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Abstract
!

The present paper reports the chemical analysis
of the methanolic extracts of fermented and non-
fermented Cyclopia genistoides herbs and an in-
vestigation of the xanthine oxidase inhibitory ac-
tivity of the isolated constituents. Chemical anal-
ysis of the leaves and stems of C. genistoides
yielded the isolation and identification of two
benzophenone glucosides, iriflophenone 2-O-β-
glucopyranoside (1) and iriflophenone 3-C-β-glu-
copyranoside (2), two pterocarpans, (6aR,11aR)-
(−)-2-methoxymaackiain (5) and (6aR,11aR)-
(−)-maackiain (6), along with the flavanones
liquiritigenin (9) and hesperetin (10), the flavone

diosmetin (11), the isoflavones afrormosin (7)
and formononetin (8), piceol (3), and 4-hydroxy-
benzaldehid (4). Among the eleven compounds,
nine are reported for the first time from this spe-
cies, and six from the genus Cyclopia. These com-
pounds, together with previously isolated sec-
ondary metabolites of this species, were tested
for xanthine oxidase inhibitory activity. The 5,7-
dihydroxyflavones luteolin and diosmetin signifi-
cantly inhibited the enzyme in vitro, while hes-
peretin (10) and 5,7,3′,5′-tetrahydroxyflavone ex-
erted weak activity.
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Introduction
!

Honeybush tea, a caffeine-free South African
herbal beverage, is produced from Cyclopia spe-
cies (Fabaceae) [1]. Due to its natural sweetness,
honey-like aroma, and the absence of caffeine,
the tea prepared from the fermented herbs of dif-
ferent Cyclopia species is becoming increasingly
popular worldwide [2,3]. Four species of the ge-
nus, namely Cyclopia intermedia E. Mey., Cyclopia
genistoides (L.) Vent., Cyclopia subternata Vogel,
and Cyclopia sessiliflora Eckl. & Zeyh., are mar-
keted and consumed worldwide as honeybush
tea [1,4]. The export of honeybush from South
Africa is growing rapidly, and has quadrupled be-
tween 1999 and 2010 [3].
The 23 species of the genus Cyclopia are distrib-
uted in a limited area in South Africa. Cyclopia
bushes, depending on the species, are 1.5–3m
tall. Their herbs are traditionally used as a restor-
ative or expectorant, but anecdotal evidence also
exists about their consumption in order to stimu-
late milk production in breast-feeding women
and to alleviate menopausal symptoms [1,5].
The polyphenolic composition of C. intermedia
(fermented) and C. subternata (non-fermented) is
well studied, and some polyphenols were also
identified in C. genistoides and C. sessiliflora [6–
8]. Recently, the phenolic profile of the hot water
extracts of C. genistoides using HPLC‑DAD and
electrospray ionization mass spectrometry
(ESI‑MS, MS/MS) has also been elucidated [9].
Cyclopia species are valuable sources of bioactive
compounds, as they contain a wide range of phe-
nolic constituents, such as xanthones, benzo-
phenones, flavanones, flavonols, isoflavones.
Although fermentation decreases the xanthone
and flavonoid content of Cyclopia, it was shown
that the total phenolic content of C. genistoides
was the least affected by fermentationwhen com-
pared to the other three commercially important
Cyclopia species [8]. C. genistoides (methanolic ex-
tract) demonstrated the strongest estrogen re-
ceptor binding with the highest consistency [5].
The high polyphenolic content is likely to be re-
sponsible for the studied estrogen-like, antimuta-
genic, chemopreventive, pancreatic β-cell protec-
tive, and antioxidant activities [2,8,10–12]. Yet,
Roza O et al. Flavonoids from Cyclopia… Planta Med
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there are no data on the xanthine oxidase (XO) inhibitory activity
of Cyclopia species.
Gout is the most prevalent form of inflammatory arthropathies,
with the precondition of elevated serum urate levels, thus,
urate-lowering XO inhibitors are the cornerstone of successful
long-term gout management [13]. The first-line therapy of gout
is based on the application of allopurinol, which needs to be
gradually increased to achieve the therapeutic target. One of its
adverse reactions is the rare but potentially lethal allopurinol hy-
persensitivity syndrome. Febuxostat is more expensive, which
may, in part, limit its use. It is rarely associated with hypersensi-
tivity vasculitis. Hence, new XO inhibitors are needed in gout
therapy, but since hyperuricemia may also be an independent
risk factor in cardiovascular and renal disease, inhibitors of this
enzyme are the focus of scientific studies [14].
The aim of our study was to evaluate the chemical composition of
the less hydrophilic, not yet studied fraction of the methanolic
extract of C. genistoides. In our previous study, bioactivity-guided
fractionation (estrogen-like activity) led to the isolation of genis-
tein, naringenin, isoliquiritigenin, luteolin, helichrysin B, and
5,7,3′,5′-tetrahydroxyflavanone [under publication]. Here, we al-
so report the assessment of the XO inhibitory activities of the
compounds isolated by us from this plant.
Fig. 1 Isolated constituents from C. genistoides.
Results and Discussion
!

