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ABSTRACT

Tabat Barito (Ficus deltoidea) is known as a plant that has potency as an antioxidant
because containing a significant phenolic compound. In this study, we performed
metabolite profiling on F. deltoidea leaves by UPLC-QTOF-MS/MS to identify its
phenolic compounds. Extraction by maceration and ultrasonication techniques with
methanol (MM and UM) and ethanol (ME and UE) were used to extract the F. deltoidea
metabolites. About 70 metabolites were identified by using UPLC-QTOF-MS/MS in
negative ion mode. The amounts of metabolites found in each extract were different, i.c.,
45 metabolites in MM, 64 metabolites in UM, 42 metabolites in UE and 41 metabolites in
ME. MS/MS could further tentatively identify 16 metabolites. The identified compounds
belonged to the class of flavonoids and phenolic acid. Also, we conducted an antioxidant
activity by using DPPH method on each extract to determine its potency as an antioxidant.
The highest antioxidant activity was exhibited by UM extract (IC50 71.93 ppm) may be
due to the number of metabolites in UM extract which was higher than the other extract
based on the detected metabolites.
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INTRODUCTION

Ficus deltoidea is known as Tabat Barito in Indonesia, and it belongs to the Moraceae
family. This plant widely distributed in Southeast Asia. F. deltoidea has been extensively
studied for its biological activities such as antioxidant [1-3], antihypertensive [4],
antiadipogenic [5], antimicrobial [6], antidiabetic [7], anti-cervical cancer [8], anti-
inflammatory [9], and antinociceptive [10]. It is well known that F. deltoidea contains
phenolic compounds which are in general mostly acts as an antioxidant [2]. The chemical
components existing in F. deltoidea belong to polyphenols class (tannins, proanthocyanins),
flavonoids, saponins, and triterpenoids [4, 5, 11]. Flavonoid compound that has been
identified in F. deltoidea is (-)-epicatechin/(+)-catechin, (-)-epiafzelechin, (+)-afzelechin, (-)-
epigallocatechin, luteolin, apigenin [12], vitexin, isovitexin [7], and caffeic acid [13].

Identification of chemical components in a plant could be identified through
metabolomics approach. Metabolomics study can be used to observe the profile of secondary
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metabolites in plants which consist of tens or even hundreds of metabolites. Metabolite
profiling is one of the strategies in metabolomics analysis that has been widely used to
describe secondary metabolite profiles without going through lengthy processes of metabolite
isolation [14]. This approach has been applied to F.deltoidea growing in Malaysia, and
several compounds of flavonoid and proanthocyanidin class were identified [12]. Metabolite
profiling also has been performed on other ficus species namely F. lyrata, and several
compounds of flavonoid, phenolic acid, fatty acid, and sphingolipid were identified
tentatively [14].

Metabolite profiling studies either using gas chromatography or liquid chromatography
in tandem with mass spectrometry (MS). The tandem is intended to facilitate the process of
identifying chemical compounds in a plant, which is a complex system of chemicals because
the plant will contain tens to hundreds of metabolites. Chromatography is used to separate the
compounds in the plant and to ease their identification by mass spectrometry. In many studies
of chemical profiling, ultra-performance liquid chromatography quadrupole time of flight
mass spectrometry/mass spectrometry (UPLC-QTOF-MS/MS) has been reported that it is
more sensitive and selective in profiling than other chromatographic methods [15]. MS
analysis in quadrupole time of flight (QTOF) as mass analyzer can be used to detect a broad
range of compounds in a small number of samples required. In addition, QTOF-MS allows
the establishment of mass information with high precision and accuracy so that the
determination of possible structure is more accurate [16]. UPLC-QTOF-MS/MS has been
reported for profiling of secondary metabolites in some plant species such as Curcuma [17],
Fragaria ananassa [18] and Merremia emarginata [19].

In this study, we used UPLC-QTOF-(MS/MS) for metabolite profiling of F. deltoidea
leaves from West Java, Indonesia. As additional information, we have determined the
antioxidant capacity from a different extract of F. deltoidea. We also compared two different
extraction modes (maceration and ultrasonication) with two solvents (ethanol and methanol)
to know how many metabolites could be extracted and its effect on the antioxidant capacity
of each extract.

