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Abstract. Micromelum minutum is used widely in traditional folk medicine.
Although this species has been investigated extensively and several bioactive
compounds have been isolated, little work has been done on Indonesian M.
minutum. This research aimed to study the chemical constituents and biological
activities of M. minutum cultivated in Bantimurung Bulusaraung National Park,
South Sulawesi, Indonesia. The isolated compounds were assessed for their
cytotoxicity towards MCF-7 and 4T1 cell lines by MTT method. The dried
ground leaves of M. minutum were sequentially macerated with n-hexane, ethyl
acetate, and methanol. The n-hexane and ethyl acetate extracts contained a
flavonoid 5,7-dihydroxy-3,4',8-trimethoxyflavone (1) which inhibited MCF-7
and 4T1 cell viability by 50% at concentrations of 36948 and 227+5 uM,
respectively. Further separation of the ethyl acetate extract by column
chromatography vyielded acetyldihydromicromelin A (2) and a mixture of
dihydromicromelin A (3) and dihydromicromelin B (4), which were not active
toward MCF-7 and 4T1 cells.

Keywords: 5,7-dihydroxy-3,4',8-trimethoxyflavone; breast cancer cell line; cytotoxic
activity; dihydromicromelin derivatives; Micromelum minutum.

1 Introduction

Micromelum minutum is a shrub or small tree under the Rutaceae family and
widely used in several traditional medicines. The leaves are used to cure fever
and headache, scabies, leprous spots, ringworm and are also considered to be
emmenagogue, while the boiled roots are applied to treat ague [1].
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M. minutum is a species with four varieties [3], of which three are widespread in
Indonesia, i.e. var. minutum, var. tomentosum and var. villosum [4]. Previous
phytochemical studies on M. minutum revealed the presence of 6-
prenylcoumarins [5]-[8], 8-prenylcoumarins [8]-[13], tetracyclic coumarins
[14]]1[15], capnolactone derivatives coumarins [16]-[19], oxazole [20],
carbazole [20],[21], and pyranoquinolin alkaloids [9], polyoxygenated
flavonoids [8],[22],[23], dihydrocinnamic acid derivatives [14],[24], and
triterpenes [17]. It is well-known that M. minutum contains coumarins as a main
component, but there are many variations of chemical constituents in M.
minutum, depending on the location of the plant. Some coumarins isolated from
M. minutum have potent anticancer properties, i.e. 8-hydroxyisocapnolactone-
2',3'-diol and 2’,3'-epoxyisocapnolactone [25]-[27]; klauslacton E, minutin A,
and minutin B [19]; 7-demethylmurralonginol isovalerate, murralonginol,
murralonginol isovalerate, microminutin, and murrangatin [11].

Although M. minutum from several countries has been extensively surveyed
with the isolation of some bioactive compounds, M. minutum growing in
Indonesia has not been investigated phytochemically or pharmacologically. Our
preliminary study showed that the leaf extracts of M. minutum collected in
Bantimurung Bulusaraung National Park, South Sulawesi, Indonesia have
cytotoxic activity toward breast cancer cell lines. In this study, we report the
isolation of 5,7-dihydroxy-3,4',8-trimethoxyflavone (1), acetyldihydromicro-
melin A (2), and a mixture of dihydromicromelin A (3) and dihydromicromelin
B (4); and their cytotoxicity towards breast cancer cell lines of MCF-7 and 4T1.

2 Materials and Methods

2.1 Materials

M. minutum leaves were collected from Bantimurung Bulusaraung National
Park, Makassar, South of Sulawesi in March 2017 and determined at the
Department of Pharmaceutical Biology, Faculty of Pharmacy, Universitas
Gadjah Mada (UGM).

2.2 General Experimental Procedures

Melting points were measured on a Bichi Melting Point B-540 and are
uncorrected. The purity and mass spectra were analyzed on an LC-MS/MS
(Waters Xevo TQD, column Acquity UPLC BEH C-18 1.7 um). The FT-IR
spectra were obtained within KBr pellet using a Spectrum 100 Perkin Elmer
Precisely. The UV spectra were recorded on a UV-Vis spectrometer (Hitachi U-
2900, SpectraCuvet QS-104 ES Quartz Glass). *H-NMR (500 MHz), *C-NMR
(125 MHz), DEPT 135°, COSY, HMBC and HSQC spectra were obtained on
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an NMR JEOL JNM-ECZ500R. Chemical shifts are displayed in & (ppm) with
tetramethylsilane (TMS) as internal standard. Vacuum liquid chromatography
was conducted on silica gel Merck 60 PF254 Art No.1.07747, while column
chromatography was done using 60 Art No. 1.07734.1000. The solvents used to
eluate the columns were analytical-grade and were made of different mixtures
of n-hexane-chloroform and chloroform-methanol unless otherwise specified.
Thin layer chromatography (TLC) was carried out by using Merck aluminium
sheet pre-coated silica gel 60 Fzsas. A cytotoxic assay was performed by using
the MTT method.

