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INTRODUCTION

Isoflavonoids (3-phenylchromones; Fig. 1) are syn-
thesised as a part of the phenylpropanoid metabolic
pathway. Whilst flavonoids (2-phenyl chromones) are
widespread in higher plants, the isoflavonoids have been
found only in a limited number of taxa, owing to the
limited occurrence of isoflavone synthase (Tahara and
Ibrahim, 1995). They are most abundant in the Fabaceae;
however, they have also been recorded in some 20
other families, e.g. the Rosaceae, Iridaceae, Asteraceae,
Poaceae, Apocynaceae, Amaranthaceae, Pinaceae,
Podocarpaceae and Moraceae.

In the Fabaceae, isoflavones mediate numerous inter-
actions between a plant and its environmental partners,
i.e. the pathogens, symbionts, parasites etc. Isoflavonoids
are anti-microbial and/or anti-fungal, and some of them
are even virostatic (Dakora and Phillips, 1996). They act
as signalling molecules between plants and the symbiotic
nitrogen-fixing bacteria (Kosslak et al., 1987). Isoflavones
are deterrents for insects, mites and molluscs; on the
other hand, they act as species-specific attractants for
several insects (Wang et al., 1998; Harborne, 2000). Their
functions in non-leguminous plants are not fully recog-
nized. The estrogenic activity of some legumes caused by

isoflavones has been known over 50 years. Increased
attention has been paid to isoflavones since the 1980s
owing to their evident or expected importance for
human health (Adlercreutz and Mazur, 1997). Their
content in food has been negatively associated with the
incidence of many diseases associated with civilized com-
munities, typically in the European population. This
especially concerns breast, prostate and colon cancer and
also cardiovascular disease.

Improved analytical techniques permit the measure-
ment of isoflavones in nutritionally important non-
leguminous plants, where they usually represent minor
fractions of the phenylpropanoid complex, always pre-
sent only in trace amounts. Here we report for the first
time detection of isoflavonoids as minor components in
leaves of Fortunella obovata, Murraya paniculata and
four Citrus species.

Isoflavonoids in the Rutaceae Family: 1.
Fortunella obovata, Murraya paniculata and
Four Citrus Species

Oldrich Lapcík,1,2* Borivoj Klejdus,3 Michaela Davidová,4 Ladislav Kokoska,4 Vlastimil Kubán3 and
Jitka Moravcová1

1Department of Chemistry of Natural Compounds, Institute of Chemical Technology, Prague, Czech Republic
2Institute of Endocrinology, Prague, Czech Republic
3Department of Chemistry and Biochemistry, Mendel University of Agriculture and Forestry, Brno, Czech Republic
4Department of Tropical and Subtropical Crops, Czech University of Agriculture, Prague, Czech Republic

Several types of compounds with immunoreactivity similar to isoflavonoids were detected in water: ethanol ex-
tracts of leaves of Fortunella obovata Hort. ex Tanaka, Murraya paniculata Jack. and four Citrus species, namely
C. aurantium L., C. grandis Osbeck, C. limonia Osbeck., and C. sinensis Osbeck (Rutaceae). The chromato-
graphic mobilities of the immunoreactive substances were compared with those of authentic standards, revealing
a spectrum of isoflavonoid metabolites in all plants studied. Aglycones as well as glycosides were recognized,
namely daidzin, genistin, daidzein, genistein, formononetin, biochanin A, prunetin, and several incompletely
characterized isoflavonoids. A subsequent HPLC-MS study verified the identities of the main immunoreac-
tive isoflavonoids and established the identities of several others, viz. glycitein, glycitin, ononin and sissotrin,
including the malonylated and acetylated isoflavonoid glucosides. The estimated content of the individual
immunoreactive entities ranged from a few µµµµµg to about 2 mg/kg (dry weight). It is concluded that the isoflavonoid
metabolic pathway is present throughout the Rutaceae family. Copyright © 2004 John Wiley & Sons, Ltd.
Keywords: immunoassay; HPLC-MS; isoflavones; Citrus; Fortunella; Murraya; Rutaceae.

