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ABSTRACT

Centella asiatica (‘Pegaga’=Malaysia) is well known plant that has been used as one of the ingredients
in pharmaceutical and cosmetic industries. Using liquid chromatography with diode array and elec-
trospray ionization/mass spectrometry (LC-DAD-ESI/MS) analysis, chemical profiling of three different
Pegaga extracts (C. asiatica, H. bonariensis and H. sibthorpioides) revealed variations in their metabo-
lite profile. Our findings showed that triterpenes of C. asiatica were characterized by the ursane-type
triterpenes (madecassoside, asiaticoside, madecassic acid, and asiatic acid), while the two Hydrocotyle
species consisted of oleanane-type triterpenes (barrigenol derivatives). Other variations are due to
the difference in phenolic and flavonoid constituents. The three Pegaga extracts were also evalu-
ated for their total phenolic content (TPC), 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals, and
xanthine oxidase inhibition (XOI) activities. The results showed that C. asiatica has the most potent
antioxidant activity (TPC=72.09 mg/100 g DW; DPPH =72.99 w.g/ml; XOI=87.68 ug/ml) as compared to
H. bonariensis (TPC=28.55mg/100 g DW; DPPH =22.43 ng/ml; XOI=32.23 ug/ml) and H. sibthorpioides

(TPC=56.23 mg/100 g DW; DPPH = 37.86 pg/ml; XOI = 14.73. ug/ml).

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Pegaga (Malaysian Pennywort) are perennial creeping plants
of the genus Centella and Hydrocotyle of the Apiaceae family (De
Padua and Bunyapraphatsara, 1999). In Malaysia, Pegaga, is valued
medicinally and also consumed as a traditional vegetable or ‘ulam’.
Common varieties of Pegaga are Centella asiatica (asiatic penny-
wort), Hydrocotyle bonariensis (large leaf marsh pennywort), and
Hydrocotyle sibthorpioides (lawn marsh pennywort). C. asiatica has
been used since prehistoric time as a herbal remedy for awide range
of applications such as treatment of skin diseases and as a tonic
for improving youth, longevity and memory (Burkill, 1966). In the
pharmaceuticals industry, C. asiatica is a dermatologically effective
phytotherapeutic agent that has been used in the form of complex
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homeopathic preparations, such as an ointment for external appli-
cation (Brinkhaus et al., 2000). C. asiatica has been also used in the
cosmetics industry, e.g. as anti-ageing specifically for ameliorating
lines and wrinkles, and prophylactically treating loss of elasticity
(Oblong and Bissett, 1997), and improving keratinocytes differen-
tiation and for enhancing the epidermal functionality (Sene et al.,
2007).

The phytochemistry (Rastogi et al., 1960; Asakawa et al., 1982;
Matsuda et al., 2001) and pharmacology (Brinkhaus et al., 2000)
of C. asiatica has been extensively studied. The main compounds
that have been reported to exhibit various physiological effects
include its characteristic triterpenoids asiaticoside, madecassoside,
asiaticacid and madecassicacid (Gunther and Wagner, 1996). Other
classes of compounds such as sterols, polyacetylenes (Govindan
et al., 2007), flavonoids and chlorogenic acids (Satake et al., 2007)
were also reported to be present in C. asiatica.

Despite its popular use, a great deal of uncertainly still exist with
regards to the differences between the Pegaga varieties, present-
ing problems in quality control and standardization of downstream
products derived from the plants. Earlier, we were able to differen-
tiate between the three Pegaga varieties C. asiatica, H. bonariensis,
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and H. sibthorpioides by using TH NMR metabolomics approach
(Maulidiani et al., 2012). The study revealed that asiaticoside and
madecassoside along with chlorogenic acids were the metabo-
lites contributing to the separation of C. asiatica, H. bonariensis
and H. sibthorpiodes extracts. The two triterpene glycosides were
only detected in C. asiatica extracts but not in H. bonariensis, and
H. sibthorpioides. These compounds are well known to exhibit
important biological activities including antioxidant, anticancer
and anti-inflammation (Al-Saeedi et al., 2011; Wan et al., 2012).

TH NMR spectroscopy has been used widely as an analytical tool
because of its robustness, speed and high-throughput as well as
the relatively simple method of sample preparation (Lindon and
Nicholson, 1997; Kim et al., 2010). However, MS-based techniques
are also widely used as it offers greater speed, sensitivity and selec-
tive qualitative and quantitative analyses. Furthermore, efficient
identification of each individual constituent is enabled by applica-
tion of tandem mass (MS/MS) (Schutz et al., 2004; Seeram et al.,
2006).

