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Abstract

Isoflavonoids are interesting class of natural products due to their positive effects on
human health. Isoflavonoids include isoflavones, isoflavanones, isoflavans, rotenoids and
pterocarpans. Although they are reported from many plant families, most isoflavonoids
are produced by the subfamily Papilionaceae of the Fabaceae. Various chromatographic
methods have been applied for the purification of isoflavonoids. Simple Ultra Violet (UV)
absorption spectra as well as both One and two dimensional NMR (1D- and 2D-NMR)
are critical for the identification of isoflavonoids. Each class of isoflavonoids has its
unique feature in both 'H- and *C-NMR that enable their proper characterization. High
Resolution Mass Spectrometry (HRMS) is a substantial tool in such challenge. In vitro
experiments indicated that isoflavonoids possess antioxidant, antimutagenic, antiprolif-
erative as well as cancer preventive effects. Epidemiological studies provide support for
some of these effects on human. Members of this class also are reported to have antimi-
crobial activity. In this chapter, isoflavones, isoflavanones, isoflavans, homoisoflavonoids
and isoflavenes will be discussed in relation to their occurrence, methods of purification,
spectral characters helpful in structure elucidation as well as their biological importance.

Keywords: isoflavones, isoflavanones, isoflavans, homoisoflavonoids, isoflavenes

1. Introduction

Genstin (1) was the first isolated isoflavone from Genista tinctoria known as Dyer’s Brrom in
1899 [1]. Later in 1926 [2], the structure was identified. Genstin (1) was isolated from Soybeans
in 1941 [3]. Although the main source of isoflavonoids is member of the Fabaceae [4], some
were reported from other families such as Amaranthaceae [5, 6], Rosacease [7] and Poaceae [8].
Isoflavonoids were also reported from fungi [9] and Propolis [10]. The dietary consumption
of isoflavonoid-rich sources is linked with health advantages toward osteoporosis, post-
menopausal symptoms, cardiovascular diseases and chemo-prevention [11]. People from SE
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Asia have much lower risk of developing prostate cancer compared to Americans due to high
consumption of soy rich in isoflavonoids. Upon immigration to the USA and changing the
dietary components, this difference rapidly disappears [12]. Isoflavonoids are also classified
as dietary antioxidants [13]. These facts were the driving force behind the use of isoflavonoid-
rich sources as nutraceutical and dietary supplements [14].

Isoflavonoids are a large subclass of the most common plant polyphenols containing 15 car-
bon atoms known as flavonoids [15]. In isoflavonoids (3-phenylchromans), the phenyl ring
B is attached to heterocyclic ring C at position 3 rather than 2 in flavonoids [16]. Generally,
flavonoids are biosynthesised via Shikimic acid pathway. Shikimic acid is also a precursor for
the biosynthesis of phenylpropanoids and aromatic acids. At certain stages, the activity of the
key enzyme chalcone isomerase (CHI) resulted in the formation of flavanones that converted
to isoflavonoids under the influence of isoflavone synthase [17]. The biosynthesis of isoflavo-
noids, consequently, is considered as an offshoot from the flavonoids biosynthetic pathway
[18]. Highest level of isoflavonoids occurs usually in roots, seedlings and seeds [18, 19].

Isoflavonoids are sub-classified into many subclasses based on the oxidation status of ring C
as well as the formation of a forth ring ‘D’ by coupling between rings B and C. Subclasses free
from ring D include isoflavones, isoflavanones, isoflavan-4-ol, homoisoflavonoids, isoflavans
and isoflav-3-ene. Rotenoids, pterocarpans, coumaronochromones and coumaronochromene
represent the subclasses with additional ring D formation [11].

This chapter will deal with the different aspects of the isoflavonoid subclasses keeping the
original three-ring skeleton (Figure 1). Occurrence, isolation, key spectroscopic characters
and biological activities will be covered starting from 2000 to date.

Isoflavones R=H Isoflavanones Homoisoflavonoids
R= OH Isoflavanonols

I o I o}
O OH O

Isoflavans Isoflavan-4-ol Isoflav-3-ene

Figure 1. The skeletons of the isoflavonoids with three-ring structures.

2. Extraction and purification

The most popular method used for extraction of isoflavonoids is maceration with either MeOH
or EtOH containing various percentages of H O at room temperature followed by liquid-liquid
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fractionation using solvents with different polarities [6, 10, 19-32]. Another method of extrac-
tion used MeOH or EtOH under reflux or in soxhlet apparatus [5, 33-36]. Mixture of MeOH
and CHCI, or CH,Cl, (1:1) was also applied for extraction [37-41]. Other research groups
extracted the plant materials with acetone [42-44], CHCI, [45, 46], CH,Cl, [47-50] or diethyl
ether [51] at room temperature. Successive extraction starting with petroleum ether or hexane,
CHCI,, EtOAc and MeOH using soxhelt apparatus [52-56] was also reported. The isoflavone
contents of soybeans were extract using supercritical fluid extraction [57].

The majority of purification and isolation steps utilized silica gel in the form of column,
Preparative Thin Layer Chromatography (PTLC) or Centrifugal Preparative Thin Layer
Chromatography (CPTLC) [19, 21, 45]. Combination of silica gel and Sephadex LH-20 was also
applied for isoflavonoid purification [6, 10, 54, 55]. In addition to silica gel, semi-preparative
C,; High Performance Liquid Chromatography (HPLC) columns were used for final purifica-
tion of isoflavonoids [23, 30, 31, 38, 48]. The polar n-butanol fraction of Ononis serrata was
fractionated on C g silica gel applying the Vacuum Liquid Chromatography (VLC) technique
followed by normal silica gel column for purification of isoflavonoid glucosides [27]. Two
isoflavenes were isolated from Lespedeza homoloba after chromatography on porous polymer
gel Diaion followed by silica gel column. Final purification step was performed on preparative
C,; HPLC column [36]. Isoflavonoids from Iris germanica were purified by silica gel VLC and
CC, and final purification was achieved via LiChrolut EN/RP-18 solid phase extraction tubes
[26]. High-speed counter-current chromatography (HSCCC) was applied for the purification
of flavan glycoside and isoflavones from Astragalus membranaceus, the seeds of Millettia pachy-
carpa and soy flour [20, 58, 59]. Isolation and identification of isoflavanones, biflavanones and
bisdihydrocoumarins were achieved using Liquid Chromatography- Mass Spectrometry (LC-
MS), Liquid Chromatography- Solid Phase Extraction- Nuclear Magnetic Resonance (LC-SPE-
NMR) and Electronic Circular Dichroism (ECD). In this method, MS of target compounds was
measured directly in the LC effluent. For NMR analyses, the peaks were collected from 20 LC
runs, loaded on SPE cartilages, dried with nitrogen gas and finally eluted with CD,OD [32].

3. Spectroscopic identification

3.1. Infrared (IR) transmission spectra

Both phenolic hydroxyls and carbonyl groups are present in most of the isoflavonoid classes.
However, the most characteristic feature of isoflavans and isoflavenes is the lack of carbonyl
function bands. The absorption bands for the C-4 carbonyl in isoflavones and isoflavanones
present in the range 1606-1694 cm™ [9, 23-26]. Differentiation between isoflavones and isofla-
vanones from the position of C-4 carbonyl bands in the IR spectra is not achievable.

3.2. Ultra Violet (UV) absorption spectra

In spite of the tremendous advances in 2D-NMR and MS, the UV absorption spectra in
MeOH and MeOH with shift reagent still can provide useful information for flavonoids
identification. In all isoflavonoids except isoflavenes, ring B has no or little conjugation with
the main chromophore composed of rings A and C. This fact is expressed as intense band II
and diminished band I [60].
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For isoflavones, band II shows absorption at A__ 245-275 nm. Shift reagents can be used to
detect hydroxylation at ring A. NaOAc induces 6-20 nm bathochromic shift as an indica-
tion of free 7-hydroxyl group. The 10-14 nm shift with AICL/HCl is diagnostic for free 5-OH
group. The absence of any shift with NaOMe is an evidence for the absence of free hydroxyls
in ring A [19, 27, 28, 50, 60].

The UV spectra of about 28 published isoflavanone were reviewed. Band II absorption was
found in the range 270-295 nm [5, 9, 23, 25, 29, 33, 39, 41, 43, 44, 47-50, 55, 61, 62]. Among
these publications, only three used shift reagents with five isolated isoflavanones. Analysis of
the obtained results revealed that AICl, induced 17-23 nm bathochromic shift in band II due
to the complex formed between C-4 carbonyl and C-OH groups. All the entitled compounds
contain C-7 free hydroxyl groups, and NaOAc produced 34-37 nm bathochromic shift in
band II [39, 47, 50]. However, more data are required to draw a solid conclusion.

The few available UV data of homoisoflavonoids showed band II absorption in the same
range reported for isoflavanones [63].

Isoflavans UV spectra show one prominent maxima representing band II between 270 and 295
nm [21, 37, 38, 45]. The available UV data of isoflavenes indicated the presence of two bands at
235-245 and 320-337 nm along with a shoulder 287-300 nm [29, 30, 31, 35, 36].

3.3. Circular Dichroism (CD) Spectroscopy

Saturation of the double bond between C-2 and C-3 creates a new asymmetric center in the
molecules. The orientation at these centers is in most cases determined from the CD spectra.

Isoflavanones show three absorption maxima at200-240, 260-300 and 320-352 nm. Determination
of the absolute configuration at C-3 is based on the n—m* carbonyl transition between 320 and
352 nm. The positive sign at this region is diagnostic for (3R) orientation with ring B having
equatorial position. The coupling constant between the trans-diaxial H2, and H3 can confirm
the equatorial orientation of ring B [64]. Optical inactivity of isoflavanones most probably is a
result of racemization that can occur during extraction and purification [64]. The isolation of
two racemic mixtures, 3S- and 3R-7-O-glucosyldiphysolones (2, 3) and (35)- and (3R)-7,4"-di-
O-glucosyldiphysolones (4, 5), from Ormocarpum kirkii was explained as result of isomerization
in aqueous solution [32]. The same observation was reported in three isolated isoflavanones
from Platycelphium voénse and Desmodium canum [41, 47]. Due to the positive cotton effect at 337
nm, the (3R) orientation was assigned to eryzerin B (6). However, eryzerin A (7) was reported
in the same publication with undetermined absolute stereochemistry [44]. The (3R) orientation
was also assigned to 2,3-dihydro-7-demethylrobustigenin (8) and saclenone (9) isolated from
Erythrina sacleuxii based on the positive cotton effect at 320 and 334 nm, respectively [49].