EXPERIMENT
Plant Material and Chemicals

F. deltoidea leaves samples were obtained from Cikaniki village, Mount Halimun
Sukabumi National Park collected in July 2014, methanol (Merck, Darmstadt, Germany),
ethanol (Merck, Darmstadt, Germany), and 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Merck,
Darmstadt, Germany).

Instrumentation

Multiplate reader (Epoch-Biotek, Winooski, USA) was used for measurement of
antioxidant activity, whereas the metabolite profiling was conducted using LC-MS XEVO
G2S-QTOF (Waters, Milford, USA), an ultrasonication US-3 38 kHz (As-one, Osaka-
Jepang) and rotary evaporator (Heidolph WB 2000, Schwabach-Germany).

Procedure
Extraction of F. deltoidea leaves

Maceration was carried out by soaking F. deltoidea leaves samples in ethanol and
methanol, respectively with a ratio of sample-solvent of 1:10 at room temperature for 24
hours and occasionally stirring. The filtrate was evaporated and obtained methanol extract
(MM) and ethanol extract (ME). Ultrasonication was performed for 30 minutes by using 42
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kHz ultrasonication wave. After that, the extract was filtered to obtain filtrate and residue.
The filtrate was evaporated to obtain methanol extract (UM) and ethanol extract (UE).

Measurement of Antioxidant Activity with DPPH method

Antioxidant activity of the samples was measured using DPPH method described by
Salazar-Arranda et al. [20]. Each extract was dissolved in ethanol to obtain a solution of each
extract at a concentration of 100, 50, 25,12.5, 6.25 and 3.125 pg/mL. About 100 pL of each
solution was added into 100 pL of DPPH 125 puM in ethanol, and then the mixtures were
stirred and incubated at 37°C for 30 minutes. The absorbance of each solution was read in the
multiplate reader at a wavelength of 517 nm. The sample was analyzed three times and data
were evaluated using ANOVA.

Identification of Chemical Components by UPLC-QTOF-MS/MS

Identification of chemical components from F. deltoidea leaves was performed by
using dissolving each extract into methanol and filtering with millipore 0.45 micron, then 5
uL of the filtrate was injected into UPLC-QTOFMS/MS. ESI ionization source and QTOF
mass analyzer were used for MS analysis. Conditions in MS measurement were as follows:
negative ion mode in a capillary temperature of 120 °C, gas atomizer with a flow rate of 50
L/hour, the source of voltage +2.9 kV, full scan mode from m/z 100-1000 at a temperature of
41°C, an Acquity column HSS C18 1.8 pm x 2.1 x 150 mm (Waters, Germany) as stationary
phase with mobile phase of 5 mm ammonium format (A) and 0.1% formic acid in acetonitrile
(B) and eluent flow rate of 0.4 mL/min. Mode of elution was as follows: isocratic elution at
0-0.5 minutes with a ratio of 95:5, followed by linear gradient elution of solvent A from 95%
to 5% at minutes 0.5-15, isocratic elution with a ratio of 5:95 at minutes 15-17 and linear
gradient elution of solvent A from 5% to 95% at 17-20 minutes.

RESULT AND DISCUSSION
Identification of Chemical Components in F. deltoidea Leaves

In this study, to observe the differences in the chemical composition of F.deltoidea
leaves, a non-targeted metabolite profiling of the samples was performed on two extracts
from two different extraction techniques. The chemical components were separated and
identified by using UPLC-QTOF-MS/MS. The data obtained from UPLC-QTOF-MS/MS
was preprocessed with MZmine software. Filtering, baseline correction, peak detection,
deisotope, alignment, gap filling, normalization, and identification were performed using this
software.

