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SUMMARY. Fractionation of the ethyl acetate soluble fraction from the ethanol extract of the leaves of
Scutia buxifolia (Rhamnaceae) led to the isolation of quercetin, quercetin 3-0-rhamnoside (quercitrin),
quercetin 3-0-glucoside (isoquercitrin) and rutin. The structures of the isolates were elucidated by spectro-
scopic analysis and comparison with literature data and analyzed for high performance liquid chromatog-
raphy (HPLC). The isolated compounds are reported for the first time to the species S. buxifolia.

INTRODUCTION
The Rhamnaceae family includes 58 genera

and approximately 900 species occurring in
tropical and subtropical areas around the world
1,2. Scutia buxifolia Reissek, popularly known as
“coronilha”, is a local plant from South America,
with a dispersion that comprise Rio Grande do
Sul state in Brazil, Argentina and Uruguay. The
plant is popularly used as cardiotonic, antihy-
pertensive and diuretic 3. Notwithstanding its
popular use, there are little bibliographic sources
concerning its secondary metabolites, with the
exception of the papers from Morel’s research
group that describes the isolation of ciclopep-
tides alkaloids from the root bark extract of the
plant and antimicrobial activities observed in
some isolated ciclopeptides alkaloids 4-7. 

Phytochemical investigations of our group in
the leaves of the plant indicate a large number
of phenolic compounds, including flavonoids
(Thin Layer Chromatography (TLC), data not
shown). Flavonoids are of particular importance
in the human diet as there is evidence that they
act as antioxidants, antimicrobial and antiviral
agents and epidemiological studies have indicat-
ed that their consumption is associated with a
reduced risk of cancer and cardiovascular dis-
ease 8-11. Therefore we decided to isolate and
quantify the major flavonoids compounds from
the leaves of the plant and consequently, this
work describes the structural elucidation of four
flavonol-derived compounds isolated from the
ethyl acetate fraction as well their HPLC (com-
bined with diode array detection) quantification. 

MATERIALS AND METHODS
Reagents, standards and apparatus

All chemicals were of analytical grade. Silica
Gel 60 for column chromatography, Silica Gel
60 F254 coated plates, solvents for the extrac-
tions and analytical procedures, dichlorome-
thane, ethyl acetate, ethanol, acetic acid and n-
butanol, were purchased from Merck (Darm-
stadt, Germany). Quercetin and rutin reference
standards were obtained from Sigma Chemical.
Methanol and acetonitrile were of HPLC grade.
Deionized water was prepared by a Milli-Q wa-
ter purification system. High performance liquid
chromatography (HPLC) of the samples was
performed with the HPLC system (Shimadzu,
Kyoto, Japan), Prominence auto sampler (SIL-
20A), equipped with Shimadzu LC-20 AT recip-
rocating pumps connected to the degasser DGU
20A5 with integrator CBM 20A, UV-VIS detector
DAD (diode) SPD-M20A and Software LC solu-
tion 1.22 SP1. NMR spectra were carried out on
a Bruker AMX 400 spectrometer equipped with
a broadband 5-mm probe, using a spectral
width of 10 ppm (parts per million). 1HNMR
recorded 400 MHz and 13C NMR at 100 MHz.
Chemical shifts were expressed as ppm relative
to the TMS. Deutered methanol (methanol-d4,
99.8 atom % of deuterium, solvent peaks dH
3.34 and dC 49.0 ppm) was used as solvent for
the samples. 

Plant collection and extraction
Leaves of Scutia buxifolia were collected in
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Dom Pedrito (Rio Grande do Sul State) in Octo-
ber of 2007 (coordinates 30º59’09’’S and 54º
27’44’’ W). Exsiccate was archived as voucher
specimen in the herbarium of Department of Bi-
ology at Federal University of Santa Maria by
register number SMBD 10919. 

The leaves were dried at room temperature
and powdered in a knife mill, resulting in a
mass of 1.5 Kg of plant material, which was
submitted to maceration at room temperature
with ethanol 70% for a week with daily shake.
After filtration, the extract was evaporated under
reduced pressure to remove the ethanol and af-
ter this step, the aqueous extract was partitioned
successively with dichloromethane, ethyl acetate
and n-butanol (3 x 200 mL for each solvent).