2.3 Maceration and Isolation

Dried ground leaves (5.5 kg) were macerated successively with n-hexane, ethyl
acetate and methanol to give crude extracts of 145.9 g, 337.0 g, and 272.2 g,
respectively, after solvent evaporation. The n-hexane extract (20 g) was
fractionated using vacuum liquid chromatography on silica gel eluted with
different mixtures of n-hexane-chloroform-methanol yielded 9 fractions (F1-
F9). Fraction 6 (3.1 g) was further purified using gravity column
chromatography to provide 9 fractions (F1-6.F). Fraction F6.F showed single
yellow spots and was identified as 1 (18.2 mg). Compound 1 was isolated from
ethyl acetate extract as the major constituent of the leaves. Separation of this
extract by using vacuum liquid chromatography yielded 9 fractions (G1-9).
Further purification of G5 and G6 resulted in the isolation of 1 (4.23 g).
Fraction G4 was subjected to column chromatography and yielded 81 fractions.
Fractions 28-42 were combined (294 mg) and was rechromatographed by
eluting with n-hexane:chloroform 7:3 v/v to give 211 fractions. Purification of
combined fractions 45-50 and 178-201 afforded 2 (39.2 mg) and a mixture of 3
and 4 (22.2 mg), respectively.

5,7-dihydroxy-3,4',8-trimethoxyflavone (1): yellow needles with m.p. 176-
177°C. UV (MeOH) Amax nm (log €): 273 nm (4.36), 322 nm (4.18), 360 nm
(4.08). MS ESI+ m/z: 345.45 [M+H]*. FT-IR (KBr disc) cm™: 3308, 3081,
2942, 1647, 1611, 1029. *H-NMR (500 MHz, CDCls) and *C-NMR (125 MHz,
CDCls) (see Table 1).

Acetyldihydromicromelin A (2): white needles with m.p. 173.3-173.7°C. UV
(MeOH) Amax nm (log €): 322 nm (4.11), 293 (sh), 250 (sh), 220 nm (4.22). MS
ESI+ m/z: 333.30 [M+H]*. FT-IR (KBr disc) cm™: FT-IR (KBr disc) cm™:
3077, 2947, 2976, 1745 (br), 1622, 1217. *H-NMR (500 MHz, CDCl3) and *C-
NMR (125 MHz, CDCIs) (see Table 2).

Dihydromicromelin A (3) and dihydromicromelin B (4): epimers mixture,
yellowish white needles with m.p. 169.2-169.9°C, UV (MeOH) Amax nm (log €):
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323 nm (4.00), 293 (sh), 250 nm (sh), MS ESI+ m/z: 291.34 [M+H]*, FT-IR
(KBr disc) cm™: 3401, 3072, 2906, 2931, 1731, 1621, *H-NMR (500 MHz,
CDClIs) and BC-NMR (125 MHz, CDCls) (see Table 2).

24 Cytotoxic Activity

MCF-7 and 4T1 breast cancer cell lines were obtained from the collection of the
Cancer Chemoprevention Research Center, Faculty of Pharmacy UGM, gifted
by Prof. Masashi Kawaichi, Nara Institute of Science and Technology (NAIST),
Japan, and originally purchased from American Type Culture Collection
(ATCC). The cells were grown in Dulbecco’s Modified Eagle’s Medium
(DMEM) complete media (Gibco). The cells were cultured at 37 °C in a 5%
CO; atmosphere in the complete medium containing penicillin 150 U/mL and
streptomycin 150 pg/mL (Gibco, Invitrogen USA), fungizone (Amphotericin B)
1.25 pg/mL (Gibco), and fetal bovine serum (FBS) (Sigma-Aldrich, USA)
(20% for MCF-7 cells [28] and 10% for 4T1 cells [29].