Figure 1. Isoflavonoids determined. Daidzein, R1 = R2 = OH,
R3 = R4 = H; daidzin, R1 = β-D-glucopyranosyl (β-Glu), R2 = OH,
R3 = R4 = H; genistein, R1 = R2 = R3 = OH, R4 = H; genistin, R1 =
β-Glu, R2 = R3 = OH, R4 = H; formononetin, R1 = OH, R2 = OCH3,
R3 = R4 = H; ononin, R1 = β-Glu, R2 = OCH3, R3 = R4 = H;
isoformononetin, R1 = OCH3, R

2 = OH, R3 = R4 = H; biochanin
A, R1 = R3 = OH, R2 = OCH3, R

4 = H; sissotrin, R1 = β-Glu, R2 =
OCH3, R

3 = OH, R4 = H; prunetin, R1 = OCH3, R
2 = R3 = OH, R4 =

H; glycitein, R1 = R2 = OH, R3 = H, R4 = OCH3; glycitin, R1 = β-
Glu, R2 = OH, R3 = H, R4 = OCH3.
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EXPERIMENTAL

Chemicals. 4′,7-Dihydroxy-5-methoxyisoflavone (5-
methoxygenistein), 4′,7-dihydroxy-5-methoxyisoflavone
7-O-glucoside (5-methoxygenistin), 7-[β-d-
apiofuranosyl-(1→6)-β-d-glucopyranosyl]-4′-hydroxy-5-
methoxyisoflavone (5-methoxygenistin-apioside), and
7-[β-d-apiofuranosyl-(1→6)-β-d-glucopyranosyl]-4′,5
dihydroxyisoflavone (genistin-apioside) were a generous
gift from Dr. Wei Guang Ma (Department of Applied
Bioscience, Faculty of Agriculture, Hokkaido University
Sapporo, Japan; Ma et al., 1998). Carboxymethyl deriva-
tives of daidzein and genistein were synthesised as
described elsewhere (Al-Maharik et al., 1999). Isofor-
mononetin and prunetin were synthesised from daidzein
and genistein, respectively, using diazomethane as
methylating agent (Ingham et al., 1981; Lapcík et al.,
1999). Daidzein, genistein, genistin, luteolin, quercetin
and apigenin were from Sigma (St. Louis, MO, USA),
sissotrin and 5-hydroxy-4′,7-dimethoxyisoflavone from
Indofine (Somerville, NJ, USA), and ononin, daidzin and
chloramine T were purchased from Fluka (Buchs, Swit-
zerland). Dextran T-70 was obtained from Pharmacia
(Uppsala, Sweden). Carrier-free sodium [125I] iodide for
radio ligand synthesis was from Institute of Isotopes (Bu-
dapest, Hungary). Diethyl ether was from Synthesia
(Pardubice, Czech Republic); all other organic solvents
were from Merck (Darmstadt, Germany). Other rea-
gents were of analytical grade and purchased from Pliva-
Lachema (Brno, Czech Republic).

Plant material. The plant material studied (leaves from
apical branches) was collected from plants growing in
the subtropical greenhouse of the Institute of Tropical
and Subtropical Agriculture of the Czech University of
Agriculture in Prague. Material for the initial screening
and TLC experiments was collected from the same plants
as for the final HPLC-immunoassay and HPLC-MS
studies, but one year earlier. Voucher specimens of all
six Rutaceae species, namely Fortunella obovata Hort. ex
Tanaka (RS 104), Murraya paniculata Jack. (RT 107),
Citrus aurantium L. (RT 116), C. grandis Osbeck (RT
012), C. limonia Osbeck (RT 003) and C. sinensis Osbeck
(RS 061), authenticated by Dr. Kokoska, have been
deposited in the Institute of Tropical and Subtropical
Agriculture Herbarium.

Sample pre-treatment. Samples were frozen immediately
after collection and kept at −20°C until lyophilised. Dry
samples were milled in a Fex IKA A11 Basic grinder
(IKA-Werke, Staufen, Germany). Powdered material
was extracted in a Fex 50 (IKA Werke ) extractor using
methanol:water (7:3, v/v) as the extraction solvent
(50 mL/g). A two step extraction programme was ap-
plied: in the first step the cooling/heating block was
held at 130°C for 30 min and then cooled to 30°C for
5 min; in the second step the cooling/heating block was
held at 120°C for 30 min followed by cooling to 30°C.
Aliquots of the extracts were evaporated under vacuum
to dryness and the residue was dissolved in the mobile
phase for HPLC.