Numerous reports have been published on the quantification
of major triterpenoids from C. asiatica (asiaticoside, madecas-
soside, asiatic acid, madecassic acid and their isomers) using
HPLC (Gunther and Wagner, 1996; Schaneberg et al., 2003;
Rafamantanana et al., 2009). However, there has been only a few
reports on the identification of C. asiatica constituents using LCMS
(Shen et al., 2009). Recently, Long et al. (2012) reported the online
identification of two Centella species using LCMS. In this paper,
we report the on-line identification of three Pegaga varieties (C.
asiatica, H. bonariensis, and H. sibthorpioides) using LCMS. The diag-
nostic fragmentation patterns of chlorogenic acids, flavonoids, and
triterpenes in the ESI-MS/MS are discussed on the basis of MS/MS
data, in comparison with literature and authentic standards. We
further compared the antioxidant and xanthine oxidase inhibitory
activities of the three Pegaga varieties.

2. Materials and methods
2.1. Chemicals

Ethanol 70% (v/v) used as a solvent for extraction was purchased
from ChemPur (Karlsruhe, Germany). HPLC grade acetonitrile
(Merck, Darmstadt, Germany) and water purified by a MilliQ sys-
tem (Millipore, Bedford, MA, USA) were used as mobile phase
solvent system in the LCMS analysis. Acetic acid (HOAc) was
used as buffer (Fisher, Loughborough, UK). Asiaticoside, made-
cassoside, asiatic acid, and madecassic acid were purchased from
Sigma Chemical Co. (USA), while quercetin and kaempferol were
isolated from the dichloromethane fraction of C. asiatica and
unambiguously identified structurally by 'H NMR analysis and
comparison with literature data (Satake et al., 2007). Gallic acid,
Folin-Ciocalteu reagent, and sodium carbonate 1,1-diphenyl-2-
picrylhydrazyl (DPPH), xanthine oxidase (EC 1.17.3.2), xanthine,
potassium phosphate monobasic anhydrous, and allopurinol were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). Stan-
dard compounds 3-O-caffeoylquinic acid (chlorogenic acid) and
quercetin-3-O-rhamnoside were also purchased from Sigma Chem-
ical Co. (St. Louis, MO, USA).

2.2. Plant materials

Leaves of three varieties of Pegaga (C. asiatica, H. bonariensis, and
H. sibthorpioides) were collected from the plant nursery of the Insti-
tute of Bioscience, Universiti Putra Malaysia in October 2008. The
three varieties were identified by a Resident Botanist and voucher
specimens were deposited at the herbarium of the Laboratory of
Natural Products, University of Putra Malaysia.

2.3. Extraction

One gram of the air-dried powdered plant material was soaked
in 50 ml of 70% aqueous ethanol (v/v). The suspension was ultra-
sonicated at room temperature for 60 min, filtered, concentrated in
vacuo and lyophilized. Extracts were kept at 4 °C prior to analysis.

2.4. HPLC-DAD-ESIMS

Mass spectra were acquired using a Thermo-Finnigan model
LCQPECA (San Jose, CA) ion-trap mass spectrometer equipped with
an ESI source interface. Ultrahigh purity helium (He) and high
purity nitrogen (N, ) were used as collision and nebulizing gases,
respectively. The mass spectra were acquired in both positive and
negative ion modes in separate analyses with the following condi-
tions: ESI cone voltage +4 kV; heated capillary temperature 235 °C,
sheath and auxiliary nitrogen gas flows 40 and 18 units. The instru-
ment was coupled to a Surveyor HPLC binary pump, Surveyor
diode array detector (DAD) (190-600 nm range; 1 nm bandwidth)
and Surveyor autosampler. Chromatographic separation was car-
ried out on an XTerra column (3.5 wm, 150 x 3 mm i.d., Waters
Corporation, USA). Acquisition time for the analysis was 80 min
using gradient elution with acetonitrile (A) and water containing
0.5% HOAc (B): 0-5min, 10% A; 5-15min, 20-25% A; 15-20 min,
25-30% A; 20-35min, 30% A; 35-40 min, 30-40% A; 40-45 min,
40-55% A; 45-50 min, 55-70% A; 50-55 min, 70-80%A; 55-60 min,
80-90% A; 60-65 min, 90-100% A; 65-80 min, 100%A at a flow-rate
of 0.5 ml/min. The concentration of sample extract for each analysis
is 5mg/ml (injection volume: 10 p.l). The total ion chromatograms
(TIC) were recorded for m/z 50 to m/z 2000. A data-dependent
program was used for further MS/MS analysis. Quantitative deter-
mination of antioxidant compounds was carried out via HPLC-DAD
analysis. Quercetin and quercetin-3-O-rhamnoside were selected
as the external standards for quantification of flavonoids, whereas
3-0-caffeoylquinic acid (chlorogenic acid) for caffeoylquinic acid
derivatives. Relative quantification was determined using cali-
bration curves constructed from the standards, prepared in five
different concentration levels ranging from 0.1 to 0.006 mg/ml. The
calibration curve criteria must be accepted if the RZ >0.99. The
relative amount of the compound was expressed as mg/100g of
extract.

