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Abstract

Fragaria x ananassa (strawberry) is a subtropical plant that can adapt well in tropical
highlands. Fragaria x ananassa have been widely used to cope with health problems. The
active compound component of secondary metabolites contained in Fragaria x ananassa
has the potential as an antioxidant. This research is done to isolate secondary metabolites
from extract of Fragaria x ananassa fruits. Extract Fragaria x ananassa was produced by
maceration using ethanol as the solvent. Separation and isolation compound were carried
out using Vacuum Liquid Chromatography (VLC) and Gravity Column Chromatography (GCC)
guided by Thin Layer Chromatography (TLC) using hexane: ethyl acetate (3:7) as the eluent.
The flavonoid compound was determined by the total content of phenolic and flavonoid
in extract of Fragaria x ananassa fruits. The results of total phenolic content and total
flavonoid content were 0.1130 mg/g and 0.0112 mg/g, respectively. The alkaloid compound
was determined by Dragendorff testing. The elucidation of the structure by Fourier
Tansform Infrared (FTIR), Nuclear Magnetic Resonance (NMR), and Liquid Chromatography
Mass Spectrometry (LCMS) showed that the active compound contained in the secondary
metabolite of extract ethanol from Fragaria x ananassa is 3-Cyclopentyl-5-(1-hydroxyethyl)-
1,6-dihydro-7H-pyrazolo[4,3- d]pyrimidin-7-one.

Keywords: Fragaria x ananassa extract, flavonoid, alkaloid, total phenolic and flavonoid
content, FTIR, NMR, LCMS.

INTRODUCTION

The natural product isolation researches
are growing through the decades. The success
story of Paclitaxel from Taxus brevifolia as an an-
ticancer drug on clinical trial induces researchers
discovering natural products or its metabolites as
novel chemopreventive agents. Several Indonesian
natural products such as Caesalpinia sappan, Cin-
namomum burmanii, and Nerium indicum have been
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explored their distinct chemopreventive mechanism
on cancer cell (Larasati, et al., 2014; Lestari, et al.,
2017; Utomo, et al., 2018). However, the lack of
identification about the secondary metabolite con-
tribute on its chemopreventive activity impacts on
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the bias standard for the application of certain natu-
ral products. Therefore, the revelation of secondary
metabolite of Indonesian natural products need to
be urged further.

Fragaria x ananassa, commonly known
as strawberry is widely found in Indonesia at trop-
ical highland areas with a cool temperature, espe-
cially in Ciwidey, Garut, and Lembang, West Java
(Aristya, et al., 2019). Ko, et al. (2017) reports
that Fragaria x ananassa Duch. in South Korea
contains anthocyanin, alkaloid, flavanols, lignans,
and Ellagitannins. Interestingly the alkaloid com-
pound, Cinchonine exhibited a promising antican-
cer activity highlighting the important of Fragaria
x ananassa as source of herbal medicine (Jin, et al.,
2018; Qi, et al., 2017). Due to the lack of informa-
tion about the secondary metabolite information of
Indonesian Strawberry, we aim to identify the sec-
ondary metabolite of the fruit section of Fragaria x
ananassa var. Lembang.

MATERIALS AND METHODS

Chemicals and reagents

The sample used in this study was Fra-
garia x ananassa flour derived from dried Fragaria
x ananassa fruit, ethanol p.a (Merck, Darmstadt,
Germany), methanol p.a (Merck), acetone (Merck),
ethyl acetate (Merck), n-hexane (Merck), reagent
Folin-Ciocalteu (Merck), gallic acid (Sigma-Al-
drich, St Louis, USA), quercetin (Sigma-Aldrich),
Na,CO, (Merck), Aluminum chloride (AICI,) (Sig-
ma-Aldrich), CH,COOK (Merck), distilled water,
bi-distilled water. Merck 60 silica gel (0.2-0.5 mm),
Merck 60 G. silica gel. UV-Vis spectrophotometer
(Hitachi U-2800, Marunouchi, Tokyo, Japan). A set
of Vacuum Liquid Chromatography (VLC) tools
and a set of gravity column tools, column glass,
Thin Layer Chromatography (TLC) plates.