The chromatograms obtained were converted into netCDF file extension for further
process to separate the chromatogram peaks from signal and noise by using baseline
correction. After this, we continue with peak detection to identify and quantify associated
signal with molecules in the sample and also to reduce data complexity. Deisotoping was
used to simplify data matrix for further analysis. Before statistical analysis, alignment should
be applied to compare metabolites in the samples analyzed by matching and classifying the
detected peaks. Gap filling was needed to observe very low peak intensity, poor quality form,
or an error in detecting the peak, to prevent wrong conclusions. Data were corrected or
eliminated to remove unwanted systematic bias in the measurement [21].
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Figure 1. UPLC chromatograms of F. deltoidea leaves extracts: MM (a), ME (b), UM (c)
and UE (d).

From the identification results obtained, metabolites number contained in each extract
were different, i.e., 45 metabolites in MM, 64 metabolites in UM, 42 metabolites in UE and
41 metabolites in ME. Fragmentation generated from MS! performs further confirmation of
each metabolite. From the pattern of fragmentation in MS', we will obtain a base peak. After
this, we compare it with the result obtained from Mzmine prediction results. The next step is
confirmation using fragmentation pattern on MS? and compared it with the literature. A total
of 16 peaks could be identified in 9 compounds in the class of flavonoids (e.g., gallocatechin,
catechin, epicatechin, vicenin-2), three compounds of phenolic acids (e.g., vanillic acid and
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quinic acid) and 4 compounds of fatty acids (glutaric acid dimer) (Table 1). Some of the
molecular structure of identified compounds was present in Figure 2.

Table 1. Determination of metabolite peak in F.deltoidea leaves extracts by using UPLC-
QTOF-MS/MS in negative ionization mode

Peak ti [M-H]- Formula MS-MS (m/7) Compounds MM UM UE ME
2 0.73 191.0476 C-;H,,04 - Quinic acid - - + +
8 3.22 305.0522 Cy5H 40, 179,167,137 Galocatechin + + + -
9 353 289.0576  C;sHi,0s  271,245,205,179  Cathecin + + +

Apigenin-6.8-C-
10 391 593.1218 Cy7H30015 503,473, 383, 353 Dihexoside (vicenin-2) + + + +

Apigenin-6.8-C-
11 402 5931218 CyHyOis  503,473,383,353 o 0t e nin2) + + +
12 4.05  289.0585 C;sH;40 289,245 Epicatechin + + - -

Apigenin-6-C-Glucoside-
14 4.25 563.1138 Cy6Ho5014 443,473, 545, 503, 8-C-arabinoside - + + +

383,353 .

(schaftoside)
15 439 4470722  CyHyO, 327,357 Luteolin-8-C-glucoside + + + o+

(orientin)

431,353, 341, Apigenin-8-C-glukosida
18 4.86 431.080 C,1Hy0019 311.269 (vitexin) + + + +
20 5.39 167.0275 CgHgO4 - Vanilic acid + + + +
22 5.84 187.0892 CoH,504 125 Azelic acid + + - -
23 6.59 285.0270 Ci5H;¢O¢ 285,151,133 Luteolin + + + +
27 81 5 245.0707 CioH 1407 - Glutaric acid dimer + + + +
28 8.89 245.0707 CioH 1407 - Glutaric acid dimer + + + +
29 9.47 245.0707 CyoH;40, - Glutaric acid dimer + + + +
30 9.55 245.0707 CioH 1404 - Glutaric acid dimer + + + +
(0]
HO
OH
HO OH
OH
Quinic acid
Apigenin-6.8-C-diglucoside Luteolin-6,8-C-diglucoside
OH
HO l o ‘
OH
OH
Orientin Luteolin Epicatechin

The journal homepage www.jpacr.ub.ac.id 104

p-ISSN : 2302 — 4690 | e-ISSN : 2541 — 0733



J. Pure App. Chem. Res., 2018, 7(2), 100-108
5 May 2018

oH OH
O OH
(@]
HO o OH 0
OH CHs
OH
OH
Gallocatechin Vanilic acid

Vicenin 2 Vitexin Schaftoside

Figure 2. Structure of proposed compounds of flavonoid and phenolic acid in F. deltoidea
leaves extracts

