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ABSTRACT

The Chrysanthemum morifolium Ramat, traditionally used for cancer treatment,
including breast cancer, possesses anticancer properties. The aim of this study
is metabolite profiling using ultra-high-performance liquid chromatography in
conjunction with the high-resolution mass spectrometry (UHPLC-HRMS) technique
and its correlation with the cytotoxic activity of the extract and ethyl acetate fraction
of Chrysanthemum x morifolium (Ramat.) Hemsl leaves on cancer cells. The ethyl
acetate fraction from the hydrolyzed ethanol extract of (Chrysanthemum x morifolium
(Ramat.) Hemsl) leaves has anticancer activity against the MCF-7 breast cancer cells.
Metabolite profiling was used to understand the presence of metabolites that have
anticancer activity. UHPLC-HRMS was used to profile their metabolites. Compound
Discoverer 3.3 software finished data processing and metabolite annotation. Anticancer
activity was performed using the 2-[2-methoxy-4-nitrophenyl]-3[4-nitrophenyl]-
5[2,4-disulfophenyl]-2H-tetrazolium (WST-8) assay. As many as 57 secondary
metabolites were identified by UHPLC-HRMS analysis. Secondary metabolites that
have the potential as anti-breast cancer are glycitein, diosmetin, kaempferol, esculetin,
scopoletin, dihydroartemisinin, and Chrysin, with successive percentages of 31.39%,
19.91%, 5.61%, 2.63%, 0.82%, 0.14%, and 0.05%. Ethyl acetate fraction showed
stronger cytotoxic activity than ethanol extract against MCF-7 cells with IC, | values
of 66.31 ppm at 24 hours incubation and 40.35 ppm at 48 hours. Further research can
be conducted on the isolation of flavonoids from the ethyl acetate fraction, as well
as the analysis of cell cycle apoptosis stimulation and gene expression mechanisms.
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1. Introduction

Cancer is a non-communicable disease that affects
people all around the world. According to the World
Health Organization (WHO), cancer is one of the
leading causes of mortality globally. The data from the
World Health Organization's Global Burden of Cancer
(GLOBOCAN) shows that there were 18.1 million
cases and 9.6 million deaths from cancer as of 2018.
It is anticipated that by 2030, there will be over 13.1
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million cancer-related deaths (Bray et al. 2018). With
2,261,419 new cases or 11.7% of all cases worldwide,
breast cancer has the highest death toll (684,996 cases,
or 6.9% of all cases), with 58,256 instances, or 16.7%
of all cases, occurring in Indonesia out of 348,809 total
cases of cancer. In the meantime, about 22,692 cases
resulted in deaths (Kemenkes R12019; Sung ez al. 2021).
By 2023, it is anticipated that 297,790 women in the US
will be diagnosed with invasive breast cancer, whereas
55,720 women will be diagnosed with non-invasive
breast cancer (in situ) (Siegel ef al. 2023).

As a prominent herbal medicine used in China,
South Korea, Thailand, and Japan, Chrysanthemum
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morifolium Ramat is a member of the Asteraceae family
and is commonly consumed as a health drink. It has also
been cultivated as an ornamental plant (Cai et al. 2021).
Indonesia produced 394.502.028 Chrysanthemum blooms
in 2022, the most of any other floriculture plant (BPS
2022). Many studies have shown that Chrysanthemum
morifolium Ramat has anticancer properties. It has been
widely used traditionally to treat cancer, including breast
cancer (Hodaei et al. 2021a), lung cancer (Ma et al.
2021), leukemia (bin Muhamad Noor ef al. 2021), colon
cancer (Xie et al. 2009), and stomach cancer (Liu et
al. 2018). Studies on Chrysanthemum cinerariifolium
as an anti-breast cancer and oral squamous carcinoma
(Lestari ef al. 2019; Mutiah et al. 2020a, 2020b, 2021)
and Chrysanthemum boreal as an anti-pulmonary,
prostate, and colon cancer (Park et al. 2009) have shown
the usage of leaves from the genus Chrysanthemum as
having anticancer activity.