Multistep chromatographic separation and purification proce-
dures, including CC, preparative TLC, MPLC, VLC, RPC and HPLC,
resulted in the isolation of pure compounds 1–11 (l" Fig. 1). Com-
pounds 1 and 2 were identified as benzophenone derivatives
based on their spectral characteristics. Compound 1 was identi-
fied as iriflophenone 2-O-β-glucopyranoside by comparing its
spectral data with those reported in the literature [15]. Com-
pound 2was proved to be identical with iriflophenone 3-C-β-glu-
copyranoside, isolated earlier from C. genistoides [9] and C. sub-
ternata [16].
Compounds 5 and 6 were found to have a pterocarpan nucleus,
substituted with methylenedioxy, hydroxyl, and methoxy
groups. After detailed MS and NMR studies, 6 could be identified
as (6aR,11aR)-(−)-maackiain [17] and 5 as (6aR,11aR)-(−)-2-
methoxymaackiain [18,19]. Two-dimensional NMR investiga-
tions, including 1H-1H COSY, NOESY, HSQC, and HMBC experi-
ments, permitted unpublished 1H and 13C assignments for both
compounds. This is the first isolation of maackiain (6) and 2-
methoxymaackiain (5) from the Cyclopia genus. Previously, these
compounds were published only from Ulex and other Fabaceae
species [20–22].
Nine compounds [(iriflophenone 2-O-β-glucopyranoside (1), pi-
ceol (3), 4-hydroxybenzaldehid (4), (−)-2-methoxymaackiain (5),
(−)-maackiain (6), afrormozin (7), formononetin (8), liquiritige-
nin (9), and diosmetin (11)] were first isolated from the species
and six [iriflophenone 2-O-β-glucopyranoside (1), piceol (3),
4-hydroxybenzaldehid (4), (−)-2-methoxymaackiain (5),
(−)-maackiain (6), and liquiritigenin (9)] from the genus Cyclopia.
Both dichloromethane layers derived from the methanolic ex-
tract of the fermented and non-fermented plant material exerted
XO inhibitor activity, and thus were subjected to further chroma-
tography. The CH2Cl2 layer of the fermented and non-fermented
plant material was separated into 14 and 12 fractions, respective-
ly, by a polyamide columnwithmixtures of MeOH and H2O as the
eluents. Fractions PP8 from the non-fermented and P10 from the
Roza O et al. Flavonoids from Cyclopia… Planta Med
fermented herbal substance were amongst the fractions that ex-
hibited the strongest inhibition of xanthine oxidase. Further pu-
rification of these fractions led to the isolation of luteolin (10)
and diosmetin (11), exerting a remarkable XO inhibitory effect
with IC50 values of 0.84 µM (95% confidence interval 0.80 to
0.91 µM) and 0.53 µM (95% confidence interval 0.40 to 0.80 µM),
respectively. The inhibitory activity of both compounds signifi-
cantly exceeded that of allopurinol, which was used as a positive
control. The IC50 of allopurinol (the concentration that inhibits
50% of enzyme activity) was 11.50 µM (95% confidence interval
11.40–11.60 µM).
Alongside with the bioactivity-guided isolation, all other isolated
compounds were tested. From the other 15 isolated constituents,
only 2 structurally close flavanones, hesperetin (10) and 5,7,3′,5′-
tetrahydroxyflavone (9), exhibited a weak inhibition [IC50 =
55.20 µM (95% confidence interval 41.40 to 73.51 µM) and
120.55 µM (95% confidence interval 101.71 to 142.86 µM), re-
spectively]. The rest of the isolated compounds showed no XO in-
hibition (IC50 > 150 µM; l" Table 1).
Materials and Methods
!