Approximately10* MCF-7 cells/well and 2.3x10° 4T1 cells/well were cultured
in 96-well plates and then incubated in a 5% CO2 incubator (Heraeus) at 37 °C
for 24 h. Following incubation, the medium was removed, the cells were
washed with phosphate-buffered saline (PBS) and then isolate solutions in a
serial concentration series were added in triplicate. The isolates were diluted
with dimethyl sulfoxide (DMSO) (Merck) to make stock solutions. The final
concentration of DMSO should not exceed 6%. After a 24-h incubation, the
culture medium was removed and the cells were washed with PBS for each
well. Subsequently, 100 uL of MTT (0.5 mg/mL) (Sigma) was added to each
well. The incubation was continued for £3 h at 37 °C until formazan was
formed. The reaction was terminated by adding 100 pL of stopper solution
(10% SDS in 0.01 N HCI) to dissolve the formazan crystals and the cells were
incubated overnight at room temperature and protected from light. The
absorbance was measured by using an ELISA reader at 595 nm and then
converted to a percentage of viable cells. The 1Cs, value was calculated as
previously described in [30]0,[31].

3 Results

The dried ground leaves of M. minutum were gradually macerated with n-
hexane, ethyl acetate and methanol to give hexane (145.9 g), ethyl acetate
(337.0 g) and methanol (272.2 g) extracts after evaporation of the solvents.
Further separation of the hexane extract by column chromatography yielded
methoxy flavone 1, while separation of the ethyl acetate extract yielded 1 as the
major constituent of the leaves and three micromelin derivative coumarins, 2
and a mixture of epimers 3 and 4. The structure of these compounds were
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1 2 R=a-OAc
3 R=0-OH
4 R=p-OH

Figure 1 Figure 1 Chemical constituents of Indonesian M. minutum. 5,7-
dihydroxy-3,4',8-trimethoxyflavone (1), acetyldihydromicromelin A (2),
dihydromicromelin A (14a-OH) (3), and dihydromicromelin B (143-OH) (4).

characterized by NMR examination (*H- and *C-NMR, DEPT, HSQC, COSY,
and HMBC) experiments and by comparing their spectral data with published
values as 5,7-dihydroxy-3,4',8-trimethoxyflavone (1), acetyldihydromicromelin
A (2), dihydromicromelin A (3) and dihydromicromelin B (4), respectively
(Figure 1).

3.1 5,7-dihydroxy-3,4',8-trimethoxyflavone (1)

The ESI+ mode mass spectrum showed a [M+H] peak at m/z 345.45 consistent
with CigH1607. This compound is suggested to be a flavonoid since it gave a
positive phenolic test with FeCls (blackish brown) and the yellow color became
more intense when treated with ammonia. The UV spectrum gave absorbtion
maxima at 273 (band Il), 322 (band 1A) and 360 nm (band IB), typical for a
flavone binding, and auxochrome (OH or OCHgs) at carbon 3 (ring C) and 4
(ring B) as in kaempferol, kaempferol-4'-metil ester, herbasetin-8-metil ester,
etc. [32]. The flavone without auxochrome at C3 as asasetin gave only one
absorbtion maximum of band I. The presence of a hydroxyl group at position 7
of ring A was confirmed by the 9.5 nm bathochromic shifting of band Il (5-20
nm) [33]. The IR spectrum showed a broad strong band at 3308 cm™, indicating
the occurrence of hydroxyl groups, while the strong band at 1647 cm™ is
characteristic of the conjugated ketone carbonyl group. The benzene moiety was
represented by bands at 3081 (aromatic C-H) and 1611 cm™ (-C=C-). The very
downfield signal (s, 1H) at 12.4 ppm is specific for OH group at C5 of the
flavone skeleton. One-proton singlet signal at 6.39 was assigned to H6 of the
ring A, while the pair doublet at 8.10 and 7.10 (each 2H, J = 9 Hz) belongs to
H2'/H6’ and H3'/H5’ of the ring B, respectively. This is strongly supported by a
cross peak between the H2'/H6" and H3'/H5’ signals in the COSY spectrum.
Three singlet signals each with integration of 3H were assigned to methoxy
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groups at positions 8 (ring A), 3 (ring C) and 4’ (ring B), respectively. The
existence of three aromatic methine protons and three methoxy groups was also

Table1 NMR spectral data of 1.
HMBC

CH &C SH 23_33 5C” SH#
2 155.9 155.0
3 138.9 137.9
4 179.1 178.1
5 155.1 155.9
6 98,5 6.39(1H,s) C-10,8,7,5 98.8 6.41
7 157.7 156.9
8 126.8 127.5
9 148.1 148.6
10 105.8 104.1
1" 1229 122.3