The most prevalent flavonoid components in
Chrysanthemum morifolium flowers are luteolin and
rutin (Hodaei et al. 2021b). Flavonoids are natural
compounds of interest as potential candidates for
developing anticancer drugs. They exhibit anticancer
activity through various mechanisms of action, including
inhibition of cancer cell growth, induction of apoptosis,
and inhibition of angiogenesis. It has been shown that
flavonoids interact with a wide range of genes and
enzymes, including those involved in anti-proliferation,
cell cycle suspension, apoptosis, angiogenesis, and
multidrug resistance (Obakan-yerlikaya et al. 2017).
Inhibiting the protein p53 tumor gene mutation is
one way that the flavonoid compound helps prevent
excessive cell proliferation and increased cell death
in breast cancer (Dermawan et al. 2019). Flavonoid
compounds (Chalcone and its derivatives) are thought
to inhibit Estrogen Receptor a (REa), which acts as an
anti-breast cancer agent (Muchtaridi et al. 2017). 17
B estradiol (E2) and Cisplatin can activate REa and
cause platinum resistance. For malignancies resistant
to platinum, REa could be a promising therapeutic
target (Matsumura et al. 2017).To achieve this aim, we
employed metabolite profiling to determine the presence
of secondary metabolites, such as flavonoids, which
have the potential to act as breast cancer inhibitors.
The field of ophthalmology of secondary metabolites
in natural goods or plants has advanced significantly
in recent years. Compared to the Bioassay Guided
Isolation technique, this technique has the advantage of
a shorter active compound discovery stage using fewer
samples. This technique can be done quickly using the
UHPLC-HRMS instrument. Based on this description,

the following is a study of metabolite profiling and its
correlation with the cytotoxic activity of the extract and
ethyl acetate fraction of (Chrysanthemum x morifolium
(Ramat.) Hemsl) leaves on cancer cells.

2. Materials and Methods

2.1. Plant Material

(Chrysanthemum x morifolium (Ramat.) Hemsl.)
leaves were collected from the Chrysene plantation in
the hamlet of Canoe, Bandungan district, Semarang
district, Central Java Province, during the full flowering
stage in June 2023. The Plant determination was used
in the Biosystematics and Molecular Laboratory,
Department of Biology, Faculty of Mathematics and
Natural Sciences, Padjadjaran University, to identify
(Chrysanthemum x morifolium (Ramat.) Hemsl) Leaves.
Samples were dried at room temperature.

2.2. Chemicals

Water (hypergrade for LC-MS), formic acid
(hypergrade for LC-MS), methanol (hypergrade for
LC-MS), ethanol 70% (Merck), NaHCO,, Ethyl acetate
(Merck), Chloroform p.a (SmartLab), methanol p.a
(SmartLab), silica gel plate GF254 (Merck), aqua pro
injection, formic acid 0.1%. For cytotoxic assay cell
culture MCF-7 (ATCC HTB-22), DMSO (Dimethyl
sulfoxide) (Sigma Aldrich), medium DMEMDubecco's’s
Modified Eagle Medium), PBS (Phosphate Buffer
Saline) (Sigma Aldrich), Cisplatin (Merck), and WST-
8 reagent (Dojindo).

2.3. Instrumentation

The use of instruments was needed to get the results
of this research. The researcher used Analytics balance
(Ohaus), Autoclave (Hirayama - Hiclave - HVE 50),
Biology safety cabinet (Esco), centrifuge (Dlab), rotary
evaporator (IKA), water bath (Memmert, Yihder BT-
150D), micropipette (Eppendorf), hemocytometer
(Marienfeld), inverted microscope (Zeiss), incubator
CO2 (Thermo Scientific), 96- well plate, microplate
reader (Tecan nano quant infinite M200pro), microtubule
(Genfollower) and vortex mixer (Thermoline), Magnetic
stirrer (MR-Hei), pHmeter (Hanna), LC (Thermo
Scientific™ Vanquish™ UHPLC Binary Pump) and
Orbitrap high-resolution mass spectrometry (Thermo
Scientific™ Q Exactive™ Hybrid Quadrupole-Orbitrap™
High-Resolution Mass Spectrometer), column Thermo
Scientific™ Accucore™ Phenyl-Hexyl 100 mm x 2.1
mm [D X 2.6 pm.
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2.4. Procedure
2.4.1. Sample Extraction

Air-dried powdered leaves (250 g) were extracted
with 70% ethanol (1:10 w/v) by maceration for 24 hours
and remaceration (x3) at room temperature. The ethanol
was evaporated in a vacuum (IKA)—a rotary evaporator
operating at 50°C and 75 rotations per minute. A thick
extract was obtained by heating the evaporation results
over a water bath (Memmert, Yihder BT-150D) heated
to 50°C to yield crude extracts as follows (92.53 g). The
yield is the percentage of the raw materials that are used
to produce a product.

2.4.2. Hydrolysis and Partitioning
(Chrysanthemum x morifolium (Ramat.) Hemsl)
Leaves Ethanol Extract

After adding 2N HCI1 (1:2) to 5 g of (Chrysanthemum
x morifolium (Ramat.) Hemsl) leaves ethanol extract, it
was hydrolyzed and homogenized for an hour at room
temperature using a magnetic stirrer hot plate (MR-
Hei). Next, add sodium bicarbonate (NaHCO,) until
the pH is neutral. The hydrolyzed extract was divided
by adding 25 milliliters of ethyl acetate solvent to the
bucket that had been separated and was already holding
the hydrolyzed concentrated extract. After that, it was
combined for 15 minutes and left to settle until two
layers—the water phase on the bottom and the organic
phase, or ethyl acetate, on top—formed. Until it lost its
color, the researcher repeated the partitioning process
with the same solvent. The % yield obtained was 5.6%