Identification of Flavonoid

Flavonoid has been reported for several Ficus species [12,14, 22,23]. Indication for the
presence of several flavonoids in leaves samples comes from the molecular ion peak of
spectrum MS" with M-90 and M-120 fragments indicating for C-glycosides cleavage [14].
Previous studies also showed that luteolin and apigenin glycosides found in F. deltoidea were
of the C-glycosides form [12]. From the Fig 1, peaks 10 and 11 were characterized [M-H]-at
m/z 593 with the fragment ions m/z 503 ([M-H-90]-) and m/z 473 ([M-H-120]-) indicating the
presence of apigenin-6,8-C-diglucoside (vicenin-2) [24]. In addition, typical fragmentation of
C-glycosyl flavone is indicated by MS? peaks m/z 383 (aglycone + 113) and m/z 353
(aglycone + 83). The relative intensity of signal fragment with m/z 383 is higher than m/z
473, which showed the existence of apigenin aglycone [25]. Peak 10 and 11 identified the
same compounds although their retention time was different, as one peak of UPLC MS/MS
could consist of several compounds. Apigenin-6-C-glucoside-8-C-arabinoside (schaftoside)
compound was identified at a retention time 4.25 minute (compound 14) with a base peak m/z
563. In general, 6-C-pentosyl-8-C-hexosyl substitution leads to a higher abundance of the ion
m/z 473 [M-H-90]-— to m/z 443 [M-H-120]- [26]. Ion m/z 503 [M-H-60]- was derived from
the cleavage of C-pentosyl, while ion [M-H-120]- was derived from cleavage of hexosyl,
furthermore, glycosyl substitution at the C6 position of flavones produce the base peak.

The existence of luteolin at the retention time of 6.59 (peak 23) can be explained by
comparing the product ion spectrum with luteolin standard mass spectrum [27]. Figure 3A
shows the spectrum of F. deltoidea leaves extract at peak 23 and the spectrum for the
standard (Figure 3B) to describe the presence of luteolin. MS/MS spectrum on precursor ion
at m/z 151 [M-H-134]- losses of ring A of flavonoid molecules and m/z 133 [M-H-152]
losses of ring B flavonoid molecules [28].

Differences between orientin (luteolin-8-C-glucoside) and isoorientin (luteolin-6-C-
glucoside) were shown a different pattern of fragmentation because of differentiation
between C-glycosides at position 6 and 8. Peak 15 with retention time at 4.39 minutes was
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obtained by base peak [M-H]- at m/z 447. The first compound was identified as isoorientin or
orientin. Fragmentation pattern at m/z 357 [M-H-90]- and m/z 327 [M-H-120]- indicated that
mono-C-glycosylation was in position 8. The losses of 120 u and 90 u corresponded to cross-
ring cleavages in the sugar unit. Compound 15 was marked as luteolin 8-C-glucosyl known
as orientin [29]. The difference with isoorientin was ion m/z 429 [M-H-18]- did not exist in
the orientin spectrum [27]. The same method was used in identifying vitexin (peak 18).
Vitexin (apigenin-8-C-glucoside) at m/z 431 showed m/z 341 [M-H-90] and m/z 311 [M-H-
12] as characteristic ions in MS/MS. The absence of ion m/z 413 and 353 will distinguish the
spectrum between vitexin and isovitexin. In addition, deprotonated aglycone (m/z 269) has
the relative abundance of 5. It showed that the compound in peak 18 is a vitexin [27].

Gallocatechin belonging to the flavan-3-ol class is detected at peak 8 with a retention
time of 3.22 (m/z 305). Cleavage pattern of MS? generates m/z 179 [M-H- 126] , 167 [M-H-
138] , and 137 [M-H-168] [30]. Peak 9 and 12 are catechin and epicatechin compounds that
produce a deprotonated molecule [M-H] on (m/z 289). Compound (epi) catechin with a base
peak at m/z 289 where the ion peak deprotonated [M-H]- occurs at m/z 289 fragmented ions
at m/z 271, 245, 205 and 179. There was a possibility that ion at m/z 205 was obtained due to
the loss of observed flavonoids-ring A, while the ion at m/z 245 showed the presence of CO,
or -CH,-CHOH- divalent [27]. Fragments at m/z 271 are the result of water loss [M-H-H,0],
and m/z 179 of the lost ring B of flavonoid molecules.
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Figure 3. MS/MS from Peak 23 in F. deltoidea leaves extracts (A) and luteolin standard (B)
[27]

