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A B S T R A C T

In the first chemical investigation developed on the species Dalea elegans twenty years ago, the

occurrence of two prenylated derivatives of pinocembrin was reported: 20 ,40-dihydroxy-50-(1000 ,1000-

dimethylallyl)-6-prenylpinocembrin (6PP) given as a new structure in this family of compounds, and

another derivative of already known structure, 6-prenylpinocembrin (6P). In the present paper, their

structures were again analyzed by using spectroscopic techniques, especially 2D NMR. Based on the

evidence obtained it is proposed the reassignment of both flavanones as: 20 ,40-dihydroxy-50-(1000 ,1000-

dimethylallyl)-8-prenylpinocembrin (8PP) for the first and 8-prenylpinocembrin (8P) for the last.

Additionally, triangularin, demethoxymatteucinol, comptonin and 7-hydroxy-5-methoxy-6,8-

dimethylflavanone were isolated from aerial parts of D. elegans and informed by the first time for

this species. All of these compounds were evaluated in vitro in relation to the antityrosinase effect by

using a spectrophotometric method. Compound 8PP (IC50 2.32 � 0.01 mM) exhibited the most potency

and was two times more active than Kojic acid (IC50 4.93 � 0.01 mM) used as a positive control. Triangularin

also has shown an important inhibitory activity. Kinetic studies were performed for both compounds. Hence,

new tyrosinase inhibitors with potential applications in pharmacy and cosmetic industry are presented.

� 2014 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Tyrosinase, a copper-containing monooxygenase, is involved in
melanin biosynthesis and catalyzes two different reactions in the
melanin synthesis: formation of 3,4-dihydroxyphenylalanine
(DOPA) by hydroxylation of L-tyrosine (monophenolase activity)
and the subsequent dopaquinone formation (diphenolase activity).
The spontaneous polymerization of dopaquinone conduces to form
several brown or black pigments such as melanin, the present
pigment in mammals and responsible for the color of skin, eyes and
hair pigmentation. Melanin hyperpigmentation affects the skin
producing age spots, melasma and malignant melanoma (Briganti
et al., 2003; Seo et al., 2003). For these reasons, tyrosinase
inhibitors are an alternative for these undesirable conditions.
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Dalea L. (Fabaceae) is an exclusively American genus with more
than two hundred and fifty species (Tropicos.org: http://www.tro-
picos.org/Name/40021469) distributed in arid regions from the
southwest of United States to the central regions of Argentina and
Chile (Burkart, 1952). Only D. elegans Gillies ex Hook & Arn. has its
habitat in the province of Córdoba (central region of Argentina),
among the four species mentioned for our country (Zuloaga and
Morrone, 1999). In the 1990s, from the aerial parts and roots of this
species, two prenylated flavanones derived from pinocembrin
were isolated. Their structures were then reported as 20,40-
dihydroxy-50-(1000,1000-dimethylallyl)-6-prenylpinocembrin (6PP),
given as a new structure in this family of compounds (Cafaratti
et al., 1994) and 6-prenylpinocembrin (6P) previously isolated
from Darris rariflora (Braz Filho et al., 1975) (Fig. 1). These
prenylated derivatives of pinocembrin have proven to be highly
active in different biological activity assays (Ortega et al., 1996;
Pérez et al., 2003; Elingold et al., 2008; Peralta et al., 2012). Another
species of Dalea was studied in our group, D. boliviana, and showed
the presence of new prenylated flavanones active as tyrosinase
inhibitors (Peralta et al., 2011).
hts reserved.
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Fig. 1. Structures of compounds 6PP and 6P.
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In this opportunity, the present investigation focuses in
deepening the phytochemical study of D. elegans, and their
evaluation as potential tyrosinase inhibitors.

Therefore, three C-methyl flavanones and one methyl chalcone
besides the two prenylated flavanones above mentioned (6PP and
6P), were obtained. Their structures were established by 1D and 2D
NMR spectroscopy as well as HRMS analysis. The analysis of 2D
NMR spectroscopic data for 6PP and 6P gave us new chemical
information specially for the structural analysis about A ring, in
relation to some aspects referrals to the prenyl group substitution.
Therefore, in the present paper the reassignment of both structures
is proposed.