General experimental procedures
Vacuum liquid chromatography (VLC) was carried out on silica
gel 60 GF254 (15 µm, Merck); column chromatography (CC) on
polyamide (ICN), silica gel (160–200 mesh, Qingdao Marine



Table 1 IC50 values of the active compounds. CI: confidence intervals (95%). Fifty percent inhibitory concentrations (IC50) were calculated using nonlinear regres-
sion curve fitting of log(inhibitor) vs. normalized response of GraphPad Prism 5.04 software (GraphPad Software. Inc.). Six to ten sample points were used in each
graph. All XO activity measurements were made in triplicate.

Compound Mw IC50 µg/mL CI (95%) IC50 µM CI (95%)

Diosmetin 300.26 0.16 0.12–0.24 0.53 0.40–0.80

Luteolin 286.24 0.24 0.23–0.26 0.84 0.80–0.91

5,7,3′,5′-Tetrahydroxyflavanone 288.26 34.75 29.32–41.18 120.55 101.71–142.86

Hesperetin 302.38 16.69 12.52–22.24 55.20 41.40–73.55

Allopurinol 136.11 1.50 1.40–1.60 11.02 10.29–11.76
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Chemical Co.), and Sephadex LH-20 (Sigma); preparative thin-
layer chromatography (preparative TLC) on silica gel 60 F254 and
60 RP-18 F254s plates (Merck); and rotation planar chromatogra-
phy (RPC) on silica gel 60 F254 (Merck) using a Chromatotron in-
strument (Model 8924, Harrison Research). Medium-perform-
ance liquid chromatography (MPLC) was performed by a Büchi
apparatus (Büchi Labortechnik AG) using a 40 × 150mm RP18ec
column (40–63 µm, Büchi).
HPLC was performed on a Waters Alliance 2695 separation mod-
ule (Empower software) connected to a Waters 2478 dual ab-
sorbance detector and to a Waters 600 controller and pump
(Waters Associates) using method 1 [reverse-phase HPLC, AcNi-
H2O 3.5:10, LiChroCART 250–4 RP-18e (5 µm, 250 × 4mm),
0.75mL/min] or the instrumentation for HPLC composed of dual
Shimadzu LC-10AT pumps and a Shimadzu SPD-10 A UV‑Vis de-
tector using method 2 [normal-phase HPLC, n-hexane-CH2Cl2-
MeOH 4:8:0.015, Phenomenex Luna CN (5 µm, 250 × 10.0mm),
2mL/min].
1H‑NMR (500MHz), 13C‑NMR (125MHz), and 2D NMR were re-
corded in CD3OD, CDCl3, or DMSO using a Bruker Avance DRX
500 spectrometer or a JEOL ECS 400MHz FT‑NMR spectrometer,
and chemical shifts are given in δ (ppm) relative to tetramethylsi-
lane (TMS) as the internal standard. The signals of the deuterated
solvents were taken as a reference. Two-dimensional experi-
ments were performed with standard Bruker software. In the
COSY, HSQC, and HMBC experiments, gradient-enhanced ver-
sions were used. MS spectra were recorded on an API 2000 Triple
Quad mass spectrometer with an APCI or ESI ion source using
both positive and negative modes.