2.4.3. Sample Preparation for Analysis of
Metabolite Profiling

Determination of the metabolite types of the ethyl
acetate fraction of (Chrysanthemum x morifolium
(Ramat.) Hemsl) leaves was performed using the
UHPLC-HRMS instrument: LC (Thermo Scientific™
Vanquish™ UHPLC Binary Pump) and Orbitrap high-
resolution mass spectrometry (Thermo Scientific™
Q Exactive™ Hybrid Quadrupole-Orbitrap™ High-
Resolution Mass Spectrometer), column Thermo
Scientific™ Accucore™ Phenyl-Hexyl 100 mm x 2.1
mm [D x 2.6 um with three replications. Carefully
weighed 10.00 mg of the ethyl acetate fraction of
(Chrysanthemum x morifolium (Ramat.) Hemsl) leaves,
then dissolved in methanol into a 10 mL volumetric flask
and added microsyringe 3 pL. The mobile phases used
were MS-grade water containing 0.1% formic acid (A)
and MS-grade methanol containing 0.1% formic acid
(B) employing a gradient technique with a flow rate
of 0.3 mL/min. First, the mobile phase B was set at

5% and increased gradually to 90% in 16 min. Then, it
was held at 90% for 4 min and continued to the initial
condition (5% B) until 25 min. Data was obtained in the
form of a chromatogram processed using the Compound
Discovery 3 application. Hence, the data is in the way
of peak area and m/z spectra of each detected peak and
database mzCloud or https://www.chemspider.com/.

2.4.4. Cytotoxicity Test
2.44.1. Cell Line and Culture

The MCF-7 cell line was obtained from the Cellular
and Molecular Biology Laboratory at Padjadjaran
University, West Java, Indonesia's Faculty of Pharmacy.
The cells were grown iDulbecco's's ModifieEagle's's
Medium (DMEM). The cells were cultured in a
humidified atmosphere at 37°C, under 5% CO,, using
an incubator (Thermo Scientific).

2.4.4.2. Preparation of Sample

Ethanol extract samples, ethyl acetate fractions and
Cisplatin were weighed as much as 5 mg in a polytube,
then dissolved in dimethyl sulfoxide (DMSQO) (must not
be more than 2%) as much as 100 pL, vortexed so that the
sample was dissolved entirely then supplemented with
complete growth media, then further dilutions were made
until a test solution was obtained for ethanol extracts
of concentrations (1,000; 500; 250; 125; 62.5; 31.25;
15.625; 7.813 ppm), ethyl acetate fraction concentrations
(1,000; 500; 250; 125; 62.5; 31.25; 15.625; 7.813; 3.906
ppm) and cisplatin dilutions with concentrations (50; 25;
12.5;6.25;3.125; 1.56;0.78125 ppm), then all dilutions
were carried out using complete media.

2.4.4.3. Cytotoxicity Assay

The culture medium was removed and replaced with
media containing anticancer drugs (Ethanol extract
of concentrations (1,000; 500; 250; 125; 62.5; 31.25;
15.625; 7.813 ppm), ethyl acetate fraction concentrations
(1,000; 500; 250; 125; 62.5; 31.25; 15.625; 7.813; 3.906
ppm), and cisplatin dilutions with concentrations (50;
25;12.5;6.25; 3.125; 1.56; 0.78125 ppm)) once MCF-
7 cells had grown and seeded. The researcher added a
10uL. WST-8 (Cell Counting Kit-8) dye to each well
after the incubation period of 24 and 48 hours. After an
hour, the plate was measured at 450 nm/655 nm with a
microplate reader (Tecan nano quant infinite M200pro).
The following formula was used to get the cell survival
rate. With the use of GraphPad Prism 8, the IC, value
was determined by doing a linear regression analysis of
the survival percentage versus medication concentration.
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3. Results

The results obtained from the UHPLC-HRMS
instrument are presented in the form of a chromatogram,
where compounds that appear early in the chromatogram
peak are polar and exhibit decreasing polarity in the
subsequent peak. Then, the sample elutes from the
column towards the MS detector. In this MS system,
the analyte will go through three stages, namely the gas
phase, the ion phase, and the separation of ions based
on the ratio of mass to charge (m/z). The analyte in
the form of a liquid will change into droplets through
the needle and will be given a positive charge. Drops
of analyte in the gas phase will evaporate the solvent
through the spray before entering the capillary, so that