The antityrosinase activity of the six flavonoids obtained from
D. elegans was evaluated, besides inquiring into the kinetic
mechanism and the inhibition constant for the active flavonoids.
Fig. 2. Structures of c
2. Results and discussion

6PP and 6P (Fig. 1) were obtained according to Cafaratti et al.
(1994) and their spectroscopic data of UV-V, MS, and NMR 1H for
both compounds were coincident to those given by literature (Braz
Filho et al., 1975; Cafaratti et al., 1994) and these compounds were
compared with authentic samples of 6PP and 6P. In contrary, some
uncertainty arose from the 13C NMR data analysis in relation to the
substitution on the A ring for both compounds. The doubt arises
because the characteristic signal of the only methine of A ring at dC
95.5 ppm is not conclusive for a certain assignment, in view that it
is in a resonance range that involves both, the free aromatic C-6 as
well as the C-8 (Mabry et al., 1970). For this reason, for an
unequivocal determination of the substitution pattern of A ring, 2D
NMR experiments were developed. HMBC spectrum of 8PP (1)
(Fig. 2) allows us to see the relationship between the signals for the
proton of the hydroxyl at C-5 (OH-C5, d 12.17 ppm) and the carbon
at C-6 (d 95.5 ppm). On the other hand, HSQC spectrum shows that
the signal that corresponds to that carbon is indicative of the
methine presence, so, on C-6 there is a proton instead a prenyl
group. Other important correlations in the HMBC spectrum are
shown in Fig. 3.

On the other hand, by the analysis of the carbon chemical shifts
in B ring of the structure informed by Cafaratti et al. (1994) as 6PP,
some mistakes were detected and corrected. These corrections
correspond to the C-10, C-50, C-60, C-2000, C-3000, C-4000 and C-5000 and are
indicated in Table 1 for 8PP. Additionally, the absolute configura-
tion at C-2 was determined to be S according to the positive Cotton
effect at 334 nm and the negative Cotton effect at 294 nm in the CD
spectrum (Slade et al., 2005). This new information allows reassign
6PP as (2S)-20,40-dihydroxy-50-(1000,1000-dimethylallyl)-8-prenylpi-
nocembrin (8PP, 1) (Fig. 2). This structure has been reported in
other species of Dalea genus (Nanayakkara et al., 2002; Belofsky
et al., 2014).

In a similar way to the study for compound 1, the spectral data
of HMBC (Fig. 3) and HSQC for 8P (2) were analyzed. The results
obtained have shown that the substitution of the prenyl group on
ompounds 1–6.



Fig. 3. Key HMBC correlations of compounds 1–3 and 5–6.
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the A ring is at C-8 instead of C-6 as it was reported for 6P (Cafaratti
et al., 1994). Besides, according to the 2D NMR data analysis of the
compound 2, some differences on the assignments of the aromatic
B ring carbons, the oxygenated carbons C-5, C-7 and C-9 as well as
the prenyl moiety (C-100, C-300 and C-400), with respect to those
previously reported by Mitscher et al. (1983) were observed. The
changes in assignments of these carbon signals for compound 2 are
presented in Table 1 and key HMBC correlations are shown in
Fig. 3.

The absolute configuration of 8P at C-2 was determined to be S

according to the positive Cotton effect at 334 nm and the negative
Cotton effect at 294 nm in the CD spectrum (Slade et al., 2005).
Thus, the reassignment as (2S)-8-prenylpinocembrin (8P, 2) (Fig. 2)
is proposed.