For some experiments, aliquots of the extracts
(2.0 mL) were evaporated, reconstituted in 1.0 mL of
water and thereafter hydrolysed at 90°C for 2 h with
hydrochloric acid (final volume 2 mL; final concentration

1.0 m). After hydrolysis, the mixture was cooled, and the
aglycones were extracted with 2 mL of diethyl ether.
These conditions were previously shown to hydrolyse
glycosides of daidzein and genistein, whilst the aglycones,
including the methoxy-derivatives, were preserved
(Mazur et al., 1996). Dry ether extracts were dissolved in
the appropriate solvent according to further processing.

Radioimmunoassay. RIA methods were used as
described elsewhere (Lapcík et al., 1997, 1998, 1999),
based on rabbit polyclonal antibodies to bovine serum
albumin conjugates with 4′-O-carboxymethyl daidzein
(method Daidzein-4′), 7-O-carboxymethyldaidzein (met-
hod Daidzein-7), 4′-O-carboxymethylgenistein (method
Genistein-4′) and 7-O-carboxymethylgenistein (method
Genistein-7). Homologous conjugates of the respective
isoflavone with [125I]-tyrosine methyl ester were used as
radio-ligands. Parameters of the assays are summarised
in Table 1. Aliquots of the diluted extracts correspond-
ing to 0.1–5.0 mg of dry leaves were analysed either
directly or after chromatographic fractionation.

TLC separation. Hydrolysed extracts were used for
the TLC experiments. In system I (direct phase TLC),
Alugram Nano-Sil G/UV254 aluminium-backed sheets
(Art. 818 142; Macherey Nagel, Duren, Germany) were
developed in dichloromethane:2-propanol (95:5, v/v). In
system II (ion exchange TLC) NH2F254S aluminium-
backed sheets (Art. 1.05533; Merck) were developed in
the same mobile phase. After developing the plates were
cut with scissors into 20 strips (8 mm wide), and each
strip was eluted with 2 mL of ethanol. Aliquots (200 µL)
of the eluate were pipetted into glass tubes, the solvent
evaporated on a Speedvac (UniEquip, Martinsreid,
Germany), the residue was dissolved in the assay buffer
and analysed by RIA.

Semi-preparative HPLC and HPLC-MS. The semi-
preparative system consisted of Gilson (Villiers le Bel,
France) model 322 binary pump, a model 156 UV–vis
detector and a model 202C fraction collector controlled
by UniPoint software. A MetaChem (MetaChem
Technologies, Torrance, CA, USA) Polaris C18A semi-
preparative column (250 × 9.6 mm i.d.; 10 µm) was used
for fractionation of the samples and for purification and
isolation of substances of interest. Gradient elution was
carried out employing mobile phase A (acetonitrile) and
B (0.3% formic acid in water) as follows (all steps
linear): 0 min, 15:85 (A:B); 20 min 35:65; 25 min 50:50;
30 min 55:45; 45 min 85:15. The flow rate was 3.0 mL/min
and the temperature of column oven was set at 40°C. The
absorbance of the effluent at 260 nm was monitored. The
volume applied on column was 1.0 mL, and 1.5 mL frac-
tions were collected for further analysis either by
immunoassay or by HPLC-MS.

The HPLC-MS system consisted of an HP 1100
(Hewlett Packard, Waldbronn, Germany) equipped with
vacuum degasser (G1322A), binary pump (G1312A),
autosampler (G1313A) column thermostat (G1316A)
and photodiode array detector (model G1315A). The
system was coupled on-line to an HP MSD mass selec-
tive detector (G 1946A; Hewlett Packard, Palo Alto, CA,
USA) and controlled by ChemStation software (rev. A
07.01). A Zorbax (Agilent Technologies, Palo Alto, CA,
USA) Exlipse XDB C8 analytical column (150 × 4.6 mm
i.d.; 5 µm) was used. Gradient elution was carried out
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Table 1. Parameters of the RIA methods employeda