Preparation of Extract

The fresh Fragaria x ananassa fruits from
Lembang, Bandung were dried by oven (Memmertt
GmbH +Co. KG, Schwabach, Germany) at 50°C for
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three days until the water contain was 6-8%. The
dried Fragaria x ananassa fruits were blended at
high speed at 300 rpm, filtered by sieve shaker with
60-70 mesh, then macerated with ethanol p.a. for
three days until the solution became clear to obtain
ethanolic extract of Fragaria x ananassa var. Lem-
bang (EFAL).

Isolation by Vacuum Liquid Chromatography
and Gravity Column Chromatography

In order to obtain the best separation, we
performed VLC and Gravity Column Chromatog-
raphy (GCC). For VLC method, 50 grams of EFAL
was dissolved and fractioned in solvent system con-
taining n-hexane:ethyl acetate then finally eluted
by methanol. For GCC method, about 10 grams of
EFAL was fractionated by n-hexane: ethyl acetate
(3:7) as the solvent system. The isolated spot then
was characterized by FTIR, 'H-NMR, “C-NMR,
and LCMS.

Qualitative Test of Flavonoid Content

About 100 mg of magnesium powder was
put into a test tube then added with 1 mL of 2 M
HCI and 3 mL of amyl alcohol. A little amount of
EFAL was added and shake to the test tube, then the
color change was observed.

Qualitative Test of Alkaloid Content

A small amount of EFAL was put
in the test tube, then added with 10 drops of
H,SO, 2M and Meyer Reagent. The formation
of sediment and color changes were observed
to identify the presence of alkaloid content.

Total Phenolic Content Assay (TPC)

Determination of total phenol content was
determined using the Folin-Ciocalteu method using
gallic acid as standard according to Singleton and
Rossi (1965) with slight modifications.
Measurement of Gallic Acid Standard

In amount of 10 mg Gallic acid was dis-
solved by 10 mL of methanol p.a., then diluted into
various concentration (10, 20, 30, 40, and 50 ppm).
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Folin-Ciocalteau reagent was added to gallic acid
standard solution followed with 4 mL of Na,CO,
7%, then diluted by distillated-water to a volume of
10 mL. The solution was incubated for 30 minutes
at 45°C. The absorbance of the solution is measured
by UV-Vis spectrophotometry at 765 nm.

Measurement the Total Phenol Content of EFAL

One hundred milligrams of EFAL was dis-
solved by 10 mL of methanol p.a., added by 4 mL
of Na,CO, 7%, then diluted by distilled water. The
solution was incubated for 30 minutes at 45°C. The
absorbance of the solution is measured at 765 nm.
All the tests were performed in duplicates. Calcu-
lation of total phenol content using the following
formula:

TPC= (c.V)/m

Where c is the concentration of phenol in the ex-
tract, V is the volume of extract in the test solu-
tion and m is the weight of the extract weighed.
The phenol value was expressed as mg Gallic Acid
Equivalent (GAE)/g extract.

Total Flavonoid Content Assay (TFC)

Determination of total flavonoid con-
tent was carried out by spectrophotometric using
quercetin as the standard refers to (Ahmad, et al.,
2014; Chang, et al., 2002) with some modifications.
Measurement of Quercetin Standard

In amount of 10 mg of quercetin was dis-
solved by 10 mL of methanol p.a., then diluted into
various concentrations (10, 20, 30, 40, and 50 ppm).
Each standard quercetin solution was added by 3 ml
of methanol, 0.2 mL AICI, 10%, 0.2 mL potassium
acetate, then diluted by distilled water. The sample
was stored in a dark place for 30 minutes at room
temperature, then measured the absorbance by a
UV-Vis spectrophotometry at 431 nm.

Measurement of Total Flavonoid Content of EFAL

The 100 mg of EFAL was dissolved with
10 mL methanol p.a. Each sample solution was
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taken 1 mL, then added by 3 mL of methanol, 0.2
mL AICI; 10%, 0.2 mL potassium acetate and di-
luted bidistilled water to a volume of 10 mL. The
sample was stored in a dark place for 30 minutes at
room temperature. The absorbance of the solution
was measured by a UV-Vis spectrophotometry at
431 nm. The sample solution was replicated twice.
Calculation of total flavonoids content using the
following formula:

TFC= (c.V)/m

Where c is the concentration of phenol in the ex-
tract, V is the volume of extract in the test solution
and m is the weight of the extract weighed. The
phenol value is expressed as mg Quercetin Equiva-
lent (QE)/g extract.