In order to search other bioactive metabolites from this plant,
fractionation of benzene extract of aerial parts of D. elegans led to
the isolation of another four known compounds. They were
identified by means of spectroscopic methods including HRMS, 1D
and 2D NMR analysis and also by comparing experimental data
with those previously described in the literature as 20,60-
dihydroxy-40-methoxy-30-methylchalcone (triangularin, 3) (Mus-
tafa et al., 2005), 6,8-dimethylpinocembrin (demethoxymatteuci-
nol, 4) (Basnet et al., 1993); 7-hydroxy-5-methoxy-6-
methylflavanone (comptonin, 5) (Kenneth et al., 1987); 7-
hydroxy-5-methoxy-6,8-dimethylflavanone (6) (Amor et al.,
2005). Based on 2D NMR data analysis of the last compound, we
observed some differences on the assignments of the oxygenated
carbons C-5, C-7 and C-9 as well as the aromatic carbons of B ring,
with respect to those previously reported. In fact, the HMBC
experiment showed correlation between the signal of the
methoxyl group protons (d 3.81 ppm) and the quaternary carbon
at d 157.7 ppm. Also, methyl protons at C-6 (d 2.14 ppm) correlate
with two oxygenated carbons signals at d 157.7 and d 158.8 ppm
allowing us to assign these signals as C-5 and C-7 respectively.
Besides, other differences in assignments of signals that corre-
spond to aromatic carbons of the B ring were observed. The strong
correlations observed between the methine proton at C-2 and
aromatic non-substituted carbons at d 125.9 ppm allowed us to
assign these signals as C-20 and C-60 methines. The other aromatic
carbons of the B ring were assigned according to well known
chemical shifts for non-substituted B ring flavanones (Harbone and
Mabry, 1982). The mentioned changes in assignments of carbon
signals for compound 6 are presented in Table 3 and key HMBC
correlations are shown in Fig. 3. On the other hand, there are not
previous reports about 2D NMR data for compounds compound 3
and 5, so the most important HMBC correlations for these
compounds are given for the first time (Fig. 3). As far as we know
this is the first report of these C-methylated flavanones in Dalea

genus.
Tyrosinase acts as a rate-limiting enzyme in melanin biosyn-

thesis. Therefore, tyrosinase inhibitors are important substances to
treat abnormal pigmentation disorders, such as melasma, age
spots and sites of actinic damage, arising from accumulation of an
excessive level of epidermal pigmentation. Compounds 1–6 were
tested for inhibitory activity against the tyrosinase enzyme using L-
tyrosine as substrate. Different concentrations of flavonoids were
evaluated as seen in Table 4 and the flavonoids that showed
tyrosinase inhibition by more than 50% at 100 mM, a dose-
response effect were studied. 8PP (1) and triangularin (3) at
100 mM showed an important inhibition on tyrosinase enzyme
(95.0 � 0.6% and 98.6 � 0.6%, respectively), while the activity of 8P
(2) and demethoxymatteucinol (4) were moderated (73.7 � 0.6% and
50.0 � 0.6%, respectively). Comptonin (5) and 7-hydroxy-5-methoxy-
6,8-dimethylflavanone (6) demonstrated very low inhibition
(22.7 � 0.6% and 6.97 � 0.6%, respectively). The IC50 values for 1–4
and the reference inhibitor Kojic acid were estimated using nonlinear
fitting of concentration–response data. Among the compounds tested,
compound 1 showed strong tyrosinase inhibition activity (IC50

2.32 � 0.01 mM), which is approximately twofold more active than
Kojic acid, the positive control (IC50 4.93 � 0.01 mM), followed by 3
(33.3 � 0.1 mM). On the other hand, 2 and 4 showed weak inhibitions
(80.6 � 0.3 and 97.6 � 0.3 mM, respectively) (Table 4 and Fig. 4). Since



Table 1
1H (400 MHz) and 13C (100 MHz) NMR data for compounds 1, 2 and 4 (CDCl3).

Position 8PP (1) 8P (2) 4

dC, mult. dH mult. (J in Hz) dC, mult. dH mult. (J in Hz) dC, mult. dH mult. (J in Hz)

2 74.8 CH 5.68 dd (3.0,12.8) 79.0 CH 5.43 dd (3.1, 12.9) 78.7 CH 5.40 dd (3.3, 12.1)

3a 40.3 CH2 2.75 dd (3.0,17.1) 43.3 CH2 2.85 dd (3.1, 17.1) 43.5 CH2 2.85 dd (12.1, 17.1)

3b 3.12 dd (12.8, 17.1) 3.05 dd (12.9, 17.1) 3.04 dd (3.1, 17.1)