Method Daidzein-4′ Daidzein-7 Genistein-4′ Genistein-7

Sensitivity (pg/tube) 1.4 1.3 1.4 2.3
Cross-reactivity (%)

Daidzein 100.0 100.0 5.50 6.10
3′4′,7-Trihydroxyisoflavone 2.65 1.04 0.21 0.12
Genistein 1.30 21.6 100.0 100.0

5-Hydroxy 4′,7 dimethoxyisoflavone <0.01 1.01 <0.01 0.15
Formononetin 59.7 1.36 3.90 0.04
Biochanin A 1.48 0.68 172.9 0.73
Isoformononetin 0.22 474.1 0.02 13.9
Prunetin 0.06 137.4 4.54 149.8
Daidzin <0.01 52.4 <0.01 0.24
Genistin <0.01 5.60 <0.01 26.4
Genistin-apioside <0.01 1.78 <0.01 22.6
Sissotrin <0.01 0.25 <0.01 0.11
5-Methoxygenistin <0.01 0.78 <0.01 0.21
5-Methoxygenistin-apioside <0.01 0.34 <0.01 0.09
Dihydrodaidzein 2.39 2.00 0.36 0.36
Equol 1.57 0.25 <0.01 <0.01
Apigenin <0.01 0.04 <0.01 <0.01
Luteolin <0.01 0.04 <0.01 <0.01
Quercetin <0.01 0.02 <0.01 <0.01
O-Desmethylangolensin <0.01 0.01 <0.01 <0.01

a For protocols of the methods used see Experimental section.

employing mobile phase A (acetonitrile) and B (0.3%
formic acid in water) as follows (all steps linear): 0 min,
15:85 (A:B); 20 min 35:65; 25 min 50:50; 30 min 55:45;
45 min 85:15. The flow rate was 0.8 mL/min and the tem-
perature of column oven was set at 40°C. The volume of
sample applied on column was 50 µL. The effluent from
the chromatograph was introduced directly into the
quadrupole mass spectrometer operating in positive ESI
mode. The nebuliser gas pressure was 60 psi, the drying
gas was at a flow rate of 12 L/min at a temperature of
300°C, and the capillary voltage was 3500 V. Individual
isoflavones and their conjugates were identified by com-
paring their retention times (tR), molecular ions [M+H]+

and characteristic fragments with those of standards (Lin
et al., 2000; Klejdus et al., 2001; De-Rijke et al., 2003).

RESULTS AND DISCUSSION

Immunoreactivity of isoflavonoids in crude extracts

Daidzein- and genistein-like immunoreactivities were
found by RIAs in water:ethanol extracts of leaves of
all of the plants tested. The immunoreactivity remained
distributed between the water and diethyl ether phases
after a simple liquid–liquid extraction, indicating the
presence of both polar (presumably glycosylated) and
non-polar isoflavonoids.

TLC analysis

TLC in the direct phase (system I) showed several
immunoreactive entities, some of which moved with
the same mobility as the authentic standards. However,
resolution of the method was low, enabling the detection
of only major immunoreactive fractions. Likewise, ion

exchange TLC (system II) on amino-silica did not pro-
vide good resolution. In addition to an immunoreactivity
with the same mobility as the 7-methoxyderivatives,
i.e. isoformononetin and prunetin, other entities with
higher mobilities were present. This finding could be
explained by the presence of unknown daidzein and
genistein derivatives modified with non-polar substitu-
ents at C-7 (data not shown).

HPLC: the comparison of the immunoanalysis and
MS/SIM data

Extracts from all species under study contained numer-
ous clearly separated immunoreactive peaks distributed
through the whole HPLC chromatogram, from polar
substances (probably glycosides) up to compounds far
less polar than 7-methoxyisoflavonoids (Fig. 2). All four
Citrus species displayed a similar pattern of distribution
of immunoreactivity in the chromatogram, which was
different from that of both of the non-Citrus species.
Where possible, the identities of individual peaks were
assessed by comparing their mobilities with those of
authentic standards. Incompletely identified peaks were
characterized by their mobility and immunochemical
properties. The HPLC-MS/SIM data confirmed the pre-
sence of isoflavonoids in all plants. Together with the
verification of the main immunoreactive peaks, addi-
tional isoflavonoids were found (Table 2). A typical TIC
chromatogram in the SIM mode is shown in Fig. 3; peak
parameters are summarised in Table 3. However, some
of the immunoreactive peaks remained unidentified.
The estimated content of individual immunoreactive
entities was from a few µg to about 2 mg/kg (dry weight).
Formononetin was the most abundant isoflavone in all
species studied.