RESULTS

Extraction and Phytochemical Identification

Identification of secondary metabolite of
certain variety of Fragaria x ananassa var. Lem-
bang purposes to inform its distinct profile com-
pared to other varieties. In addition, the information
of isolated compound can be used as the database
of lead compound candidates for chemopreventive
agent discovery. First, we performed the ethanolic
extraction to get EFAL and successfully obtained
5.102 % vyield (Figure 1). The TLC analysis then
was conducted by n-hexane: ethyl acetate and re-
vealed spot detected under at UV light 254 nm but
not at 366 nm (Figure 1). This shows that the com-
pound has at least two conjugated double bonds but
does not have an auxochrome group in its structure.
By using phytochemical test, we also confirmed
that EFAL contained flavonoid and alkaloid (Tabel
1). The obtained extract was then fractioned to get
the isolated compound.

Total Phenolic Content

Total content of phenolic compounds in
the sample was determined using the colourimetric
method with gallic acid as a standard. Gallic acid is
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a hydroxybenzoic derivative and belongs to simple,
stable and pure phenol acid. Reactions that occur
can be seen from the colour changes in the sample.
The phenol compound in the sample reacts with a
specific reagent Folin-Ciocalteu which produces
complex blue compounds (Schofield, et al., 2001).
The blue chromophore formation reaction involves
the phosphotungstic phosphomolibdenum reac-
tion (Giilgin, 2005). After several calculation we
found that total phenolic contained on EFAL was
0.1130+0.0254 mg GAE/g extract (Table 5).

Total Flavonoid Content

Determination of total flavonoid content
using the spectrophotometer method with Querce-
tin as standard. The reaction that occurs can be
seen from the colour change of the sample solution
when added to the AICI, solution, this occurs be-
cause there is the formation of complex compounds
with flavonoids which produce a more yellow co-
lour so that the absorbance can be read in the visible
area. After that, a potassium acetate solution was
added to maintain the wavelength shift in the visi-
ble area. After several calculation, EFAL contained
0.0112+0.0139 mg QE/g extract (Table 6).

Yield (%) of extract of Fragaria x ananassa var
Lembang

%= Weight of EFAL/Fresh Fragaria x ananassa var x 100
=524.53 Gram/10280 Gram x 100
=5.102%

Vacuum Liquid Chromatography (VLC)
Isolation using Vacuum Liquid Chromatography
(VLC) and Gravitational Column Chromatography
(GCC)

VLC and GCC methods were carried out
to separate secondary metabolites based on its po-
larity. From 10 to 50 grams extract of Fragaria x
ananassa var Lembang dissolve with methanol then
impregnated into silica gel 60 using eluent ratio
n-hexane-ethyl acetate (Table 4) which increased
its polarity in gradient from 0-100 %/100%-0 and
finally eluted with methanol. Analysis using Thin
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Layer Chromatography at a wavelength of 254 nm
and staining with H SO,, showed the elution with
hexane: ethyl acetate (3:7) showed significant sepa-
ration (Figure 2).

Characterization of secondary metabolite
content

The characterization of secondary metabo-
lite from the extract was carried out by FTIR, 'H,
BC NMR and LCMS (Figure 3). The FTIR spec-
trum (Figure 7) shows typical compound of alkyne:
C-H at 600 cm’!, RC=CH, HC=CH, RCH=CHR
(cis) at 667 cm™!, CC=C, RC=CH at 2159 cm’', aro-
matic: C-H at 667 cm™!, C-O at 1076 cm™ and 1393
cm™ N-H at 3270 cm™!, phenol: O-H at 667 cm,
C-O at 1147 cm’', amine: N-H at 2341 cm™, 2360
cm?, 2940 cm™, 3270 cm!, 667 cm’!, 1592 cm™,
C-N at 1076 cm™, 3270 cm’'. C=N, C=0 at 1592
cm’, aliphatic: N-H at 3270 cm!, alkene: C=C at
1976 cm™, C-H C(CH,), at 1393 cm-, RCH=CH?,
C(CH,), at 930 c¢m-1, carboxyclic acid: C=0O at
1763 cm!, 2940 cm-1, O-H at 1393 cm’!, hydrocar-
bon: C-H, O-H at 2940 cm’!, O-H aldehyde: O-H
at 1393 cm!, alcohol saturated: C-O, alicyclic: 5-or
6-membered ring, o-unsaturated, o, B-unsaturated
acid, cyclic at 1076 cm!, vinyl acetate: C-O, phe-
nyl acetate, ROH at 1147 ¢m’!, thiazole, guanidine:
C=N, B-diketone, carboxyl anion : C=0 at 1592 cm"
I, peroxide, acyl, aroyl: C=0, ester, lactone, aliph-
atic: C=0 at 1763 cm’, isocyanidine, isocyanate,
thiocyanate, isothiocyanate: C=N at 2030 cm.