Isoflavans configuration is much more complicated. The heterocyclic ring C is expected to
have the half-chair form a fact that can be diagnosed from the vicinal coupling constants
between H-2, H-3 and H-4 protons. Such | values along with the CD curves can then lead
to determination of the absolute configuration [64]. (3S)-isoflavans with oxygenation at both
the A and B rings display positive and negative cotton effects at 240 and 270-280 nm regions,
respectively. The opposite was observed for the (3R)-enantiomers. The 7-deoxy (3S)-isoflavans
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with mono- and di-oxygenation at ring B displayed negative cotton effects in both the 230-240
and 270-290 nm regions, and the opposite was observed for the (3R)-enantiomers [64]. The dif-
ficulty in assigning the absolute configuration of isofalvans was reflected by Bedane et al. [37].
The authors isolated two new isoflavans, erylivingstone J (10) and erylivingstone K (11). The
measured CD spectrum showed negative cotton effect near 306 nm and a positive cotton effect
near 240 nm supporting (S)-configuration. Three known compounds, 2"-methoxyphaseollini-
soflavan (12), 7,4"-dihydroxy-2',5-dimethoxy isoflavan (13) and 7,4"-dihydroxy-2'-methoxy-3'-
(3-methylbut-2-enyl) isoflavan (14), with (R)-absolute configuration were isolated from the
same source in this study. Suspicions about the purity of the new compounds and isolation
of compounds with (R)-absolute configuration led the authors to report the new compounds
without absolute configuration [37]. The enantiomer (3S) (+) 2-O-methylphaseollidinisoflavan
(15) was isolated from Erythrina caffra along with the (3R) (-) erythbidin A (16). The configura-
tion was assigned based on 'H-NMR | values, optical rotation and CD spectra. However, the
reported CD data did not cover the lower range of the spectrum near 240 nm [45]. The absolute
configuration of abruquinone L (17) was successfully assigned by combination of 'H-NMR
analyses of the | values between ring C protons and the CD spectrum which showed a strong
positive cotton effect at 202 nm and two negative cotton effects at 212 and 233 nm [38]. Due
to the positive cotton effect at 337 nm, the (3R) orientation was assigned to eryzerin C (18).
However, eryzerin D (19) was reported with undetermined absolute stereochemistry [44].

In case of isoflavan-4-ol, C-4 becomes a new chiral center and 4 isomers could exist. Out of the
possible isomers, two are cis- and two are trans-. Hata et al. synthesized and compared the CD
spectra of four stereoisomers. The 3R, 4S-trans-isoflavan-4-ol stereoisomer showed negative
cotton effect between 250 and 300 nm and positive cotton effect between 220 and 240 nm. The
other 35, 4R-trans-isoflavan-4-ol stereoisomer showed CD spectrum having cotton effect at the
same ranges but with opposite sign. The 3§, 45 cis-isoflavan-4-ol stereoisomer expressed posi-
tive cotton effect between 245 and 300 nm, while the other enantiomer 3R, 4R-isoflavan-4-ol
has a negative cotton effect at the same region [65].

3.4. Nuclear Magnetic Resonance (NMR) Spectroscopy
3.4.1. 'H- and "C-NMR

'H- and ®C-NMR spectra provide key information for the identification of the isoflavonoids
skeleton. The proton and carbon signals for positions 2—4 in ring C (Table 1) provide a unique
feature for each class.

The simplest ring C spectrum is that of isoflavones as it shows only one downfield proton sin-
glet for H-2. The oxygenated C-2 chemical shift is also characteristic for isoflavones. The wide
range for C-4 carbonyl resulted from the effect of C-5 substitutions. The lack of C5 free hydroxyl
resulted in the upfield shift of the C-4 carbonyl chemical shift to a value less than 175.0 ppm in
most cases [27, 34]. With the presence of C-5 free hydroxyl and formation of hydrogen bond
C-4 carbonyl, the carbonyl chemical shift value is usually above 180.0 ppm [19, 24, 28].

Saturation of the double bond between C-2 and C-3 of isoflavones leads to the formation
of the isoflavanone skeleton. Such array contains a CH,-O and CH-aryl and renders the
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Position 2 Position 3 Position 4
1H 13C lH 13C lH 13C
Isoflavones 7.82-8.45 s 150.9-155.0 - 121.5-125.5 - 173.9-181.5
Isoflavanones 4.46-4.76 (dd, ax) 69.6-72.3 3.93-4.32 (dd) 45.3-51.1 - 193.0-198.8
4.34-4.63 (dd, eq)
Homoisoflavonoids 4.06-4.32 (dd) 68.8-69.3 2.65-2.80 (m) 46.8-48.7 - 192.7-198.3
Isoflavans 4.33-3.83 (t, ddd, 69.2-71.2 3.36-3.55 (tdd, 30.79-33.6 2.64-298 (dd, 26.1-31.9
tdd, dt, dd) dd, dddd, m) ddd)
Isoflavan-4-ol 4.21-3.60 (dd, t) 66.8-66.9 3.52-3.49 40.5-40.6 5.47-5.49 (d) 79.0-79.6
(ddd)
Isoflavenes 4.83-5.25 (s, d) 67.6-68.8 - 127.5-129.6  6.47-6.74 (s, d) 118.3-121.9

Table 1. Key 'H- and ®C-NMR spectral data for identification of isoflavonoid classes.

'H-NMR signals of ring C more complex making an AMX spin system. The three protons
appear as dd with different | values due to ax-ax, ax-eq and/or eq-eq splitting. In some
cases, some signals may appear as t or interfere with other signals in the molecule [23, 41,
55, 61, 62]. Absolute configuration of isoflavanones was determined by a simple 'H-NMR
experiment in the presence of (R)- and (S)-binol as chiral solvating agent. The presence of
(R)- or (S)-binol produces variable changes in the chemical shifts of the most downfield
H-2 proton. Comparing these chemical shift changes enables the assignment of the abso-
lute configuration [66].

No significant difference can be observed when the chemical shifts of positions 2—4 are com-
pared in the '"H-and “C-NMR spectra of isoflavanones and homoisoflavonoids. The splitting
pattern of H-3 is expected to be much more complex. However, the additional C-9 in homoi-
soflavonoids provides the key evidence for their identification. The H-9 protons appear in the
range of 0, 2.62-3.13 (dd) as a result of coupling with H-3 proton. The C-9 methylene appears
at 0. 31.9-32.2 ppm [63, 67].

Isoflavans lacks the C-4 carbonyl present in isoflavanones with expected two more proton sig-
nals from ring C to form an ABMXZ spin system. Although the H-4 proton signals are more
upfield compared to H-2 and H-3, the splitting pattern is more complex than the correspond-
ing isoflavanones. This pattern along with the *C-NMR chemical shifts of C-2, C-3 and C-4 is
the diagnostic feature for the isoflavan nucleus [20-22]. Isoflavan-4-ol is characterized by two
oxygenated methines in both 'H- and *C-NMR spectra.

Formation of double bond between C-3 and C-4 in isoflavans led to the emerging of the iso-
flav-3-ene class. The ring C 'H-NMR signals of isoflavenes is simplified to two singlet for the
2H of C-2 and 1H of C-4. In some reports, a long-range coupling with small | value (1-2 Hz)
was observed between H-2 and H-4 protons [35, 36, 43, 56].

3.4.2. 2D-NMR

'"H-NMR and different *C-NMR experiments like Distortionless Enhancement by Polarization
Transfer (DEPT 45, DEPT 90 and DEPT 135) in most cases enable the identification of the
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main skeleton of the isoflavonoids as well as the substitution pattern. Heteronuclear Single-
Quantum Correlation (HSQC) experiment is applied to correlate protons and carbons through
one bond. So, assignment of protons and carbons as CH,, CH, and CH can be confirmed
undoubtfully. '"H-'"H-Correlation Spectroscopy (COSY) or similar experiments are applied to
identify the spin systems in the compounds. These experiments identified protons separated
by 3 bonds as well as different arrays present in the aromatic systems. The obtained COSY
data allow the identification of the adjacent groups in the compounds and substitution pat-
tern in the aromatic systems. Heteronuclear Multiple-Bond Correlation (HMBC) experiment
acquired at different | values can identify correlation between protons and carbons through 2,
3 or sometimes 4 bonds especially in the aromatic systems. HMBC data play a key role in the
determination of substituents location on the main skeleton. For example, the location of the
furan ring in 4’-O-methylerythrinin C (20) at C-6 was assigned from HMBC correlations [28].
The location of the prenyl group at C-8 in erysubin F (21) was also assigned from correlations
obtained from HMBC experiment [42].

Nuclear Overhauser Effect (NOE) is an effect observed between protons close to each other in
space regardless to the number of bonds separating them [68]. The NOE effect can be clarified
via One dimensional Nuclear Overhauser effect (1ID-NOESY), Gradient-Enhanced Nuclear
Overhauser Effect (GOESY) experiments or the now more favorable 2D-NOESY or Rotating
Frame Nuclear Overhauser Effect (ROESY) experiments. The NOE effect is sometimes crucial
for correct assignments of substitutions especially in the absence of significant UV data with
shift reagents that can give information about OH group positions. The NOE effect in some
situations is more decisive than HMBC due to the few number of correlations that can be
observed and the fact that correlations are dependent on distance in space rather than direct
bond correlations.

The positions of ring B substituents in lysisteisoflavanone (22) were assigned utilizing GOESY
experiment where irradiation of the OCH, and H-1" of the prenyl group resulted in enhance-
ment in their neighboring protons [50]. The NOE enhancement experiment was utilized to
determine the position of OCH, in olibergin B (23) [24]. Position of OCH, in platyisoflavanone
B (24) [41], vestitol (25), lotisoflavan (26) [21], erypoegin D (27) [43] and eryzerin B (6) [44] was
assigned based on NOESY experiment results. The NOESY experiment was also employed to
determine the position of glucose in ormosinoside A (28) [25].

NOESY data were also utilized to analyse the relative stereochemistry of the isoflavanol pum-
ilanol (29) ring C protons [46].

3.5. Mass Spectroscopy (MS)

Mass spectroscopy with different techniques and the great advances in instrumentation can
provide accurately the molecular weight and the exact molecular formula. In addition, some
common routes of fragmentation can provide additional evidences about the substitution
pattern on both rings A and B. The mass fragments derived from a retro-Diels Alder (RDA)
type cleavage give an idea about the substituent’s on ring A and ring B as well (Figure 2).
These MS fragments were used for the confirmation of ring A and ring B substitution pat-
tern in the structure elucidation. Observation of MS ion fragments at m/z 177 and 153 as a
result of RDA type cleavage followed by a hydrogen transfer indicated the location of two
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C
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Figure 2. Main fragments of retro-diels—alder (RDA) type cleavage.

methoxyls and a hydroxyl group on the B ring of the isoflavone olibergin A (30) [24]. The
placement of two hydroxyl group at ring A and methylenedioxy and one methoxyl at ring
B in the structure of (+)5,7-dihydroxy-2"-methoxy-3’,4-methylenedioxyisoflavanone (31) was
confirmed by MS fragments [33]. (S)-Platyisoflavanone A (32) mass spectrum showed frag-
ment at m/z 232 indicating two methoxyls and 3-methylbut-2-enyl group at ring B [41]. The
base peak in the MS spectrum of uncinanone D (33) at m/z 194 [C, H, O] resulted from retro-
Diels Alder (RDA) cleavage of ring C supported the presence of 3 methoxyl groups at ring B
[48]. Similarly, the location of three methoxyl groups on ring B and two hydroxyl groups on
ring A in the structure of the isoflavanone (+)5,7-Dihydroxy-2',3’,4'-trimethoxy-isoflavanone
(34) was supported by MS fragmentation [33]. The fragmentation of 5,7-Dihydroxy-2',4’,5'"-
trimethoxyisoflavanone (35) generated mass fragments at m/z 153 corresponding with ring A
with two hydroxyls and at m/z 194 for ring B with three methoxyls [39]. The location of the
methyl group in desmodianone A (36), desmodianone B (37), desmodianone D (38), desmo-
dianone E (39) and 6-methyltetrapterol A (40) at C-6 was confirmed from the MS fragment
at m/z 167 for A-ring [47]. The MS fragments at m/z 346 [508-163+H]* and 194 indicated the
presence of a sugar moiety in the A ring and three methoxyl groups in the B ring in the struc-
ture of 5,7-dihydroxy-2',3",4"-trimethoxy-isoflavanone 7-O-3-glucopyranoside (41) [33]. With
a fragment 30 mass units less at m/z 164 in the spectrum of 5,7-Dihydroxy-2',4'-dimethoxy-
isoflavanone 7-O-f-glucopyranoside (42), only two methoxyls were assigned to ring B and
sugar was placed on ring A [33].