4 196.7 qC – 196.2 qC – 196.3 qC –

5 162.3 qC – 162.3h qC – 159.3 qC –

6 95.5 CH 6.03 s 96.9 CH 6.03 s 102.9 qC –

7 163.7 qC – 163.7i qC – 160.8 qC –

8 107.5 qC – 106.1 qC – 102.9 qC –

9 160.7 qC – 159.6j qC – 157.7 qC –

10 102.4 qC – 103.3 qC – 103.0 qC –

10 116.1a qC – 138.7k qC – 138.9 qC –

20 153.4 qC – 125.9l CH 7.59 m 125.9 CH 7.50 m

30 103.7 CH 6.48 s 128.8 CH 7.46 m 128.8 CH 7.44 m

40 156.3 qC – 128.7m CH 7.40 m 128.6 CH 7.40 m

50 124.9b qC – 128.8 CH 7.46 m 128.8 CH 7.44 m

60 125.3c CH 7.40 s 125.9l CH 7.59 m 125.9 CH 7.50 m

100 21.7 CH2 3.26 d (7.3) 21.8n CH2 3.33 d (7.0)

200 122.9 CH 5.25 t (7.3) 121.5 CH 5.20 d (7.0)

300 130.5 qC – 135.1o qC –

400 25.2 CH3 1.62 s 25.8p CH3 1.73 s

500 17.1 CH3 1.61 s 17.8 CH3 1.73 s

1000 39.9 qC –

2000 148.2d CH 6.29 dd (10.5,17.8)

3000 109.7e CH2 5.00 cis d (17.8)

3000 4.95 trans d (10.5)

4000 26.9f CH3 1.47 s

5000 26.9g CH3 1.47 s

6-Me 7.6 CH3 2.08 s

8-Me 6.8 CH3 2.07 s

5-OH – 12.17 s – 12.12 s 12.27 s

a d 116.1 ppm instead of d 124.8 ppm as reported for 6PP (Cafaratti et al., 1994).
b d 124.9 ppm instead of d 103.2 ppm as reported for 6PP (Cafaratti et al., 1994).
c d 125.3 ppm instead of d 116.7 ppm as reported for 6PP (Cafaratti et al., 1994).
d d 148.2 ppm instead of d 27.1 ppm as reported for 6PP (Cafaratti et al., 1994).
e d 109.7 ppm instead of d 27.1 ppm as reported for 6PP (Cafaratti et al., 1994).
f d 26.9 ppm instead of d 149.9 ppm as reported for 6PP (Cafaratti et al., 1994).
g d 26.9 ppm instead of d 113.4 ppm as reported for 6PP (Cafaratti et al., 1994).
h d 162.3 ppm instead of d 160 ppm as reported by Mitscher et al. (1983).
i d 163.7 ppm instead of d 162 ppm as reported by Mitscher et al. (1983).
j d 159.6 ppm instead of d 164 ppm as reported by Mitscher et al. (1983).
k d 138.7 ppm instead of d 135 ppm as reported by Mitscher et al. (1983).
l d 125.9 ppm instead of d 128 ppm as reported by Mitscher et al. (1983).
m d 128.7 ppm instead of d 126 ppm as reported by Mitscher et al. (1983).
n d 21.8 ppm instead of d 26 ppm as reported by Mitscher et al. (1983).
o d 135.1 ppm instead of d 138 ppm as reported by Mitscher et al. (1983).
p d 25.8 ppm instead of d 22 ppm as reported by Mitscher et al. (1983).

Table 2
1H (400 MHz) and 13C (100 MHz) NMR data for chalcone triangularin (3) (CDCl3).

Position 3

dC, mult. dH mult. (J in Hz)

1 135.3 qC –

2 128.5 CH 7.60 m

3 129.0 CH 7.40 m

4 130.3 CH 7.40 m

5 129.0 CH 7.40 m

6 128.5 CH 7.60 m

10 109.6 qC –

20 161.4 qC –

30 110.2 qC –

40 161.5 qC –

50 99.8 CH 6.24 s

60 164.2 qC –

a 143.3 CH 7.84 d (15.8)

b 126.5 CH 7.97 d (15.8)