2.5. Total phenolic content (TPC)

The total phenolic content (TPC) was determined using Folin-
Ciocalteu method (Singleton et al., 1999). In this method, 0.1 ml
extract (1 mg/ml) was reacted with 0.1 ml Folin-Ciocalteu reagent
and then neutralized with 10 ml of sodium carbonate (7%, v/v; in
distilled water). After 60 min of incubation, the absorbance of the
solution was measured at 725 nm. Gallic acid was used as a standard
and the TPC was expressed as mg of gallic acid equivalents/100g
sample DW.

2.6. 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH) activity

Radical scavenging activity using >1,1-diphenyl-2-
picrylhydrazyl radical (DPPH) was carried out according to
protocols described by Mohamad et al. (2004). 100 .l of substock
solution (in MeOH) of the extracts at concentrations 250, 125,
and 62.5pg/ml were added into 96-well microplates.5ul of
DPPH reagent (5 mg of DPPH in 2 ml of MeOH) was then added
into each well and the solution was kept in the dark for 30 min.
The absorbance of the solution was then measured at 517 nm.
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Percentage inhibition of DPPH activity was calculated based on the
following formula:

(ODc¢ontrol — ODsamplex) x 100%
ODcontrol

2.7. Xanthine oxidase inhibitory (XOI) activity

The assay was conducted based on previously reported pro-
cedure (Sweeney et al, 2001) with slight modifications. The
samples were tested at the concentrations of 200, 100, 50, 25, and
12.5 pg/ml. Percentage inhibition of XOI activity was calculated
according to the formula:Percentage inhibition=(1 —(ODgample —
ODcontrol)) x 100%

2.8. Statistical analysis

All experiments were repeated thrice and the results reported
as mean=+SEM values. Data were analyzed using ANOVA with
Tukey-HSD pairwise comparison using Statistical Package for Social
Science (SPSS™) software for Windows, Version 16.0 (SPSS Inc.,
Chicago, IL). A probability level of 5% (p < 0.05) was considered as
significant.

3. Results and discussion
3.1. Liquid chromatography mass spectrometry analysis

The HPLC-DAD chromatograms of the three Pegaga variaties (C.
asiatica, H. bonariensis, and H. sibthorpioides) recorded in the UV
range of 190-600 nm showed distinctly different metabolite pro-
files (Fig. 1). The chromatograms of each extract, recorded over
80 min, indicated that the major components were eluted between
5 and 50 min. The TIC profiles showed that most of the prominent
peaks detected were attributable to the presence of chlorogenic
acids, flavonoids, and triterpene glycosides (Fig. 2). As expected, the
triterpenoids, generally having poor chromophores, were poorly
detected within the wavelength range of the PDA detector (Fig. 1).

Chlorogenic acids were detected in both C. asiatica and H.
sibthorpioides extracts, whereas flavonoids were presentin all of the
extracts. Triterpene glycosides were detected in all of the extracts
but the aglycones were different for each of the test extract. Table 1
summarizes the retention times (RT), UV, MS and MS/MS data of
the detected metabolites.

3.2. Identification of phenolic acids

Chlorogenic acids are a family of esters of hydroxycinnamic
acids (caffeic acid, ferulic acid and p-coumaric acid) with quinic
acids. Based on the negative ion MS/MS data (Table 1), caffeic
acid (m/z 179) and ferulic acid (m/z 193) appear to be the com-
mon type of hydroxycinnamic acids for the chlorogenic acids of
C. asiatica and H. sibthorpioides, respectively. Meanwhile, the frag-
ment ion at m/z 191 was characteristic of quinic acid. The ions at
m/z 191 and 179 were considered to be generated from the cleav-
age of the ester bond linking the two acids. 3-O-Caffeoylquinic
acid (chlorogenic acid) was observed early at the retention time
of 491 min (peak 1) in the TIC profile of both C. asiatica and
H. sibthorpioides. Meanwhile, dicaffeoylquinic acids appear to be
major components of the C. asiatica extract. This was evident from
the negative ion MS/MS data for peaks 11-13, 15, and 17 of C. asi-
atica extract (Fig. 2A) which exhibited characteristic ions at m/z
191, 353, and 515 (Table 1) attributable to quinic, chlorogenic,
and dicaffeoyl quinic acid (cynarin) moieties, respectively. Peaks
11, 12 and 15 exhibited similar molecular ion peaks at m/z 515

indicating that they are possibly isomers, tentatively identified
as 1,5-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid and
4,5-di-0O-caffeoylquinic acid based on comparison with previous
reports (Schutz et al., 2004). Peaks 13 and 17 also showed the same
molecular ion peak at m/z 601 and based on its MS/MS fragmenta-
tion with m/z 515, 395 and 353, these were tentatively assigned as
isomers of 3,5-di-O-caffeoyl-4-malonylquinic acid (Lin and Harnly,
2010).