In addition to providing the M+ at 328 m/z of 2-methoxyjudaicin (43) the fragment at m/z 297
due to loss of the two methoxyls was very supportive for the structure since the MS spectrum
of judaicin (44) show only fragment due to loss of one methoxyl group at C-2’. The MS data
of judaicin 7-O-glucoside (45) and judaicin 7-O-(6"-O-malonylglucoside) (46) showed com-
mon ion at m/z 298 corresponding to the aglycone part after the loss of the glycosyl moieties
at C-7 [30, 31].

4. Isolated compounds update

The isolated isoflavonoids from natural sources are presented in Tables 2-6, and their struc-
tures are provided in Figures 3-7. Isoflavones, isoflavanones and isoflavans from 2000 to date
are arranged according to publication date in Tables 2—4, respectively. Due to the limited
number of isoflavenes, the current survey includes all isolated members available in the lit-
erature (Table 5). Synthetic compounds are not included in this chapter.
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Name Source Ref.
2,3-Dehydrokievitone (47) Erythrina sacleuxii [49]
5'-Prenylpratensein (48) Erythrina latissima [39]
Erysubin F (21) Erythrina suberosa [42]
6"-O-Malonylgenistin (49) Glycine max [59]
Irisolone (50) Polygala stenopetala [69]
Isoerysenegalensein E (51), Alpinumisoflavone (52), Wighteone Erythrina lysistemon [50]
(53)

2",6"-O-Diacetyloninin (54) Glycine max [70]
Isoprunetin 7,4'-di-O-g-D-glucopyranoside (55) Genista morisii [54]
Genistein 7,4'-di-O-p-D-glucopyranoside (56)

Genistein (57) Desmodium uncinatum [62]
Olibergin A (30), Olibergin B (23), Genistein (57), Formononetin Dalbergia oliveri [24]
(58)

Biochanin A (59)

Rothindin(60) Ononis serrata [27]
4'-O-Methylerythrinin C (20), 4'-O-Methylalpinumisoflavone (61) Lotus polyphyllos [28]
4'-O-Methyl-2"-hydroxydihydroalpinumisoflavone (62)

7-O-Methylbiochanin A (63)

Genistin (1), Genistein (57), Daidzein (64), Daidzin (65) Semen sojae praeparatum [71]
Glycitein (66), Glycitin (67)

7-O-Geranylbiochanin A (68) Tephrosia tinctoria [72]
Olibergin B (23), Biochanin A (59), 8-C-Geranyl-7-O- Dalbergia paniculata [73]
methylbiochanin A (69)

Biochanin A (59), 6-Hydroxy-7,4"-dimethoxyflavone (70) Gynerium sagittatum [8]
6,7 4'-Trimethoxyflavone (71)

4'-O-Methylderrone (72) Lotus polyphyllos [19]
4',5'-Dimethoxy-6,6-dimethylpyranoisoflavone (73) Millettia pachycarpa [58]
Erypoegin D (27), Alpinumisoflavone (52), Wighteone (53) Erythrina poeppigiana [74]
5,4'-Dihydroxy-7-methoxy-3'-(3-methylbuten-2-yl)isoflavone (74)
5,2',4'-Trihydroxy-7-methoxy-5-(3-methylbuten-2-yl)isoflavone

(75)

5,4'-Dihydroxy-7-methoxy-3'-(3-methyl-2-hydroxybuten-3-yl)

isoflavone (76)

3'-Formyl-5,4'-dihydroxy-7-methoxyisoflavone (77)
5-Hydroxy-3"-hydroxy-2",2"dimethyldihydropyrano[5”,6":3',4']

isoflavone (78)

3'-Isoprenylgenistein (79), Isolupabigenin (80)

Genistein (57), Formononetin (58), Biochanin A (59), Calycosin (81)  Cicer arietinum [75]
Ononin (82), Sissotrin (83)

Tlatlancuayin (2',5-dimethoxy-6,7-methylenedioxyisoflavone) (84) Iresine herbstii [5]
2'-Hydroxygenistein (85), 3'-Omethylorobol (86) Crotalaria lachnophora [76]

7-O-Methyltectorigenin (87), Prunetin (88), Licoagroisoflavone (89)
Cajanin (90), Lachnoisoflavone A (91)
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Name Source Ref.

Pierreione A (92), Pierreione B (93), Pierreione C (94), Pierreione Antheroporum pierrei [77]

D(95)

Genistein 5-O-g-glucopyranoside (96), Prunetin 5-O-f- Potentilla astracanica [7]

glucopyranoside (97)

Erysubin F (21), Erythraddison I (98), Erythraddison II (99) Erythrina addisoniae [23]

Echrenone b10 (100)

Ormosinosides A (28), Genistein (57), Biochanin A (59), Daidzein Ormosia henryi [25]

(64)

Daidzin (65), Sissotrin (83), 7-O-Methylbiochanin A (63)

Isoformononetin (101), 4',7-Di-O-methyldaidzein (102), Isoprunetin

(103)

Sophoricoside (104), Isoprunetin-7-O--D-glucoside (105)

6"-B-D-Xylose-genistin (106)

Genistein (57),Biochanin A (59), Daidzein (64) Trifolium scabrum [78]

3'-Hydroxydaidzein-7-O-glucopyranoside (107)

Calycosin-7-O-glucopyranoside (108)

5,6-Dihydroxy-7,8,3',5"-tetramethoxyisoflavone (109) Iris pseudacorus [79]

Formononetin (58), Ononin (82), Calycosin (81) Astragalus mongholicus [80]

Calycosin-7-O-glucopyranoside (108)

Formononetin (58) Dalbergia oliveri [53]

Genistein (57), Biochanin A (59), Calycosin-7-O-glucopyranoside Dalbergia odorifera [81]

(108)

Neobavaisoflavone (110) Erythrina excels, [40]
Erythrina senegalensis

Biochanin A (59) Dothideomycetes fungus [9]
CMU-99

Neoraudiol (111) Neorautanenia mitis [52]

Genistin (1), Daidzein (64), Daidzin (65), Puerarin (112) Pueraria lobata [34]

Formononetin (58), Ononin (82), 3-(4-(Glucopyranosyloxy)-5- Omnonis angustissima [82]

hydroxy-2-methoxyphenyl)-7-hydroxy-4H-chromen-4-one (113)

7,2',5"-Trimethoxy-3',4"-methylenedioxyisoflavone (114) Piscidia carthagenensis [83]

6,7-Dimethoxy-3',4'-methylenedioxyisoflavone (115)

5,4'-Dihydroxy-7,2',5'-trimethoxyisoflavone (116)

Isosideroxylin (117) Leiophyllum buxifolium [84]

Achyranthoside A (118), Achyranthoside B (119) Achyranthes bidentata [6]

Genistein (57), Biochanin A (59), Prunetin (88), Tectorigenin (120) Dalbergia odorifera [85]

8-Hydroxyirilone 5-methyl ether (121), 8-Hydroxyirilone (122) Iris germanica [26]

Irilone 4'-methyl ether (123), Irilone (124), Irisolidone (125)
Irigenin S (126), Irigenin (127), Iridin S (128), Iridin (129)
4'-O-p-p-glucopyranoside (130)

Table 2. Isolated isoflavones from natural sources since 2000 to date.
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Name Source Ref.
(R)-2,3-Dihydro-7-demethylrobustigenin (8), (R)-saclenone (9) Erythrina sacleuxii [49]
5,7-Dihydroxy-2',4',5'-trimethoxyisoflavanone (35) Erythrina latissima [39]
Bolusanthol B (131), Bolusanthol C (132) Bolusanthus speciosus [86]
5,7,3'-Trihydroxy-4'-methoxy-5-y,y-dimethylallylisoflavanone (133)
5,7,2'-Trihydroxy-4"-methoxy-6,5"-di(y,y-dimethylallyl)isoflavanone (134)

5,7,2' 4'-Tetrahydroxy-8,3'-di(y,y-dimethylallyl)-isoflavanone (135)

Lysisteisoflavanone (22) Erythrina lysistemon [50]
Seputheisoflavone (136) Ptycholobium contortum [87]
Dihydrodaidzin (137), Dihydrogenistin (138) Glycine max [70]
Erypoegin C (139), Erypoegin D (140) Erythrina poeppigiana [43]
Eryzerin B (6), Eryzerin A (7) Erythrina zeyheri [44]
Erypoegin G (141) Erythrina poeppigiana [61]
Cajanol (142) Crotalaria lachnophora [76]
7,4'-Dihydroxy-2'-methoxy-6-geranylisoflavanone (143) Lespedeza bicolor [88]
2',4'-Dihydroxy-6"-methyl-6"-(4"-methylpent-3-enyl) pyrano(3”,2":6,7)-

isoflavanone (144)

Desmodianone A (36), Desmodianone B (37), Desmodianone D (38) Desmodium canum [47]
Desmodianone E(39), 6-Methyltetrapterol A (40)

Uncinanone A (145), Uncinanone B (146), Uncinanone C (147) Desmodium uncinatum [62]
(#)5,7-Dihydroxy-2"-methoxy-3',4-methylenedioxyisoflavanone (31) Desmodium styracifolium  [33]
(£)5,7-Dihydroxy-2',3',4"-trimethoxy-isoflavanone (34)

5,7-Dihydroxy-2',3',4'-trimethoxy-isoflavanone 7-O-f-glucopyranoside

(41)

5,7-Dihydroxy-2'-methoxy-3’,4-methylenedioxyisoflavanone 7-O-f-

glucopyranoside (148)

5,7-Dihydroxy-2’,4'-dimethoxy-isoflavanone 7-O-g-glucopyranoside (42)
5,7,4'-Trihydroxy-2',3'-dimethoxy-isoflavanone 7-O--glucopyranoside

(149)

Uncinanone D (33), Uncinanone E (150) Desmodium uncinatum [48]
Ferreirin (151), Dihydrocajanin (152), Dalbergioidin (153) Gynerium sagittatum [8]
Dihydrobiochanin A (154)

5,7-Dihydroxy-2'-methoxy-3’,4-methylenedioxyisoflavanone (31) Uraria picta [55]
Uncinanone A (37), Dalbergioidin (153)

4',5-Dihydroxy-2’',3'-dimethoxy-7-(5-hydroxyoxychromen-7yl)-

isoflavanone (155), Parvisoflavanone (156), Isoferreirin (157)

Dalhorridin (158), Dalhorridinin (159) Dalbergia horrida [89]
5,3'-Dihydroxy-4'-methoxy-5"-(3-methyl-1,3-butadienyl)-2",2"- Erythrina costaricensis [90]
dimethylpyrano[5, 6:6,7]isoflavanone (160)
5,3'-Dihydroxy-5"-(3-hydroxy-3-methyl-1-butenyl)-4'-methoxy-2",2"-

dimethylpyrano[5, 6:6,7]isoflavanone (161)

Sophoronol A (162), Sophoronol B (163), Sophoronol C (164) Sophora mollis [91]

Sophoronol D (165), Sophoronol E (166), Sophoronol F (167)
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Name Source Ref.