Plant material
The herbs of the fermented (F) and non-fermented (nF) C. genis-
toides were a gift from Val Zyl and Mona Joubert, owners of
Agulhas Honeybush Tea, from their farm near Bredasdorp in
South Africa. Botanical identification was performed by Dr.
Hannes de Lange. Fermentation was carried out according to the
traditional method for this material [23]. Voucher specimens (no.
825-F and 826-nF) for both the fermented and the non-fer-
mented plants have been deposited at the herbarium of the
Department of Pharmacognosy, University of Szeged, Szeged,
Hungary.

Extraction and isolation
The dried fermented and non-fermented plant materials (1.7 and
1.3 kg, respectively) were extracted via ultrasonication with
methanol (12 L and 10 L) at room temperature for 30min. The
solvent was evaporated under reduced pressure to yield 228.2 g
and 237.6 g of crude MeOH extracts, respectively. These extracts
were subjected to solvent-solvent partition, affording n-hexane
(F = 15.7 g, nF = 13.2 g), dichloromethane (F = 14.8 g, nF = 6.4 g),
ethyl acetate (F = 29.7 g, nF = 23.35 g), and the remnant aqueous
layers (F = 128.7 g, nF = 121.4 g) and insoluble parts. For the sche-
matic detailing of the fractionation process, see Fig. S1, Support-
ing Information.
The TLC profiles and 1H NMR spectra of the EtOAc layers from the
non-fermented and fermented C. genistoides were similar, thus
only the EtOAc layer from the non-fermented plant material was
further examined. It was separated into twelve fractions by VLC
eluting with EtOAc –MeOH (1:0 to 0:1).
Fraction V7 was separated by MPLC with EtOAc-MeOH‑H2O
(20:1:1 to 0:1:0) to yield 21 subfractions, M1 to M21. Among
these subfractions, M5 and M6 were subjected to further chro-
matography. Fractions M6 (777.5mg) and M5 (65.5mg) were
separated into twelve (M6/1–12) and six subfractions (M5/1–6)
by MPLC using silica gel and MeOH‑H2O (2:8 to 1:0) as the elu-
ent. Subfraction M5/2 (11.2mg) and subfraction M6/11 (21.5mg)
were purified by reverse-phase preparative TLC eluting with
MeOH‑H2O (4:6) to provide compounds 1 (1.8mg) and 2 (4mg),
respectively.
The concentrated CH2Cl2 phases (F = 14.8 g, nF = 6.4 g) were chro-
matographed on a polyamide column eluting with MeOH‑H2O
(2:3 to 1:0). The fractions were combined into 14 (F: P1–P14)
and 12 fractions (nF: PP1–PP12) according to the TLCmonitoring.
Fraction P3 (570mg) was chromatographed by RPC on silica gel
and was eluted with cyclohexane-acetone (1:0 to 0:1) to give
15 subfractions. Subfraction N4 (38.5mg) was further purified
by normal-phase HPLC (method 2) to yield compounds 3
(2.3mg) and 4 (2.8mg).
Fraction P7 (300mg) was also subjected to silica gel RPC, eluted
with cyclohexane-acetone (1:0 to 0:1) to yield 17 subfractions
(O1–O17), from which O6 was further separated by normal-
phase HPLC (method 2) to provide compounds 5 (1.7mg) and 6
(1.8mg), whereas the recrystallization of O9 with CHCl3-MeOH
provided compound 7 (7.6mg).
Fraction P8 (750mg) was subjected to silica gel CC, elutedwith n-
hexane-acetone (5:1 to 0:1) to yield 22 subfractions (Q1–Q22).
The combined subfractions Q8 + 9 and Q14 were chromato-
graphed by reverse-phase HPLC (method 1) to provide com-
pounds 8 (1.45mg) and compound 9 (1.7mg), respectively.
Recrystallization of subfraction 13 with CHCl3-MeOH provided
compound 10 (16.2mg).
Fraction P10 (475.5mg)was subjected to silica gel CC, elutedwith
n-hexane-acetone (3:1 to 0:1) to yield 13 (CE1–CE13) subfrac-
tions. CE10 was purified by RP-HPLC (method 1) to provide com-
pound 11 (1.6mg).

