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ABSTRACT
The leaves ofVernonia amygdalina (Family-Compositae)and Russelia
equisetiformis (Family-Scrophulariacae), were analyzed using LAREMS to
identify 26 phenolics components. Among them, 3emgfiquinic acids, verbascoside,
isoverbascoside and 7 glycosylated flavonoids wesatively identified. This is the
first report of the existence of caffeoylquinic @inVernonia amygdalina and most
of the flavonoids irRusselia equisetiformis.

Keywor ds: Caffeoylquinic acids; Glycosylated flavonolsC-DAD-ESI/MS analysis.

INTRODUCTION

Vernonia amygdalina Del. is a vegetable found in some African coustrie
The leaves are used in traditional African medicened are reputed to have
hepatoprotective, antioxidant, antibacterial, cybdective, antimalarial, and
antidiabetic activities (Masaba, et al., 2000; Agie, 2003; Iwalokun, et al., 2006;
Ibrahim, et al., 2009; Ong, et al., 2010). Chemistudies on the bioactive
components of this plant have led to the identificaof some sesquiterpene lactones
and steroids (Jisaka, et al., 1992; Erasto, et2806). Russelia equisetiformis is a
medicinal plant considered to have anti-inflammgatoanalgesic and membrane
stabilizing properties (Awe, et al., 2004; 2009)wo phenylethanoid glycosides of
this plant, russectinol and russeliaoside, werentitled as its active constituents
(Awe, et al., 2004; 2007).

The total phenolic content of both plants usedhis study was previously
guantified in a previous study (Johnson, et alQ&0 The aim of this study was to
identify their phenolic components using a standad profiling method based on
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liquid chromatography with diode array and eledpoay ionization mass
spectrometric detection (LC-DAD-ESI/MS) (Lin andrdky, 2007; 2008).

MATERIALSAND METHODS
Chemicals: Chlorogenic acid from Sigma Chemical Co. (Saint ispMO, USA),
apigenin 7-O-glucoside, vitexin and orientin fronxtasynthese (Genay Cedex,
France), verbascoside, isoverbascoside, 1,4-, itebfeloyquinic acids from
ChromaDex Inc. (Irvine, CA), and the isolated 8¢affeoylquinic acids, 3,5-, 3,4-,
4,5, 1,4-dicaffeoylquinic acids in the USDA labamat (Lin & Harnly, 2007) were
used as the standards. Formic acid and HPLC sal\enttonitrile, methanol) from
VWR Scientific (Seattle, WA), and prepared HPLCdgavater were used for HPLC-
MS analysis.
Plant materials. The leaves oYernonia amygdalina and the whole plants &lusselia
equisetiformis were collected from southwestern Nigeria during tainy season and
identified using descriptions in literature (Hostenn, et al., 2001). Authentication
was done in the Department of Pharmacognosy, Usityesf Ibadan, Ibadan, Nigeria
and a voucher specimen is deposited. The planériakst were carefully air-dried
indoors at room temperature for three days, driecan oven between 40-50°C;
comminuted into small powders and passed throughm26h sieves prior to the
extraction experiments.
Plant extracts. Dried powderedvernonia amygdalina leaves (200 mg) anBusselia
equisetiformis whole plants (1000 mg) were extracted with methaveter (5.00 ml,
60:40, v/v) by sonication at room temperature fomgéinutes. Extracts were filtered
and a 5Qul sample of each was injected onto the analytichlran for analysis.
LC-DAD and ESI-MS conditions: The LC-DAD-ESI/MS instrument and operating
parameters have been previously described (LinHardly, 2007). Briefly, the LC-
DAD-ESI/MS consisted of an Agilent 1100 HPLC couple a diode array detector
and mass spectrometer (MSD, SL mode) (Agilent, Rétio, CA). A 250 x 4.6 mm
i.d., 5um Symmetry (or SymmetryShield) C18 column (C1&in,) with a 20 x3.9
mm i.d., 5um sentry guard column (Symmetry, 3.9 x 20 mm) (\&a&orp., Milford,
MA) was used at flow rate of 1.0 ml/min. The columven temperature was set at
25°C. The mobile phase consisted of a combinatiof (#.1% formic acid in water)
and B (0.1% formic acid in acetonitrile). The gead was varied linearly from 10%
to 26% B (v/v) in 40 minutes, to 65% B at 70 mirsutd he DAD was set at 350, 310,
and 270 nm to provide real-time chromatographiceasaand the UV spectra were
recorded from 190-450 nm for plant component idigation. Mass spectra were
simultaneously acquired using electro-spray iomratin the positive and negative
ionization (Pl and NI) modes at low and high fragta¢ion voltages (70 V and 250
V) over the range afvz 100-2000.

