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ABSTRACT

Mikania micrantha H.B.K (Asteraceae) is a creepy with soft stem weed which also known locally as Selaput
Tunggul. Although being considered among worst Invasive Alien Weed (IAW) species in the world with less
biologically importance, it still has patronage from traditional practitioners as the remedy to cure insects or snake
bite. This study reports other promising medicinal properties of this plant species. Dried leaves were extracted with
various solvent systems, concentrated under reduced pressure and later evaluated for its anti-kinase, anti-phosphatase
and cytotoxic activities. Both anti-kinase and anti-phosphatase assays targeted protein MKK1, MSG5 and PP1 in
mutated yeast strains namely as MKK 1786, MKK1P%%_ MSG5, PAY704-1 and PAY700-4, respectively. The crude
methanolic extract has observed as the only inhibitor for PP1 screening assay. Liquid-liquid partition of this extract
has confirmed the chloroform partition exhibited potential activity against PP1. Further separation of this partition
extracts using column chromatography yielded 5 fractions namely as F1 to F5. Fraction F2 was later confirmed as
the PP1 inhibitor, while fraction F1 observed as toxic. MTT assay of this plant extracts also showed good cytotoxic
activity against HL60 cell line. This result has indicated that M. micrantha shows promise as the natural anticancer
agent.
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1. INTRODUCTION

Cancer is a disease of cells that proliferate inappropriately in the body partly due to the disturbance in protein
kinase-mediated cell signaling pathways (Noble, 2004; Weinberg, 2007). Thus, targeting signal transduction
pathway has become an effective therapeutics strategy in developing chemicals agents to treat cancer (Cobb and
Ross, 2007). Protein phosphorylation is a major process in signal transduction pathway. Each protein typically acts
by altering the conformation of the downstream protein in the series by activation or inhibition process of the protein,
namely as protein kinases and protein phosphatases. Mitogen-Activated Protein Kinase (MAPK) cascades are
abundant players in signal transduction which serve as highly conserved central regulators of growth, embryogenesis,
cell death, differentiation, proliferation, stress responses and apoptosis (Mattison, 1999; English and Cobb, 2002;
Nakagami, 2005). On the other hand, protein phosphatases are important regulators in glycogen metabolism, cell
signaling and learning activity, acts as positive regulators of many hormonal responses, protein synthesis, muscle
contraction, metabolism and transcription process (Shenolikar, 1994; Mitsuhashi, 2001; Watanabe, 2001; Bennett,
2006). Abnormalities from the control of kinase and phosphatases had been detected in various tumors progressions
such as melanoma, breast carcinoma, pancreatic, prostate and ovarian cancer.

Mikania micrantha (H.B.K) is an invasive weeds species belonging to the family of Asteraceae (Perez-
Amador, 2010). It is a creepy plant with the soft stem, heart-shaped leaves, flowers contained many white to greenish-
white florets, and locally known as ‘Selaput Tunggul’. The seed dissemination of this plant relies on the wind power
and might successfully germinate within 8 days (Fengjian, 2007). Previous studies reported that Mikania genera are
rich with hydroalcoholic acid, coumarin, steroids, diterpenes and sesquiterpenes (Lobitz, 1997; Sola Veneziani and
De Oliveira, 1999; Bighetti, 2005). This group of plants genus were used as medicinal herbs for anti-spasmodic, anti-
ulcerogenic, anti-rheumatic, fever, influenza and respiratory diseases (Bighetti, 2005; Perez-Amador, 2010). For
instance, Mikania decora had been reported with cytotoxic activity against various cancer cell lines (Aponte, 2011).
Recent phytochemical studies on M. micrantha showed the presence of sesquiterpenes lactones and phenolic
compounds (Cuenca, 1988; Wei, 2004). This plant had been reported to remedy the insects or snake bite (Lentz,
1998). Despite of these researches, none of the studies have been conducted in relation to biological activities of this
plant against protein kinase and phosphatases. Hence, the objectives of this presented study were to determine the
anti-kinase and anti-phosphatase activities of M.micrantha, as well as determining its cytotoxic activitiy toward
HL-60 cancer cells.

2. MATERIALS AND METHODS
Plant material: The plant was collected from Membakut area, Sabah, Malaysia and deposited in Borneensis,
Institute of Tropical Biology and Conservation (ITBC), University Malaysia Sabah (BORH number 0963). Samples
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were washed thoroughly with tap water, air-dried, powdered and stored in air-tight containers at room temperature
for extraction purposes.