2'& 6' 130.2 8.10 (2H, d, 9) C-2', 6' 2, 4’ 129.8 8.11 (2H, d, 10.5)
3'& 5 114.47.00 (2H,d,9) C-3,5,1' 114.3 7.04 (2H, d, 10.5)

4 1619 161.3
3-OCHs 60.4 3.84 (3H,s) c-3 597 3.84
8-OCH3 62.1 3.97 (3H,s) c-8 609 3.98
4-OCH; 55.6 3.88(3H,s) C4' 554 3.88
5-OH 12.40 (1H,s) C-6,7,10 12.44

"Horie et al. (1998) [34]; Pandey et al. (1984) [35]

observed in the DEPT spectrum. The HMBC spectrum showed cross correlation
between 5-OH and C6, C7 and C10; H-6 with C5, C7, C8 and C10; H2'/H6’
with C2’ and C4'; H3'/H5' with C1’; 3-OMe, 8-OMe and 4’-OMe and C3, C8
and C4', respectively. Based on the spectral analysis and by comparing the
proton and carbon spectral data with the literature [34]4,[35], constituent 1 was
characterized as 5,7-dihydroxy-3,4',8-trimethoxyflavone (Figure 1).

3.2 Acetyldihydromicromelin A (2)

The ESI+ spectrum exhibited a [M+H] peak at m/z 333.33 suitable to the
C17H1607 molecular formula. This compound gave blue fluorescence under 366
nm UV light, which turned to intense yellow when treated with ammonia,
suggesting a coumarin. The UV spectrum gave absorbtion maxima at 322, 293
(sh), 250 (sh) and 220 nm characteristic for a coumarin oxygenated at position 7
of the benzopyrone ring [16],[17]. The presence of a broad band with strong
intensity centered at 1735 cm™ suggests the existence of 5-lactone carbonyl
functionality overlapping with the ester carbonyl group of the side chain of the
coumarin nucleus. A pair of doublet in the *H-NMR spectrum (each 1H, J = 10
Hz) at 6 6.30 and 7.60 strongly indicate a coumarin unsubstituted in the pyrone
ring. These signals belong to H-3 and H-4, respectively. This was strengthened
by the cross peak between the H-3 and H-4 signals in the COSY spectrum. Two
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singlet signals at 6 7.59 and 6.84 were assigned to H-5 and H-8, respectively.
The singlet (3H) signal at & 3.96 belongs to a -OCHs at C-7. All of the above
analysis confirms the side chain located at position 6. Three singlet (1H) signals
at 0 5.43, 3.86 and 3.86 together with two singlet (3H) signals at & 1.52 and
2.18 belong to the oxygenated prenyl unit of the side chain as in
acetyldihydromicromeline, previously reported as the constituent of Indian M.
minutum [8]. These proton resonances were allocated to H-11, H-12, H-14, Hs-
15 and Hs-17, respectively. The presence of ten positive signals in the DEPT
spectrum and the HMBC correlations (H3 with C2, 10; H4 with C2, 5, 9; H5
with C4, 7, 9, 11; H8 with C6, 7, 9, 10; C11 with C5, 6, 12, 13; H12 with C11,
H14 with C13; H15 with C13; H17 with C16 and 7-OCH3 with C7) strongly
support this structure. From the data analysis and by comparison to proton and
carbon spectral data from a previous report [8], constituent 2 was determined as
acetyldihydromicromeline A (Figure 1).

3.3 Dihydromicromelin A (3) and Dihydromicromelin B (4)

Compound 3 and 4 were suggested to be coumarins since the isolate containing
them also gave intense yellow fluorescence when treated with ammonia. The
presence of an [M+H] ion peak at m/z 291.34 (42 MU less than that of 2) in the
ESI+ mass spectrum indicated the molecular formula CisH140s. The UV
spectrum exhibited absorbtion maxima at 323, 293 (sh) and 250 (sh) nm typical
for a coumarin oxygenated at position 7 of the benzopyrone ring as 2. The IR
spectrum was close to that of 2; the only differences were the lack of a sharp
and strong ester carbonyl signal at 1731 cm™ and the appearance of a new broad
strong vibrational band at 3401 cm™ for a hydroxyl group. These data indicate
the lack of an acetyl group in 2. This was strongly supported by the loss of
methyl (5 21.29) and carbonyl (5 169.43) signals in the *C-NMR spectrum, the
absence of methyl protons at § 2.18 in the 'H-NMR spectrum, and the
appearance of a new signal at 6 3.10, which was assigned to the OH group. The
signal patterns in the NMR spectra were similar to those of 2, but each signal
seemed to be split into two [36]. The H-NMR data corresponded to the
published value [8]. Thus, the isolate contains a mixture of epimers
dihydromicromelin A (14a-OH) and dihydromicromelin B (14B-OH) (Figure
1).