Isolation and purification
The ethyl acetate fraction (1.0 g) was submit-

ted to column chromatography on silica gel 60
using initially CH2Cl2 (700 mL) as mobile phase.
Afterward the column was eluted with a binary
mixture of increase polarity, starting with
CH2Cl2:EtOH (9:1 v/v, 700 mL) followed by
CH2Cl2:EtOH (8:2 v/v, 700 mL), CH2Cl2:EtOH
(7:3 v/v, 700 mL), CH2Cl2:EtOH (6:4 v/v, 700
mL), and CH2Cl2:EtOH (5:5 v/v, 600 mL). The
procedure describe above furnished forty-one
(41) fractions of ± 100 mL each, which were an-
alyzed by TLC and pooled together on the basis
of similarities in their chromatographic profile
(solvent system: chloroform:ethanol:water,
60:40:5,v/v). The separated fractions were ob-
served under UV light (254 and 366 nm) and
detection was performed with anisaldehyde-
H2SO4/100 °C for ten minutes. Authentic sam-
ples of quercetin and rutin were used as refer-
ence standards in order to guide the fractions
pool process. Fractions 8 to 28 furnished a sub-
fraction (0.292 g), which was further chro-
matographed under silica gel 60 and eluted with
CH2Cl2:EtOH (6:4, v/v) , CH2Cl2:EtOH (5:5, v/v)
and CH2Cl2:EtOH (4:6 v/v) to give isolated com-
pounds 1 (0.017 g) and 2 (0.029 mg). Com-
pounds 3 (0.034 g) and 4 (0.023 g) were ob-
tained from the sub-fraction 32-41 (0.325 g) after
additional column chromatographic procedures
(gradient from CH2Cl2:EtOH 4:6 to pure EtOH). 

Preparation of standard and sample
solutions for HPLC quantification

Standard stock solutions of quercetin and
rutin were prepared in mobile phase, at a con-
centration range of 0.018 to 0.280 mg/ml for
quercetin and 0.0125 to 0.200 mg/ml for rutin.
The ethyl acetate fraction was dissolved in the

mobile phase. All solution were filtered through
a filter paper and a 0.45 µm membrane filter
(Millipore). Triplicate injections were made for
each level, and a linear regression was generated.

Chromatographic conditions
Chromatographic analyses were carried out

in isocratic conditions using RP-C18 column (4.6
mm x 250 mm) packed with 5µm diameter par-
ticles. The mobile phase was methanol-acetoni-
trile-water (40:15:45, v/v/v) containing 1.0%
acetic acid. The mobile phase was filtered
through a 0.45 µm membrane filter and de-
gassed in ultrasonic bath previous to use. Flow
rate and injection volume were 1.0 ml/min and
10 µl, respectively. The chromatographic peaks
were confirmed by comparing their retention
time and UV spectra with those of the reference
standards. Quantification was carried out by the
integration of each peak using the external stan-
dard method. All chromatographic operations
were carried out at ambient temperature.
Quercetin and rutin reference standards, ethyl
acetate fraction from the leaves of S. buxifolia
and isolated compounds (1-4 ) were quantified
at 257 nm (band II, characteristic of flavonol nu-
cleus).

RESULTS AND DISCUSSION
Successive column chromatographic proce-

dures with ethyl acetate fraction led to the isola-
tion of four flavonol compounds (Fig. 1), whose
structures were identified based on 1H NMR and
13C NMR spectra and by comparison with litera-
ture 12-19.

The 1H NMR spectrum of compound 1
showed two peaks at 6.17 (1H, d, J =2.0 Hz) and
6.37 ppm (1H, d, J = 2.0 Hz ) consistent with the
meta protons H-6 and H-8 on A-ring and an
ABX system at δ 7.72 (1H, d, J = 2.1 Hz, H-2’),
7.62 (1H, dd, J = 8.4, 2.1 Hz, H-6’) and 6.87 (1H,
d, J = 8.4 Hz, H-5’) corresponding to the cate-
chol protons on B-ring. The 13C NMR indicated
the presence of 15 carbon atoms, the signal at: δ
177.3 was attributed to a carbonyl carbon placed
at C-4, the other signals were: 165.6 (C-7), 162.6
(C-5), 158.4 (C-9), 148.8 (C-4’), 148,1 (C-2), 146.3
(C-3’), 137.3 (C-3), 124.2 (C-1’), 121.8 (C-6’),
116.2 (C-5’), 116.0 (C-2’), 104.6 (C-10), 99.2 (C-
6), 94.4 (C-8). The spectral data were compatible
with those of quercetin 12-15.