Plant extraction and compound isolation: Ground sample was soaked in methanol with the ratio 1:10 to obtain the
crude methanolic extracts (CME). The CME were further fractionated using different polarity of organic solvents
namely as hexane, ethyl acetate, chloroform, chloroform:methanol (3:1), butanol and aqueous through liquid-liquid
extraction methods following the method by Harborne (1998) with a slight modification. The six different fractions
namely as hexane extracts (HE), ethyl acetate extracts (EAE), chloroform extracts (CE), chloroform:methanol
extracts (CME), butanol extracts (BE) and agueous Extracts (AE) were filtered through filter paper (Whatman paper
no.1) and evaporated to dryness under vacuum using rotary evaporator at 40°C (Heidolph, Germany) and freeze
dried for agueous extract. Upon test, the extracts are dissolved in methanol at concentration of 100mg/ml. Selected
potential extract was further fractionated using gradient elution on silica gel column chromatography (Merck, 0.040-
0.063mm, 230-400 mesh). Extraction yields of extracts and fractions were calculated as below;

Yield (%) = ___ Dry weight of extracts or fractions x 100
Dry weight of plant powder or crude extracts
Test Microorganisms: Anti-kinase and anti-phosphatase screening assay were done using mutant yeast strains from
Prof. Minoru Yoshida (University of Tokyo, Japan) and Prof. Micheal JR Stark (University of Dundee, Scotland).
The MAPK Kinase (MKK1), MAPK Kinase Phosphatase (MSG5) and Protein Phosphatase 1 (PP1) screening system
are using MKK1™% MKK1™8 MSG5, PAY704-1 and PAY700-4 yeast strains, respectively. Table 1 showed the
genotype of strains used in the screening assay.
Table.1. Genotype of yeast strains used in various type of screening assay

Screening assay Strains Genotype References
Mata ade2-1 his3-11 leu2-3, Andrews and Stark
PAYT704-1 112trp1-1 ura3-1 can1-100 ssd1-d2 (2000)
Protein phosphatase glc7::LEU2 trpl::GLC7::TRP1 Gal+
type-1 (PP1) PAY700-4 Mata ade2-1 his3-11 leu2-3,112trp1-1 ura3- | Andrews and Stark
1 can1-100 ssd1-d2 glc7::LEU2 trpl::glc7- (2000)
10::TRP1 Gal+
Transformant from wild type 1788 with
. P386 mutant type nNV7- MKK1™®(GAL1p-
'\"&PKKI'(”SSG MKK1 MKK1P30), Watanabe (1995)
MATa/MATa ura3/ura3 leu2/leu2 trpl/trpl
his4/his4 canl/canl [pNV7-MKK1"%%6],
MAPK phosphatase MKK17 MSG5 Mata GAL1p-MKK1P386::TRP1 ura3 leu2 | Watanabe (1995);
(MSG5) - trpl his4 can1[Pspgl4-MSG5] Ho (2001)

Anti-kinase and anti-phosphatase assay: Sterile paper discs (Whatmann No.3) with the diameter of 6mm were
impregnated with 20ul of extracts samples (100mg/ml) and left to dry under laminar flow cabinet. Sterile forceps
used to transfer the disc onto the screening medium. Then, these dried paper discs impregnated with extract were
placed on the inoculated agar surface for each type of screening tests. Both MKK1 and MSG5 yeast strain were
incubated in broth culture at 28°C with 220 rpm for 2 days for fermentation purposes and later were incubated on
both glucose and galactose media at 28°C for 5 days for screening assay (Gustin, 1998; Watanabe, 1995). Meanwhile,
PP1 screening system had used YPD and YPD+1M sorbitol media. Both yeast strains were incubated at 28°C,
220rpm and 3 days for fermentation and later incubated at 25°C and 37°C for 5 days for screening assay (Andrew
and Stark, 2000). Zones of inhibition observed as measured and photographed for data analysis.

In-vitro cytotoxicity activity: MTT assay was carried out to determine the cytotoxic activity of the samples (Lim,
2009). HL-60 human promyelocytic leukemia was obtained from the American Tissue Culture Collection (Virginia,
USA) and maintained in RPMI 1640 medium (Invitrogen Corp.) supplemented with 10% Fetal Bovine Serum (FBS).
Approximately 1.5 X 10* of HL-60 of exponentially growing cells in 80ul of medium were seeded in each well of
the 96-well plate and were allowed to adhere overnight. Cells were then treated with each extract at both 20 and
100pg/ml concentrations giving the final volume of 100ul in each well. At the end of the incubation period (48 hr),
15 pl of 5 mg/ml MTT in phospahate buffered saline (PBS) was added and incubated for 4 hours. Medium and
formazan product generated from the viable cells were aspirated and formazan formed was solubilized with 100pl
of dimethyl sulphate (DMSO). Absorbance, as a measurement of viable cell number, was read at 570nm with
Spectramax. The cell percentages viability formula is as follow;

% viability = (Abs of live cell count/Abs of total cell count) X 100
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3. RESULTS AND DISCUSSION
Extraction yield: Alcohol is a universal solvent for preliminary extraction (Harborne, 1998). According to
Fasihuddin and Hasmah (1993), most of the secondary metabolites such as flavonoids are polar and easily dissolve
in the alcoholic solvent. Percentages yield of all extracts recorded as shown in Table 2. Based on the data, chloroform
extraction produced higher yield (3.30%) while the lowest was agqueous extraction with only 0.50% yield.