Relative Abundance

solvent-free molecules are produced. Then the resulting
ions will be separated. The detector will detect the
results of the ion separation and will be displayed as a
chromatogram (Figure 1). There is only one compound
present for every peak on the chromatogram. After that,
the chromatogram is analyzed using the Compound
Discoverer 3.3 application to identify the m/z spectra
and forecast the chemical formula of the interpreted
compound. The name of the chemical is then looked
for using the projected molecular formula, the mzCloud
database, and the https://www.chemspider.com
website. Following the acquisition of the compound's
name and structure via the mzCloud database and
website, the measured and calculated m/z values are
compared using the ChemDraw tool to construct the

Figure 1. (A) Total ion chromatogram blank, (B) total ion chromatogram of ethyl acetate fraction of C. morifolium leaves
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compound's structure. Figure 1 shows the blank's
total ion chromatogram and the ethyl acetate fraction
of (Chrysanthemum x morifolium (Ramat.) Hemsl)
leaves. Based on the results of the interpretation of the
chromatogram obtained for each peak, the predicted
data for the Ethyl acetate fraction of (Chrysanthemum
x morifolium (Ramat.) Hemsl) leaves, compound seen
from the mzCloud Best Match, were more than 80%, 57
compounds were obtained as shown in Table 1. There

are seven compounds in the ethyl acetate fraction of
Chrysanthemum x morifolium (Ramat.) Hemsl leaves,
which have the potential to act as anti-breast cancer
(Table 2).

The cytotoxic test is an in vitro toxicity test that
uses cells cultured in a medium to determine the
antineoplastic activity of a compound on specific cancer
cells and to assess the number of cell deaths using the
IC,, parameter. Cytotoxicity test of (Chrysanthemum

Table 1. Metabolite profiling ethyl acetate fraction of C. morifolium leaves

Compound name Retention time ~ Area max Mz cloud % Area Fragmentation (m/z)
(min) best match (%)

Dihydroartemisinin 5.302 124367627.2 84.4 0.141217865 [M+H]" calcd for C H,,0,, 282.14668;
found, 283.15408

Scopoletin 5.907 718572035.1 97.5 0.815929443 [M+H]" calcd for C, ;H,0,, 192.04209;
found, 193.04936

Esculetin 6.379 2315617119 97.4 2.629353904 [M+H]" caled for C;H,O,, 178.02655;
found, 179.03386

Kaempferol 7.781 4935953808 98.4 5.604713019 [M+H]" calcd for C, H, O, 286.04756;
found, 287.05478

Diosmetin 8.816 17535562290 98.7 19.91140883 [M+H]" calcd for C, H ,0,, 300.06285;
found, 301.07013

Chrysin 10.199 47569897.46 81.0 0.054015016 [M+H]" calcd for C H, O,, 254.05771;
found, 255.06499

Glycitein 10.321 27654762509 96.7 31.38782 [M+H]" calcd for C, H ,0,, 284.06807;
found, 285.07535

2-Amino-3,5,6-trimethyl-3,4- 0916 211525019 87.8 0.240183979 [2M+H]" calcd for C.H N,O,

dihydropyridine-4-one 153.09025; found, 307.18735

Phenacetin 0918 819348883.1 94.2 0.930360277 [M+H]" calcd for C H ,NO,, 179.0945;
found, 180.10178; 162.09113 [M+H-
H,O]"'; 212.12801 [M+H+MeOH]"!

Adenine 0.921 9799900961 99.1 11.12766339 [M+H]" calcd for C,HN,, 135.05434;
found, 136.06161

6-Methylnicotinamide 1.16 18125937.87 90.5 0.020581773 [M+H]" caled for C.HNN O, 136.06371;
found, 136.06161

Adenosine 1.194 46626240.38 98.2 0.052943505 [M+H]" caled for C ;H ,N.O,, 267.0967;
found, 268.10394; 250.09323 [M+H-
H20]+1

5-amino-2-(dimethylamino) 1.374 43905697.65 93.0 0.049854363 [M+H]" calcd for C;H ,N,O,, 180.08983;

benzoic acid found, 181.09720

2'-O-Methyladenosine 1.391 459183300.8 95.8 0.521396821 [M+H]" caled for C H N.O,,
281.11244; found, 282.11960

4-Methyl-5-thiazole-ethanol 1.486 114896821.2 96.7 0.521396821 [M+H]" calcd for CHNOS, 143.04057;
found, 144.04785

Dipropylene glycol 1.871 3582194342 99.6 4.067536294 [M+H]" calcd for CH,,0,,
134.09437; found, 135.10159;
152.12817[M+NH,]""; 157.08365
[M+Na]*'; 269.19586 [2M+H]"!

