. The
presence of alkaloids in DP might indicate that it had the properties of
psychoactive substances. Many synthetic and semisynthetic drugs are
structural modifications of alkaloids, which were designed to enhance
or change the primary effect of drug and reduce unwanted side effects,
for instance, naloxone, a derivative from the baine in P. somniferum.>*

According to Fitrilia et al.>* DPEA extract from host clove found
out to be rich in tannins, flavonoids and triterpenoids but absent of
alkaloids and saponins. However, present study shows that alkaloid
and saponin were present. The difference in the phytochemical
analysis obtained might be due to the different host plant and the
choice of the solvent used in maceration extractions.

DPEA had been evaluated through GC-MS to characterize the
phytochemical compounds that have been present earlier. It is a good
tool to identify constituents of volatile matter, long chain, branched
chain hydrocarbons, alcohols, acids and ester.*® The identification
of the compound was based on the peak area, retention time and
molecular formula. As mention earlier, only the most highly abundance
compounds detected (highest peak area) will be discuss, including
acetoacetic acid, citramalic acid, ethylene glycol monoacetate, n-
decanoic acid, palmitic acid, linolenic acid and beta-sitosterin.

Butanoic acid, 2,2-dimethyl-3-oxo-, methyl ester or commonly
known as acetoacetic acid, 2,2-dimethyl-, methyl ester (NIST, 2011)
is an organic compound with beta-ketone acid group. The compound
was stable and used in industrial scale as precursors to dyes.’® The
restricted ketogenic diet which is high fat, moderate protein, low
carbohydrate diet was used as cancer treatment. The restriction refer
to the number of calories is limited and the amount of carbohydrate
is extremely low. Such diet leads to vital changes in the ways cells in
the body are nourished. Healthy cells can use glucose or ketone bodies
as their primary energy source. The primary types of ketones that are
used as an energy source are acetoacetic acid and beta-hydroxybutyric
acid. The emphasize point is that cancer cells are unable to use ketones
for their energy source because they rely on glucose and glutamine
for metabolism. When a person adopt ketogenic diet, a phenomenon
where reduced level of glucose in the blood and elevated levels of
ketone bodies, causing cancer cells to have no access to glucose and
rapidly die (denied their primary energy source and starved) while all
healthy cells in the body nourished by ketones.*’

Butanedioic acid, 2-hydroxy-2-methyl-, (S)- or commonly known
as citramalic acid, plays a role of donating hydrogen atom to acceptor.
It was commonly found in algae, human and plant metabolites. It is
also contribute to the functional parent succinic acid.

1,2-Ethanediol, monoacetate or with common name ethylene
glycol, monoacetate was suggested compound in the GC-MS
experiment. Through the literature search, poly (ethylene glycol)
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multiblock copolymer as a carrier of anticancer drug doxorubicin.
At the most time, poly(ethylene glycol) frequently used hydrophilic
polymer for protein modification. It has been found that “pegylated”
proteins like enzymes or antibodies, etc. are more resistant to
proteolytic degradation than unmodified ones. They also exhibit
much longer circulating times in blood and lower immunogenicity.*
Tremendous efforts had been developed for site-specific drug delivery,
thereby optimal drug action is necessary to deliver the drug to targeted
site in most efficient way. Study from Kim et al.** showed that methoxy
poly(ethylene glycol) when pair with poly(e-caprolactone), MePEG/
PCL could be a novel anticancer drug carriers with low toxicity in
male mice. The compound MePEG/PCL was recommended by
researchers Kim et al.* for the ease of taxol delivery as taxol exhibit
high lipophilic characteristics while with the incorporation of the
compound, drug can be suspended in water.*’