Possible isomers of dehydrotriferulic acids were identified at the
retention times of 35.56 min (peak 29) and 37.71 min (peak 33), for
H. sibthorpioides. The assignments were based on the deprotonated
molecularion peak atm/z577, suggesting a molecular weight of 578
and the fragment ions at m/z 383 and 193, corresponding to the loss
of one and two ferrulic acid moieties, respectively. The UV maxima
at 320 nm shown by both compounds were also characteristic of
ferulic acid derivatives and comparison with literature data further
supported the assignment (Funk et al., 2005).

3.3. Identification of flavonoid derivatives

Fig. 1 reveals that quercetin and kaempferol were the major
flavonols found in the Pegaga extracts. Quercetin was characterized
by characteristic absorption maxima at 255 and 350 nm, whereas
kaempferol was characterized based on its absorption maxima at
260 and 340 nm. In C. asiatica extract, three flavonoids could be
identified, which were quercetin 3-O-3-p-glucuronide, quercetin
and kaempferol at RTs=12.01 min (peak 8), 27.83 min (peak 24),
and 35.84 min (peak 30), respectively. Peak 8 exhibited a depro-
tonated molecular ion at m/z 477 with fragment ions at m/z 301
for the characteristic loss of the glucuronyl moiety, followed by the
typical fragment ions (m/z 179 and 151) of free quercetin.

Hydrocotyle species contained flavonoid glycosides as likely
chemical markers. Rutin (peak 3) was identified by the deproto-
nated molecular ion at m/z 609 and the fragment ions at m/z 463
(for the loss of rhamnose, [M-146]~) and 301 (loss of rhamnose
and glucose [M-146-162]~). Meanwhile peak 4 (RT=10.25min)
with a deprotonated molecular ion peak at m/z 595 was ten-
tatively assigned as quercetin-O-pentosyl-hexoside (Singh et al.,
2011) based on the fragment ions at m/z 463 (loss of pentose moi-
ety [M-132]) and 301 (loss of pentose and glucose [M-132-162]7).
Peak 6 was assigned as kaempferol-3-O-rutinoside (RT=11.29 min)
based on the molecular ion at m/z 593 and fragment ions at m/z
447 (loss of rhamnose [M-H-146]) and 284 (loss of rhamnose and
glucose [M-146-162]~. Peak 7 (RT=11.73 min) was identified as
quercetin-3-0-glucoside based on the deprotonated molecular ion
at m/z 463, and fragment ions at m/z 445 (loss of H,0 [M-18]~) and
>301 (loss of glucoside). These flavonoid glycosides were also major
components of H. sibthorpioides. Peak 14 (RT=15.18 min) present
in H. sibthorpioides extract exhibited a deprotonated molecular ion
at m/z 447. Further MS/MS analysis gave a fragment ion at m/z 301
for [M-H-146]" arising from a loss of rhamnose yielding the agly-
cone, quercetin, based on the fragments at m/z 271, 255, 179 and
151. Based on this the compound was assigned as quercetin-3-0-
rhamnoside.

A larger number of flavonol glycosides were detected in H.
sibthorpioides extract. A deprotonated molecular ion at m/z 741
for peak 2 (RT=9.08min) and its fragment ions at m/z 609,
447, and 301, which were attributable to loss of pentose [M-H-
132], glucose [M-H-162]~ and rhamnose [M-H-146]~ from the
parent molecular ion, respectively, indicating it to be quercetin-
rutinoside with an additional pentose moiety (Ferreres et al., 2010).
An isomer of quercetin-rutinoside was also detected as peak 5
(RT=10.85min) based on the deprotonated ion peak at m/z 609.
Peak 10 (RT=13.92 min) with a deprotonated molecular ion peak
at m/z at 447, identified as kaempferol-3-0-glucoside. Peak 18
(RT=18.63 min)was identified as quercetin-3-diglucoside based on
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Fig. 1. HPLC-DAD chromatograms of (A) C. asiatica, (B) H. bonariensis, and (C) H. sibthorpioides.
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Table 1

Identification of phenolic, flavonol, and triterpenoid constituents in Pegaga extracts based on their spectral characteristics obtained from negative ion LC-DAD-ESIMS data.