Isoflavonoids are most abundant in the Fabaceae,
however, they have been recognised in more then 20
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angiosperm families belonging to both the mono-
cotyledons (e.g. Iridaceae, Poaceae) as well as the
dicotyledons (e.g. Fabaceae, Rosaceae, Solanaceae).
2-Hydroxy isoflavanoid synthase plays a key role in the
metabolic pathway leading to this class of compound,
and the gene encoding this enzyme in soybean has
already been identified and cloned. Homologous genes
were identified in several leguminous plants and, further-
more, in non-leguminous sugar beet (Jung et al., 2000).
Natural substrates of isoflavone synthase are naringenin
(4′,5,7-trihydroxyflavanone) and liquiritigenin (4′,7-
dihydroxyflavanone), the former being the precursor
of genistein and biochanin A, and the latter of daidzein
and formononetin. Expression of soybean isoflavone
synthase in transgenic Arabidopsis thaliana, Nicotiana
tabacum and Zea mays resulted in the biosynthesis of
genistein, including its glycosylated forms, indicating that
endogenous enzymes present in these isoflavone non-
synthesising plants are able to recognize genistein as a
substrate. Moreover, tobacco cells co-transfected with

isoflavone synthase and chalcone reductase also synthe-
sised daidzein (Yu et al., 2000). Naringenin and its glyco-
sides are abundant in the genera Citrus and Fortunella;
naringin (i.e. naringenin 7-O-neohesperidoside) is the
bitter taste principle in some citrus fruits (Bronner and
Beecher, 1995). Numerous flavonoid aglycones have
been identified in the Rutaceae, including those multiply
substituted with hydroxy-, methoxy- and/or prenyl-
groups (Tian Shuing et al., 1988; Kane et al., 1993;
Manthey et al., 2000) and with variable glycosylation
patterns. Isoflavones have not been found in the
Rutaceae so far; however, the expression of an isoflavone
reductase-like protein has been observed in Citrus
paradisi, which accumulates in grapefruit peel after
UV-C irradiation (Lers et al., 1998).

In the present study we report immunochemical and
HPLC-MS evidence of isoflavones in six species belong-
ing to three genera of the Rutaceae. Both methods en-
abled the detection of daidzein, genistein, formononetin,
biochanin A, daidzin and genistin, and several other

Figure 2. Isoflavonoid immunoreactivity of HPLC fractions obtained from the MetaChem
Polaris C18A column. The extract from 50 mg of lyophilised leaves was chromatographed;
the fractions were divided into ten aliquots and analysed using four isoflavonoid-specific
RIAs (see Table 1 for parameters of the individual methods). Daidzein and genistein were
used for the construction of calibration curves. One segment on the y-axis corresponds to
the signal of 50 pg of the respective standard. (For details of the chromatographic proto-
col see Experimental section.)
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Figure 2. Continued

 

Figure 3. HPLC-MS/TIC chromatogram of the isoflavones in an extract from Murraya paniculata
leaves. Peak assignments are listed in Table 3. (For details of the chromatographic protocol see
Experimental section.)

entities could be detected by only one of them.
Immunochemical data indicated the presence of a higher
number of isoflavones than could be identified by
MS, e.g. those in HPLC fractions 9, 22, 57 from all
species under study and in fractions 92 and 93 from
Murraya paniculata. Owing to the broad spectrum of

flavones in the Rutaceae, we suppose that isoflavones
may also display unusual substitution patterns in this
family. In conclusion, we have fully identified 17 iso-
flavones and detected at least six partly characterised
isoflavonoid-like immunoreactive entities in six plants of
the Rutaceae.
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Table 2. Isoflavonoids of species of the Rutaceae