Xanthine oxidase assay
Inhibition of XO activity wasmeasured using the protocol recom-
mended by Sigma-Aldrich, readapted to an assay volume of
300 µL, and published in detail before [24,25]. Briefly, the en-
Roza O et al. Flavonoids from Cyclopia… Planta Med
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zyme activity at pH 7.5 was determined by the production of uric
acid from xanthine. Uric acid was measured at 290 nm for 3min
in a 96-well plate using the plate reader FluoSTAR OPTIMA (BMG
LABTECH). XO, isolated from bovine milk (lyophilized powder),
and xanthine powder were purchased from Sigma-Aldrich. Allo-
purinol (Sigma-Aldrich, ≥ 99%), a well-known inhibitor of XO,
was used as a positive control. Each compound or fraction was
dissolved in DMSO. The final concentration of DMSO in the assay
did not exceed 3.3% of the total volume. After the addition of all
other reagents, the reaction was initiated by the automatic addi-
tion of XO solution. All XO activity measurements were made in
triplicate.

Statistical analysis
Fifty percent inhibitory concentrations (IC50) were calculated us-
ing nonlinear regression curve fitting of log(inhibitor) vs. nor-
malized response in GraphPad Prism 5.04 software (GraphPad
Software, Inc.).

Spectral data
Iriflophenone 2-O-β-glucopyranoside (1): amorphous solid; [α]D25

− 28 (c 0.1, MeOH); APCI‑MS positive m/z 409 [M + H]+, 247
[(M + H) – C6H10O5]+, 153 [C7H5O2 + MeOH]+, 121 [C7H5O2]+;
HRESIMS: m/z 431.0940 [M + Na]+ (calcd. for C19H20O10Na
431.0954); 1H- and 13C‑NMR data are identical with published
data [15].
Iriflophenone 3-C-β-glucopyranoside (2): amorphous powder;
APCI‑MS m/z 409 [M + H]+, 231, 219, 195; 1H NMR data were in
agreement with those published earlier for DMSO-d6 solution
[26]. 1H‑NMR in CD3OD is published here for the first time
(500MHz,) δ (ppm): 7.62 (2H, d, J = 8.7 Hz, H-2′, 6′), 6.79 (2H, d,
J = 8.7 Hz, H-3′,5′), 5.98 (1H, s, H-5), 4.87 (1H, d, J = 9.6 Hz, H-1′′),
3.88 (2H, m, H-2′′,6a”), 3.75 (1H, dd, J = 12.0, 5.1 Hz, H-6b”), 3.48
(2H, m, H-3′′,H-5′′), 3.42 (1H, m, H-4′′).
(6aR,11aR)-(−)-2-Methoxymaackiain (5): white powder; [α]D25