3-Hydroxy-kenusanone B (168), Sophoraisoflavanone A (169) Echinosophora koreensis [92]

Kenusanone H (170)

Desmodianone F (171), Desmodianone G (172) Desmodium canum [93]

5,7,3"-Trihydroxy-4'-methoxy-6,5'-di(y, y-dimethylallyl)-isoflavanone Erythrina costaricensis [94]

(173)

5,3'-Dihydroxy-4'-methoxy-5"-y,y-dimethylallyl-2",2"-dimethylpyranol[5,

6: 6,7]isoflavanone (174)

5,3'-Dihydroxy-2",2"-dimethylpyranol5, 6: 6,7]-2"",2'"-dimethylpyranol[5,

6: 5,4]isoflavanone (175)

Glabraisoflavanone A (176), Glabraisoflavanone B (177) Glycyrrhiza glabra [95]

Isodarparvinol B (178), Dalparvin (179), (35)-Sativanone (180) Dalbergia parviflora [96]

2',2,5-Trimethoxy-6,7-methylenedioxyisoflavanone (181) Iresine herbstii [5]

Erythraddison III (182), Erythraddison IV (183) Erythrina addisoniae [23]

Dalbergioidin (153) Lespedeza cyrtobotrya [29]

3(R)-2'-Methoxyl-5,7,4'-trihy droxy-6-(3-methylbut-2-enyl)-isoflavanone Campylotropis hirtella [97]

(184)

3'-Geranyl-3,5,7,2',4'-pentahydroxyflavonol (185)

Triquetrumone E (186), Triquetrumone F (187) Tadehagi triquetrum [98]

Hirtellanine H (188), Hirtellanine I (189), Hirtellanine J (190) Campylotropis hirtella [99]

Ormosinol (191) Ormosia henryi [25]

7-O-Glucosyldiphysolone (2, 3), (3R)-7,4'-Di-O-glucosyldiphysolone (4) Ormocarpum kirkii [32]

(35)-7,4'-Di-O-glucosyldiphysolone (5), 4"-hydroxydiphysolone (192)

Platyisoflavanone B (24), Platyisoflavanone A) (32) Platycelphium voénse [41]

Platyisoflavanone C (193), Platyisoflavanone D (113)

Sophoraisoflavanone A (169), Glyasperin F (194)

(+)-Violanone (195) Dalbergia oliveri [53]

(85)-2',4'-Dimethoxy-3,7-dihydroxyisoflavanone (196) Dalbergia odorifera [100]

(35)-2",4',5"-Trimethoxy-7-hydroxyisoflavanone (197)

(8R)-4"-Methoxy-2',3,7-trihydroxyisoflavanone (198)

(8R)-Violanone (199), (3R)-3"-O-methylviolanone (200)

(3R)-Sativanone (201)

Dalbergioidin (153) Uraria clarkei [101]

(3R) 5,7,3'4'-Tetrahydroxy-2'-methoxyisoflavanone (202)

(3R) 5',8-Di-(y,y-dimethylallyl)-2',5-dihydroxyl-4',7-dimethoxyl-

isoflavanone (203)

5,7-Dihydroxy-2’,4'-dimethoxyisoflavanone (204)

Uncinanone E (150) Cassia siamea [102]

5,7-dihydroxy-2"-methoxy-3',4"-methylenedioxy isoavanone (155)

(3R) 7,2, 4"-Trihydroxy-3'-methoxy-5-methoxycarbonylisoflavanone (205)

(38R) 7,2"-Dihydroxy-3',4'-dimethoxy-5-methoxycarbonylisoflavanone

(206)

Sigmoidin H (207) Erythrina excels, [40]
Erythrina senegalensis

6,3'-di(3-hydroxy-3-methylbutyl)-5,7,2', 4'-tetrahydroxyisoflavanone (208)  Campylotropis hirtella [103]

3(R)-6,3"-di(3-hydroxy-3-methylbutyl)-2'-methoxyl-5,7,4"-
trihydroxyisoflavanone (209)
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Name Source Ref.
Uncinanone D (33), Desmodianone E (144), Desmodianone F (171) Desmodium oxyphyllum [104]
Grabraisoflavanone A (176)

(8R)-7-Hydroxy-4'-methoxy-5-methoxycarbonyl-isoflavanone (210)
(38R)-8-Hydroxy-4'-methoxy-7-methoxycarbonyl-isoflavanone (211)
(8R)-7,2',4"-Trihydroxy-3'-methoxy-5-methoxycarbonyl-isoflavanone

(205)

Glycitein (66), Dihydrodaidzein (133), Dihydrogenistein (134) Dothideomycetes fungus  [9]
Dothideoisoflavanone (212), (35)-3,4',7-trihydroxyisoflavanone (213) CMU-99

Neotenone (214) Neorautanenia mitis [52]
Eryvarins Y (215), Eryvarins Z (216), Orientanol E (217) Erythrina variegata [105]
2,3-Dihydroauriculatin (218)

Table 3. Isolated isoflavonones from natural sources since 2000 to date.

Name Source Ref.
5,7-Dimethoxy-3-(4-hydroxybenzyl)-4-chromanone (219) Drimiopsis burkei [63]
5,6-Dihydroxy-7-methoxy-3-(4-hydroxybenzyl)-4-chromanone (220) Drimiopsis maculata
7-O-Methyl-3,9-dihydropunctatin (221)

5,7-Dihydroxy-3-(4-hydroxybenzyl)-4-chromanone (222)

Table 4. Isolated homoisoflavonoids from natural sources since 2000 to date.

Name Source Ref.
Bolusanthol A (223) Bolusanthus speciosus [86]
Neocandenatone (224) Dalbergia congestiflora [22]
(8R)-(-)-7,2'-Dihydroxy-3',4'-dimethylisoflavan-7-O-$-D- Astragalus membranaceus [20]
glucopyranoside (225)

Eryzerin C (18), Eryzerin D (19) Erythrina zeyheri [44]
6-Desmethyldesmodian A (226), Desmodian A (227) Desmodium canum [106]
Desmodian B (228), 6-Desmethylesmodian B (229)

Desmodian C (230), 3'-Hydroxydesmodian B (231)

Pumilanol (29) Tephrosia pumila [46]
Salisoflavan (232) Salsola imbricata [107]
Desmodian A (227), Desmodian D (233) Desmodium canum [93]
3S (+) 2"-O-Methylphaseollidinisoflavan (15) Erythrina caffra [45]
3R(-)Erythbidin A (16)

Vestitol (25), Neovestitol (234) Brazilian propolis [10]
(35,4R)-4"-Hydroxy-6,3'-dimethoxyisoflavan-4-ol (235) Taxus yunnanensis [108]
Cordifoliflavanes A (236), Cordifoliflavanes B (237) Codonopsis cordifolioidea [109]
Vestitol (25), Lotisoflavan (26) Lotus lalambensis [21]
Abruquinone A (238), Abruquinone D (239), Abruquinone J (240) Abrus precatorius [38]

Abruquinone K (241), Abruquinone L (17)
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Name Source Ref.
Erylivingstone J (10), Erylivingstone K (11) Erythrina livingstoniana [37]
2'-Methoxyphaseollinisoflavan (12)
7, 4-Dihydroxy-2',5"-dimethoxy isoflavan (13)
7,4'-Dihydroxy-2'-methoxy-3'-(3-methylbut-2-enyl) isoflavan (14)
Kotstrigoisoflavanol (242) Kotschya strigosa [110]
Table 5. Isolated isoflavans from natural sources since 2000 to date.
Name Source Ref.
Neorauflavene (243) Neorautanenia edulis [51]
Sepiol (244), 2'-O-Methylsepiol (245) Gliricidia speium [111]
Dimethoxytrihydroxyisoflavene (246) Baphia nitida [56]
Haginin A (247), Haginin B (248) Lespedeza cyrtobotrya [35]
7,3',4'-Triacetoxy-6'-methoxyisoflav-3-ene (249) Millettia sp. [112]
7, 2'-Diacetoxy-4'-methoxyisoflav-3-ene (250)
2-Methoxyjudaicin (43) Cicer bijugum [30]
Judaicin (44), Judaicin 7-O-glucoside (45) Cicer judaicum [31]
Judaicin 7-O-(6"-O-malonylglucoside) (46)
Haginin C (251), Haginin D (252) Lespedeza cyrtobotrya [113]
Haginin D (253), Haginin E (Phenoxodiol) (254) Lespedeza homoloba [36]
Erypoegin A (255), Erypoegin B (256) Erythrina poeppigiana [43]
Glabrene (257) Glycyrrhiza glabra [114]
Haginin A (247) Lespedeza cyrtobotrya [29]
Haginin E (Phenoxodiol) (254) Dothideomycetes fungus CMU-99 [9]
Table 6. Isolated isoflavenes from natural sources.
(1) R=R,=R;=H, R;=Glucose (77) R=R3=H, R;=Me, R,=Formyl
(28) R=Me, R;= ¢"-(pD-Xylosyl-glucopyranoside, R,= R3= H (79) R=R;=R3=H, R,= Prenyl
(49) R= Rz R3 H, Rl 6"-O-(Malonyl)-glucopyranoside (83) R= R2 H, Rl Glucose, R3: Me
(55) R= Me, R;=R;= Glucose, R,=H (86) R=R;=R3=H, R, OMe
(56) R=R,=H, R;= R3= Glucose (88) R=R,=R3;=H, R;=Me
(37YR=R;=R,=R3;=H (96) R=Glucose, R;=R,=R3=H
B39 R=R;=R,=H, R;=Me (97) R=Glucose, R{=Me, R,=R;=H
(63) R= R2 H Rl R3 Me (103) R= Me, R] R2 R3 OH
(68) R=R,=H, R = Geranyl, R3=Me (104) R=R;=R,= H, R;= Glucose

(105) R=Me. R;= Glucose, R,=R;=H

(74) R= Ry~ H, R,= Me, RZ/L“/

(106) R= Ry~ Ry;=H, R;=

6"-(f-D-Xylosyl)-glucopyranoside
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(27) R=R=R,=H, R;=R;=Me, Rs=Prenyl
(30) R=R=R,=R,=H, R;=Me, Rs=OMe
(47) R=R,=R;=R,=Rs=H, R,= Prenyl

(75) R= R2: R3: R4: H, R]Z Me, 5 RS )\I‘/

(85) R= R1: R2: R3: R 14— R5: H
(109) R=R,=R;=R;=Rs=H  R;=Me
(116)R=R,=R,=H, R,=R;=Me, R.=OMe

RO o}

OR,

(54) R=2", 6"-Diacetylglucoside, R;= H, R,= Me
(58) R=R;=H, R,=Me
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(65) R= Glucose, R;=R,=H

(81) R=H, R;=0H, R,=Me
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(122) R=R,=H, R;=R;=OH,

(123) R=R;=R,=H, R;=OMe
(124)R=R;=R,~H, R;=OH

(130) R=R,=R,=H, R;= O-Glucose
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Figure 3. Isolated isoflavones from natural sources since 2000 to date.
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Figure 7. Isolated isoflavenes from natural sources since 2000 to date.

