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Abstract

SugarcaneJaccharum officinarumn., Gramineae) bagasse and leaves were investigated for their flavonoid content and transgenic sugarcane
(“Bowman-Birk” and “Kunitz") was compared with non-modified (“control”) plants. Analyses were carried out by high-performance liquid
chromatography coupled to diode array UV detection (LC/UV), also using post-column addition of shift reagents, and tandem MS (atmospheric
pressure chemical ionization—MS/MS and collision-induced dissociation—MS). On-line UV and MS data demonstrated the presence of
methoxyflavone glycosides and aglycones in a total of seven compounds. Three naturally occurring flavones glycosides and two unusual
erythro- andthreo-diastereoisomeric flavolignan@-glucosides were identified together with their aglycones.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction array detection (LC/UV-DAD) and LC—mass spectrometry
(LC/MS) has led to instrumental developments and different
Flavonoids are polyphenols which occur in higher plants, modes of operations of such techniques, providing powerful
including medicinal and edible plants (vegetables, fruits, etc.) analytical tools for the efficient detection and rapid charac-
and also in some foods and beverages such as tea, red winterization of natural products in complex biological matrices
and juices. In recent years, an increasing number of publica-such as plant extracts. Furthermore, LC-hyphenated tech-
tions have reported on the chemistry of flavonoids especially niques are playing increasingly important roles in support
due to their biological properties (antibacterial, antiviral, of phytochemical investigations, such as targeting the isola-
anti-inflammatory, anti-allergic, anti-thrombotic, vasodila- tion of new active compounds, for the dereplication of known
tory, anti-mutagenic and neoplastic) and their ability in the plant constituents and for metabolite profiling studizg].
diet to protect against or inhibit the development of cancer  Sugarcane§accharum officinarurh.) is one of the most
[1,2]. important crops in Brazil and the flavonoid content is un-
The recent progress in LC-hyphenated techniques such agler investigation because these compounds may justify the
high-performance liquid chromatography—UV—photodiode potential utilization of sugarcane derivatives as nutraceuti-
cal foods. Products such as the sugarcane juice and syrup,
* Corresponding author. Tel.: +55 16 3373 9447; fax: +55 16 3373 99g2. Pesides some sweets produced from sugarcane juice, are tra-
E-mail addressjanete@igsc.usp.br (J.H. Yariwake). ditionally consumed by the populations of several tropical
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countries, including Brazil and Central America. The ma- Millipore filters (water: 0.45.m HA; MeCN: 0.50pm FH;
jor flavonoids are the flavon®- andC-glycosides, most of  Bedford, MA, USA). Analysis-grade formic acid was pur-

them being derivatives of apigenin, luteolin or trigH 6]. chased from Fluka (Buchs, Switzerland). Sodium hydrox-
Other cultivatedSsaccharunspecies also have high amounts ide (NaOH), aluminium chloride (AIG) and sodium ac-
of flavone glycosidefr]. etate (NaOAc) were purchased from Sigma—Aldrich Chemie

Due to the economical importance of sugarcane, several(Steinheim, Germany).
studies are in progress to search for new and more productive
varieties or in order to achieve disease resistance. Among2.3. Extraction and “clean-up” of plant material
these studies, one approach in pest management is the ge-
netic modification of sugarcane in order to introduce soy-  Extraction of sugarcane flavonoids was made by ultra-
bean trypsin inhibitors (“Kunitz”) and proteinase inhibitors sonic maceration of 1g of dried plant material for 1.5 min
(“Bowman-Birk”) [8]. The resistance of sugarcane geneti- at room temperature. A methanol/water 1:1 solution (20 mL)
cally modified with soybean genes against the major insectwas used for sugarcane leaves, the extract was filtered, evap-
pest of sugarcane in Brazil and other South American coun-orated in rotatory evaporator down to 2 mL and the resulting

tries (sugarcane borebiatraea saccharalisis being eval- aqueous extract was purified. Methanol (35 mL) was used for
uated in order to introduce transgenic sugarcane into futurebagasse, the extract was filtered, added to 2 mL water, evapo-
commercial cultivatiorj9]. rated in rotatory evaporator to 2 mL and the resulting aqueous

Therefore, in the present study, the flavonoids of sugar- extracts were purified.
cane (bagasse and leaves extracts) were separated by high- The purification of extracts was made by solid-phase ex-
performance liquid chromatography and in order to ob- traction using 3 cc (60 mg), 30m particle size Oasis HLB
tain additional structural information, shift reagents were cartridges (Waters, Milford, MA, USA), pre-conditioned
added using a post-column derivatization system (LC/UV). with 1 mL of methanol and 1 mL of water. The interfering
The identification was performed by tandem MS technigues compounds were eluted in 3 mL of water and the flavonoid
(atmospheric pressure chemical ionization, APCI-MS/MS fractions were obtained by elutionin 3 mL of methanol. After-
and collision-induced dissociation, CID-MS). These LC- wards, the extracts of leaves and bagasse were filtered through
hyphenated techniques were also utilized for the comparativea 0.5um Fluorpore membrane (Millipore, New Bedford,
analysis of the flavonoids from non-modified and transgenic MA, USA) prior to injection (1QuL) into the HPLC system.
sugarcane (“Bowman-Birk” and “Kunitz”).