Table.2. Extraction yield of M. micrantha in percentage (w/w

Extracts Percentage Yield (%)
Hexane (HE) 1.17
Ethyl acetate (EAE) 1.03
Choloroform (CE) 3.30
Chloroform:Methanol (3:1) (C:ME) 0.83
Buthanol (BE) 0.70
Aqgueous (AE) 0.50
Column chromatography fractions
CE.F1 1.50
CE.F2 0.90
CE.F3 2.30
CE.F4 2.90
CE.F5 1.80

Anti-kinase activity: Anti-kinase activity was performed using MKK1 and MSGS5 screening assays. Glucose and
galactose media were used in MKK1 screening system. MKK1¥ yeast strain was able to grow on glucose-
containing medium but unlikely on galactose. Therefore, the growth of this mutant yeast could be compared in the
medium that contains glucose and galactose. The presence of inhibitor however detected when there are none
inhibitory zones on glucose media yet the yeast strain growth around the paper disc on galactose media. Toxic
extracts showed inhibitory zones on glucose plate, but no growth observed on galactose plate (Doi, 1994; Watanabe,
1995; Gustin, 1998). MKK 1" inhibits the growth of the yeast cells when overexpressed by strong GAL1 promoter.
Therefore, induction with the addition of galactose in the media can cause this gene the overexpression. The presence
of galactose induced the GAL1 promoter and hence resulted in the overexpression of MKK 13, resulting in growth
of inhibitory effect on the yeast cells. As a result, if there is any potential inhibitor that inhibits MKK 1", the yeast
able to grow because it would arrest the Pkc pathway at Bckl, MKK1 or Mpk1 (Watanabe, 1995).

In order to specify the targets on MKK1 inhibitory activities only, MSG5 screening assay should be
conducted (Watanabe, 1995). Glucose and galactose media was also used in this system. MKK1P%¢ MSG5 yeast
strain will grow as normal as wild type strain on both glucose and galactose media. MSG5 inhibitor displayed
inhibitory zones only on galactose, unlike toxic extracts that reacted on both screening media (Doi, 1994, Watanabe,
1995, Gustin, 1998). In MSGS5 inhibitor screening, yeast mutant MKK 173 will be transformed with the plasmid
carrying MSG5 producing MKK1P8¢ MSG5 yeast strain. MSG5 belongs to the novel subclass of protein
phosphatases whose substrates are MAP kinase family members. Overexpression of MSG5 suppresses the toxic
effect caused by hyperactivation of the Mpk1 pathway by dephosphorylating and inactivating Mpkl MAPK. Thus,
in MSG5 screening assay, mutant yeast strain grew in glucose plate as the GAL1 promoter is not induced. However,
galactose plate also has yeast growth because of the overexpression of MSG5 will inhibit its target; Mpkl
consequently suppresses the growth inhibitory effect as a result of overexpression of MKK 1% gene (Doi, 1994;
Watanabe, 1995). If the extract potential to both MKK1 and MSG5 screening assay, thus it can be assumed that the
extract specifically as MKK1 inhibitor. However, results showed no significant activities for all extracts and
fractions.

Anti-phosphatase activities: Anti-phosphatase activity was performed using PP1 screening test. In anti-phosphatase
screening assay, type-1 protein serine/threonine phosphatase (PP1) has been targeted. About eight different growth
conditions have been prepared by manipulating type of media (YPD and YPD+1M sorbitol), yeast strain (PAY704-
1 and PAY700-4) and temperature (28°C and 37°C). In normal condition, both strains will be growing on the media
with the exception of PAY700-4 on YPD media at 37°C. The presence of inhibitor will mimic this property;
inhibitory zones will be detected on wild type strain, PAY700-4 using YPD media at 37°C (Andrew and Stark, 2000).
The potential inhibitor is able to mimic the properties of a temperature-sensitive PP1 mutant (glc7-10) at its restrictive
temperature. glc 7-10 causes a cell cycle arrest and a cell wall integrity defect at 37°C, but proliferation and cell
integrity is rescued by addition of 1M of sorbitol. A potential inhibitor that acts on the wild-type GLC7 should,
therefore, exhibit similar characteristics; cell proliferation and cell integrity is rescued by addition of 1M of sorbitol
and, therefore, no inhibition zone at the wild type strain with 1M of sorbitol (Sasoon, 1999, Andrew and Stark, 2000).
Catalytic subunit of type | protein serine/threonine phosphatase (PP1) in Saccharomyces cerevisiae is encoded by
GLC7. Isolation of temperature-sensitive glc7 allele; glc7-10 exhibits a Go/M arrest at the restrictive temperature. At
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37°C, this gene caused defects in kinetochore functions. Additions of ATP at both 37°C and 26°C will decrease the
microtubule-binding activity. After ATP depletion by apyrase, microtubule-binding activity was restored in wild
type strain. However, this activity was not restored in glc7-10 at 37°C extracts and marginally restored in glc 7-10 at
26°C (Sasoon, 1999, Andrew and Stark, 2000).