20-OH – 13.32 s

40-OMe 62.3 CH3 3.69 s

30-Me 8.04 CH3 2.12 s
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the compounds 1 and 3 showed important tyrosinase inhibition
activity, we decided to investigate the inhibitory mechanism exerted
by them on mushroom tyrosinase. The plots of the remaining enzyme
activity versus concentrations of enzyme in the presence of different
concentration of 1 and 3 gave a series of straight lines, which all
passed through the origin (Fig. 5A and B). The increasing concentra-
tion of 1 and 3 resulted in the decrease of the line slope, indicating
that the inhibition on the enzyme was reversible for both. Then, we
obtain information about the inhibition type exerted by compound 1
and 3 in the oxidation of L-tyrosine analyzing the kinetic behavior of
mushroom tyrosinase at different concentrations of both. The results
analyzed by Lineweaver–Burk plotting 1/v versus 1/[S] are shown in
Figs. 6 and 7. For compound 1, the plot showed a family of straight
lines with different slopes but they intersected one another in the Y-
axis. Vmax value remained the same and the values of Km augmented
with increasing concentrations of the inhibitor which indicates that 1
is a competitive inhibitor (Fig. 6). The behavior observed suggested
that this prenyl flavanone inhibited only the activity of the free
enzyme. The equilibrium constant for inhibitor binding with free
enzyme, KI, was obtained from the plot of Km versus the concentra-
tions of 1, as shown in Fig. 6. The results obtained are given in Table 5.



Table 3
1H (400 MHz) and 13C (100 MHz) NMR data for compounds 5 and 6 (CDCl3).

Position 5 6

dC mult. dH mult. (J in Hz) dC mult. dH mult. (J in Hz)

2 79.0 CH 5.40 dd (3.0, 13.0) 78.6 CH 5.41 dd (3.1, 13.0)

3a 45.7 CH2 3.01 dd (16.9, 13.2) 45.7 CH2 2.97 dd (13.0, 16.6)

3b 2.79 dd (16.8, 3.1) 2.83 dd (3.1, 16.6)

4 189.3 qC – 189.6 qC –

5 160.4 qC – 157.7 qC –

6 112.6 qC – 111.2 qC –

7 161.2 qC – 158.8 qC –

8 99.5 CH 6.30 s 106.9 qC –

9 162.2 qC – 159.6 qC –

10 109.3 qC – 109.2 qC –

10 138.8 qC – 139.3 qC –

20 126.1 CH 7.42 m 125.9 CH 7.40 m

30 128.8 CH 7.42 m 128.7 CH 7.40 m

40 128.7 CH 7.42 m 128.4 CH 7.40 m

50 128.8 CH 7.42 m 128.7 CH 7.40 m

60 126.1 CH 7.42 m 125.9 CH 7.40 m

5-OMe 61.3 CH3 3.84 s 61.3 CH3 3.81 s

6-Me 7.7 CH3 2.11 d (2.1) 7.8 CH3 2.14 d (2.1)

7-OH – 6.03 s – 5.33 s

8-Me 8.1 CH3 2.13 d (2.2)

Table 4
Anti-tyrosinase activity of compounds 1–6.

Compound Inhibition at 10 mM (%) Inhibition at 100 mM (%) IC50 (mM)

1 90.5 � 5.0 95.0 � 0.6 2.32 � 0.01

3 24.7 � 0.6 98.6 � 0.6 33.3 � 0.1

2 8.4 � 1.6 73.7 � 0.6 80.6 � 0.3

4 6.3 � 1.3 50.0 � 0.6 97.6 � 0.3

5 6.7 � 0.9 22.7 � 0.6

6 5.5 � 0.3 7.0 � 0.6

Positive control Kojic acid IC50 = 4.93 � 0.01 mM.
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In Fig. 7 is illustrated the inhibition of mushroom tyrosinase by 3. In
this plot is observed a family of parallel straight lines with the same
slopes. As the concentration of the inhibitor is increasing, the values
of Km and Vmax are decreased, indicating that triangularin (3) is an
uncompetitive inhibitor of tyrosinase. This kind of inhibition is
observed when the inhibitor joins with the enzyme–substrate
complex but not with the free enzyme.

KIS, the equilibrium constant for inhibitor binding with the
enzyme–substrate complex, was obtained from a plot of 1/Vm

app

versus different concentration of 3 as seen in Fig. 7. The kinetics
parameters are informed in Table 5.