The LCMS spectrum (Figure 4) shows
a strong molecular ion (M*, m/e (248.25+H")).
The 'H NMR spectrum (Figure 4a) shows typi-
cal compound of aldehyde: R-C=OH at 9.5 ppm,
aromatic: ArH at 7.3-6.5 ppm, phenolic: ArOH,
amino: RNH, at 4.8 ppm, R,C=CH,, amino RNH,
at 4.6; 4.5 and 4.4-4.0 ppm, 1,5 ppm, 2 ppm,
1.2-1.3 ppmether, ester, ROCH,R, RCOOCH,R,
HOCH,R at 2, 3.7-3.4 ppm, alkyl R,CH, RCH,, at
0.9 ppm, hydroxyl ROH at 0.9; 1.2-1.3, 1.5 ppm,
The 13C NMR spectrum (Figure 4b) shows typi-
cal compound of aldehyde RC=OH at 179.4 ppm,
anhydride: RC=0-O-C=0OR at 172.9 ppm, RC-
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=0-0-C=0R, RC=0-0O-C=0OR at 153.8 ppm, es-
ter: RC=0-OR at 163.2 ppm, RC=0-OR at 172.9
ppm, RC=0-OR at 153.8 ppm, carboxyclic acid:
RC=0-OR at 172.9 ppm, RC=0-OR at 163.2 ppm,
alkene (aromatic) R,C=CR, at 163.2 ppm, R,C=CR,
at 153.8 ppm, R,C=CR, at 124-110 ppm, aryl (ben-
zene): C in ring at 153.8 ppm, 124-110 ppm, and
99.2 ppm, nitrile: RC=N at 124-110 ppm, alkyne :
RC=CR at 61.5-68.5 and 72-73 ppm, ether: R,C-O
at 72-73 and 61.5-68.5 ppm, amine: R,C-NR, at
61.5-68.5, 57.6-57.5, 52.3-52.7, 49.2, 39.8-30.7,
and 20.2-14.2 ppm, ether: R,C-O at 57.6-57.5 ppm,

H1]ICIC

alkyl : RCHR , RCH,R at 52.3-52.7, 57.6-57.5, and
49.2 ppm, alkyl RCH,, RCH,R, RCHR, at 39.8-
30.7 ppm, alkyl: RCH,, RCH,R at 20.2-14.2 ppm.
The elucidation of the structure by FTIR, 'H, *C
NMR and LCMS showed that the active compound
contained in the secondary metabolite of extract
ethanol from Fragaria x ananassa was 3-Cyclopen-
tyl-5-(1-hydroxyethyl)-1,6-dihydro-7H-pyra-
zolo[4,3- d]pyrimidin-7-one and the molecular
weight was 248.29 g/mol. The molecular structure
was showed in Figure 5.

Hexane-Ethyl Acetate

9.1 82 7.3 64 55 46 37 28 19 010

D

Figure |. Fragaria x ananassa var Lembang and its TLC Profile. (A) Fruit of Fragaria x ananassa var Lembang used in this
study. (B) Ethanolic extract of Fragaria x ananassa var Lembang. (C).The TLC profile of EFAL under UV 254 nm. (D) The TLC
profile of EFAL under UV 366 nm.The arrow indicates the presence of spot.
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Table I.Result of Flavonoid and Alkaloid Test on Fragaria x ananassa Extracts

Phytochemical Photo Results Note
Testing
Flavonoid + Presence of orange-
colored amyl alcohol
layer
Alkaloid + Presence of orange-

colored sediment

Table 2.Total phenol content of Fragaria x ananassa extract

Absorbance Phenol Total phenol The average of total phenol
Sample A 765 nm concentration content content £SD (mg GAE/g
(mg/mL) (mg GAE/g extract) extract)
Ethanol 0.664 45.222 0.1310
Extract 0552 32778 0.0950 0.1130£0.0254