3.4  Cytotoxic Activity

The constituents of Indonesian M. minutum leaves have various cytotoxic
effects towards MCF-7 and 4T1 cell lines. Based on the curve of cell viability
and concentration, compound 1 reduced the viability of MCF-7 and 4T1 cancer
cells along with an increased concentration (dose-dependent effect). The
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flavone, compound 1, was more active than the coumarin compounds (2-4)
(Table 3).

Table 2 NMR spectral data of 2, 3, and 4 [CDCl3, 500 MHz (*H-NMR), 125
MHz (*C-NMR)].

CIH 2 3 4 ADMA DMA DMB
3C SH 8C SH 8C SH 8C &8H SH SH
2 160.84 - 160.97 161.13 159.30
3 113.67 6.30 (1H,d, 10) 113.67 6.30 (1H,d,9) 113.37 6.27 (1H,d, 9.5) 113.73 6.29(d, 10) 6.33(d, 10) 6.29 (d, 10)
4 143.33 7.60 (1H, d, 9.5) 143.40 7.66 (1H, d, 9.5) 143.77 7.66 (1H,d, 9.5) 143.20 7.60 (d, 10) 7.70(d,10) 7.70 (d, 10)
5 126.68  7.59 (1H,s) 12598 7.41(I1H,s) 127.83 7.77(1H,s) 126.76 7.50 7.46 (s)
6 123.26 - 124.02 124.22 123.34
7 159.23 - 159.34 159.34 160.81
8 98.86  6.84(1H,s) 99.12  6.84(1H,s) 98.78  6.82(I1H,s)  98.92 6.84 6.88 (s) 6.87 (s)
9 155.79 - 155.87 155.74 155.85
10 111.97 - 112.25 112.21 112.03
1 7795 543(I1H,s) 7624 541(1H,s) 7707 539 (1H,s)  77.93 5.43 5(‘;1)3 5.41 (s)
12 6356  3.86(1H,s) 6656 3.78(1H,s) 6443  3.77(I1H,s) 63.63 3.83 3{57)9 3.78 ()
13 64.42 - 65.91 65.44 64.44
14 96.81  6.38(I1H,s) 9848  541(1H,s) 9836 549 (lH,s)  96.89 6.83 5(‘;1)1 5.52 (s)
15 12.49  152(3H,s) 1297 156 (3H,s) 1276 158(3H,s) 1250 151 1(';6 1.58 (s)
-OCH;  56.16 - 56.15  3.95(3H,s) 56.15  3.96(3H,s)  56.17 3(‘2)7 3.98 (s)
-OH - 3.10 (s) - 3.46 (s)
-OAc (16) 169.43 169.30
(17) 21.29 21.23
ADMA = acetyldihydromicromelin A; DMA = dihydromicromelin A; DMB =

dihydromicromelin B; [CDCls, 270 MHz (*H-NMR), 67.89 MHz (*C-NMR)] [8]

Table 3 1Csp values of compounds isolated from Indonesian M. minutum
leaves.

1Cs0 (pg/mL)

Sample MCF-7 cells 471 cells
Compound 1 127 +2.78 (369 + 8.08 uM)* 78 +1.66 (227 + 4.82 uM)”
Compound 2 na na