As a result of the evaluation of the compounds under study for
their antityrosinase activity, it was observed that 1 showed an
important inhibitory activity on the tyrosinase enzyme followed
by compound 3, while 2 and 4 were notably fewer actives.
Fig. 4. Dose-dependent inhibition of mushroom tyrosinase activity by compounds

1–4 and positive control Kojic acid (N = 3).
Compounds 5 and 6 demonstrated very low inhibition of
tyrosinase, even at 100 mM (Table 4). Analyzing the structural
requirement for inhibitory activity against the tyrosinase enzyme
for the active compounds, previously has been reported that the
presence of 4-substituted resorcinol moiety in B-ring of flavones
and flavanones is essential for antityrosinase activity (Lee et al.,
2004). In recent studies we showed the importance of the 4-
substituted phloroglucinol moiety with two free hydroxyl groups
when it is part of the A ring (Peralta et al., 2011). Compound 1
presents both structural features and stands out because its strong
activity on tyrosinase enzyme, surpassing even to the Kojic acid.
Fig. 5. Effect of 8PP (1) and triangularin (3) on the activity of mushroom tyrosinase

for the catalysis of L-tyrosine (250 mM) at 25 8C, pH 6.8. Different enzyme

concentrations (100, 200 and 500 U/mL) and various concentrations of inhibitors

were utilized. (A) Compound 1. (B) Compound 3. Values are mean � SD of three

separate experiments.



Fig. 6. Lineweaver–Burk plot for inhibition of 8PP (1) on mushroom tyrosinase for

the catalysis of L-tyrosine at 25 8C, pH 6.8. Substrate concentrations were 250–

1000 mM and the enzyme concentration was 200 U/mL. The inset represents the

plot of apparent Michaelis constant (Km
app) versus the concentration of 1 for

determining the inhibition constant KI. Values are mean � SD of three separate

experiments.

Fig. 7. Lineweaver–Burk plots for the monophenolase inhibitory activity of

triangularin (3) using L-tyrosine as a substrate (250–1000 mM) at 25 8C, pH 6.8. The

enzyme concentration was 200 U/mL. The inset represents the plot of apparent 1/

Vm
app versus the concentration of 3 for determining the inhibition constant KIS.

Values are mean � SD of three separate experiments.
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The activity for 2 considerably diminishes in spite of its similarity
to 1 structure in A ring. Another compound evaluated, 4, showed
decreasing activity as tyrosinase inhibitor. This reduction observed
in 2 and 4 could be related to lack of resorcinol moiety in B ring and
would reinforce the fact that the presence of the 4-substituted
resorcinol moiety in B ring is the most important structural feature
in relation to the tyrosinase inhibitory activity of compound as
shown in compound 1. Other structural considerations are
important to point out. While 2 and 4 have presented low activity
as tyrosinase inhibitors, 2 showed better inhibition than 4. This
observation could be by the presence of a prenyl moiety in C-8.
Several prenylated flavonoids have been informed as tyrosinase
inhibitors when this moiety is present in compounds with 4-
substituted resorcinol moiety in B ring (Shimizu et al., 2000; Kim
et al., 2003). But, Zheng et al. showed that an isoprenyl group at C-6
or/and C-8 in A ring without the presence of 4-substituted
resorcinol moiety in B ring increased the antityrosinase activity
(Zheng et al., 2013). In relation to this fact we demonstrated a
similar behavior when two flavanones with a prenyl moiety in C-8
Table 5
Kinetic and inhibition constants of compound 8PP (1) and triangularin (3) on

mushroom tyrosinase.

8PP Triangularin

Km 0.10 � 0.02 mM 8.0 � 0.9 mM

Vm 0.19 � 0.01 mM 7.3 � 2.2 mM

Inhibition Reversible Reversible

Inhibition type Competitive Uncompetitive

KI 2.94 � 0.01 mM –

KIS – 7.8 � 2.3 mM
isolated from roots of D. boliviana showed moderate activity as
tyrosinase inhibitors (Peralta et al., 2011).

Another consideration is related with the presence of free
hydroxyl group at the C-5 position. It is observed that the activity
decreased dramatically when the hydroxyl is substituted by
methoxy group, this situation is observed between compound 4
and 6. However, we consider that more studies about these
structural factors are necessary to reveal inhibitory activity on
tyrosinase of these compounds.

Triangularin (3) until moment is the unique chalcone obtained
from this species and showed an interesting antityrosinase
activity. The structure–activity relationship on the tyrosinase
inhibitory activity of different chalcones has been studied. The 4-
substituted resorcinol moiety in B ring is an important require-
ment in order to observe inhibitory activity on tyrosinase, but the
hydroxylation in the A-ring also collaborates with this inhibitory
activity specially in position 20,40 and 60 of A-ring (Jun et al., 2007;
Chang, 2009). Although both structural requirements are not
present in 3, the inhibitory activity on tyrosinase exerted by this
compound is important. So, other structural factors could be
relevant in order to showing this activity.