5. Biological activities

Isoflavonoids are reported to have a variety of bioprotective effects, including antioxidant,
antimutagenic, anticarcinogenic and antiproliferative activities. Isoflavonoids may protect the
body from hormone-related cancers, like breast, endometrial (uterine) and prostatic [115-119].
Isoflavonoids have gained a lot of public interest due to the possible correlation between their
dietary consumption and health beneficial effects toward osteoporosis and post-menopausal
symptoms [120, 121].

Among the isoflavonoids isolated from dothideomycetes fungus CMU-99, Biochanin A
(59) showed weak cytotoxic activity against lung cancer cells (NCI-H137) and noncancer-
ous Vero cells. Dothideoisoflavanone (212) exhibited cytotoxic effect against oral human
carcinoma (KB) but was non-toxic against noncancerous Vero cells [9]. Among the isofla-
vonoids isolated from Erythrina addisoniae, Echrenone b10 (100) was found to be more than
three times as potent as tamoxifen against MCF7/ADR and MDA-MB-231. Erythraddison
III (182) was twice as potent as tamoxifen [23]. The isoflavanone Ormosinol (191) signifi-
cantly inhibited adenocarcinomic human alveolar basal epithelial cells (A549) and human
hepatic cell line (HepG2) [25]. Neobavaisoflavone (110) and Sigmoidin H (207) were selec-
tively active in vitro against the resistant cancer cells 6/9, 4/9, CCRF-CEM, HCT116 (p53+/+),
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MDA-MB-231-BCRP and U87MG [40]. Platyisoflavanone A (32) showed cytotoxic effect
against noncancerous Vero cells [41]. 2”,6"-O-diacetyloninin (54) was active against human
stomach carcinoma (Hs 740.T, Hs 756 T), breast adenocarcinoma (Hs 578 T, Hs 742.T) and
prostate carcinoma (DU 145, LNCaP-FGC) cell lines [70]. Pierreione A (79) and Pierreione
B (93) demonstrated selective toxicity to solid tumor cell lines with minimal cytotoxicity
[77]. Isosideroxylin (117) was selectively active against the against ER" MDA-MB-231 breast
cancer cell line [84]. (3R) 5',8-Di-(y,y-dimethylallyl)-2’,5-dihydroxyl-4',7-dimethoxyl-
isoflavanone (203) isolated from Uraria clarkei possessed good activity against the tested
Hela, K562 and HL60 cell lines [101].

Haginin E (Phenoxodiol) (254) inhibits cell proliferation of a wide range of human can-
cer cell lines including leukemia, breast and prostate carcinomas, and is 5-20 times more
potent than genistein [122]. Primary ovarian cancer cells resistant to conventional chemo-
therapy undergo apoptosis following Haginin E (Phenoxodiol) (254) treatment. Haginin E
(Phenoxodiol) (254) is an efficient inducer of cell death in ovarian cancer cells and sensitizes
the cancer cells to Fas-mediated apoptosis [123]. Haginin E (Phenoxodiol) (254) also exhibits
significant ability to induce cell death in the prostate cancer cell lines LNCaP, DU145 and
PC3 that utilize different signaling pathways than those reported in ovarian cancer studies
[124]. Haginin E (Phenoxodiol) (254) development as an antitumor drug was based to a large
extent on its low toxicity in normal tissues, but potent topoisomerase-II inhibitory effects in
rapidly dividing tumor cells. This advantage led to its fast-track FDA approval for Phase II/
III clinical trials [125].

Platyisoflavanone A (32) showed antibacterial activity against Mycobacterium tuberculosis
(TB) in the microplate alamar blus assay (MABA) [41]. Isoflavonoids isolated from roots
of Erythrina zeyheri were tested against methicillin-resistant Staphylococcus aureus (MRSA).
Anti-MRSA potency of the isoflavan Eryzerin C (18) was the highest followed by Eryzerin
D (19) [44]. 5,7,3-Trihydroxy-4"-methoxy-6,5'-di(y, y-dimethylallyl)-isoflavanone (173) iso-
lated from Erythrina costaricensis was also active on MRSA [94]. The two isoflavans 3S (+)
2'-O-Methylphaseollidinisoflavan (15) and 3R(-)Erythbidin A (16) isolated from E. caffra as
well as the two isoflavanones 5,7-Dihydroxy-2'-methoxy-3',4"-methylenedioxyisoflavanone
(31) and 4',5-Dihydroxy-2',3'-dimethoxy-7-(5-hydroxyoxychromen-7yl)-isoflavanone (155)
isolated from Uraria picta were active against S. aureus [45, 55]. The isoflavone Neoraudiol
(111) displayed antimicrobial activity on Bacillus subtilis, Salmonella typhii and Candida albicans
[52]. Lachnoisoflavone A (91) from Crotalaria lachnophora showed moderate inhibitory activi-
ties against Escherichia coli and Klebsiella pneumonia [76].

Isoflavanones from the Stem of Cassia siamea were evaluated for their anti-tobacco mosaic virus
(Anti-TMV)activities[102].(3R)7,2',4"-Trihydroxy-3'-methoxy-5-methoxycarbonylisoflavanone
(205) was the most active among the tested compounds [102]. In addition to anti-TMYV, cordifo-
liflavanes A (236) cordifoliflavanes B (237) expressed anti-HIV-1 activities [109].

As a part of plant phenolics, isoflavonoids are expected to have antioxidant activities. Ormosinol
(191) showed significant antioxidant activity against DPPH radicals [25]. The isoflavene
Haginin A (247) and the isoflavonones dalbergioidin (153) showed antioxidant properties in
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both 2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and 1,1-Diphenyl-2-picryl-
hydrazyl (DPPH) assays [29]. Seputheisoflavone (132) from Ptycholobium contortum was active
in the ABTS assay [87]. Isoflavones from the Astragalus mongholicus were examined for anti-
oxidant potential in DPPH assay. Results indicated that Calycosin (81) and Calycosin-7-O-
glucopyranoside (108) are more active than Formononetin (58) [80].

The in vitro antiprotozoal activity of isoflavan quinines from Abrus precatorius was tested
against Plasmodium falciparum (K1 strain), Trypanosoma brucei rhodesiense (STIB 900 strain),
Trypanosoma cruzi (Tulahuen strain C2C4 w/LacZ) and Leishmania donovani (strain MHOM/
ET/67/L82). Abruquinone D (239) and abruquinone K (241) were the most active against
T. brucei rhodesiense [38]. Pumilanol (29), an isoflavan from Tephrosia pumila, exhibited sig-
nificant antiprotozoal activities against T. brucei rhodesiense, T. cruzi and L. donovani [46].
Sophoronol C (164) and Sophoronol E (166) exhibited moderate anitplasmodial activity
against the CQS D10 strain of P. falciparum [91].

Daidzein (64) and Daidzin (65) possess a vasorelaxant action through opening of K* channels
and inhibition of Ca* influx in the vascular smooth muscle cells. This cerebral vasodilator
activity may be beneficial to patients with obstructive cerebrovascular diseases [126].

Other studies reported on the effects of isoflavonoids on specific enzymes are presented in
Table 7.

Compound name Activity Significance  Ref.

Tlatlancuayin (84) a-glucosidase inhibitory Weak [5]
2',2,5-Trimethoxy-6,7-
methylenedioxyisoflavanone (181)

Achyranthoside A (118) Lipopolysaccharide (LPS)-induced nitric ~ Significant [6]

Achyranthoside B (119) oxide (NO) production inhibition

Erysubin F (21), Erythraddison II (99) Protein tyrosine phosphatase 1B (PTP1B)  Significant [23]

Echrenone b10 (100), Erythraddison III (182) inhibition

Erythraddison IV (183)

Sophoraisoflavanone A (169) Alcohol dehydrogenase (ADH) Significant [92]

Kenusanone H (170) Aldehyde dehydrogenase (ALDH) activation

Glabrene (257) Tyrosinase inhibition Significant [114]
inhibition

Table 7. Effect of isoflavonoids on specific enzyme activities.

Dedication

Professor Dr. Ahmed A. Seif El-Dien, Department of Pharmacognosy, College of Pharmacy,
Alexandria University, Alexandria 21215, Egypt. (Born in: 9 September 1948-passed away in:
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Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Author details

Ahmed I. Foudah' and Maged Saad Abdel-Kader'**

*Address all correspondence to: mpharm101@hotmail.com

1 Department of Pharmacognosy, College of Pharmacy, Prince Sattam Bin Abdulaziz
University, Al-Kharj, Saudi Arabia

2 Department of Pharmacognosy, College of Pharmacy, Alexandria University, Alexandria,
Egypt

References

[1]

2]

[3]

[4]

[5]

(]

Perkin AG, Newbury FG. LXXIX.—The colouring matters contained in dyer’s broom
(Genista tinctoria) and heather (Calluna vulgaris). Journal of the Chemical Society,
Transactions. 1899;75:830-839. DOI: 10.1039/CT8997500830

Baker W, Robinson R. CCCLIX.—Synthetical experiments in the isoflavone group. Part
II. A synthesis of methylgenistein (methylprunetol) dimethyl ether and the constitution
of prunetol (genistein). Journal of the Chemical Society (Resumed). 1926;129:2713-2720.
DOI: 10.1039/JR9262902713

Walter ED. Genistin (an isoflavone glucoside) and its aglucone, genistein, from soy-
beans. Journal of the American Chemical Society. 1941;63(12):3273-3276. DOI: 10.1021/
ja01857a013

Veitch NC. Isoflavonoids of the leguminosae. Natural Product Reports. 2009;26(6):776-
802. DOI: 10.1039/c3np70024k

Valentova M, Marek R, gvajdlenka E, Kubinova R, Suchy V. A new isoflavanone from
Iresine herbstii. Fitoterapia. 2011;82(2):272-275. DOI: 10.1016/j.fitote.2010.10.010

Tan Y, An N, Li Y, Cheng S, Zhang ], Zhang X, Li Y. Two new isoflavonoid glucosides
from the roots of Achyranthes bidentata and their activities against nitric oxide produc-
tion. Phytochemistry Letters. 2016;17:187-189. DOI: 10.1016/j.phytol.2016.07.028

Sohretoglu D, Sterner O. Isoflavonoids, flavonoids and flavans from Potentilla astracanica.
Biochemical Systematics and Ecology. 2011;39(4):666-668. DOI: 10.1016/j.bse.2011.05.020

Benavides A, Bassarello C, Montoro P, Vilegas W, Piacente S, Pizza C. Flavonoids and
isoflavonoids from Gynerium sagittatum. Phytochemistry. 2007;68(9):1277-1284. DOI:
10.1016/j.phytochem.2007.03.007

Boonyaketgoson S, Trisuwan K, Bussaban B, Rukachaisirikul V, Phongpaichit S.
Isoflavanone and xanthone derivatives from Dothideomycetes fungus CMU-99.
Tetrahedron Letters. 2015;56(9):1057-1059. DOI: 10.1016/j.tetlet.2015.01.088

85



86

Flavonoids - From Biosynthesis to Human Health

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Oldoni TL, Cabral IS, d’Arce MA, Rosalen PL, Ikegaki M, Nascimento AM, Alencar
SM. Isolation and analysis of bioactive isoflavonoids and chalcone from a new type of
Brazilian propolis. Separation and Purification Technology. 2011;77(2):208-213. DOI:
10.1016/j.seppur.2010.12.007