2.4, LC/UV-APCI-MS analyses

2. Experimental Analyses were performed using a Hewlett-Packard 1100
(Waldbronn, Germany) photodiode array detector (DAD) lig-
uid chromatography system with a Waters Symmetgy C

The sugarcane material analyzed in this study was thecolumn (25mmx 4.6 mm i.d.; Jum) eluted with a linear
speciesS. officinarunL. (Gramineae). The leaves were ob- gradient of acetonitrile (solvent B): water 0.2% formic acid
tained from a commercial plantation in Araraquara, SP, Brazil (solvent A). Conditions utilized for analysis of leaf ex-
and the bagasse was supplied by the sugar mib“Slart- tracts: 0—8 min, 10—-13% B; 8—-25 min, 13—-20% B; 25—-40 min,
inho”, Pradbpolis, SP, Brazil. 20-40% B; 40-45min, 40-60% B. Analysis of bagasse

The leaves of transgenic sugarcane plants were pro-€xtract was done as follows: 0-3min, 18% B; 3-40 min,
vided by Prof. Dr. Marcio de Castro Silva Filho (ESALQ-  18-70%Bataflowrate of 1.2 mL/min. A 1 aliquot of the
Universidade de % Paulo, Piracicaba, SP, Brazil) and e€xtractwas injected. The UV spectra (DAD) were recorded
were modified with two soybean proteinase inhibitor genes Petween 200 and 400 nm. LC/MS detection was performed
(“Bowman-Birk” and “Kunitz”) [8]. ‘Control’ plants (ge- directly after UV-DAD measurements. Analyses were per-
netically non-modified plants) were grown in greenhouses formed using a Finnigan MAT (San Jose, CA, USA) ion trap
under the same conditions of transgenic plants, during 10 Mass spectrometer equipped with a Finnigan APCl interface
months; thereafter, the leaves of control and transgenic sug-oPerated under the following conditions: positive ion mode;

2.1. Plant material

arcane plants were harvested at the same time. capillary voltage, 11 V; capillary temperature, 130 source

All the plant material was dried before extraction at Voltage, 5kV; sheath gas, nitrogen at 60 psi. Analyses were
~40°C until constant weight. made in the full scan mode (150-900 u).
2.2. Chemicals 2.5. CID-MS analyses

HPLC-grade acetonitrile (MeCN) was obtained from Analyses were made using a Finnigan MAT TSQ-700
Romil (Cambridge, UK). Deionized water was prepared us- triple stage quadrupole instrument operating under the fol-
ing a Reinstwasser-System Clear Cartridge System (SG,lowing conditions: positive ion mode; CIl reagent gas,
Hamburg, Germany). Both the solvents were passed throughmethane; heating, 50-10Q in 1 min.



R. Colombo et al. / J. Chromatogr. A 1082 (2005) 51-59

2.6. UV shift reagents

The classical shift reagents were prepared according to
the literature[10]. The reagents used in the post-column
derivatization system were as follows: strong base, aque-
ous sodium hydroxide (0.01 M); aqueous aluminium chlo-
ride (0.3 M; with this reagent, the reaction coil was heated to
60°C); aqueous sodium acetate (0.5 M).

2.7. LC/UV analysis with post-column addition of shift
reagents

The solvent delivery system comprised two M-6000
pumps, a M-720 gradient controller and a U6K injector (Wa-
ters). The photodiode array detector HP-1040A (Hewlett-
Packard) coupled with an HP-85 personal computer (Hewlett-
Packard) was used for recording chromatograms and UV-vis
spectra. For post-column derivatization, an Eldex Model A-
30-5-2 (Eldex Labs, Menlo Park, CA, USA) pump and a
reaction coil were employed. Shift reagents were added to
the eluent at a flow rate of 0.3 mL/min.