Table 3.Total flavonoid content of extract Fragaria x ananassa var lembang

Flavonoid Total flavonoid The average of total flavonoid
Sample A}I\) ;c;rlb:nmce concentration content content £SD (mg QE/g
(mg/mL) (mg QE/g extract) extract)
0.306 3.647 0.0211
E:I:::?::I 0.248 0.235 0.0014 00112200139
Table 4. Eluent RatioVLC
Eluent Ratio Amount
n-hexane : ethyl acetate 10:0 2x400 mL
n-hexane : ethyl acetate 82 3x400 mL
n-hexane : ethyl acetate 6:4 3x400 mL
n-hexane : ethyl acetate 5:5 2x400 mL
n-hexane : ethyl acetate 37 3x400 mL
n-hexane : ethyl acetate 0:10 3x400 mL
ethyl acetate : methanol H 4x400 mL

A B

Figure 2. Chromatogram of isolate 12 at (a) & =254 nm and (b) coloring with H,SO,
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Figure 3. FTIR spectra of Fragaria x ananassa var Lembang extract
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Figure 4. Results of IH (a), 13C (b) NMR and LCMS (c) of Isolate 12
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Figure 6. Anticancer agent bearing pyrimidine and pyrazole structure

DISCUSSION

Strawberry, a delicious fruit consumed both
as fresh fruits and processed, may thus be an herbal
medicine for many people. Fruits of strawberry con-
tains certain secondary metabolite such as phenolic
compounds and alkaloid with promising health ef-
fects (Tulipani, et al., 2008). The secondary metab-
olite of strawberry vary significantly with genotype
but it also affected by environmental factur such as
humidity, agricultural practice, and sun irradiation
(Battino, et al., 2009; Pineli, et al., 2011). From
over 19 varieties of Fragaria species in the world,
it was Fragaria x ananassa that widely growth on
Ciwidey, Lembang Indonesia. Our finding reveal
that Fragaria x ananassa var. Lembang contained
appropriate amount of phenolic compound and fla-
vonoid which was well known possessing chemo-
preventive activity through various mechanism.

Here, we also reveal a novel compound
from alkaloid contained on Fragaria x ananassa

var. Lembang namely, 3-Cyclopentyl-5-(1-hy-
droxyethyl)-1,6-dihydro-7H-pyrazolo[4,3-d]py-
rimidin-7-one. Differ with already known alkaloid
Cinchonine, in this compound possessd an interest-
ing feature by the presence of pyrimidine and pyra-
zole rings, the two electron-rich nitrogen heterocy-
cles contributed on cancer marker binding affinity.
Among the reported medicinal attributes of pyrim-
idine, anticancer activity was the most extensively
reported (Kaur, et al., 2015) the Imatinib (Figure
6), the first line therapy for Leukemia contained
the pyrimidine ring which contributes to form H-
bond with Thr315 on the Abl domain and prevents
ATP from reaching its binding site (Manley, et al.,
2002). On the other hand, pyrazole ring (Figure
6), a 5-member ring and the most widely explored
among azole family also contributes in anticancer
activity (Mohamed, et al., 2013). One of the com-
pound bearing pyrazole ring, celecoxib (Figure 6)
possessed as anti-inflamatory activity by binding
with COX-2. The molecular docking study reported
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that The trifluoromethyl group attached to the pyra-
zole ring is surrounded by a close hydrophobic cav-
ity and strong electrostatic field with Argl120 (Deb,
et al., 2017). Summarizing all of the evidence, we
predict that the presence of pyrimidine and pyra-
zole on one structure of compound 3-Cyclopen-
tyl-5-(1-hydroxyethyl)-1,6-dihydro-7H-pyra-
zolo[4,3-d]pyrimidin-7-one promoted the potential
chemopreventive activity. Further experiment on
chemopreventive activity need to be conducted to
extend the application of Fragaria x ananassa var
Lembang or its isolated compound for more valu-
able benefits.

CONCLUSION

The obtained results showed that the quanti-
tative testing of total phenolic and flavonoid content
were 0.1130 mg/gand 0.0112 mg/g respectively. The
qualitative testing of Fragraria x annassa extract
was positive contain alkaloid. Structural elucidation
by FTIR, 'H and *C NMR and LCMS showed that
the compound is 3-Cyclopentyl-5(1-hydroxyethyl-
)-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one
with molecular formula C H, /N, O, and molecular
weight of 248.29 g/mol.
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