Compounds 3 and 4 na na

na = not active (>500 pg/mL); "average + SE

4 Discussion

The leaves of M. minutum from Bantimurung Bulusaraung National Park, South
Sulawesi contained 5,7-dihydroxy-3,4’,8’-trimethoxyflavone (1) as a major
component along with acetyldihydromicromelin A (2) and a mixture of epimers
dihydromicromelin A (3) and dihydromicromelin B (4). Polymethoxylated
flavonoids are known to occur in this species as free [22],[23] or as a 7-O-ether
with murrangatin [11], but its existence as a major component in the leaves of
Indonesian M. minutum is an interesting finding. In contrast to the presence of a
great deal of chemical variation in coumarins of M. minutum,
polymethoxyflavones, i.e. 5,7-dihydroxy-3.,4',6,8-tetramethoxyflavone, (1), 5-
hydroxy-3,4',7,8-tetramethoxyflavone and 5-hydroxy-3,4',6,7,8-pentamethoxy-
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flavone are flavonoids so far reported as the constituents of this plant. The three
coumarins (2-4) were previously isolated from the Assamese collection of M.
minutum [8]. The flavonoid (1) was shown to have cytotoxic activity towards
MCF-7 and T47D cell lines, but all the coumarins were found to be not active.
Micromelin itself is also not active against MCF-7, but it exhibited cytotoxicity
against the cholangiocarcinoma cell line, KKU-100, and oral cancer cell line,
KB, with 1Csp 0of 9.2 pg/mL and 31.5 pg/mL, respectively [11],[37].

5 Conclusion

Leaves of M. minutum from Bantimurung Bulusaraung National Park, South
Sulawesi contained 5,7-dihydroxy-3,4',8'-trimethoxyflavone as a major
constituent along with acetyldihydromicromelin A and a mixture of epimers
dihydromicromelin A and dihydromicromelin B. Compound 5,7-dihydroxy-
3,4',8" -trimethoxyflavone had cytotoxic activity on MCF-7 and 4T1, while all
the isolated coumarins were not active.

Acknowledgments

Grateful acknowledgement is made to the Ministry of Research, Technology
and Higher Education, the Republic of Indonesia for funding this research under
the PUPT Program (151/UN1/DITLIT/DIT-LIT/LT/2018). Our gratitude is also
extended to Mr. Heri Suryanto and Mr. Abdul Qudus, Makassar Center for
Environment and Forestry Research and Development, South Sulawesi,
Ministry of Environment and Forestry, Indonesia, for collecting the plant
material. The authors state their contributions as follows: RAS and EM
conceptualized and supervised the study; N and NAS performed the
experiments; RAS, MI, N, and NAS analyzed the data and prepared the original
manuscript. All authors have read and approved the final manuscript.

References

[1] Burkill, I.H., A Dictionary of Economic Products of the Malay Peninsula,
Crown Agents for the Colonies, Millbank, 2, London, 1935.

[2] Perry, L.M. & Metzger, J., Medicinal Plants of East and Southeast Asia:
Attributed Properties and Uses, Massachusetts Institute of Technology
Press, Cambridge, Massachusetts, 1980.

[3] Jones, D.T., Rutaceae, Tree Flora of Sabah and Sarawak, Soepadmo, E.
& Wong, K.M., (Eds.), Sabah Forestry Department, Forest Research
Institute Malaysia, 1, pp. 351-419, 1995.

[4] Uiji, T., Taxonomic Study on Micromelum Blume (Rutaceae) in
Indonesia, Biodiversitas, 6(2), pp. 100-102, 2005. (Text in Indonesian
and Abstract in English)



106

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ratna Asmah Susidarti, et. al.

Lamberton, J.A., Price, J.R., & Redcliffe, A.H., Micromelin, A New
Coumarin from Micromelum minutum (Forst.f.) Seem (family Rutaceae),
Australian Journal of Chemistry, 20(5), pp. 973-979, 1967.

Chatterjee, A., Dutta, C.P., & Bhattacharyya, S., Micromelumin and
Micropubescin — Two New Coumarins from Micromelum pubescens L.
(fam. Rutaceae), Science & Culture, 33, pp. 371-373, 1967.

Joshi, P.P., Shukla, Y.N., Bhakuni, D.S. & Dhar, M.M., 6-(2,3-
Dihydroxy-3-methyl-buthyl)-7-methoxycoumarin, A New Coumarin from
Micromelum pubescens Blume, Indian Journal of Chemistry, 13, pp. 772-
774, 1975.

Das, S., Baruah, R.H., Sharma, R.P., Barua, J.N., Kulanthaivel, P., &
Herz, W., 7-methoxycoumarins From Micromelum minutum,
Phytochemistry, 23(10), pp. 2317-2321, 1984.

Tantivatana, P., Ruangrungsi, N., Vaisiriroj, V., Lankin, D.C., Bhacca,
N.S., Borris, R.P., Cordell, G.A. & Johnsn, L.F., Microminutin, A Novel
Cytotoxic Coumarin from Micromelum minutum (Rutaceae), Journal of
Organic Chemistry, 48(2), pp. 268-270, 1983.