Identification of Phenolic Acid

Derivatives formed from the interaction of hydroxycinnamic acids with quinic acids
were commonly found in plants and contributed to the flavor [31]. Peak 2 is characterized by
[M-H] at m/z 191.0476. The dominant fragment of 191 indicates the molecular formula of
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C7H,,0¢ for quinic acid in MS" (phenolic acids) [14]. Quinic acid is identified in ethanol
solvent in both extraction techniques. Other phenolic acids also have been identified in this
study such as a vanillic acid (20) and azelaic acid (22), all of them are visible from the mass
spectral data (Table 1). Vanillic acid has fragmentation pattern at 167, 152, 122 and 108 [32].

Antioxidant Activity

Free radical scavenging activity of F. deltoidea leaves extract with extraction technique
and different solvent use DPPH method. The capacity of antioxidant activity of F. deltoidea
leaves extracts indicated with ICs, values. ICsy of each extract was obtained at 85.98 ug/mL
for MM, 80.75 pg/mL for ME, 71.93 pg/mL for UM, and 88.37 ug/mL for UE (Table 2).
Table 2 showed there is no significant difference in the ICs, of the four extracts which means
both extraction and solvent did not affect significantly by the antioxidant activity, but the four
extracts have high antioxidant activity because the ICsy value obtained below 200 pg/mL.
ICs¢ below 200 pg/mL is considered to have high antioxidant activity [33]. Methanol extract
by ultrasonication method has the highest antioxidant activity with the lowest ICs, value. This
result supported by the number of metabolites contained in the methanol extracts using
ultrasonication also higher than the other extracts.

Table 2. Antioxidant activity of Ficus deltoidea leaves extract

Extraction Solvent ICso (ug/mL) = SD (n =3)
Maceration Methanol 85.98 £3.26"
Ethanol 80.75 + 3.08"
Ultrasonication ~ Methanol 71.93 +£0.86°
Ethanol 88.37 + 3.66"
CONCLUSION

This study demonstrated a metabolite profiling of F. deltoidea growing in Indonesia by
using UPLC-QTOF-MS/MS. In the identification of F. deltoidea secondary metabolites, we
found about 70 metabolites and 16 metabolites confirmed by MS/MS. The identified
compounds belong to the class of flavonoids, phenolic acid, and fatty acid. The use of
different extraction technique and solvent will affect the number of metabolites.
Ultrasonication technique provides the most number of metabolites and the highest potential
activity. Database development and further identification with complete structure elucidation
are required to determine the presence of chemical components in F. deltoidea.

REFERENCES

[1] Hakiman M, Maziah M, 2009, J. Med. Plant. Res., 3(3), 120-131.

[2] Sirisha N, Sreenivasulu M, Sangeeta K, Chetty CM, 2010, J. Pharm. Tech., 2(4), 2174-
2182.

[3] Abdullah Z, Hussain K, Zhari I, Rasadah MA, Mazura P, Jamaludin F, Sahdan R, 2011,
Pharmacogn. Res., 1,216-223.

[4] Nadiah R, Dewa A, Asmawi MZ, Ismail Z, Manshor NM, Hassan Z, 2013, J. Exp.
Integr. Med., 3(2), 93-102.

[5] Woon SM, Seng YW, Ling APK, Chye UM, Koh RY, 2013, Biomed. Biotechnol.,
15(3), 295-302.

[6] Samah OABD, Zaidil NTA, Sule AB, 2012, J. Pharm. Sci., 25(3): 675-678.

[7] Choo CY, Sulong NY, Man F, Wong TW, 2012, J. Ethnopharmacol., 142, 776-781.

The journal homepage www.jpacr.ub.ac.id 107
p-ISSN : 2302 — 4690 | e-ISSN : 2541 — 0733



J. Pure App. Chem. Res., 2018, 7(2), 100-108
5 May 2018

[8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]

[27]
[28]

[29]
[30]

[31]
[32]
[33]

Akhir NAM, Chua LS, Majid FAA, Sarmidi MR, 2011, Br. J. Med. Med. Res., 1(4),
397-409.