Compound 2 presented the same aglycone
signal patterns of compound 1 but the presence
of a methyl doublet at δ 0.95 (J = 6.0 Hz) to-
gether with the small coupling constant of the
anomeric proton doublet at δ 5.34 (J = 1.6 Hz)
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was indicative of a rhamnopyranose moiety 16,19.
The principal signals of quercetin aglycone
were: δ 7.32 (1H, d, J = 2.0 Hz, H-2’), 7.29 (1H,
dd, J = 2.0 and 8.4 Hz, H-6’), 6.90 (1H, d, J = 8.0
Hz, H-5’), 6.32 (1H, d, J = 2.0 Hz, H-8), 6.16
(1H, d, J = 2.0 Hz, H-6). The 13C NMR spectrum
indicated the presence of 21 carbon atoms: δ
179.5 (C-4), 165.6 (C-7), 163.3 (C-5), 159.2 (C-9),
149.6 (C-4’), 158,4 (C-2), 146.2 (C-3’), 136.2 (C-
3), 122.9 (C-1’), 122.9 (C-6’), 116.3 (C-5’), 116.3
(C-2’), 103.4 (C-10), 99.8 (C-6), 94.7 (C-8), 105.8
(C-1”), 71.8 (C-2”), 72.1 (C-3”), 71.9 (C-4”), 71.5
(C-5”) and 17.6 (C-6”). The data were in agree-
ment with literature data reported to quercetin
3-0-rhamnoside (quercitrin) 16,17,19. 

Compound 3 was a yellow amorphous pow-
der which exhibited similar NMR spectra to that
of quercetin. The low field part of the 1H NMR
of 3 showed the signals at δ 7.70 (1H, d, J = 2.0
Hz), 7.57 (1H, dd, J = 2.0 and 8.4 Hz) and 6.87
(1H, d, J = 8.4 Hz) assigned to H-2’, H-6’ and H-
5’ of the B-ring respectively. The remaining sig-
nals of the aglycone at δ 6.38 (d, J = 2.0 Hz) and
6.19 (d, J = 2.0) were attributed, respectively, to
the H-8 and H-6 protons of the A-ring, confirm-
ing the flavonol quercetin-derived structure 13.
However, the presence of a signal at δ 5.23 (1H,
d, J = 7.2 Hz) followed by other additional sig-
nals indicate the presence of a sugar moiety in
3. The hexose was determined to be a glucopy-
ranosyl unit bound to the 3 position of the agly-
cone by comparison of proton and carbon shift
NMR values with literature data 12-16. The signal
at: δ 178.2 was attributed to a carbonyl carbon
placed at C-4, the other signals were: 164.7 (C-
7), 163.6 (C-5), 157.2 (C-9), 148.6 (C-4’), 158,0
(C-2), 145.3 (C-3’), 134.2 (C-3), 124.8 (C-1’),
121.8 (C-6’), 116.2 (C-5’), 114.6 (C-2’), 101.2 (C-
10), 98.5 (C-6), 93.3 (C-8), 102.8 (C-1”), 76.9 (C-
2”), 76.7 (C-3”), 74.3 (C-4”), 69.8 (C-5”) and 61.2
(C-6”). Compound 3 revealed to be quercetin-3-
0-β-D-glucopyranoside (isoquercitrin), the β con-
figuration of glucopyranoside unit was based on

Figure 1. Chemical structures of phenolic compounds
isolated from S. buxifolia leaves. 1: R = OH, 1: R = 3-
O-Rha; 3: R = 3-O-Glc, 4: R = 3-OGlc(6” → 1”’)Rha.

the observation of large 1H-1H coupling constant
of the anomeric proton (J = 7.2 Hz) 14. 