Tantishaiyakul, V., Pummangura, S., Chaichantipyuth, C., Ma, W., &
McLaughlin, J.L., Phebalosin from the Bark of Micromelum minutum,
Journal of Natural Product, 49(1), pp. 180-181, 1986.

Lekphrom, R., Kanokmedhakul, S., Kukongviriyapan, V. &
Kanokmedhakul, K., C-7 Oxygenated Coumarins from the Fruits of
Micromelum minutum. Archives of Pharmacal Research, 34(4), pp. 527-
531, 2011.

Ito, C., Otsuka, T., Ruangrungsi, N., & Furukawa, H., Chemical
Constituents of Micromelum minutum. Isolation and Structural
Elucidation of New Coumarins, Chemical and Pharmaceutical Bulletin,
48(3), pp. 334-338, 2000.

Lekphrom, R., Kanokmedhakul, K., Sangsopha, W., & Kanokmedhakul,
S., A New Coumarin from the Roots of Micromelum minutum, Natural
Product Research, 30(21), pp. 2383-2388, 2016.

Rahmani, M., Hin, T.Y.Y., Ismail, H.B.M., Sukari M.A. & Manas, A.R.,
Microminutinin: A Novel Coumarin from Micromelum minutum, Planta
Medica, 59(1), pp. 93-94, 1993.

Rahmani, M., Taufig-Yap, Y.H., Ismail, H.B.M, Sukari, A. & Waterman,
P.G., New Coumarin and Dihydrocinnamic Acid Derivatives from Two
Malaysian Populations of Micromelum minutum, Phytochemistry, 37(2),
pp. 561-564, 1994.

Rahmani, M, Susidarti, R.A., Ismail, H.B., Sukari, M.A., Hin, T.Y., Lian,
G.E., Ali, AM., Kulip, J, & Waterman, P.G., Coumarins from
Malaysian Micromelum minutum, Phytochemistry, 64(4), pp. 873-877,
2003.



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Cytotoxic Activities of Indonesian Micromelum minutum 107

Susidarti, R.A., Rahmani, M., Ismail, H.B.M, Sukari, M.A., Hin, T.Y.,
Lian, G.E.C., Ali, A.M., Kulip, J. & Waterman, P.G., A New Coumarin
and Triterpenes from Malaysian Micromelum minutum, Natural Product
Research, 20(2), pp. 145-151, 2006.

Susidarti, R.A., Rahmani, M., Ali, A.M., Sukari, M.A., Ismail, H.B.M.,
Kulip, J. & Waterman, P.G., 8-Methoxycapnolactone and Stigmasterol
from Micromelum minutum, Indonesian Journal of Pharmacy, 18(2), pp.
105-109, 2007.

Sakunpak, A., Matsunami, K., Otsuka, H., & Panichayupakaranant, P.,
Isolation of New Monoterpene Coumarins from Micromelum minutum
Leaves and Their Cytotoxic Activity Against Leishmania Major and
Cancer Cells. Food Chemistry, 139(1-4), pp. 458-463, 2013.

Bowen, I.H. & Perera, K.P.W.C., Alkaloids, Coumarin and Flavonoids of
Micromelum zeylanicum. Phytochemistry, 21(2), pp. 433-437, 1982.
Nakahara, K., Trakoontivakorn, G., Alzoreky, N.S., Onishi-Kameyama,
M., & Yoshida, M., Antimutagenicity of Some Edible Thai Plants, and a
Bioactive Carbazole Alkaloid, Mahanine, Isolated from Micromelum
minutum. Journal of Agricultural and Food Chemistry, 50(17), pp. 4796-
4802, 2002.

Sohrab, M.H., Choudhury, M.H., & Rashid, M.A., 6-Substituted-7-
Oxygenated Coumarins from the Leaves of Micromelum minutum,
Biochemical Systematics and Ecology, 27(5), pp. 535-537, 1999.

Sohrab, M.H., Choudhury, R., Hasan, C.M., & Rashid, M.A,
Chemotaxonomic Significance of Polyoxygenated Flavonoids from the
Leaves of Micromelum minutum, Biochemical Systematics and Ecology,
32, pp. 829-831, 2004.

Sahakitpichan, P., Tanpatanan, W., Chimnoi, N., Ruchirawat, S. &
Kanchanapoom, T., Glucosides of Phenylpropanoic Acid Derivatives and
Coumarins from Micromelum minutum, Phytochemistry Letters, 14, pp.
12-16, 2015.