Apocynin 1.933 70291717.49 81.4 0.079815355 [M+H]" calced for CH, O,, 166.06311;
found, 167.07042

8-Hydroxyquinoline 3.442 1675936062 99.9 1.903004167 [M+H]" calcd for C;H NO, 145.0528;
found, 146.06009

Esculin 4.038 53767096.02 99.8 0.061051856 [M+H]" calcd for C H, O,, 340.07952;
found, 341.06679

Caffeine 4.298 34027820.38 94.1 0.038638159 [M+H]" calcd for C,H,)N,0O,, 194.0806;

found, 195.08783
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Compound name Retention time ~ Area max Mz cloud % Area Fragmentation (m/z)
(min) best match (%)
a-Pyrrolidinopropiophenone 4.454 44085513.12 93.2 0.050058542 [M+H]" caled for C ;H NO, 203.13112;
found, 204.13834
Acetophenone 4.549 97135394.75 83.3 0.11029601 [M+H]" caled for C;H,0, 120.05763;
found, 121.06492
2-Hydroxyquinoline 5.64 166337465.3 99.7 0.188874085 [M+H]" calcd for C;H NO, 145.05278;
found, 146.05997; 187.06652
[M+ACN+H]"!
Peruvinine 6.378 525431209 83.2 0.596620481 [M+H]" calcd for C H,0,, 264.13615;
found, 265.14349; 247.13283 [M+H-
H,O]"'; 282.171 [M+NH,]"!
4-Indolecarbaldehyde 6.466 3830662103 99.2 4.349668289 [M+H]" calcd for C;H NO, 145.05269;
found, 146.0599
Indole 6.467 313961467.4 98.0 0.356499269 [M+H]" caled for C;HN, 117.05798;
found, 118.06524
Apigetrin 6.628 292399918.9 99.9 0.332016404 [M+H]" calcd for C, H,0,,, 432.10515;
found, 433.11243
3',5,7-Trihydroxy-4'-methoxy 6.769 66353488.99 94.7 0.075343546 [M+H]" caled for C H 0,, 302.079;
flavanone found, 303.06627
4-oxododecanedioic acid 6.973 81152200.41 85.7 0.092147295 [M+H]" calcd for C*H*0,, 244.13102;
found, 245.13822; 227.12778 [M+H-
H20]+1
2,4-Dimethylbenzaldehyde 7.612 676125114.9 88.4 0.767731503 [M+H]+1 calcd for C;H, O, 134.07302;
found, 135.08032; 117.07002 [M+H-
H20]+1
2-(3,4-dihydroxy phenyl)-5,7- 7.721 79117432.43 97.4 0.089836842 [M+H]" calcd for C H ,0,, 288.06343;
dihydroxy-3,4-dihydro-2H- found, 289.07071
1-benzopyran-4-one
3-(4-hydroxyphenyl)-7- 7.957 5026393522 99.3 5.707406168 [M+H]" calcd for CH, 0O, , 446.12102;
methoxy-5-{[(3R,4S,5S,6R)- found, 447.12830
3,4,5-trihydroxy-
6(hydroxymethyl)oxan-2-yl]
oxy}-4H-chromene-4-one
Centaureidin 8.883 141082456.7 92.9 0.160197342 [M+H]" calcd for C H, O, 360.08421;
found, 361.09143; 343.08057[M+H-
H20]+1
5,7-dihydrobenzo[d][1,3] 9.211 221585116.1 90.6 0.251607092 [M+H]+1 calcd for C ;H, N,O,
benzodiazepin-6-one 210.07921; found, 211.08549
(-)-Caryophyllene oxide 9.796 1019454485 95.6 1.157577653 [M+H]" calcd for C ,H,,0, 220.18248;
found, 221.18965; 203.17909 [M+H-
H20]+1
1,4-dihydroxy-1,4-dimethyl- 10.661 430587144.4 89.6 0.488926248 [M+H]" calcd for C H,,0,, 252.17247;
7-(propane-2-ylidene)- found, 253.17981; 275.16205
decahydroazulen-6-one [M+Na]"!
4'-Methoxyacetophenone 10.664 37115365.96 83.8 0.042144028 [M+H]" calcd for C;H, 0, 150.0681;
found, 151.07536
1,4-Bis(3,4,5- 11.07 315130669.1 90.7 0.357826883 [M+H]" calcd for C, H, 08, 446.1939;
trimethoxyphenyl- found, 447.20117; 429.19070 [M+H-
hexahydrofuro[3,4c] furan H,O]"'; 464.22757 [M+NH "'
13-epi-12-o0xo Phytodienoic 11.976 687712649.6 96.3 0.780889001 [M+H]+1 caled for C ;H,0,, 292.20379;
Acid found, 293.21109; 275.20065 [M+H-
H,O]"'; 315.19159 [M+Na]"!
4-(dimethylamino)-1,1- 12.192 66207352.67 83.0 0.07517761 [M+H]"' caled for C H NO, 265.14662;
diphenylbut-3-en-2-one found, 266.15384
Eicosapentaenoic acid 12.631 64943255.09 81.4 0.073742243 [M+H]"! calcd for C, H, O