In conclusion, three C-methyl flavanones and a methyl chalcone
have been isolated from aerial parts of D. elegans and informed for
the first time in this species. Also, the prenylated flavanones
previously reported as 6PP and 6P from D. elegans, have been
chemically reassigned as 8PP (1) and 8P (2) on the bases of their 2D
NMR spectral data. Thus, it was possible to unequivocally reassign
the prenyl group position on A-ring for both flavanones. The
tyrosinase inhibition activities of them were investigated. Among
these compounds, 1 has demonstrated to be a strong inhibitor two
times more active than Kojic acid. Triangularin (3) also has shown
an important inhibitory activity. Their kinetics parameters were
studied. So, the results obtained shown the potential of these
compounds as promising agents for the treatment in disorders
related with abnormal skin pigmentation.

3. Experimental

3.1. General experimental procedures

1H and 13C NMR spectra were acquired in CDCl3 on a Brüker
Avance II 400 (400 MHz for 1H and 100 MHz for 13C) spectrometer
using TMS as internal standard. CD spectra were obtained with a
Jasco J-810 spectropolarimeter. UV spectral data were recorded on
a Shimadzu 160A spectrophotometer. HRMS were obtained in a
QTOF mass spectrometer (micrOTOF-Q11 Series, Bruker) equipped
with an electrospray ionization (ESI) interface. Column chroma-
tography was performed on silica gel Merck. TLC was carried out
using 20 cm � 20 cm plates with 0.5 mm layer of silica gel GF254

(Merck). Spots were visualized by UV illumination (254 nm).

3.2. Chemicals

Tyrosinase (EC 1.14.18.1) from mushroom (3933 U/mg), Kojic
acid (purity: 99%) and L-tyrosine (purity: 99%) were obtained from
Sigma Chemical Co. (St. Louis, MO, USA).

3.3. Plant material

D. elegans Gillies ex Hook. et Arn. (Fabaceae) was collected in
February 2012, during the flowering period, in its natural habitat in
hills near Cabalango (Córdoba, Argentina, GPS coordinates:
latitude: 31824004.6200 South; longitude: 64834019.2100 West;
height: 763 m). Plant material was identified by Prof. Dr. Gloria
Barboza of the Botanical Museum, Universidad Nacional de
Córdoba, Córdoba, Argentina (CORD). Roots and aerial parts were
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separated for further processing. A representative voucher
specimen is on deposit as CORD Peralta 2 in the herbarium at
the Botanical Museum (UNC).

3.4. Extraction and isolation

D. elegans was dried at room temperature and the roots were
separated from the aerial parts, and both parts were powdered.
Roots and aerial parts of D. elegans were processed for extraction
and isolation of 8PP (1) and 8P (2), respectively, according to
Cafaratti et al. (1994).

The flavonoids (3–6) were obtained from the aerial parts of D.

elegans. Briefly, 60.25 g of plant material was extracted in soxhlet
with benzene. The solvent was subsequently removed to yield
crude extract (5.98 g), which was subjected to column chroma-
tography (CC) using silica gel chromatography as stationary phase
and eluted with n-hexane/ethyl acetate (100:0 to 0:100) and giving
twenty fractions. Fraction 2 was purified again over silica gel using
n-hexane/acetone/ethyl acetate (8:1:1) to yield compound
demethoxymatteucinol (4, 5.6 mg). Compound triangularin (3,
9.1 mg) was obtained by purification of the fraction 3 using
preparative TLC (n-hexane/ethyl acetate; 7:3). Fraction 7 gave
compounds comptonin (5, 13.6 mg) and 7-hydroxy-5-methoxy-
6,8-dimethylflavanone (6, 11.3 mg) by purification using prepara-
tive TLC (CHCl3/ethanol 97:3).

3.4.1. (2S)-20,40-dihydroxy-50-(1000,1000-dimethylallyl)-8-

prenylpinocembrin (8PP, 1)

UV (MeOH) lmax (log e) 294 (3.49), 334 (sh) (2.91) nm; CD (c
0.162, MeOH) [u]294�0.31, [u]334 +0.18; 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3,100 MHz), see Table 1; HRMS m/z 423.1834
[M�H]� (calcd. for C25H27O6, 423.1802).