Decanoic acid is a fatty acid, forming a salt or ester with a drug
will increase its lipophilicity and its affinity for fatty tissue. Since
distribution of a drug from fatty tissue is usually slow, one may
develop depot injection by using its decanoate form. Decanoate
ester prodrugs of various pharmaceuticals are available. Some
examples of drugs available as a decanoate ester include nandrolone,
fluphenazine, bromperidol, and haloperidol. Decanoic acid may
mimic the mitochondrial proliferation associated with the ketogenic
diet and that this may occur via PPARy receptor agonism and its
target genes involved in mitochondrial biogenesis.*' Decanoic acid
exhibited antiseizure and anticonvulsant effect to ketogenic diet."!
However, it had poor bioavailability as orally ingested medium chain
fatty acids would be very rapidly degraded by first-pass metabolism
by being taken up in the liver via the portal vein and are quickly
metabolized via coenzyme A intermediates through B-oxidation and
the citric acid cycle to produce carbon dioxide, acetate and ketone
bodies.*’ Palmitic acid or n-Hexadecanoic acid is a common saturated
fatty acid found in animals, plants and microorganisms. Palmitic
acid was used to produce soaps, cosmetics and release agents. These
applications utilize sodium palmitate, which is commonly obtained by
saponification of palm oil. It is inexpensive and often used as natural
additive to add texture to processed foods. Hydrogenation of palmitic
acid yields acetyl alcohol which was used to produce detergents and
cosmetics. In terms of pharmacological application, paliperidone
palmitate was used in the treatment of schizophrenia. Aside from its
antipsychotic usage, palmitic acid also like decanoic acid to use in
depot medication particularly haloperidol decanoate. The highlighting
part of palmitic acid is that it has been studied as anti-tumor® and
anticancer* activities. This compound was suggested by Benoit et
al.® to play a role in weight regulation as in vivo study from rats fed
a diet of palmitic acid shows suppression of the body natural appetite
suppressing signals from leptin and insulin.*

Linolenic acid (CLA) or linoleic acid is the common name
for 9,12,15- Octadecatrienoic acid, methyl ester, (Z,Z,Z)-. It is a
polyunsaturated omega-6 fatty acid and was categorized into essential
fatty acids. This compound was known to aids in the prevention of
coronary heart disease, reduces plasma lipoproteins and early aortic
atherosclerosis in hypercholesterolemic hamsters, cancer preventive
activity, anti-inflammatory, hepatoprotective,* anticarcinogen,
restore insulin sensitivity, reduced body fat and antioxidant activity.*’
Interestingly, CLA had been marketed in the form of dietary
supplement for its anticancer benefit and bodybuilding aid.

Beta —sitosterol or 22,23-Dihydrostigmasterol, Stigmast-5-en-3-
ol or S-Sitosterin is being studied for its potential to reduce benign
prostatic hyperplasia and blood cholesterol level. It is known as the
precursor of anabolic steroid boldenone. This compound was found
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to have anticancer, hypocholesterolemic, anti-inflammatory and
antipyretic properties. As a whole, DPEA sample was rich in chemical
compounds particularly decanoic acid, palmitic acid, linolenic acid and
beta-Sitosterol. Zainuddin et al.?! proposed that the traditional claimed
on the medicinal plant DP might be contributing to the existence of
these compounds in DP. The finding of the present research project
was in line with the result from Zainuddin et al.?"* where benzoic
acid, hexadecanoic acid and linolenic acid were in common. Though
the GC-MS analysis derived possibility of 39 compounds of DPEA,
the purity of the sample would be concerned but the result obtained
still considered as valid as bioactive compounds detected supported
by previous research.

The purpose of a toxicity test is to produce data concerning the
adverse effect of an agent on the test organisms. The most common
type of toxicity test with aquatic animals is the acute mortality test
which is usually conducted to obtain information about a median
lethal concentration, C,. Brine shrimp lethality assay (BSLA)
represents a rapid, inexpensive and simple bioassay for testing plant
extract lethality which in most cases correlates reasonably well with
cytotoxic and anti-tumour properties.* The data produced by the
BSLA presents the percentages of mortality of nauplii that were
killed by different concentrations of toxicant after specified length
of exposure. Generally, BSLA of the plant extracts were found to
be concentration-dependent. According to Meyer et al.* crude plant
extract is toxic (active) if it has LC,; value of less than 1000ug/mL
whereas non-toxic (inactive) if it is greater than 1000pg/mL. LC, is a
standard measure of the toxicity of the surrounding medium that will
kill half of the sample population of a specific period through extract
exposure. In this study, DPEA extract did not show significant result
on LC, value. LC, was not being able to calculate since the extract
is incapable in causing death of the brine shrimp even at 50%. The
finding of the present study was encouraging by previous research
where Artanti et al.® found out that both DP methanolic and water
extract are relatively safe to be consume as traditional or alternative
medicine. The BSLA value obtained was more than 1000pg/mL.°
Following studies using DPEA on cancer cell lines was performed
to know if they have anticancer potential. If the extract is found to be
not toxic in BSLA but found to be toxic in cancer cell line assay, it
could be a good indication that the cytotoxic compounds in the DPEA
might have more specificity to cancer cells and hopefully less toxic to
normal cells.®

The safety of herbal medicines is a global concern and national
health authorities have developed mandates to ensure the safe use
of herbal medicines. Herbal medicines might subject to potentially
hazardous contaminants and residues. Contaminants in herbal
medicines are classified into physicochemical contaminants and
biological contaminants. Such contamination should be avoided
through quality assurance measures such as good agricultural
and collection practices (GACP) for medicinal plants and good
manufacturing practices (GMP) for herbal medicines.™