207730 72

302.22418; found, 303.23154;
320.25732 [M+NH4]+1; 344.25793
[M+ACN-+H]"!
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Table 1. Continued

Compound name Retention time ~ Area max Mz cloud % Area Fragmentation (m/z)
(min) best match (%)

a-Eleostearic acid 12.684 2434283861 99.0 2.764098486 [M+H]" calcd for C H, O, 278.22405;
found, 279.23129; 557.45532

3,5-di-tert-Butyl-4- [2M+H]*!

hydroxybenzaldehyde 12.977 66507548.81 97.1 0.075518479 [M+H]" calcd for C H,,0,,234.16197;

found, 235.16925

Glycitin 13.343 33295912.68 98.7 0.037807087 [M+H]" calcd for C,,H,,0,,, 446.12111;
found, 447.12836

Kalecide 13.642 232406491.9 99.8 0.263894627 [M+H]" calcd for C H,NO, 251.22469;
found, 252.23196

Linoleoyl Ethanolamide 13.887 72938867.11 81.4 0.08282116 [M+H]" calcd for C20H, NO,,
323.28194; found, 324.28922

Palmitoyl ethanolamide 13.887 72938867.11 81.4 0.08282116 [M+H]" calcd for C, ;H, NO,, 299.28221;
found, 300.28949

Oleoyl ethanolamide 14.327 15851110.15 98.5 0.017998735 [M+H]" calcd for C,;H,,NO,, 325.29781;
found, 326.30508

Methyl alpha-eleostearate 14.703 81470519.36 96.9 0.092508743 [M+H]" calcd for C H,,0,, 292.23992;
found, 293.24731

Palmitoleic acid 14,899 26771417.64 97.4 0,030398606 [M+H]" calcd for C H, 0,, 254.22438;
found, 255.23175; 237.22116 [M+H-
HZO]+1

Palmitoleic acid 14,899 26771417.64 97.4 0,030398606 [M+H]" calcd for C H, 0,, 254.22438;
found, 255.23175; 237.22116 [M+H-
HZO]+1

v-Linolenic acid ethyl ester 14.936 32198669.29 87.3 0.036561181 [M+H]"' caled for C, H,,0,, 306.25544;
found, 307.26300; 339.28897 [M+H-
MeOH]"!

Oleamide 14.953 371669035.7 98.2 0.422025482 [M+H]" calcd for C ;H, NO, 281.27211;
found, 282.27927

4-Methoxycinnamic acid 15.175 89804004.08 93.5 0.101971309 [M+H]" calcd for C H, 0O,, 178.06301;
found, 179.07022; 161.05971 [M+H-
H20]+1

Ethyl oleate 15.687 25299446.37 89.5 0.028727201 [M+H]" calcd for C, H,,0,, 310.28682;
found, 311.29410; 352.32047
[M+ACN+H]+1

Ethyl palmitoleate 15,772 21722250.99 84.4 0.024665341 [M+H]" calcd for C H,,0,, 282.25548;
found, 283.26294

Alverine 16.054 9849194.473 87.0 0.011183636 [M+H]"' caled for C,;H,N, 281.21416;
found, 282.22159

Methyl palmitate 17.215 19864157.25 93.1 0.022555499 [M+H]" calcd for C H,,0,, 270.25582;

found, 271.26309

Table 2. Spectra m/z and structure compound of ethyl acetate fraction of C.morifolium leaves that have the potential as breast anticancer
Compound name Molecule Spectra m/z and structure
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Table 2. Continued
Compound name Molecule Spectra m/z and structure
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Table 2. Continued

Compound name Molecule Spectra m/z and structure
DKPO1 (F1) #4965, RT=10.194 min, MS1, FTMS (+)
C15 H10 04 as [M+H}+1
25
25506499
20 [MeH]+1
: 15
Chrysin C.H,0,

Intensity [counts] (10*6)
2

i
254 255 256

=i 1 T
T T T

257 258 259

x morifolium (Ramat.) Hemsl leaves ethanol extract
against MCF-7 cancer cells using the WST-8 test
method. The test data were obtained as absorbance data,
and the concentration's percentage concentration of
live cells was calculated. The graph of the relationship
between % living cells and the concentration of ethanol
extract, ethyl acetate fraction, and Cisplatin is presented
in Figures 2 and 3. This data was then analyzed using
GraphPad Prism 8 to calculate the IC,  value. Data
from observation of the cytotoxicity test of the ethanol
extract and ethyl acetate fraction of (Chrysanthemum x
morifolium (Ramat.) Hemsl leaves at 24-hour and 48-
hour incubation are presented in Tables 3 and 4.

4. Discussion

The Chrysanthemum plant (Chrysanthemum x
morifolium (Ramat.) Hemsl is one of the medicinal
ingredients that has been used for a long time in
traditional medicine. In its development, it is hoped
that other parts of the Chrysanthemum plant, such as
Chrysanthemum x morifolium (Ramat.) Hemsl leaves
can be used as raw materials for traditional medicine.