Peakno.  Retention UV (nm) Parention (negative MS? fragments (base Tentative identity of compound Pegaga Relative amounts of antioxidant
time (min) ion) ion in bold) extract? compounds® (mg/100 g extract)
CA HB HS
Phenolics
1 4.91 235,320 353 191,179,135 3-0-Caffeoylquinic acid (Chlorogenic CA, HS 0.033 +3.284¢ - 0.0184+3.784¢
acid)
11 14.19 245,325 515 353, 335,191,179 1,5-Di-0-caffeoylquinic acid CA 0.030+4.323¢ - -
12 14.44 245,325 515 353,335,191,179 3,5-Di-0-caffeoylquinic acid CA 0.020 + 4.344°¢ - -
13 14.99 245,325 601 557,515, 395, 353, 233 3,5-Di-O-caffeoyl-4- CA 0.023 +5.838¢ - -
malonylquinic acid
(Irbic acid)
15 16.70 245,325 515 353,191,179,173 4,5-Di-0O-caffeoylquinic acid CA 0.007 +5.141°¢ - -
17 18.51 245,325 601 557, 515, 395, 245, 3,5-Di-0O-caffeoyl-4-malonylquinic acid CA 0.006 £6.535°¢ - -
(Irbic acid) isomer
29 35.56 245,320 577 549, 505, 383, 355,313,193, 163 Dehydrotriferulic acid HS - - -
33 37.71 250,320 577 533, 505, 383, 355, 341, 298, 193, 163 Dehydrotriferulic acid HS - - -
Flavonols
2 9.08 250,345 741 651, 609, 447, 301, 271, 255 Quercetin-rutinoside analogue with an HS - - 0.048 + 4.5344
additional pentose moiety
3 9.54 255.350 609 463, 301, 271, 255,179 Quercetin-rutinoside HB - 0.423 +2.855¢ -
4 10.25 255,350 595 463, 301, 271, 255,179 Quercetin-O- pentosyl-hexoside HB - 0.105 + 3.545¢ -
5 10.85 255,350 609 465, 301, 271, >255, 179 Isomer of quercetin-rutinoside HS - - 0.098 +3.831¢
6 11.29 260,340 593 447,284, 255,227, 179MS> 255,163,151  Kaempferol 3-O-glucoside HB - 0.146+2.934¢ -
7-0-rhamnoside
7 11.73 255,350 463 445, 301, 271, 255,179 Quercetin-3-O-glucoside HB, HS - 0.085+2.572¢ 0.296 +1.092¢
8 12.01 255,350 477 301, 179, 151 Quercetin 3-0-b-D-glucuronide CA 0.677 +2.804¢ - -
10 13.92 260,340 447 284, 255,227,179, 151 Kaempferol-3-0-glucoside HS - - 0.062 +3.290¢
14 15.18 255, 345 447 301, 271, 255,179, 151 Quercetin-3-0O-rhamnoside HS - - 0.228 +2.273¢
18 18.63 250,330 625 463,301,179 Quercetin-3-diglucoside HS - - 0.040 +7.814¢
19 19.17 260,335 431 285, 255,227,191, 179 Kaempferol 3-O-rhamnoside HS - - 0.035+8.950¢
24 27.56 255,345 301 301, 273, 257,239,179, 151, 125 Quercetin CA 0.218+1.359¢ - -
30 35.84 260,365 285 285, 256, 229, 169, Kaempferol CA 0.193+4.313¢ - -
Triterpenes
16 18.12 - 1021.2 [M+HOAc- 799.5, 667.5, 505, 457, Ranuncoside II HB - - -
H]—961.5 421
20 21.15 - 859 MS? 799.5, 505 Ranuncoside I HB - - -
[M+HOACc- MS3 667, 505, 437, 421
H]— 799.5
21 23.6 - 1033 Full ms Madecassoside CA - - -
[M +HOACc- 1033, 973, 929, 769,
H]—- 973 736, 624, 504, 469, 392,
347,291, 256,179,119
22 24.19 946 MS? 813, 751, 685, Barrigenol derivatives HB - - -
[M+HOACc- >663, 619, 601, 533,
H] - 886 505, 457
MS? 619, 601, 551, 505
23 242 - 1033 Full ms Asiaticoside B CA - - -
[M+HOACc- 1033, 973, 965, 782,
H]— 973 737, 586, 557, 505, 469,
375, 287,189,177,119
25 28.24 - 813 MS? 763, 681, 663, 645, Barrigenol derivatives HB - - -
[M+HOACc- 601, 573, 533, 505, 455,
H]— 753 421,389
MS3 >501, 467, 456,
422

2bZ-8€Z (¥10T) §S $19npo.d pup sdo.) [pLisnpuj /v 33 WUDIPYNDA

{344



Table 1 (Continued)