Simons R, Gruppen H, Bovee TF, Verbruggen MA, Vincken JP. Prenylated isoflavonoids
from plants as selective estrogen receptor modulators (phytoSERMs). Food & Function.
2012;3(8):810-827. DOI: 10.1039/c2f010290k

Hirayama T. Epidemiology of prostate cancer with special reference to the role of diet.
Journal of the National Cancer Institute Monographs. 1979;53:149-155. PMID:537622

Reiter R, Paredes S, Korkmaz A, Jou MJ, Tan DX. Melatonin combats molecular terrorism
at the mitochondrial level. Interdisciplinary Toxicology. 2008;1(2):137-149. DOI:10.2478/
v10102-010-0030-2

Boue SM, Cleveland TE, Carter-Wientjes C, Shih BY, Bhatnagar D, McLachlan JM,
Burow ME. Phytoalexin-enriched functional foods. Journal of Agricultural and Food
Chemistry. 2009;57(7):2614-2622. DOI: 10.1021/jf8040403

Crozier A, Jaganath IB, Clifford MN. Dietary phenolics: Chemistry, bioavailability and
effects on health. Natural Product Reports. 2009;26(8):1001-1043. DOI: 10.1039/b802662a

Han RM, Tian YX, Liu Y, Chen CH, Ai XC, Zhang JP, Skibsted LH. Comparison of fla-
vonoids and isoflavonoids as antioxidants. Journal of Agricultural and Food Chemistry.
2009;57(9):3780-3785. DOI: 10.1021/j£803850p

Dixon RA, Pasinetti GM. Flavonoids and isoflavonoids: From plant biology to agriculture
and neuroscience. Plant Physiology. 2010;154(2):453-457. DOI: 10.1104/pp.110.161430

Matsumura E, Matsuda M, Sato F, Minami H, Ramawat KG, Mérillon JM. Isoflavonoids.
In: Natural Products: Phytochemistry, Botany and Metabolism of Alkaloids, Phenolics
and Terpenes. Springer-Verlag Berlin Heidelberg; 2013. pp. 1849-1865. ISBN: 978-3-642-
22143-9 (Print) 978-3-642-22144-6 (Online).ch60

Abdel-Kader MS, Basudan OA, Parveen M, Amer ME. A new 3-arylcoumarin from
the roots of an Egyptian collection of Lotus polyphyllos. Natural Product Research.
2008;22(5):448-452. DOI: 10.1080/14786410701591812

Ma X, Tu P, Chen Y, Zhang T, Wei Y, Ito Y. Preparative isolation and purification of
isoflavan and pterocarpan glycosides from Astragalus membranaceus Bge. var. mon-
gholicus (Bge.) Hsiao by high-speed counter-current chromatography. Journal of
Chromatography A. 2004;1023(2):311-315. PMID:14753698

Algasoumi SI, Al-Rehaily AJ, Abdel-Kader MS. Two isoflavans and a 3-arylcoumarin
from the roots of Lotus lalambensis growing in Saudi Arabia. Revista Latinoamericana de
Quimica. 2013;41(1):61-67. ISSN 0370-5943

Barragan-Huerta BE, Peralta-Cruz ], Gonzalez-Laredo RF, Karchesy J. Neocandenatone,
an isoflavan-cinnamylphenol quinone methide pigment from Dalbergia congestiflora.
Phytochemistry. 2004;65(7):925-928. DOI: 10.1016/j.phytochem.2003.11.011



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Nguyen PH, Sharma G, Dao TT, Uddin MN, Kang KW, Ndinteh DT, Mbafor JT, Oh
WK. New prenylated isoflavonoids as protein tyrosine phosphatase 1B (PTP1B) inhibi-
tors from Erythrina addisoniae. Bioorganic & Medicinal Chemistry. 2012;20(21):6459-6464.
DOI: 10.1016/.bmc.2012.08.024

Ito C, Itoigawa M, Kanematsu T, Ruangrungsi N, Mukainaka T, Tokuda H, Nishino H,
Furukawa H. Isoflavonoids from Dalbergia olivari. Phytochemistry. 2003;64(7):1265-1268.
PMID:14599524

Feng S, Hao ], Xu Z, Chen T, Qiu SX. Polyprenylated isoflavanone and isoflavonoids
from Ormosia henryi and their cytotoxicity and anti-oxidation activity. Fitoterapia.
2012;83(1):161-165. DOI: 10.1016/j.fitote.2011.10.007

Ibrahim SR, Mohamed GA, Zayed MF, Ross SA. 8-Hydroxyirilone 5-methyl ether and
8-hydroxyirilone, new antioxidant and a-amylase inhibitors isoflavonoids from Iris ger-
manica rhizomes. Bioorganic Chemistry. 2017;70:192-198. DOI: 10.1016/j.bioorg.2016. 12.010

Abdel-Kader MS. Two isoflavonoid glucoside derivatives from Ononis serrata growing in
Egypt. Natural Product Sciences. 2004;10(6):321-324. ISSN: 1226-3907

Abdel-Kader MS, Amer ME, Tang S, Kingston DG. Two new isoflavone derivatives
from the roots of an Egyptian collection of Lotus polyphyllos. Natural Product Sciences.
2006;20(10):922-926. DOI: 10.1080/14786410500364627

Lee MY, Kim JH, Choi JN, Kim J, Hwang GS, Lee C. The melanin synthesis inhibition and
radical scavenging activities of compounds isolated from the aerial part of Lespedeza cyr-
tobotrya. Journal of Microbiology and Biotechnology. 2010;20(6):988-994. PMID:20622497

Veitch NC, Stevenson PC. 2-Methoxyjudaicin, an isoflavene from the roots of Cicer biju-
gum. Phytochemistry. 1997;44(8):1587-1589. DOI: 10.1016/S0031-9422(96)00757-1

Stevenson PC, Veitch NC. Isoflavenes from the roots of Cicer judaicum. Phytochemistry.
1996;43(3):695-700. DOI: 10.1016/0031-9422(96)00346-9

Xu Y], Foubert K, Dhooghe L, Lemiere F, Maregesi S, Coleman CM, Zou Y, Ferreira
D, Apers S, Pieters L. Rapid isolation and identification of minor natural products
by LC-MS, LC-SPE-NMR and ECD: Isoflavanones, biflavanones and bisdihydro-
coumarins from Ormocarpum kirkii. Phytochemistry. 2012;79:121-128. DOI: 10.1016/;.
phytochem.2012.04.004

Zhao M, Duan JA, Che CT. Isoflavanones and their O-glycosides from Desmodium sty-
racifolium. Phytochemistry. 2007;68(10):1471-1479. DOI: 10.1016/j.phytochem.2007.02.01

Mun SC, Mun GS. Dynamics of phytoestrogen, isoflavonoids, and its isolation from
stems of Pueraria lobata (Willd.) Ohwi growing in Democratic People’s Republic of Korea.
Journal of Food and Drug Analysis. 2015;23(3):538-544. DOI: 10.1016/j.jfda.2015.04.003

Miyase T, Ueno A, Noro T, Fukushima S. Studies on the constituentes of Lespedeza cyrto-
botrya Miq. I. The structures of a new chalcone and two new isoflav-3-ens. Chemical and
Pharmaceutical Bulletin. 1980;28(4):1172-1177. DOI: 10.1248/cpb.28.1172

87



88

Flavonoids - From Biosynthesis to Human Health

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Miyase T, Sano M, Nakai H, Muraoka M, Nakazawa M, Suzuki M, Yoshino K, Nishihara
Y, Tanai J. Antioxidants from Lespedeza homoloba.(I). Phytochemistry. 1999;52(2):303-310.
DOI: 10.1016/50031-9422(99)00195-8

Bedane KG, Masesane IB, Majinda RR. New isoflavans from the root bark of Erythrina
livingstoniana. Phytochemistry Letters. 2016;17:55-58. DOI: 10.1016/j.phytol.2016.07.023

Hata Y, Ebrahimi SN, De Mieri M, Zimmermann S, Mokoka T, Naidoo D, Fouche G,
Maharaj V, Kaiser M, Brun R, Potterat O. Antitrypanosomal isoflavan quinones from
Abrus precatorius. Fitoterapia. 2014;93:81-87. DOI: 10.1016/j.fitote.2013.12.015

Wanjala CC, Majinda RR. A new isoflavanone from the stem bark of Erythrina latissima.
Fitoterapia. 2000;71(4):400-405. PMID:10925011

Kuete V, Sandjo LP, Kwamou GM, Wiench B, Nkengfack AE, Efferth T. Activity of three
cytotoxic isoflavonoids from Erythrina excelsa and Erythrina senegalensis (neobavaiso-
flavone, sigmoidin H and isoneorautenol) toward multi-factorial drug resistant cancer
cells. Phytomedicine. 2014;21(5):682-688. DOI: 10.1016/j.phymed.2013.10.017

Gumula I, Heydenreich M, Derese S, Ndiege IO, Yenesew A. Four isoflavanones from
the stem bark of Platycelphium voénse. Phytochemistry Letters. 2012;5(1):150-154. DOI:
10.1016/j.phytol.2011.11.012

Tanaka H, Etoh H, Watanabe N, Shimizu H, Ahmad M, Rizwani GH. Erysubins C-F, four
isoflavonoids from Erythrina suberosa var. glabrescences. Phytochemistry. 2001;56(7):769-
773. DOI: 10.1016/50031-9422(00)00441-6

Tanaka H, Oh-Uchi T, Etoh H, Shimizu H, Tateishi Y. Isoflavonoids from the roots of
Erythrina poeppigiana. Phytochemistry. 2002;60(8):789-794. DOI: 10.1016/S0031-94 22(02)
00164-4

Tanaka H, Oh-Uchi T, Etoh H, Sako M, Asai F, Fukai T, Sato M, Murata ], Tateishi Y.
Isoflavonoids from roots of Erythrina zeyheri. Phytochemistry. 2003;64(3):753-758. DOI:
10.1016/50031-9422(03)00390-X

El-Masry S, Hamoda HM, Zaatout HH, Abdel-Kader MS. Constituents of Erythrina caffra
stem bark grown in Egypt. Natural Product Reports. 2010;16(4):211-216

Ganapaty S, Pannakal ST, Srilakshmi GV, Lakshmi P, Waterman PG, Brun R. Pumilanol,
an antiprotozoal isoflavanol from Tephrosia pumila. Phytochemistry Letters. 2008;1(4):175-
178. DOI: 10.1016/j.phytol.2008.09.006

Botta B, Gacs-Baitz E, Vinciguerra V, Delle Monache G. Three isoflavanones with can-
nabinoid-like moieties from Desmodium canum. Phytochemistry. 2003;64(2):599-602.
DOI:10.1016/S0031-9422(03)00201-2

Guchu SM, Yenesew A, Tsanuo MK, Gikonyo NK, Pickett JA, Hooper AM, Hassanali A.
C-methylated and C-prenylated isoflavonoids from root extract of Desmodium uncina-
tum. Phytochemistry. 2007;68(5):646-651. DOI: 10.1016/j.phytochem.2006.11.035



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Yenesew A, Midiwo JO, Heydenreich M, Schanzenbach D, Peter MG. Two isoflavanones
from the stem bark of Erythrina sacleuxii. Phytochemistry. 2000;55(5):457-459. DOI:
10.1016/S0031-9422(00)00349-6