Metabolite profiling aims to determine the compound
content in the ethyl acetate fraction of (Chrysanthemum
x morifolium (Ramat.) Hemsl leaves. Metabolite
profiling analysis using UHPLC/HRMS instruments.
This method serves to clarify the structure of different
compounds by offering rapid chromatography, enhanced
separation, short chromatography run times, excellent
sensitivity and selectivity, precise measurements, and
reliable fragmentation (Ma et al. 2022).

A total of 57 phytochemical compounds (Table
1) were analyzed in the ethyl acetate fraction of

Chrysanthemum x morifolium (Ramat.) Hemsl
leaves. There has not been much research on the
isolation of Chrysanthemum morifolium leaves. In
another study, six sesquiterpene compounds were
found in the stems and leaves of Chrysanthemum
morifolium Ramat (Zhang et al. 2023). From several
previous studies, the isolation of compounds that
were mostly done on the flower part. The compounds
that have been found are chrysanthelignanoside
A, chrysanthelignanoside B, 2,6-dimethoxyl-4-
hydroxymethyl-phenol 1-O-(6-O-caffeoyl)-p-D-
glucopyranoside, ethylene glycol 1-O-(6-O-caffeoyl)-
B-D-glucopyranoside, (2S)-propane-1,2-diol 1-O-(6-
O-caffeoyl)-p-D-glucopyranoside, and butane-2,3-diol
2-0-(6-O-caffeoyl)-p-D-glucopyranoside (Yang et al.
2018). Another study found two new caffeoylquinic
acid derivatives, a new flavanone glycoside, and six
flavanone glycosides, including eriodictyol, eriodictyol
7-O-B-D-glucopyranoside,  eriodictyol  7-O-B-D-
glucuronide, eriodictyol 7-O-B-D-rutinoside, hesperetin
7-O-B-D-glucuronide, and dehydrokaempferide Ramat
(Yang et al. 2019). A new endoperoxysquiterpene
lactone, 10a-hydoxy-1a,4a-endoperoxy-guaia-2-en-
12,6a-olide, flavanone eriodictyol, flavone glycosides
acacetin-7-O-B-D-glucopyranoside and acacetin-7-
O-a-L-rhamopyranoside (Luyen et al. 2013). From
the roots of Chrysanthemum morifolium, a total of 20
terpenoids were detected, including four monoterpenes,
15 sesquiterpenes, and one diterpene (Zhang et al.
2020).

The metabolite profiling results using UHPLC/
HRMS on the ethyl acetate fraction (Chrysanthemum
x morifolium (Ramat.) Hemsl shows that the ethyl
acetate fraction contains the largest number of main
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Chrysanthemum morifolium Extract (24 Hours)
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Figure 2. Graph of the relationship between the % survival rate and concentration with three repetitions (A) ethanol extract 24 hours, (B)
cisplatin 24 hours, (C) ethanol extract 48 hours, (D) cisplatin 48 hours

compounds, namely glycitein with a % area of 31.39%.
Apart from that, there are other compounds such as
diosmetin (19.91%), kaempferol (5.61%), esculetin
(2.63%), scopoletin (0.82%), dihydroartemisinin
(0.14%), and Chrysinn (0.05%), which is a flavonoid
compound and has the potential to act as an anti-breast
cancer agent, as shown in Table 2. Previous studies
demonstrated that glycitein has a positive effect on
MCF-7 cell migration. Diosmetin inhibits the growth
of MDA-MB-231 cells and promotes apoptosis by
activating the intrinsic mitochondrial apoptotic pathway,
accumulating ROS, and causing cell cycle arrest.
Kaempferol can inhibit MCF-7 cell activity. Esculetin,
a naturally occurring coumarin molecule, causes Ca
(2+) to travel and activates mitochondrial apoptotic
pathways linked to Ca (2+) that induce cell cycle arrest
in human breast cancer cells ZR-75-1. Scopoletin can
inhibit MDA-MB-231. Dihydroartemisinin reduces
TGF-B1 signaling-related CIZ1 expression, preventing

breast cancer carcinogenesis and metastasis. Chrysin
inhibits the growth of breast cancer cells by inducing
cancer cell apoptosis (Zhang et al. 2015; Chang et
al. 2016; Samarghandian et al. 2016; Yi et al. 2016;
Zhong et al. 2016; Lee et al. 2017; Choi et al. 2019;
Zang et al. 2019; Zhu and Xue 2019; Wang et al. 2019,
2022; Kamran et al. 2022). Flavonoid compounds have
been reported to have antiproliferative effects on breast
cancer cells and can induce cell apoptosis (Jeong Choi
and Shick Ahn 2008; Sun et al. 2015; Yi et al. 2016;
Vrhovac Maduni¢ ef al. 2018; Abotaleb ef al. 2019).
The IC, value is an in vitro concentration that can
inhibit/inhibit breast cancer cell activity by 50%. A
reduced IC, value indicates that the substance may be
utilized as a stand-in for a more effective anticancer
medication since it requires a small dose of 50% to
impede cancer cell proliferation activity. Ichemical's
IC,, value is less than 100 ppm, it is considered to
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Figure 3. Graph of the relationship between % survival rate and concentration with three repetitions (A) ethyl acetate fraction 24 hours, (B)
cisplatin 24 hours, (C) ethyl acetate 48 hours, (D) cisplatin 48 hours