The aglycone signals of compound 4 corre-
sponded well with the shifts for quercetin (1),
the only significant difference being an upfield
shift of 1.6 ppm for the C-3. This shift is analo-
gous to that reported when the 3-hydroxy group
is glycosylated in a flavonol glycoside . The 13C
NMR presented 27 carbon atoms, indicating two
sugar units linked to quercetin aglycone. The
two anomeric proton signals at δ 5.75 (d, J = 8.0
Hz) and at δ 5.25 (d, J = 2.0 Hz) were assignable
to H -1 of a β-glucosyl proton and to the H-1 of
α-rhamnosyl proton, respectively. In the 13C
NMR of 4, the C-6 signal (δ 68.5) of glucose
showed a downfield shift of 7.3 ppm in compar-
ison with the corresponding C-6 signal (δ 61.2 )
of quercetin 3-glucoside (3), indicating a 1-6
linkage between the C3-glucose and the rham-
nose 18. The identity of this compound was fur-
ther confirmed by cochromatography with au-
thentic rutin standard and literature data com-
parisons 16-18. 

The ethyl acetate fraction from the leaves of
S. buxifolia was analyzed by Liquid Chromatog-
raphy. A simple and rapid reversed-phase HPLC
method was utilized for the determination of
quercetin, quercitrin, isoquercitrin and rutin 20.
Figure 2 shows a representative chromatogram
obtained for ethyl acetate fraction and the isolat-
ed flavonol compounds. The ethyl acetate con-
tains other minor compounds in addition to
quercetin (retention time-tR 12.4 min, peak 1),
quercetin-3-0-rhaminoside (tR = 6.4 min, peak
2), quercetin-3-0-glucoside (tR = 5.3 min, peak
3) and rutin (tR = 4.8 min, peak 4).

Since extracts of natural origin usually con-
tain a range of chemically diverse constituents
occurring in varying concentrations, it is impor-
tant to use chromatographic methods to analyze
these inherently complex mixtures. The HPLC
profile of ethyl acetate fraction was acquired, as
well the quantification of rutin and quercetin by
HPLC-DAD based in the reference rutin and
quercetin standards calibration curves. Calibra-
tion curve for quercetin: Y = 30153x – 235135, r
= 0.9983, calibration curve for rutin: Y = 19217x
– 16949, r = 1.000. Quercitrin and isoquercitrin
were also quantified but they were expressed
separately as quercetin contents (Table 1). The
major component was quercitrin, followed by
rutin, quercitin and isoquercitrin. 

CONCLUSION
Quercetin, quercitrin, isoquercitrin and rutin

were isolated from the plant for the first time.
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Quercitrin was the major flavonol present in the
plant. These results indicate that the plant Scu-
tia buxifolia has many chemicals compounds
able to catch free radicals. Therefore, it is as-
sumed that the plant has, besides its popular us-
es, promising compounds in search of antioxi-
dants and drugs for diseases resulting from ox-
idative stress. Given that the popular use of the
plant point toward the daily intake of aqueous
infusions for antihypertensive purposes, the
beneficial effects of drinking large quantities of
antioxidant substances should be thinking as an-
other advantageous benefits of this plant be-
cause several studies and epidemiological data
suggesting an association between diets rich in
fruits, vegetables, red wine and the decline of
degenerative diseases. Knowing that the activity
of extracts of plants can not be judged by only
few methods, it is necessary more studies to de-
termine whether this medicinal plant could be
used industrially.

Aknowledgements. The authors would like to thank
V. Batista for the collect of the material in this proper-

Figure 2 . Chromatograms of
ethyl acetate sample (a), and iso-
lated quercetin (b), quercitrin (c),
isoquecitrin (d) and rutin (e). 

Quantities 1

Flavonol
compound

mg/g of dry fraction Percentual (%)

Quercitin 27.1± 0.03 2.71
Quercitrin 2 183.2 ± 0,24 18.3
Isoquercitrin 2 6.6± 0.04 0.66
Rutin 48.1± 0.18 4.81

Table 1. Flavonols composition of S. buxifolia leaf
ethyl acetate fraction. 1 Results are expressed as mean
± S.E. of three determinations. 2 Quantified as
quercetin.
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