El-Masry S, Amer ME, Abdel-Kader MS, Zaatout HH. Prenylated flavonoids of Erythrina
lysistemon grown in Egypt. Phytochemistry. 2002;60(8):783-787. DOI: 10.1016/S0031-94
22(02)00202-9

Brink AJ, Rall GJ, Engelbrecht JP. Phenolic neorautanenia isoflavanoids: The isolation
and structures of neorauflavene,(-)-neorauflavane and neoraufurane, three novel iso-
flavanoids from Neorautanenia edulis. Tetrahedron. 1974;30(2):311-314. DOI: 10.1016/
S0040-4020(01)91463-2

Lasisi AA, Adesomoju A. Neoraudiol, a new isoflavonoid and other antimicrobial con-
stituents from the tuberous root of Neorautanenia mitis (A. Rich) Verdcourt. Journal of
Saudi Chemical Society. 2015;19(4):404-409. DOI: 10.1016/j.jscs.2012.04.011

Pluempanupat S, Kumrungsee N, Pluempanupat W, Ngamkitpinyo K, Chavasiri W,
Bullangpoti V, Koul O. Laboratory evaluation of Dalbergia oliveri (Fabaceae: Fabales)
extracts and isolated isoflavonoids on Aedes aegypti (Diptera: Culicidae) mosquitoes.
Industrial Crops and Products. 2013;44:653-658. DOI: 10.1016/j.indcrop.2012.09.006

Giachi I, Manunta A, Morelli I, Pistelli L. Flavonoids and isoflavonoids from Genista
morisii. Biochemical Systematics and Ecology. 2002;30(8):801-803. DOI: 10.1016/S0305-
1978(01)00116-8

Rahman MM, Gibbons S, Gray Al Isoflavanones from Uraria picta and their antimicrobial
activity. Phytochemistry. 2007;68(12):1692-1697. DOI: 10.1016/j.phytochem.2007.04.015

Arnone A, Camarda L, Merlini L, Nasini G, Taylor DA. Isoflavonoid constituents of
the West African red wood Baphia nitida. Phytochemistry. 1981;20(4):799-801. DOI:
10.1016/0031-9422(81)85178-3

Rostagno MA, Araujo JMA, Sandi D. Supercritical fluid extraction of isoflavones from
soybean flour. Food Chemistry. 2002; 78: 111-117. DOI: 10.1016/S0308-8146(02)00106-1

Ye H, ChenL, LiY, Peng A, Fu A, Song H, Tang M, Luo H, Luo Y, Xu Y, Shi J. Preparative
isolation and purification of three rotenoids and one isoflavone from the seeds of
Millettia pachycarpa Benth by high-speed counter-current chromatography. Journal of
Chromatography A. 2008;1178(1):101-107. DOI: 10.1016/j.chroma.2007.11.060

Degenhardt A, Winterhalter P. Isolation and purification of isoflavones from soy flour by
high-speed countercurrent chromatography. European Food Research and Technology.
2001;213(4):277-280.DOI: 10.1007/s002170100386

Mabry TJ, Markham KR, Thomas MB. Reagents and procedures for the ultraviolet spec-
tral analysis of flavonoids. In: The Systematic Identification of Flavonoids. Springer-
Verlag Berlin Heidelberg New York; 1970. pp. 35-40. ISBN: 978-3-642-88460-3 (Print)
978-3-642-88458-0 (Online)

89



90

Flavonoids - From Biosynthesis to Human Health

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Tanaka H, Oh-Uchi T, Etoh H, Sako M, Sato M, Fukai T, Tateishi Y. An arylbenzofu-
ran and four isoflavonoids from the roots of Erythrina poeppigiana. Phytochemistry.
2003;63(5):597-602. DOI: 10.1016/50031-9422(03)00184-5

Tsanuo MK, Hassanali A, Hooper AM, Khan Z, Kaberia F, Pickett JA, Wadhams L].
Isoflavanones from the allelopathic aqueous root exudate of Desmodium uncinatum.
Phytochemistry. 2003;64(1):265-273. DOI: 10.1016/50031-9422(03)00324-8

Koorbanally C, Mulholland DA, Crouch NR. Norlignans and homoisoflavanones from
two South African Drimiopsis species (Hyacinthaceae: Hyacinthoideae). Biochemical
Systematics and Ecology. 2006;34(7):588-592. DOI: 10.1016/j.bse.2005.12.011

Slade D, Ferreira D, Marais JPJ. Circular dichroism, a powerful tool for the assessment
of absolute configuration of flavonoids. Phytochemistry. 2005;66(18):2177-2215. DOI:
10.1016/j.phytochem.2005.02.002

Won D, Shin B-K, Kang S, Hur H-G, Kim M, Han J. Absolute configurations of isofla-
van-4-ol stereoisomers. Bioorganic & Medicinal Chemistry Letters. 2008;18(6):1952-1957.
DOI: 10.1016/j.bmcl.2008.01.116

YiJ, DuG, Yang Y, Li Y, Li Y, Guo F. Chiral discrimination of natural isoflavanones
using (R)- and (S)-BINOL as the NMR chiral solvating agents. Tetrahedron Asymmetry.
2016;27:1153-1159. DOI: 10.1016/j.tetasy.2016.09.002

Adinolfi M, Lanzetta R, Laonigro G, Parrilli M, Breitmaier E. 'H and "*C chemical shift
assignments of homoisoflavanones. Magnetic Resonance in Chemistry. 1986;24(8):663-
666. DOI: 10.1002/mrc.1260240806

Friebolin H. Basic One- and Two-Dimensional NMR Spectroscopy. 5th ed.Weinhiem:
Wiley-VCH; 2010. ISBN: 978-3-527-32782-9

Chaudhary BA, Irshad A. Isolation of an isoflavone from Polygala stenopetala. Journal of
Pure and Applied Sciences. 2001;20(1):71-74

Hosny M, Rosazza JPN. New isoflavone and triterpene glycosides from soybeans.
Journal of Natural Products. 2002;65(6):805-813. PMID: 12088420

Qu L-P, Fan G-R, Peng J-Y, Mi H-M. Isolation of six isoflavones from Semen sojae
praeparatum by preparative HPLC. Fitoterapia. 2007;78(3):200-204. DOI: 10.1016/j.
fitote.2006.11.002

Reddy BAK, Khalivulla SI, Gunasekar D. A new prenylated isoflavone from Tephrosia
tinctoria. Indian Journal of Chemistry. 2007;46B:366-369

Khalivulla SI, Reddy BAK, Gunasekar D, Murthy MM, Rao TP, Blond A, Bodo B. A new
C-geranylated isoflavone from Dalbergia paniculata. Natural Product Communications.
2007;2(11):1109-1111

Djiogue S, Halabalaki M, Alexi X, Njamen D, Fomum ZT, Alexis MN, Skaltsounis AL.
Isoflavonoids from Erythrina poeppigiana: Evaluation of their binding affinity for the estro-
gen receptor. Journal of Natural Products. 2009;72(9):1603-1607. DOI: 10.1021/np900271m



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Zhao S, Zhang L, Gao P, Shao Z. Isolation and characterisation of the isoflavones from
sprouted chickpea seeds. Food Chemistry. 2009;114(3):869-873. DOI: 10.1016/j.foodchem.
2008.10.026

Awouafack MD, Spiteller P, Lamshoft M, Kusari S, Ivanova B, Tane P, Spiteller M.
Antimicrobial Isopropenyl-dihydrofuranoisoflavones from Crotalaria lachnophora.
Journal of Natural Products. 2011;74(2):272-278. DOI: 10.1021/np1005218

Gao S, Xu Y-M, Valerioteand FA, Gunatilaka LAA. Pierreiones A-D, solid tumor selec-
tive pyranoisoflavones and other cytotoxic constituents from Amntheroporum pierrei.
Journal of Natural Products. 2011;74(4):852-856. DOI: 10.1021/np100763p

Kowalska I, Jedrejek D, Ciesla L, Pecio L, Masullo M, Piacente S, Oleszek W, Stochmal
A. Isolation, chemical and free radical scavenging characterization of phenolics
from Trifolium scabrum L. Aerial Parts. Journal of Agricultural and Food Chemistry.
2013;61(18):4417-4423. DOI: 10.1021/jf400153c

Kovalev VN, Zatyl'nikova OA, Kovalev SV. A new isoflavone from Iris pseudacorus.
Chemistry of Natural Compounds. 2013;49(1):34-35. DOI: 10.1007/s10600-013-0499-y

Yu D, Duan Y, Bao Y, Wei C, An L. Isoflavonoids from Astragalus mongholicus pro-
tect PC12 cells from toxicity induced by rL-glutamate. Journal of Ethnopharmacology.
2005;98(1-2):89-94. DOI: 10.1016/j.jep.2004.12.027

Zhang DY, Zu YG, Fu Y], Luo M, Gu CB, Wang W, Yao XH. Negative pressure cavita-
tion extraction and antioxidant activity of biochanin A and genistein from the leaves of
Dalbergiaodorifera T. Chen. Separation and Purification Technology.2011;83:91-99. DOIL:
10.1016/j.seppur.2011.09.017

Ghribi L, Waffo-Téguo P, Cluzet S, Marchal A, Marques J, Mérillon J-M, Ben Jannet H.
Isolation and structure elucidation of bioactive compounds from the roots of the Tunisian
Ononis angustissima L. Bioorganic & Medicinal Chemistry Letters. 2015;25(18):3825-3830.
DOI: 10.1016/j.bmcl.2015.07.076

Ortega AR, Toscano RA, Hernandez-Barragan A, Alvarez-Cisneros C, Joseph-Natha P.
Structure elucidation of a new isoflavone by exclusive use of 'H NMR measurements.
Magnetic Resonance in Chemistry. 2015;53(10):860-865. DOI: 10.1002/mrc.4278

Tian D, Porter JR. Anisoflavone from Leiophyllum buxifolium and its antiproliferative effect.
Journal of Natural Product. 2015;78(7):1748-1751. DOI: 10.1021/acs.jnatprod.5b00100

LiL, LiuJ-Z, Luo M, Wang W, Huang Y-Y, Efferth T, Wang H-M, Fu Y-]. Efficient extrac-
tion and preparative separation of four main isoflavonoids from Dalbergia odorifera T.
Chen leaves by deep eutectic solvents-based negative pressure cavitation extraction fol-

lowed by macroporous resin column chromatography. Journal of Chromatography B.
2016;1033-1034:40-48. DOI: 10.1016/j.jchromb.2016.08.005

Bojase G, Wanjala CCW, Majinda RRT. Flavonoids from the stem bark of Bolusanthus
speciosus. Phytochemistry. 2001;56(8):837-841. PMID:11324914

91



92

Flavonoids - From Biosynthesis to Human Health

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Fotso GW, Maher FA, Ngnintedo D, Ango PY, Kapche DGFW, Ngameni B, Ngwenya
B, Yeboah SO, Ngadjui BT, Andrae-Marobela K. Three new isoflavonoids with anti-
oxidant properties from Ptycholobium contortum (N.E.Br.) Brummitt (Leguminosae).
Phytochemistry Letters. 2015;14:254-259. DOI: 10.1016/j.phytol.2015.10.015

Maximov OB, Kulesh NI, Stepanenko LS, Dmitrenok PS. New prenylated isoflavanones
and other constituents of Lespedeza bicolor. Fitoterapia. 2004;75(1):96-98. DOI: 10.1016/;.
fitote.2003.07.012