Table 3. IC, value of C. morifolium leaves extract (CMLE) and

Table 4. IC, value of ethyl acetate fraction of C. morifolium leaves

cisplatin (EFCML) and cisplatin
IC,, (ppm) IC,; (ppm)
Sample 24 hours 48 hours Cytotoxic activity ~ Sample 24 hours 48 hours Cytotoxic activity
CMLE 564 208 Moderate EFCML 66.31 40.35 Moderate
CISPLATIN 5,519 241 Potential CISPLATIN 3,442 2,246 Potential

be a potentially cytotoxic compound; if it is between
100 and 1,000 ppm, it is considered to have moderate
cytotoxic activity; and if it is greater than 1,000 ppm,
it is considered to have no cytotoxic activity (Prayong

et al. 2008). The IC,, value of the ethanol extract of
(Chrysanthemum x morifolium (Ramat.) Hemsl leaves
in the 100-500 ppm range have moderate cytotoxic
activity.
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Meanwhile, the ethyl acetate fraction of
(Chrysanthemum x morifolium (Ramat.) Hemsl leaves
in the 100-10 ppm range have potential cytotoxic
activity. The IC,  value of the ethanol extract of
Chrysanthemum x morifolium (Ramat.) Hemsl leaves
in the range of 100-500 ppm have moderate cytotoxic
activity. Meanwhile, the ethyl acetate fraction of
Chrysanthemum x morifolium (Ramat.) Hemsl leaves
in the range of 100-10 ppm have potential cytotoxic
activity. Ethanol extract and ethyl acetate fraction of
Chrysanthemum x morifolium (Ramat.) Hemsl leaves
have less potent cytotoxic activity when compared to
Cisplatin as a positive control, with an IC,  value below
10 ppm, and very potent cytotoxic activity. In previous
studies, the compounds rutin, luteolin, quercetin, and
apigenin in Chrysanthemum morifolium flowers had
anti-breast cancer activity in MCF-7 cells (Hodaei et
al. 2021a).

As an initial finding, the results of the cytotoxicity
test of the ethyl acetate fraction containing flavonoids
on MCF-7 cells in vitro showed potential cytotoxic
activity. Further studies are needed to confirm the
anticancer potential and explore applications in
the field of human health. This result is in line with
several studies that show that flavonoids have strong
anticancer potential in various types of cancer (Ahmed
et al. 2016; Zheng et al. 2016; Sheng 2020; Liu et al.
2021b, 2021a). The mechanism behind the anticancer
activity of flavonoids involves inducing apoptosis,
autophagy, and cell cycle arrest, as well as inhibiting
proliferation and reducing cancer cell invasion (Boik
2001). In addition, flavonoids regulate cancer-related
signaling pathways (Bishayee et al. 2011; Kalia et al.
2016).

This study has some limitations. It was restricted
to metabolite profiling of the ethyl acetate fraction of
Chrysanthemum morifolium leaves and cytotoxicity
evaluation only against MCF-7 breast cancer cells.
No normal cell line was included as a control, and no
further mechanistic studies, such as apoptosis, cell
cycle analysis, or gene expression, were performed.
Therefore, the findings cannot be directly extrapolated
to in vivo conditions. Future studies should focus on the
isolation and characterization of the active compounds,
elucidation of their molecular mechanisms, and
validation through in vivo models.

In conclusion, the results of metabolite profiling
using UHPLC-HRMS on the Ethyl acetate fraction of
(Chrysanthemum x morifolium (Ramat.) Hemsl.) leaves

contained seven compounds that have the potential for
anti-breast cancer activity, such as glycitein, diosmetin,
kaempferol, esculetin, scopoletin, dihydroartemisinin,
and Chrysinin with successive percentages of 31.39%,
19.91%, 5.61%, 2.63%, 0.82%, 0.14% and 0.05%. The
ethyl acetate fraction of (Chrysanthemum x morifolium
(Ramat.) Hemsl.) leaves has higher cytotoxic activity
than the extract. The ethyl acetate fraction had cytotoxic
activity for MCF-7 with IC, values of 66.31 ppm at 24-
hour incubation and 40.35 ppm at 48-hour incubation.
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