Peak no. Retention UV (nm) Parent ion (negative MS? fragments (base Tentative identity of compound Pegaga Relative amounts of antioxidant
time (min) ion) ion in bold) extract? compounds® (mg/100 g extract)
CA HB HS
26 31.02 - 1017 999, 903, 791, 678, 565, Centellasaponin A CA - - -
[M+HOACc- 452,338
H]— 957
28 32.26 - 1017 999, 791, 565 Asiaticoside CA - - -
[M+HOACc-
H]— 957.5
31 37.27 - 1118 956, 893, 793, 775, 757, Hydrocotyloside III HS - - -
731, 685, 660, 569, 551,
456
32 37.63 - 1001 Full MS Asiaticoside D CA - - -
[M+HOACc- 1001, 979, 941, 885,
H]— 941 798, 601, 547, 477, 283,
179
34 38.48 - 1307 MS? 1248, 1191, 1029, Ranuncoside IV with addition of HB - - -
[M+HOACc- 854, 844 glucose unit
H]— 1248 MS3 1087, 729
35 38.97 - 11453 Full MS Ranuncoside IV HB - - -
[M+HOACc- 1145, 1085, 996, 923,
H]— 1085 853, 787, 731, 643, 588,
529, 506, 495, 483, 357,
275,179,173,132,119
36 39.51 - 1145 Full MS Ranuncoside V HB - - -
[M+HOACc- 1145, 1086, 985, 965,
H]— 1085 952, 855, 810, 793, 601,
573, 506, 468, 289, 193,
178,165, 151, 147,119
37 40.03 - 563 MS? 505, 283 Madecassic acid CA - - -
[M+HOACc- MS? 435, 426, 390
H]— 503
38 41.27 - 956 MS? 835,732, 714, 617, Hydrocotyloside II HS - - -
569, 549, 524, 456, 319
39 41.71 - 547.2 MS? 487, 466, 427, 362 Asiatic acid CA
[M+HOACc- MS3 454, 440, 408
H] — 487
Unknown
9 13.09 250,310 693 675, 643, 337, 599, 547, HB - - -
369
27 32.16 - 919 799, 720, 645, 263 HS - - -
40 43.72 240, 285 735 675, 659, 586, 440 HB - - -
[M +HOACc-
H]— 676
41 45.35 260, 340, 405 737 719, 674, 524, 473, 296 HB - - -
[M+HOACc-
H]— 677
42 45.46 255, 425 293 275,236,171, 163 HS - - -
43 47.51 250, 335 295 295,277,185,171, 151 HB, HS - - -

a C. asiatica (CA); H. bonariensis (HB); H. sibthorpioides (HS).
b Value are means (n=3)+ %RSD.

¢ The amount of compound was relative to amount of standard chlorogenic acid, with relationship between peak areas (y) and concentrations (x) was y =269319.45x + 1566573.47 (R?> =0.990).
4 The amount of compound was relative to amount of standard quercetin, with relationship between peak areas (y) and concentrations (x) was y =237399x — 877718 (R =0.999).
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HO

HO

on R

21 R;=OH; R,=CHj; R;=CHj;; R4=H; Rs= COO-glc(1-6)glc(1-4)rha
23  R;=O0H; R,=H; R;=CH;; R;=CH;; Rs=COO-glc(1-6)glc(1-4)rha
26 R;=H; R,=H; R;y=CH;; Rys=CH;; Rs=COO-glc(1-6)glc(1-4)rha
28 R;=H; R,=CH;; R;=CH;; Ry=H; Rs=COO-glc(1-6)glc(1-4)rha
37 R;=OH; R,=CH;; R;=CH;; Ry=H; Rs=H

39 R,;=H; R,=CHj;; R;=CH;; Ry=H; Rs=H

Fig. 3. Compounds identified from C. asiatica.

the deprotonated molecular ion peak at m/z 625 and the fragment
ions at m/z 463 and 301 attributable to two consecutive losses of
a glucose moiety. Kaempferol-3-O-rhamnoside was also detected
in H. sibthorpioides extract (peak 19, RT=19.17 min) with depro-
tonated molecular ion at m/z 431 and fragment ions at m/z 285
characteristic of the aglycone, kaempferol.

3.4. Identification of triterpene glycosides

Pentacyclic triterpenes have been reported to occur in Centella
species either as oleanane or ursane types, with the latter being the
more common of the two types. Similarly in our LCMS/MS analysis,
ursane triterpenes were detected in C. asiatica extract. The TIC pro-
file of C. asiatica extract showed four major peaks attributable to
madecassoside (peak 21), asiaticoside B (peak 23), centellasaponin
A (peak 26), asiaticoside (peak 28), asiaticoside D (peak 32) and
madecassic acid (peak 37). The structures for these compounds are
illustrated in Fig. 3. Identification of the triterpene glycosides in C.
asiatica extract were supported by comparison with the full MS of
authentic standards (madecassoside, asiaticoside, madecassic acid
and asiatic acid) as well as by comparison with literature data (Long
et al., 2012; Shen et al., 2009). Their full MS spectrum (negative
ion mode) showed the pseudo-molecular ions ([M+HOAc-H]~ of
each triterpene glycosides, but MS/MS experiments failed to pro-
duce any fragment ions. Peak 26 was tentatively identified as the
oleanane type triterpene, Centellasaponin A, an isomer of asiati-
coside, mainly based on its fragmentation pattern. Additionally, C.
asiatica exhibited a minor constituent (peak 39) which exhibited a
pseudo-molecular ion peak at m/z 547 for [M + HOAc-H] -, assigned
as asiatic acid based on its fragmentation pattern and comparison
with authentic standard.