3.4.2. (2S)-8-prenylpinocembrin (8P, 2)

UV (MeOH) lmax (log e) 294 (4.91), 334 (sh) (4.33) nm; CD (c
0.006, MeOH) [u]294�2.67, [u]334 +0.35; 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3,100 MHz), see Table 1; HRMS m/z 323.1292
[M�H]� (calcd. for C20H19O4, 323.1278).

3.4.3. 20,60-Dihydroxy-40-methoxy-30-methylchalcone (triangularin,

3)

UV (MeOH) lmax (log e) 325 (4.35) nm; 1H NMR (CDCl3,
400 MHz) and 13C NMR (CDCl3,100 MHz) (see Table 2) were
coincident with those previously reported (Mustafa et al., 2005).
HRMS m/z 283.0984 [M�H]� (calcd. for C17H15O4, 283.0965).

3.4.4. (2S)-6,8-dimethylpinocembrin (demethoxymatteucinol, 4)

UV (MeOH) lmax (log e) 296 (4.05), 342 (sh) (3.51) nm; CD (c
0.002, MeOH) [u]296 �14.70; 1H NMR (CDCl3, 400 MHz) and 13C
NMR (CDCl3,100 MHz) (see Table 1) were according to those
previously reported (Basnet et al., 1993). HRMS m/z 283.0963
[M�H] � (calcd. for C17H15O4, 283.0965).

3.4.5. (2S)-7-hydroxy-5-methoxy-6-methylflavanone (comptonin, 5)

UV (MeOH) lmax (log e) 283 (4.22), 324 (sh) (3.80) nm; CD (c
0.001, MeOH) [u]283�5.87, [u]324 +0.24; 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3,100 MHz) (see Table 3) were according to
those previously reported (Kenneth et al., 1987). HRMS m/z
283.0983 [M�H]� (calcd. for C17H15O4, 283.0965).

3.4.6. (2S)-7-hydroxy-5-methoxy-6,8-dimethylflavanone (6) (Amor

et al., 2005)

UV (MeOH) lmax (log e) 287 (4.08), 340 (sh) (3.59) nm; CD (c
0.0005, MeOH) [u]287 �0.18, [u]340 +0.15; 1H NMR (CDCl3,
400 MHz) and 13C NMR (CDCl3,100 MHz) (see Table 3). HRMS
m/z 297.1122 [M�H]� (calcd. for C18H17O4, 297.1121).
3.5. Tyrosinase inhibition assay

The assay was performed as previously described (Peralta et al.,
2011). Briefly, the assay medium consisting of 0.25 mL of
mushroom tyrosinase solution (200 U/mL), and 0.75 mL of the
control solution [Na3PO4 buffer (0.1 M, pH 6.8)] or the sample
solution [prepared with each flavonoids 1–6 dissolved in DMSO
(final concentration 0.1, v/v) and subsequently diluted to the
appropriate concentrations with the above buffer] was mixed and
preincubated at 25 8C for 10 min. Then, 0.50 mL of L-tyrosine
(1.7 mM, Sigma) solution was added. The absorbance was
measured at 475 nm after 20 min of incubation. Kojic acid was
used as positive control agent. Each treatment was replicated three
times. The percent inhibition of tyrosinase activity was calculated
as follows: % inhibition = [(Abscontrol � Abssample)/Abscontrol] � 100,
where Abscontrol is the absorbance of the control solution and
Abssample is the absorbance of the sample solution.

3.6. Kinetic analysis of tyrosinase activity inhibition

The kinetic parameters of tyrosinase inhibition in the absence
or presence of 8PP and triangularin were obtained. For this reason,
the same protocol described above was carried out, except for
varying concentrations of L-tyrosine (250, 500, and 1000 mM) and
1 (0, 1 and 5 mM) or 3 (0, 10 and 25 mM). The inhibition type was
assayed by the Lineweaver–Burk plot, and the inhibition constant
(KI or KIS) were determined by the second plots of the apparent Km

or Vm versus the concentration of the inhibitor, respectively.

3.7. Statistical analysis

All assays were independently performed in triplicate, and
results were expressed as mean � SD of three separate experiments.
The IC50 values and the kinetics parameters were estimated using the
GraphPad Prism 5.0 software on a PC compatible computer.
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