Due to the variation and inherent complexities of herbal drugs,
the WHO standard was strictly followed as reference of heavy
metal level. To further understand the elemental composition of DP
plant, AAS test was performed in order to protect public health and
keep residues and contaminants at levels which are toxicologically
acceptable. In the present study, heavy metals detected were below
the maximum permissible level suggested by WHO. DPEA had been
evaluated through IC, value, which represents the concentration of
compound that is required to inhibit 50% of cell population in vitro.!
National Cancer Institute (NCI) has reported those crude extracts
which demonstrate IC, less than 20 pug/mL is considered to have
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good cytotoxic activity against cell lines.>® In this study, that range
value was used as a rough reference point for evaluating the activity
of the DPEA extract. The determination of percentage of cell viability
was conducted by using MTT assay. Result showed that there was
no anti-proliferative activities were acquired from DPEA extract
on HeLa, HepG2, Glioma and MD-AMB 231 as the IC, value was
high. In contrast, the DPEA exhibited good anti-proliferative activity
towards MCF-7 cells. DPEA extract showed less effect on L929 cell
proliferation. On the other hand, tamoxifen, an approved drug by
Food and Drug Administration (FDA) was used as positive control
to reduce cancer occurrence especially breast cancer. The positive
control, tamoxifen exhibited anti-proliferative activity on HeLa
cells and normal cells, L929 cells. Growth of some cancer cells may
initially be attenuated by tamoxifen but become resistant to continued
treatment and the cells can continue to grow.” Undesired side effects
have affected healthy L929 cells when given tamoxifen treatment and
DPEA treatment. In contrast with the toxicity of tamoxifen, DPEA
show less cytotoxicity. The negative control used was DMSO. Using
Prism, the IC, value for MCF-7 and MD-AMB 231 was found out to
be too wide to be determined. However, we had performed manual
calculation to obtain IC, value of MCF-7 and MD-AMB 231. For this
screening assay, malignant cell lines MCF-7 and 1929 cells showed
significant anti-proliferative activity. From the previous study,
Zainuddin stated that different types of extract could reveal different
therapeutic effects towards MCF-7 breast cancer cells.?® The present
finding in tandem of the previous work where DPEA inhibit MCF-7
cell growth in MTT treatment.

From the literature search, DP was found out to have anti-
proliferative activity on breast cancer cell line T47D cell proliferation
and induce apoptosis using MTS assay.”’ Another study from
Zainuddin?'** performed MBA assay and reported that no IC,
detected in MDCK, 1.929 and Vero cell lines when tested with several
concentrations of the extract. This indicates that the DP extract does
not show any severe cytotoxic effect on mammalian normal cells
from previous studies. No toxicity on this results of all DP extracts
could be a good sign that this plant is relatively non-toxic, thus it is
relatively save to be consume for traditional medicine. DPEA extract
could be possible candidates with promising potency to be developed
as new chemotherapeutic candidate with further study. The search for
anticancer property from the leaves of DP is scarcely reported. To
understand more on the cytotoxicity effect of DP or the mechanism
of DP as potential anticancer candidate was still remained unknown
and should be in-depth studied. The active compound present in
DPEA need to be isolated and this could lead to the discovery of a
novel compound. Understanding functional role and regulation of
apoptotic events of DP will provide mechanisms involved in cancer
cell proliferation and in combating malignancy.

Conclusion

In conclusion, the result from the present research could be an
encouraging evidence to show that DP plant was relatively safe and
non-toxic. The phytochemicals present in DP were alkaloids, tannins,
saponins, and flavonoids. Plant extract did not show 50% mortality of
nauplii thus the LC, of the extract still remain unknown. However,
based on the finding of the statistical analysis and mathematical
equation, the LC, can be deducing as more than 1000 ppm. Heavy
metal content detected in DP passed the maximum permissible level
suggested by WHO guidelines. DPEA shows antiproliferative activity
on MCF-7 of IC 4.7240.52pg/mL and 1929 of IC, 18.12+3.46pg/
mL. Chemical compounds especially decanoic acid, palmitic acid,
linolenic acid and beta-Sitosterol was suggested to contribute to the
medicinal use of DP among community. The finding of the study only
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conclude the safety and toxicity of DP plant subject to the host plant
Lansium parasiticum using the methodology described. Chemical
composition of DP plant can be varies depending on techniques of
extract preparation, season and time of harvesting, commercial
producer, stage of growth of the plant, location and species of the
host tree.
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