In contrast to C. asiatica, the triterpene glycosides reported from
the Hydrocotyle extracts were mostly of the oleanane-type. These
findings were in accordance with previous literature (Greca et al.,
1994; Matsushita et al., 2004). The TIC profile for H. bonariensis
extract displayed a pseudo-molecular ion at m/z 1021 >[M + HOAc-
H]~ for peak 16 (RT=18.12min) and MS/MS fragments ions at
m/z 799 for [M-H-162], 667 for [M-H-162-132] and 505 for
[M-H-(2 x 162)-132]~, indicating the sequential losses of glucose,
arabinose and glucose moieties, respectively. The fragment at m/z
505 matched that of the aglycone R;-barrigenol. Comparison with
literature data (Greca et al., 1994) supported the assignment of this
component as ranuncoside II.

o~
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O« OH \—
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o OH “CH,OH
OH

HO

OH HO
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(C49H7801s)
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(0]
O
(6]
OH “CH,OH
. OH
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HO OH l
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Fig. 4. Proposed mass fragmentation pathway for Hydroctyloside II.

Ranuncoside 1 appeared as peak 20 (RT=21.15min) which
yielded a pseudo-molecular ion peak at m/z 859 ([M+HOAc-H| ™)
and fragment ion peak at m/z 505 in the MS/MS spectra corre-
sponded to its aglycone, resulting from losses of a pentose and a
glucose units. The pseudo-molecular ion at m/z 1307 ([M + HOAc-
H]~) for peak 34 (RT=38.48 min), indicated a structure consistent
with ranuncoside IV (MW 1086) with an additional glucose unit
(MW 162). Peak 35 (RT=38.97 min) and 36 (RT=39.51 min) were
isomeric, showing similar pseudo-molecular ions at m/z 1145
[M+HOACc-H]~. They were tentatively assigned as ranuncoside IV
and ranuncoside V (Greca et al., 1994), respectively, based on
their full MS data. The presence of other ranuncosides was also
detected in H. bonariensis. Several other triterpene glycosides with
R;-barrigenol as its aglycone were also detected in H. bonariensis.
These are peaks 22 (RT=24.19 min) and 25 (RT=28.24 min), which
gave pseudo-molecular ions at m/z 946 [M+HOAc-H]~ and 813
[M+HOACc-H]~, respectively.

Oleanane glycosides were also detected in H. sibthorpioides
extract with barrigenol as its aglycone, but with propanoyl or
methylpropanoyl and acetyl groups attached at C21 and C22,
respectively (Matsushita et al., 2004). Peak 38 (RT=41.27 min) gave
a deprotonated molecular ion peak at m/z 956 and fragment ion at
m/z 617 corresponding to the losses of a glucose and a hexosy-
luronic acid [M-H-162-176]~. Furthermore, the MS/MS showed a
fragment ion at m/z 569 indicating the barrigenol aglycone minus a
methoxy group and water [M-H-OCH3-H,0]~. Thus, the compound
was assigned as hydrocotyloside Il (Fig. 4). Peak 31 (RT =37.27 min)
which gave a deprotonated molecular ion at m/z 1118 and a
fragment ion at m/z 956 for [M-H-162]~ was assigned as hydro-
cotyloside III. The retention times, UV, MS and MS? data obtained
by HPLC-DAD-ESIMS, as well as the relative amounts of antioxi-
dant compounds of each of the Pegaga varieties are presented in
Table 1.
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Table 2
Total phenolic content (TPC), radical scavenging activity (RSA), and xanthine oxidase
inhibitory (XOI) activities of three Pegaga extracts.

Sample TPC DPPH-RSA X0l

(mg GAE/100g (at (at

DW)2P 250 wg/ml)* 200 pg/ml)
C. asiatica 72.09+2.45 72.99+0.42 87.68 +4.08
H. bonariensis 28.55+1.14 22.43+0.90 32.23+1.28
H. sibthorpioides 56.23+2.33 37.86+0.49 14.73 +£1.06
Allopurinol (10 wM) 84.68+1.25
Quercetin (50 wM) 87.63+1.63

2 The experiment was conducted in triplicates and the result was calculated as
mean + SEM.

b For TPC assay, the curve absorbance of standard gallic acid versus concentrations
is described by the equation y =0.0059x +0.0291 (R? =0.996).