Susidarti, R.A., Rahmani, M., Ismail, H.B.M., Sukari, M.A., Hin, T.Y,,
Lian, G.E.C. & Ali, M.A., Cytotoxic Activity of Coumarins from
Micromelum minutum, Pharmaceutical Biology, 47(2), pp. 182-185,
2009.

Susidarti, R.A., Jenie, R.l., Ikawati, M., Putri, D.D.P. & Meiyanto, E.,
Cytotoxic Activity and Apoptosis Induction of 8-hydroxyisocapnolactone-
2’, 3’-diol and its Combination with Doxorubicin on MCF-7 and T47D
Cells, Journal of Applied Pharmaceutical Science, 4(6), pp. 89-97, June.
2014.

Yasmina, A., 8-Hydroxyisocapnolactone-2',3'-diol Coumarin from
Micromelum minutum Leaves: Cytotoxic Activity and Its Effect on
Apoptosis and Bcl-2 Expression on Myeloma Cells, Master Thesis,



108

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ratna Asmah Susidarti, et. al.

Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta, 2005. (Text
in Indonesian and Abstract in English)

Febriansah, R., Dyaningtyas, D.P., Nurulita, N.A., Meiyanto, E. &
Nugroho, A.E., Hesperidin as a Preventive Resistance Agent in MCF-7
Breast Cancer Cells Line Resistance to Doxorubicin, Asian Pacific
Journal of Tropical Biomedicine, 4(3), pp. 228-233, 2014.

Handayani, S., Susidarti, R. A., Udin, Z., Meiyanto, E. & Jenie, R. I.,
Brazilein in Combination with Cisplatin Inhibit Proliferation and
Migration on Highly Metastatic Cancer Cells, Indonesian Journal of
Biotechnology, 21(1), pp. 38-47, 2016.

Ikawati, M. & Septisetyani, E.P., Pentagamavunone-0 (PGV-0), a
Curcumin Analog, Enhances Cytotoxicity of 5-fluorouracil and
Modulates Cell Cycle in WiDr Colon Cancer Cells, Indonesian Journal of
Cancer Chemoprevention, 9(1), pp. 23-31, 2018.

Ikawati, M., Purwanto, H., Imaniyyati, N.N., Afifah, A., Sagiyo, M.L.,
Yohanes, J., Sismindari &  Ritmaleni,  Cytotoxicity  of
Tetrahydropentagamavunon-0 (THPGV-0) and
Tetrahydropentagamavunon-1 (THPGV-1) in Several Cancer Cell Lines,
Indonesian Journal of Pharmacy, 29(4), pp. 179-187, 2018.

Mabry, T.J., Markham, K.R., & Thomas, M.B., The Systematic
Identification of Flavonoids, Springer, New York, 2012,

Sida, N.A. Aktivitas Sitotoksik Ekstrak Larut Heksan Daun Micromelum
minutum, Fraksi-fraksi dan Isolatinya Terhadap Sel Kanker Payudara
MCF-7 dan 4T1. Thesis. Universitas Gadjah Mada. Yogyakarta.
Indonesia. 2018.

Horie, T., Ohtsuru, Y., Shibata, K., Yamashita, K., Tsukayama, M., &
Kawamura, Y., *C NMR Spectral Assignment of the A-ring of
Polyoxygenated Flavones, Phytochemistry, 47(5), pp. 865-874, 1998.
Pandey, U.C., Singhal, A.K., Barua, N.C., Sharma, R.P, Jogendra N.B.,
Watanabe, K., Kulanthaivel, P., & Herz, W., Stereochemistry of Strictic
Acid and Related Furano-diterpenes from Conyza japonica and Grangea
maderaspatana, Phytochemistry, 23(2), pp. 391-397, 1984.

Normaidah. Kandungan Kimia Ekstrak Etil Asetat Daun Micromelum
minutum Wight & Arnserta Aktivitas Sitotoksiknya Pada Sel Kanker
Payudara MCF-7 dan 4T1. Thesis. Universitas Gadjah Mada.
Yogyakarta. Indonesia. 2018.

Zohora, F., Hasan, C.M., & Ahsan M., Chemical Constituents, Cytotoxic
Activities and Traditional Uses of Micromelum minutum (Rutaceae): A
Review, Pharmacy & Pharmacology International Journal, 7(5), pp. 229-
236, 20109.