− 331 (c 0.1, CHCl3); APCI‑MS positive m/z 315 [M + H]+; 1H- and
13C‑NMR data in CDCl3 were in good agreement with literature
data [18,19]. NMR data in DMSO-d6 are published here for the
first time: 1H‑NMR (500MHz, DMSO-d6) δ (ppm): 9.30 (1H, s,
OH), 6.96 (1H, s, H-1), 6.93 (1H, s, H-7), 6.53 (1H, s, H-4), 6.32
(1H, s, H-10), 5.49 (1H, d, J = 6.7 Hz, H-11a), 5.94 and 5.91 (2x1H,
2xs, -OCH2O-), 4.19 (1H, m, H-6), 3.53 (2H, m, H-6, H-6a), 3.74
(3H, s, OCH3); 13C‑NMR (125MHz, DMSO-d6) δ (ppm): 153.7 (C-
10a), 149.6 (C-4a), 148.2 (C-9), 147.4 (C-3), 143.0 (C-2), 141.0 (C-
8), 118.5 (C-7a), 113.8 (C-1), 110.1 (C-1a), 105.4 (C-7), 103.8 (C-
4), 101.0 (-OCH2O-), 93.2 (C-10), 78.2 (C-11a), 65.9 (C-6), 56.2
(OCH3), 40.0 (C-6a).
(6aR,11aR)-(−)-Maackiain (6): white powder; [α]D25 − 177 (c 0.1,
CHCl3); 1H‑NMR (500MHz, DMSO-d6) δ (ppm): 9.61 (1H, s, OH),
7.23 (1H, d, J = 8.4 Hz, H-1), 6.96 (1H, s, H-7), 6.53 (1H, d,
J = 1.8 Hz, H-4), 6.52 (1H, s, H-10), 6.46 (1H, dd, J = 8.4, 1.9 Hz, H-
2), 5.94 and 5.91 (2x1H, 2xs, -OCH2O-), 5.50 (1H, d, J = 6.9 Hz, H-
11a), 4.22 (1H, dd, J = 10.1, 3.8, H-6), 3.58 (1H, m, H-6), 3.54 (1H,
m, H-6a); 13C‑NMR (125MHz, DMSO-d6) δ (ppm): 158.7 (C-3),
156.3 (C-4a), 153.7 (C-10a), 14.4 (C-9), 141.0 (C-8), 132.0 (C-1),
118.4 (C-7a), 111.3 (C-1a), 109.7 (C-2), 105.3 (C-7), 101.0
(-OCH2O-), 102.8 (C-4), 93.2 (C-10), 77.9 (C-11a), 65.8 (C-6),
39.0 (C-6a).
Hesperetin (10): APCI‑MS positivem/z 303 [M + H]+, 176, 153; 1H-
and 13C‑NMR data were in good agreement with literature data
[27], but in DMSO-d6 are published here for the first time:
1H‑NMR (500MHz, DMSO-d6) δ (ppm): 12.10 (1H, brs, OH), 6.93
Roza O et al. Flavonoids from Cyclopia… Planta Med
(1H, d, J = 8.5 Hz, H-5′), 6.92 (1H, d, J = 1.7 Hz, H-2′), 6.86 (1H, dd,
J = 8.4, 1.7 Hz, H-6′), 5.88, and 5.86 (2x1H, 2xd, J = 1.9 Hz, H-6, H-
8), 5.42 (1H, dd, J = 12.3, 2.9 Hz, H-2), 3.77 (3H, s, OCH3), 3.18 (1H,
dd, J = 17.1, 12.5, H-3a), 2.69 (1H, dd, J = 17.1, 3.0, H-3b); 13C‑NMR
(125MHz, DMSO-d6) δ (ppm): 196.0 (C-4), 167.2 (C-7), 163.5 (C-
5), 162.8 (C-9), 147.9 (C-4′), 146.5 (C-3′), 131.2 (C-1′), 117.7 (C-
6′), 114.1 (C-5′), 112.0 (C-2′), 101.6 (C-10), 95.9 (C-6), 95.1 (C-8),
78.2 (C-2), 55.7 (OCH3), 42.1 (C-3). NMR data for this solvent
were not published previously.
The further compounds, identified by comparing their physical
and spectroscopic data with reported data, were afrormozin (7)
[28], formononetin (8) [29], liquiritigenin (9) [26,27], and dios-
metin (11) [27]. Compound 3 was identified as piceol (= 4-
hydroxyacetophenone) and compound 4 as 4-hydroxybenzalde-
hide based on their 1H, 13C‑NMR, and MS data.

Supporting information
A figure describing the isolation of compounds is available as
Supporting Information.
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