Narayanan MC, Rao PR, Shanmugam NN, Gopalakrishnan SM, Devi K. Isolation and
characterisation of bioactive isoflavonoids from the roots of Dalbergia horrida. Natural
Product Research. 2007;21(10):903-909. DOI: 10.1080/14786410601130091

Tanaka H, Hattori H, Oh-Uchi T, Sato M, Yamaguchi R, Sako M, Tateishi Y. Two new
isoflavanones from Erythrina costaricensis. Journal of Asian Natural Products Research.
2008;10(10):983-987. DOI: 10.1080/10286020802217598

Zhang GP, Xiao ZY, Rafique J, Arfan M, Smith PJ, Lategan CA, Hu LH. Antiplasmodial
Isoflavanones from the Roots of Sophora mollis. Journal of Natural Product.
2009;72(7):1265-1268. DOI: 10.1021/np900144c

Choi EJ, Kwon HC, Sohn YC, Nam CW, Park HB, Kim CY, Yang HO. Four flavonoids
from Echinosophora koreensis and their effects on alcohol metabolizing enzymes. Archives
of Pharmacal Research. 2009;32(6):851-855. DOI: 10.1007/s12272-009-1606-2

Zappia G, Menendez MP, Sampaio de Andrade Lima C, Botta B. A p-quinol isofla-
van and two new isoflavanones from Desmodium canum. Natural Product Research.
2009;23(7):665-671. DOI: 10.1080/14786410802362717

Tanaka H, Hattori H, Oh-Uchi T, Sato M, Sako M, Tateishi Y, Rizwani GH. Three new
isoflavanones from Erythrina costaricensis. Natural Product Research. 2009;23(12):1089-
1094. DOLI: 10.1080/14786410802292286

Suman A, Ali M, Alam P. New prenylated isoflavanones from the roots of Glycyrrhiza gla-
bra. Chemistry of Natural Compounds. 2009;45:487-491. DOI: 10.1007/s10600-009-9403-1

Umehara K, Nemoto K, Matsushita A, Terada E, Monthakantirat O, De-Eknamkul W,
Miyase T, Warashina T, Degawa M, Noguchi H. Flavonoids from the Heartwood of
the Thai Medicinal Plant Dalbergia parviflora and their effects on estrogenic-responsive
human breast cancer cells. Journal of Natural Products. 2009;72(12):2163-2168. DOL:
10.1021/np900676y

Sheng Z, Qing T, Qingyao S, Guowei Q, Zhengwu S. Two new isoflavonones from radix
Campylotropis hirtella. Huaxue xuebao (Acta Chimica Sinica). 2010;68(21):2227-2230

Zhang R-T, Cheng G-G, Feng T, Cai X-H, Luo X-D. Four new isoflavanones from
Tadehagi triquetrum. Natural Products and Bioprospecting. 2011;1:121-123. DOI: 10.1007/
s13659-011-0033-5

Tan Q, Zhang S, Shen Z. Flavonoids from the roots of Campylotropis hirtella. Planta
Medica. 2011;77(16):1811-1817. DOI: 10.1055/s-0030-1271185



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Lee C, Lee JW, Jin Q, Jang DS, Lee S-], Lee D, Hong JT, Kim Y, Lee MK, Hwang BY.
Inhibitory constituents of the heartwood of Dalbergia odorifera on nitric oxide pro-

duction in RAW 264.7 macrophages. Bioorganic & Medicinal Chemistry Letters.
2013;23(14):4263-4266. DOI: 10.1016/j.bmcl.2013.04.032

Huang X-Z, Bai X-S, Liang H, Wang C, Li W-], GuoJ-M, Jiang Z-Y. CytotoxicIsoflavanones
from Uraria clarkei. Bulletin of the Korean Chemical Society. 2013;34(5):1421-1424. DOI:
10.5012/bkcs.2013.34.5.1421

Hu Q-F, Niu D-Y, Zhou B, Ye Y-Q, Du G, Meng C-Y, Gao X-M. Isoflavanones from
the stem of Cassia siamea and their Anti-tobacco mosaic virus activities. Bulletin of the
Korean Chemical Society. 2013;34(10):3013-3016. DOI: .org/10.5012/bkcs.2013.34.10.3013

Li X, Xuan B, Shou Q, Shen Z. New flavonoids from Campylotropis hirtella with immuno-
suppressive activity. Fitoterapia. 2014;95:220-228. DOI: 10.1016/j.fitote.2014.03.028

Li Y-P, Li Y-K, Du G, Yang H-Y, Gao X-M, Hu Q-F. Isoflavanones from Desmodium
oxyphyllum and their cytotoxicity. Journal of Asian Natural Products Research.
2014;16(7):735-740. DOI: 10.1080/10286020.2014.906406

Tanaka H, Atsumi I, Hasegawa M, Hirata M, Sakai T, Sato M, Yamaguchi R, Tateishi Y,
Tanaka T, Fukai T. Two new isoflavanones from the roots of Erythrina variegate. Natural
Product Communications. 2015;10(3):499-501. PMID:25924538

Lima CSdeA, Zappia G, Monache GD, Botta B. Uncommon 5-Methoxyisoflavans from
Desmodium canum. European Journal of Organic Chemistry. 2006;2006(24):5445-5448.
DOI: 10.1002/ejoc.200600742

Saleem M, Akhter N, Ali MS, Nazir M, Riaz N, Moazzam M, Arshad M, Jabbar A.
Structure determination of salisomide and salisoflavan, two new secondary metabo-
lites from Salsola imbricata, by 1D and 2D NMR spectroscopy. Magnetic Resonance in
Chemistry. 2009;47:263-265. DOI: 10.1002/mrc.2361

Tezuka Y, Morikawa K, Li F, Auw L, Awale S, Nobukawa T, Kadota S. Cytochrome
P450 3A4 inhibitory constituents of the wood of Taxus yunnanensis. Journal of Natural
Products. 2011;74(1):102-105. DOI:10.1021/np100665j

Gao X, Mu H, Li X, Yang G, Li G, Hu Q. Two new 4-hydroxyisoflavanes from the root
of codonopsis cordifolioidea and their Anti-virus activities. Journal of the Chinese
Chemical Society. 2012;59(4):540-543. DOI: 10.1002/jccs.201100525

Awouafack MD, Tchuenguem RT, Ito T, Dzoyem JP, Tane P, Morita H. A new isoflavanol
from the fruits of Kotschya strigosa (Fabaceae). Helvetica Chimica Acta. 2016;99(4):321-
324. DOI: 10.1002/hlca.201500508

Jurd L, Manners GD. Isoflavene, isoflavan, and flavonoid constituents of Gliricidia
speium. Journal of Agricultural and Food Chemistry. 1977;25(4):723-726. DOI: 10.1021/
j£60212a034

Mitsuanga T, Kondo R, Imamura H. The chemistry of the color of wood. III. The iso-
flavonoids of the heartwood of murasakitagayasan (Millettia sp.). Mokuzai Gakkaishi
Journal of the Japan Wood Research Society. 1987;33(3):234-238

93



94

Flavonoids - From Biosynthesis to Human Health

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

Miyase T, Ueno A, Noro T, Fukushima S. Studies on the Constituents of Lespedeza cyrto-
botrya Miq. II. The structures of Haginin C, Haginin D and Lespedeol C. Chemical and
Pharmaceutical Bulletin. 1981;29(8):2205-2209

Nerya O, Vaya ], Musa R, Izrael S, Ben-Arie R, Tamir S. Glabrene and isoliquiritigenin
as tyrosinase inhibitors from licorice roots. Journal of Agricultural and Food Chemistry.
2003;51(5):1201-1207. DOI: 10.1021/jf020935u

Birt DF, Hendrich S, Wang W. Dietary agents in cancer prevention: flavonoids and
isoflavonoids. Pharmacology & Therapeutics. 2001;90(2-3):157-177. DOI: 10.1016/
S0163-7258(01)00137-1

Miadokova E, Masterova I, Vlckova V, Duhova V, Toth J. Antimutagenic poten-
tial of homoisofl avonoids from Muscari racemosum. Journal of Ethnopharmacology.
2002;18:381-386. DOI: 10.1016/50378-8741(02)00135-6

Ryan-Borchers TA, Park JS, Chew BP, McGuire MK, Fournier LR, Beerman KA. Soy
isoflavones modulate immune function in healthy postmenopausal women. American
Journal of Clinical Nutrition. 2006;83:1118-1125

Iwasaki M, Inoue M, Otani T, Sasazuki S, Kurashi N, Miura T, Yamoto S, Tsugane
S. Plasma isoflavone level and subsequent risk of breast cancer among Japanese
women: A nested case-control study from Japan Public Health Center-base prospec-
tive study group. Journal of Clinical Oncology. 2008;26(10):1677-1683. DOI: 10.1200/
JCO.2007.13.9964

Scarpato R, Paganucci L, Bertoli A, Fiore L, Pistelli L, Federico G. Licoflavone C attenu-
ates the genotoxicity of cancer drugs in human peripheral lymphocytes. Phytotherapy
Research. 2008;22(12):1650-1654. PMID: 16685055

Messina M. Soy foods, isoflavones, and the health of postmenopausal women.
.American Journal of Clinical Nutrition. 2014;100:15-8S. DOI: 10.3945/ajcn.113.071464

Wei P, Liu M, Chen Y, Chen DC. Systematic review of soy isoflavone supplements on
osteoporosis in women. Asian Pacific Journal of Tropical Medicine. 2012;5(3):243-248.
DOI: 10.1016/51995-7645(12)60033-9

Constantinou A, Husband A. Phenoxodiol (2H-1-benzopyran-7-0,1,3-(4-hydroxy-
phenyl)), a novel isoflavone derivative, inhibits DNA topoisomerase II by stabilizing
the cleavable complex. Anticancer Research. 2002;22:2581-2585. PMID: 12529967

Kamsteeg M, Rutherford T, Sapi E, Hanczaruk B, Shahabi S, Flick M, Brown D, Mor
G. Phenoxodiol — an isoflavone analog — induces apoptosis in chemoresistant ovarian
cancer cells. Oncogene. 2003;22:2611-2620. DOI: 10.1038/sj.onc.1206422

Mahoney S, Arfuso F, Rogers P, Hisheh S, Brown D, Millward M, Dharmarajan A.
Cytotoxic effects of the novel isoflavone, phenoxodiol, on prostate cancer cell lines.
Journal of Biosciences. 2012;37:73-84. PMID:22357205



[125]

[126]

Isoflavonoids
http://dx.doi.org/10.5772/intechopen.68701

Georgaki S, Skopeliti M, Tsiatas M, Nicolaou KA, Ioannou K, Husband A, Bamias A,
Dimopoulos MA, Constantinou Al, Tsitsilonis OE. Phenoxodiol, an anticancer isofla-

vene, induces immunomodulatory effects in vitro and in vivo. Journal of Cellular and
Molecular Medicine. 2009;13(9b):3929-3938. DOI: 10.1111/j.1582-4934.2009.00695.x

Deng Y, Ng ESK, Yeung JHK, Kwan YW, Lau CBS, Koon JCM, Zhou L, Zuo Z, Leung
PC, Fung KP, Lam FFY. Mechanisms of the cerebral vasodilator actions of isoflavonoids
of Gegen on rat isolated basilar artery. Journal of Ethnopharmacology. 2012;139(1):294-
304. DOI: 10.1016/j.jep.2011.11.021

95



ntechOpen

ntechOpen