3.5. Determination of the total phenolic content and antioxidant
activity

Phenolic compounds are often correlated to the antioxidant
properties of a plant due to their capability as electron donors in free
radical reactions. In this study, using the Folin-Ciocalteu method,
it was shown that there are significant differences (p <0.05) in the
TPCs of the Pegaga extracts. The TPCs of the extracts ranged from
28.6 to 77.9 mg GAE/100 g DW with C. asiatica showing the highest
value of 77.9mg GAE/100 g DW, followed by H. sibthorpioides and
H. bonariensis with TPC values of 58.2 and 28.6 mg GAE/100 g DW,
respectively (Table 2).

Reactive oxygen species (ROS) play an important role in ageing
and age-related diseases. Thus, taking antioxidants as supplements
are expected to slow down the ageing process. In this study, deter-
mination of the antioxidant activities of the three Pegaga extracts (C.
asiatica, H. bonariensis, and H. sibthorpioides) were carried out based
on DPPH radical scavenging activity (RSA) and xanthine oxidase
inhibitory assays. The mechanism involved in DPPH assay is that the
stable free radical (DPPH) will react with antioxidants to form 1,1-
diphenyl-2-picrylhydrazine. The presence of free radical-scavenger
results in the disappearance of color and therefore its high radical
scavenging percentage represents high antioxidant activity. Adopt-
ing this experiment to our samples, C. asiatica extract was found
to be the most potent radical scavenger towards DPPH with ICsq
value of 180.3 pg/ml, while extracts H. bonariensis and H. sibthor-
pioides showed weaker activity with ICsg value of >250.0 p.g/ml.
Further ANOVA test with Tukey-HSD pairwise comparison showed
that there is significant difference (p <0.05) in DPPH-RSA of C. asiat-
ica when compared to H. bonariensis and H. sibthorpioides extracts
(Table 2). The antioxidant results were in good correlation with
the TPC values. These results were also supported by quantitative
determination of antioxidant compounds using HPLC-DAD quan-
titative analyses. C. asiatica extract has the highest amounts of
phenolics (0.119 mg/100 g of extract in the forms of caffeoylquinic
acid derivatives) and flavonoids (1.088 mg/100¢g of extract), fol-
lowed by H. sibthorpioides with total phenolics of 0.018 mg/100g
of extract and total flavonoids of 0.807 mg/100g of extract, and
H. bonariensis extracts with total flavonoids of 0.759 mg/100 g of
extract (Table 1). According to our previous study on the applica-
tion of Partial Least Squares model for the prediction of antioxidant
activity in Pegaga extracts from 'H NMR spectroscopy, dicaf-
feoylquinic acid derivatives were the constituents that gave the
most contribution to the DPPH-RSA, followed by quercetin and
kaempferol derivatives (Maulidiani et al., 2013).

Xanthine oxidase (X0) is a key enzyme that catalyzes the last
two steps of purine catabolism, the oxidation of hypoxanthine to
xanthine and xanthine to uric acid. Elevation of uric acid level in
the blood will leads to the deposition of urate crystals in joints and
kidneys causing hyperuricemia and gout arthritis. The results from
the assay showed that C. asiatica extract inhibited 87.7% X0 activity

at the concentration of extract 200 .g/ml, while the two species
of Hydrocotyle showed weak inhibitory activity (Table 2). Further-
more, ANOVA test with Tukey-HSD pairwise comparison showed
that there is significant (p < 0.05) difference of XO inhibitory activity
between C. asiatica and the other two Hydrocotyle extracts (Table 2).

4. Conclusion

In conclusion, identification of the three Pegaga (C. asi-
atica, H. bonariensis, and H. sibthorpioides) varieties using
LC-DAD-ESIMS/MS technique allowed us to characterize the
chemical constituents of the plants based on their MS data and
MS/MS fragmentation pattern. In addition to quantification of
the total phenolic content, the identity of the chlorogenic acids,
flavonoids, and triterpenes composition in the three varieties was
also determined. Antioxidant evaluation (DPPH-RSA, and XOl activ-
ities) of the extracts showed that the potency correlated well with
the total phenolic content (TPC) and revealed that C. asiatica extract
was the most active compared to H. bonariensis, and H. sibthorpi-
oides. Based on this observation, with respect to the medicinal use
of Pegaga as an antioxidant agent, C. asiatica would be the more pre-
ferred species. In addition, LC-DAD-ESI/MS analysis of the Pegaga
extracts, might be one of the alternative solution for quality control
and standardization of the plants.
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