3. Results and discussion

3.1. General aspects

A total of seven flavonesF{g. 1) were identified by
the combination of LC/UV and LC/MS data. Firstly, sev-
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eral HPLC conditions were tested, but in order to per-
form further quantitative analysis, different gradient con-
ditions were required for the separation of the peaks
of the extracts of leaves and bagasse (cultivated sugar-
cane, Fig. 2). The extracts of leaves of transgenic and
control plants Fig. 3 were analyzed under the same
conditions as cultivated sugarcane leaves. The chromato-
graphic profiles of all the extracts were very complex,
with several flavonoid peaks. Photodiode array detection
allowed the on-line recording of UV spectra and a rapid
attribution of peaks which corresponded to flavonoids
in the chromatograms. The assignment of flavone peaks
was unambiguous since these exhibit characteristic UV
spectra, with two absorption band40] (Table 1: an
example is shown inFigs. 2 and 3in which chro-
matograms and UV spectra are found. Most of the peaks
not identified in these chromatograms are of simple phe-
nolic compounds, which were not the focus of our
study.

Sugarcane cultivated in ‘real life’ conditiongig. 2
showed the presence of different flavones from those found
in plants cultivated in a greenhouse (transgenic and con-
trol plants,Fig. 3). However, transgenic and non-modified
(control) plants showed a similar chromatographic pro-
file, but with differences in peak area. A quantitative
study of the flavonoid content in cultivated sugarcane and
also in the transgenic varieties is under progress at our
laboratory.

Compound R, R, R; Ry Rs

1 diosmetin-8-C-glycoside-arabinoside H Glc-Ara OH OCH3 H

2 diosmetin-8-C-glycoside H Gle OH OCHj3; H

3 tricin-7-O-rhamnosilgalactoronide Rha-(Galur) H OCH3; OH OCH;

4a/4b tricin-4’-O-(erythro or threo Glc H OCH3  guaiacylglyceryl OCHj3;
guaiacylglyceryl) ether- erythro or threo
7-O-glucopyranoside

Sa/Sb  tricin-4’-O-(erythro or threo H H OCHj3;  guaiacylglyceryl OCHj;

guaiacylglyceryl) ether

erythro or threo

Ara = arabinose; Galur = galacturonic acid; Glc = glucose; Rha = rhamnose.

Fig. 1. Structure of the seven methoxyf

lavones identified in sugarcane extracts.
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Fig. 2. HPLC-UV chromatogram of cultivated (commercial variety) sugarcane extfetematographic conditions(a) Leaves, column Symmetry1&
(25 mmx 4.6 mm i.d.; 5um); linear gradient of acetonitrile (solvent B), water 0.2% formic acid (solvent A), 0—-8 min: 10-13% B; 8—25min: 13—-20% B
25-40 min: 20—-40% B; 40—45 min: 40-60% B, at a flow rate of 1.2 mL/min. (b) Bagasse, column Symme@2$ @imx 4.6 mm i.d.; 5um); linear gradient
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of acetonitrile (solvent B), water 0.2% formic acid (solvent A), 0—3 min: 18% B; 3—40 min: 18-70% B, at a flow rate of 1.2 mL/min.

3.2. LC/MS APCI analysis and LC/UV analysis with
post-column addition of shift reagents

to obtain the pseudomolecular ions [M +Hpn important

structural information. Similar mass spectra to those mea-
sured under CID-MS were obtained which present a main

peak corresponding to a pseudomolecular ion [M ¥, kjith
In order to obtain more detailed structural information losses of 120 uleading té\[+ H + 42]* peak, a fragmentation

and also the molecular weights of the flavone glycosides, characteristic of &-glycoside aglycon§l1-13] The mass
APCI-LC/MS analyses of the extracts were carried out. difference between [M+H] and the protonated aglycone
Since APCI is a soft ionization technique, it was possible ([A+H]*) ions gives important information on the nature of

the sugar or acid moiety.

1
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Table 1
On-line UV data of sugarcane flavonoids identified in this study

Flavonoids

UV spectra (nm)

Shifted UV spectra Shifted UV spectra

NaOAc (nm) AICl3 (nm)

Band | Band Il Band | Band Il Band | Band Il
1 Diosmetin-8€-glycoside-arabinoside 321 270 401, 320 sh 280 357 270
2 Diosmetin-8C-glicoside 350 260 400, 310 sh 272 390 260
3 Tricin-7-O-rhamnosilgalactoronide 328 270 382, 330 sh 270 378 270
43, 4b Tricin-4’-O-(threoor erythroguaiacylglyceryl) ether- 340 270 400 270 382 270

7-O-glucopyranoside

5a 5b Tricin-4’-O-(threoor erythroguaiacylglyceryl) ether 348 260 400 270 385 270
sh: Shoulder.