RESULTS

| dentification of the extract of Vernonia amygdalina: HPLC chromatograms (at 350
nm) of the agueous methanol extracVefnonia amygdalina leaveswere recorded on
both a Waters Symmetry column and a SymmetryShtieldmn (Fig. 2A and B,
respectively). The structures of the caffeoylquiacids are shown in Figure 1. The
retention times ), wavelength of maximum absorbancgkn,d{), deprotonated
molecules ([M-H]), and major fragment ions are listed in Tableld.Table 1, the
asterisk “*” denotes compounds identified by conmar to standards or references
all other compounds were reported previously inpglaat. The two columns provided
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separation of the 14 peaks (Fig. 2A and 2B). Meittolumn, by itself, provided
satisfactory separation. The Ul at 240, 300sh, 326 nm spectra is typical for
caffeic acid, suggesting that these compoundsadfeic acid conjugates. The masses
suggest that they are quinic acid conjugates.

Positive identification of the common isomeric eaf§lquinic acids was
achieved by comparison to purchased or isolatedffdmylquinic acids and
monocaffeoylquinic acids (Lin and Harnly, 2008)osRively identified 1-mono-, 1,
4,5-, and 1,3,5-tri-caffeoylquinic acids in arnft@awer and burdock roots, and 3,4,5-
tricaffeoylquinic acid in sweet potato leaves wegmeviously profiled using the
standardized method, and 13 naturally occurringnestc caffeoylquinic acids in
plants have been recorded and stored in the oetletdod phenolic component
database in the USDA laboratory (Lin and Harnly0&0

The compounds in Table 1 were identified by direomparison of their
retention time and UV and mass spectra with thdsthe standard. Thus, it was
possible to identify peaks 1, 2, 3 and 4 as l-affeoylquinic acid, chlorogenic acid
(5-caffeoylquinic acid), and 4-caffeoylquinic adjjM-H] at m/z 353). Peaks 5-10
were identified as 1,3-, 1,4-, 3,4-, 3,5-, 1,5- dnfs-dicaffeoylquinic acids ([M-H]at
m/z 515). Finally, peaks 11, 12 and 13 were idemtifes 1,4,5-, 1,3,5- and 3,4,5-
tricaffeoylquinic acids ([M-H] at m/z 677) and peak 14 was identified as
feruloyldicaffeoylquinic acid ([M-H]atm/z 691).

The detection limit for these compounds is depengsxh their concentration
in the extract and the injection volume. Thus,n@ntioned in the Materials and
Methods section, the detected phenolics in themeetehave concentrations equal to
or larger than 0.0005 % by dry weight, i.e., 0.00&/g of dried leaves. The 3,4-, 1,5-
, 3,5-, and 4,5-dicaffeoylquinic acids (peak 7,8 10) and 3,4,5-tricaffeoylquinic
acid (peak 14) are the main phenolics of the leavesare present at concentrations
much greater than the detection limit.

I dentification of the phenylethanoid glycosides and flavonoids in whole plants of
Russelia equisetiformis. HPLC chromatograms (at 350 nm) of the aqueous aneth
extract of the whole plarRusselia equisetiformis were recorded on Waters Symmetry
column (Fig. 2C). The retention times, wavelengihsnaximum absorbance {ay),
protonated and deprotonated molecules ([M+kidd [M-H]), and major fragment
ions are listed in Table 2. The structures ofeémsmpounds are shown in Fig. 1.
Eighteen peaks were observed in the chromatogréitissoplant. Based on a direct
comparison of the data in Table 2 with our colldaiata for standards and reference
compounds (Lin and Harnly, 2008), 9 of the peaksrewedentified as
phenylethanoids, and 9 as flavonoids. Peaks 11 Hldwere identified as
verbascoside and isoverbascoside and peaks 295,18, 15 and 18 were identified
as 6, 8-diglucosylapigenin, 6-arabinosyl-8-glucapidenin, orientin (8-
glucosylluteolin), vitexin (8-glucosylapigenin),téolin 7-O-glucuronide, apigeni®-
glucuronide and apigenin, respectively. The remgipeaks were minor components
and provisionally assigned as listed in Table Zasd&l on an extraction of 1g of plant
material with 5.0 ml of solvent and an injectionwae of 50 pl, the detection limit
for each compound was equal to 0.0001 % (i.e., Aky@f dry plant material) by dry
weight. The major component verbascoside, howevas, present at much higher
concentrations.

DISCUSSION
A literature search revealed that caffeoylquianads as identified iWernonia
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amygdalina, have many biological activities. In additiontte common antioxidant,
radical-scavenging, and anti-inflammatory actiwta plant phenolic compounds, the
caffeoylquinic acids, especially 3,4,5-tricaffeayiigic acid, have been reported to
show antimutagenicity, anti-human cancer cell, anti-human immunodeficiency
virus activities (Yoshimoto, et al., 2002; Tamued,al., 2006; Kurata, et al., 2007).
Verbascoside was previously isolated as one oathige antinociceptive components
from the leaves oRusselia equisetiformis and named russetinol (Awe, et al., 2007).
Verbascoside was also reported to exist in manpshevith biological activities
similar to many of the common plant phenolics @ilet al., 2008). Further research
is necessary to determine biological activity oé thewly identified flavanoids in
Russelia equisetiformis.