Abdullah Z, Hussain K, Ismail Z, Ali RM, 2009, Int. J. Pharm. Clin. Res., 1(3), 100-
105.

Sulaiman MR, Hussain MK, Zakaria ZA, Somchit MN, Moin S, Mohamad AS, Israf
DA, 2008, Fitoterapia, 79, 557-561.

Wei LS, Wee W, Siong JY, Syamsumir GF, 2011, J. Biol. Active Prod. Nat., 1, 1-6.
Omar MH, Mullen W, Crozier A, 2011, J. Agric. Food Chem., 4, 1363—13609.
Ramamurthy S, Kumarappan C, Dharmalingam SR, Sangeh JK, 2014, Ann. Res. Rev.
Biol., 4,2357-2371.

Farag MA, Abdelfattah MS, Badr SEA, Wessjohann LA, 2014, Nat. Prod. Res.,
28(19),1549-1456

Grata E, Guillarme D, Glauser G, Boccard J, Carrupt PA, Veuthey JL, Rudaz S,
Wolfender JL, 2009, J. Chromatogr. A., 1216, 5660—-5668.

Li SL, Song JZ, Choi FFK, Qiao CF, Zhou Y, 2009, J. Pharm. Biomed. Anal., 49, 253-
266.

Lee J, Jung Y, Shin JH, Kim HK, Moon BC, Ryu DH, Hwang GS, 2014, Molecules, 19,
9535-9551.

Hanhineva K, Rogachev I, Kokko H, Oron SM, Venger I, Kérenlampi S, Aharoni A,
2008, Phytochemistry, 69, 2463-2481.

Rameshkumar, A., Sivasudha, T., Jeyadevi, R., Sangeetha, B., Aseervatham, G.S.B.,
Maheshwari, M., 2013, Food Res. Int., 50(1), 94-10.

Salazar-Arranda R, Perez-Lope, LA, Lopez-Arroyo J, Alanis-Garza BA, De Torres,
NW, 2009, Evid. Based Complement. Alternat. Med., 2011, 1-6.

Castillo S, Gopalacharyulu P, Yetukuri L, Oresic M, 2011, Chemom. Intell. Lab. Syst.,
108, 23-32.

Sheu YW, Chiang LC, Chen IS, Chen YC, Tsai IL, 2005, Planta Med., 71, 1165-1177.
Veberic R, Colaric M, Stampar F, 2008, Food Chem., 106, 153—157.

Han J, Ye M, Qiao X, Xu M, Wang BR, Guo DA, 2008, J. Pharm. Biomed. Anal., 47,
516-525.

Benayad Z, Cordovés CG, Es-Safi NE, 2014, Int. J. Mol. Sci., 15, 2066-2068.
Figueirinha A, Paranhos A, Perez-Alonso JJ, Santos-Buelga C, Batista MT, 2008, Food
Chem., 110, 718-728.

Sanchez-Rabaneda, F, Ja'uregui O, Casals I, Andres-Lacueva C, Izquierdo MI, Ravento
RM, 2003, J. Mass Spectrom., 38, 35—42.

Fabre N, Rustan I, Hoffmann E, Leclercq JQ, 2001, J. Am. Soc. Mass Spectrom., 12,
707-715.

Negri G, Santi D, Tabach R, 2012, Rev. Bras. Farmacogn, 22, 1024-1034.

Tala VRS, Silva VC, Rodrigues CM, Nkengfack AE, Santos LC, Vilegas W, 2013,
Molecules, 18, 2803-2820.

Pink D, Naczk M, Baskin K, Shahidi F, 1994, J. Agric. Food Chem., 42, 1317-1322.
Sudawadee T, Baker AT, 2009, Asian J. Food Ag-Ind., 2(4), 547-560.

Nikolova M, Evstatieva L, Nguyen TD, 2011, Bot. Serbica, 35(1), 43-48.

The journal homepage www.jpacr.ub.ac.id 108
p-ISSN : 2302 — 4690 | e-ISSN : 2541 — 0733