The LC/UV data Table ) in combination with shift

12 nm, respectively for compoundsind?2, indicated a non-

reagents added post-column allows the determination of substituted 7-OH group, so the sugar moiety was attributed
the methoxylation pattern and the position of the sugar or to the 8-positionFig. 5a and b).

other component linked on the aglycone. A strong base

For compound (Fig. 4c), two peaks were found at/z

reacts with all the phenolic groups except those in the 653 and 639, corresponding to the pseudomolecular ion,

peri position to the keto function. At forms a complex
with ortho-dihydroxyl groups and keto groups having a hy-
droxyl in the peri position. NaOAc deprotonates the more
acidic phenolic groups (3, 7 and-@H groups) affecting
mainly the UV band I; the shift on band Il shows the

[M+H]™*. The difference of 14 uis expected for the methyl es-
ter and free acid form, respectively, of the galacturonic acid
moiety [5]. The ions observed atVz 331, [M +H— 308]
corresponded to tricin aglycone {M330) and the loss of
308 u was due to the rhamnosylgalacturonide moiety (rham-

presence of a free-OH group at position 7, and this 7-OH nose and galacturonic acid). The appearance of a shoulder on
group influences the shift and the presence of a shoul-band | showed that the position i3 blocked and showed a
der on band I, which indicates a free-OH group at posi- free-OH group at position'416], which confirmed the struc-
tion 3 or/and 4. Analyses and, therefore, measurements of ture of the aglycone tricin. The identification of tricin&-

UV spectra in HPLC with post-column addition of reagents rhamnosylgalacturonide was confirmed also by the absence

are normally performed in methand4,15] However, the

of a bathochromic shift on band Il with addition of NaOAc,

conditions described here involved HPLC with an acidic showing that position 7 is blocked by the rhamnosylgalactur-
acetonitrile—water system. Therefore, the shift reagents wereonide moiety Fig. 5c and d).

tested on different reference flavones under the same chro-

APCI-LC/MS and CID-MS analyses of isomeric com-

matographic conditions. For band I, all of the compounds poundstaand4b gave identical resultd={g. 4d and ) com-

showed a bathochromic shift with Al€lin the range of
36-50 nm Table 1), confirming the flavone skeleton (ref.
[10]: 35-55nm) and the absence of artho-dihydroxyl
group (3 and 4).

As shown forl (Fig. 4a) the peak in the APCI spec-
trum corresponding to the pseudomolecular ion [M ¥ ihs
observed atn/z 595 while CID-MS fragmentation atvz
463 was attributed to [M +H- 132]", with the loss of the

prising a protonated moleculeratz689, [M + H]* and major
fragmentswz527, [M+H— 162]" m/z331,[M + H— 358]",
attributed respectively to the loss of a hexose group and to
the aglycone tricin. The same molecular ion and fragments
were already detected in the unusual isomeric flavonolig-
nan glycosides found in the leaves lfyparrhenia hirta
Stapf (Poacea€]L4]. For the isomeric compoundsa and

5b, their MS spectra were also identic&lig. 4f). The peak

132 u fragment corresponding to a pentose moiety (possi-at m/z 527 corresponded to the [M + Hjpseudomolecular
bly arabinose, which is the pentose most frequently found ion, while [A+H]* at mVz 331 was attributed to the tricin

in flavonoids). For compoun@ the pseudomolecular ion
[M+H]* was observed atVz 463 and the same fragments
obtained for compountiwere observed in the CID-MS. Ac-
cording to the fragmentation route proposed-ig. 4b, the
fragment atm/z 343 was attributed toq+H +42]*, repre-

aglycone (M, 330). The UV analysis with shift reagents of
the pair4al/db confirmed the 4position to be blocked by
the guaiacylglyceryl group, due to the absence of a shoul-
der on band | with addition of NaOAc. On band Il the ab-
sence of shift with NaOAc was characteristic for a substi-

senting the aglycone diosmetin plus a part of the glucose moi-tuted 7 position, probably due the sugar moiefyg( 5e

ety. For both compound4 énd2) the UV analysis with post-

and f). In the paiba/5h, the addition of NaOAc presented

column addition of shift reagents showed a bathochromic a shift of 10nm on band Il showing a free-OH group at

shift of band | with addition of NaOAc, indicating a free-
OH group at position’3but the absence afitho-dihydroxyl

7-position. The distinction between tleeythro- andthreo-
forms of diastereoisomeric paids/4b and5a/5b, however,

and the presence of a shoulder on band | demonstrate a subwould require additional data to those obtained by LC/MS or

stitution at 4. For band I, the shift with NaOAc of 10 and

LC/UV.
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Fig. 5. UV spectra of compounds 3, 4a/4b obtained after the post-column addition of different shift reagents.

4. Conclusions

The combination of data obtained by LC/UV with shift

material. LC/UV allowed to decide whether the sugar moiety

was attached to the aglycone and how many hydroxyls group
is substituted. Besides, the present study also showed that the

reagents and LC/techniques allowed us to the on-line struc-LC/MS fragmentation pathway proposed in literature for hy-

ture elucidation of seven methoxyflavonesSfofficinarum

droxylatedC-glycosideg12] is applied also to methoxylated

in complex extracts and using reduced amounts of plant C-glycosides. Only one of the methoxyflavones identified in
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