CONCLUSION
With the use of this method, 10 caffeoylquinic acidere detected in the
aqueous methanol extract \@érnonia amygdalina leaves and 7 phenylethanoids and
9 glycosylated flavonoids were detectedRusselia equisetiformis. This is the first
report of the existence of caffeoylquinic acids andst of the flavonoids in these
plants.
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gdalina leaves.

Peak | tg.s(min) trss | [M-H] | NI, aglycone, and UV Amax(nm)* I dentification

No (min) (m/2) other ions(m/2)

1 6.42 10.07 353 191, 179, 135 ud 1-caffeoylquamicl*

2 7.32 10.07 353 191, 179, 135 ud 3-caffeoylquamicl*

3 10.62 16.07 353 191, 179, 135 240, 300sh, 826 orapénic acid*

4 12.04 15.20 353 191, 179, 135 ud 4-caffeoylquaid*

5 17.52 25.65 515 353,191,179,134 240, 300sh, 326 ,3-ditaffeoylquinic
acid*

6 31.22 40.18 515 353,191,179,134 ud 1,4-dicaffpagic
acid*

7 31.22 41.50 515 353,191,179,134 240, 300sh, B26 ,4-di8affeoylquinic
acid*

8 32.57 42.45 515 353,191,179,134 240, 300sh, 326 ,5-ditaffeoylquinic
acid*

9 32.04 43.25 515 353,191,179,134 240, 300sh, B26 ,5-diBaffeoylquinic
acid*

10 35.51 45.65 515 353,191,179,135% 240, 300sh, 3264,5-dicaffeoylquinic
acid*

11 40.67 49.97 677 515,353,191,179 240, 300sh, 328,3,5-tricaffeoylquinic
acid

12 42.10 50.97 677 515,353,191,179 240, 300sh, 326,4,5-tricaffeoylquinic
acid*

13 47.72 54.20 691 | 529,515,353,191,179 ud ferulogfteoylquinic
acid

14 48.46 53.96 677 515,353,191,179 240, 300sh, 328,4,5-tricaffeoylquinic
acid*

*s= Symmetry column; ss= SymmetryShield column; udtetiected
«*directly checked with standard or reference comgoun

Table 2: Peak assignment for aqueous methanol extracts of Russelia equisetiformiswhole plant.

Peak | tg(min) | [M+H]*, | PI/NI, UV Apax(nm)* I dentification
No. [M-HT aglycone, and
(m/2) other ions
(m/2)
1 7.43| ---/A87| ---/191, 179, 185240, 300sh, 326 caffeoyl acid- rutinoside
2 15.18| 595/593 577, 475, 355/--- ud 6,8-diglucosylapigenin*
3 18.52| ---/639 ud 242, 300sh, 324 un-identifiedrphethanoid
4 19.05| ---/639 ud 242, 300sh, 324 un-identifiedrphethanoid
5 19.46| 565/563 547, 475, 445/--- ud 6-arabinosyl-8-glucosylapigenin*
6 21.28| 449/447 329/327 360, 270, 344 orientin*
7 21.94| ---/639 ud ud un-identified phenylethanoid
8 23.40| ---/639 ud ud un-identified phenylethanoid
9 24.97| 433/431 313/311 268, 332 vitexin*
10 26.94| 799/797 287/--- 268, 334 un-identifiedrdliaoid
11 27.50| ---/623 ud 240sh, 300sh, 38 verbascoside*
12 29.55| 463/461] 287/285 256, 266, 344 luteol®-@lucuronide*
13 30.84| ---/623 ud 240sh, 300sh, 38 isoverbagedsi
14 33.91| ---/637 ud 300sh, 328 un-identified phethdnoid
15 36.32| 447/445 271/269 268, 336 apigediglcuronide
16 42.25| 813/811] ud 240sh, 300sh, 328 ud-identified
17 50.26| 461/459 285/283 268, 334 hydroxymethoxypitee
glycoside
18 52.44| 271/269 ud 268, 336 apigentin

«*directly checked with standard or reference comgoun
* ud=undetected
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Flavones
Apigenin: R=H, MW=270
Luteolin: R=0OH, MW=286

OR
0
R G
Ry
OR;
Phenylethanoids

Verbascoside: R=caffeoyl,Rrhamnosyl,

R>=Rs=H, MW=624

Isoverbascoside: Rcaffeoyl, R=rhamnosyl,

R=Rs=H, MW=624

E-Caffeoyl: R=H, R=OH
E-feruloyl: R=H, R=OMe

OR
4 OR

1
R:O OR,
Quinic acid, MW=192

Caffeoylquinic acids
R or R=caffeoyl for
the position as its name

indicates, and the remaining R

or Ry=H

Figure- 1: Structures of the phenolic components of the two plants.
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Figure-2: LC chromatograms of the extracts of Vernonia amygdalina (VA) leaves and Russdia
equisetiformis (RE) whole plants. A and C were recorded with the Symmetry column and B was

recorded with the SymmetryShield Column. Peak identifications are listed in Tables 1 and 2,
respectively.
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