Fractiona Isoflavone F. obovatab M. paniculatab C. aurantinumb C. grandisb C. limoniab C. sinensisb

20 Daidzin Mc M 0.08 0.05 0.04 0.05
21 Glycitin M M M M M M
25, 26 Genistin 0.05 M 0.19 0.13 0.08 0.25
27 Daidzin-6″-O-malonate M M
28 Glycitin-6″-O-malonate M M M
29 Daidzin-6″-O-acetate M M Id I
30 Glycitin-6″-O-acetate M M M
31 Genistin-6″-O-malonate M M
32 Unknown, daidzein-7 I I I I I
36 Ononin M M M M M
36 Unknown, daidzein-7 I I I I
38 Daidzein 0.02 0.02 0.03 0.02 0.02 0.07
39 Sissotrin M M M M M M
40 Genistin-6″-O-acetate M M
42 Unknown, daidzein-7 I I I I
46, 47 Genistein 0.02 0.02 0.07 0.02 0.04 0.03
48 Ononin-6″-O-acetate M M
51, 52 Isoformononetin M M M M M
52 Formononetin 0.43 0.27 0.73 0.16 0.18 1.71
57, 58 Unknown, genistein-7 I I I I I I
63, 64 Prunetin 0.18 0.03 0.03 0.02 0.02 0.02
65, 66 Biochanin A 0.08 0.03 0.02 0.03 0.14 0.05
92, 93 Unknown, genistein-7 I

a Semi-preparative HPLC as described in the Experimental section.
b Numeric values of the immunochemical signal (mg/kg, dry weight) are given in these samples where the results of both meth-
ods were positive.
c Detected by HPLC-MS-SIM only.
d Detected by immunoassay only.

Table 3. Compounds identified in the extract from Murraya paniculata and their spectral characteristics

tR [M+H]+ Fragment ion λmax

Peaka (min) (m/z) (m/z) (nm) Compound identified

1 5.33 417 255 250 Daidzin
2 5.63 447 285 258 Glycitin
3 8.26 433 271 260 Genistin
4 11.01 503 255 250 Daidzin-6″-O-malonate
5 11.39 533 285 249 Glycitin-6″-O-malonate
6 12.56 459 255 251 Daidzin-6″-O-acetate
7 12.66 489 285 258 Glycitin-6″-O-acetate
8 12.88 519 271 261 Genistin-6″-O-malonate
9 14.09 255 137 250 Daidzein

10 14.91 475 271 260 Genistin-6″-O-acetate
11 17.99 447 285 260 Sissotrin
12 19.25 271 153 260 Genistein
13 23.77 269 137 249 Formononetin
14 27.71 285 167 261 Prunetin
15 27.79 285 153 261 Biochanin A

a HPLC on a Zorbax XDB C8 analytical column as described in the Experimental section.

Despite its relatively unusual appearance, isoflavone
metabolism is present in a spectrum of rather distant
phylogenic groups, the monocotyledons as well as dicoty-
ledons. The question remains whether this metabolic
pathway appeared several times in evolution, or if it
evolved once in a common ancestor of both angiosperm
branches and was lost by the majority of taxa. In the pre-
genomic era, secondary metabolite patterns were used
for mapping relations between taxonomic groups, ac-
cording to the concept of chemotaxonomy (Harborne,
1967). Nowadays, molecular biology methods make it
possible to compare individual genes in organisms of

interest independent of their biochemical manifestations
(Editorial, 2001). It is principally possible to identify
homologues of the soybean isoflavone synthase gene in
other angiosperms and to correlate their appearance with
the presence of the isoflavone metabolic pathway in the
respective taxon.

Isoflavonoid concentrations in leaves from all species
under study were low, thus indicating low activity of this
metabolic pathway. At this time it would be premature
to speculate if this is due to low activity of the isoflavone
synthase enzyme or due to competition for substrates
with other metabolic pathways. The samples for analysis
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were, however, obtained from healthy, growing plants.
Further studies will be necessary using various biotic and
abiotic stimuli in order to elucidate the physiologic role
of this metabolic pathway in the Rutaceae. To the best
of our knowledge, this is the first report of isoflavonoids
in the Rutaceae.
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