The anti-phosphatase properties of Mikania micrantha are summarized in Table 3. The CME and CE of this
plant showed good anti-phosphatase activity. Based on the data, CME inhibitory zones were found on two conditions;
PAY704-1 strain, YPD media at 37°C and PAY700-4 strain, YPD +1S media at 37°C. Thus, it was considered as an
inhibitor to GLC-7. This inhibitory type is able to inhibit the catalytic domain that reduces the function of Glc7
protein in the cell integrity pathway irrespective to the mutation of the glc7-10. In contrast with that, CE was
categorized as inhibitor insensitive to glc7-10 catalytic domain change. This inhibitor, on the other hand, was able
to inhibit normal GIc7 that is reversible the addition of sorbitol or not without affecting the mutant Glc7. It was not
preferred much compared to the former. CE was chosen to be further fractionating through column chromatography
to yield another 5 fractions. Among them, fraction 2 (F2) showed potential activities as inhibitor to GLC-7 with
inhibitory activities about 13mm (PAY704-1, YPD media, 37°C) and 15mm (PAY700-4, YPD+1S media, 37°C). In
contrast with that, fraction 1 (F1) showed toxic activities during the screening assay as some inhibitory activities
were detected on media plate at 28°C which indicating the ability of this fraction to kill even normal yeast cells.

Table.3. Bioactivities of M. micrantha against PP1 screening assay

Extracts Yeast-based screening method Remarks
GLC
PAY704-1 PAY700-4
YPD | YPD+1S YPD YPD+1S | YPD | YPD+1S | YPD | YPD+1S
28°C | 28°C 37°C 37°C | 28°C| 28°C |37°C| 37°C
CME 0 0 20.25+3.3 0 0 0 0 9.5+1.0 | Potential
HE 0 0 0 0 0 0 a 0 NA
EAE 0 0 0 0 0 0 a 0 NA
CE 0 0 9.5+0.70 0 0 0 o 0 Potential
CE F1| O 0 31 13 8 0 a 30 Toxic
F2| 0 0 13 0 0 0 a 15 Potential
F3| O 0 0 0 0 0 a 0 NA
F4| 0 0 0 0 0 0 a 0 NA
F5| 0 0 0 0 0 0 o 0 NA
C:ME 0 0 0 0 0 0 a 0 NA
BE 0 0 0 0 0 0 a 0 NA
AME 0 0 0 0 0 0 a 0 NA
Notes:

a: No yeast growth observed on medium prepared
0: No inhibition zones
F: Colum chromatography fraction
NA: No activity
Concentrations of extracts: 100mg/mi
Diameter of paper disc: 6mm
Negative control: absolute methanol
In-vitro cytotoxicity activity of M. micrantha: Cytotoxicity assay use in this study is microtetrazolium (MTT)
assay. MTT is 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide that widely utilize for assessment of
cytotoxicity, cell viability and proliferation studies in cell biology (Stockert, 2012). MTT salt (yellowish agueous
solution) was metabolically reduced by viable cells to yield a violet-blue formazan that is lipid soluble. The amount
of MTT-formazan is directly proportional to the number of living cells (Rejon, 2009). About four extracts from M.
micrantha (crude methanolic, CE, CE.F1, and CE.F2) were selected for cytotoxic test against HL-60 cells. The MTT
assay shows that apoptosis occurred when the cells treated with CE, CE.F1 and CE.F2 (Figure 1). The crude extract
of Mikania micrantha however did not show any apoptosis activity. Cells viability was vigorously reduced even at
lower concentration (20pg/ml) CE.F1 and CE.F2 extracts indicating that both semi-purified extracts have strong
inhibitory effect against HL-60 cells. This preliminary study of M. micrantha served as the platform for other
thorough studies of this plant healing properties.
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Figure.1. The comparison of viability percentages of various extracts of M. micrantha

4. CONCLUSION

In conclusion, M. micrantha collected from Malaysia demonstrates significant activity against glc7 in PP1
inhibitor screening system. In addition, the extracts fractions showed good growth inhibitory activity to the cancer
cell lines tested. These preliminary results suggests the need for further studies on M. micrantha extract in order to
further identify, isolate characterize and elucidate the phytocompound(s) using spectroscopic methods including IR,
NMR and MS.
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