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The ‘guaco’ lianous herb Mikania laevigata, which is widespread in Southern Brazil, is
traditionally used to treat bronchitis, asthma and cough.

This work investigates the influence of the extraction method, solvent:drug ratio, ethanol
proportion, harvest season (summer or winter) and solvent heating on the physicochemical
profile of the extracts (dry weight, density, pH) and the coumarin (1,2-benzopyrone) content
determined by LC. Among the results obtained, it is observed that higher ethanol content
increases the amount of coumarin in the extract. Leaves harvested in summer also produce
an extract with a high coumarin yield. The most efficient method of extraction is percolation,
independent of the solvent used.
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Introduction

Mikania laevigata Sch. Bip. ex Baker (Astera-
ceae) and also a number of Mikania (Globosae
section Robinson) are widely known in Brazil as
‘guaco’ species. The ‘guaco’ leaves are tradition-
ally used as extract, syrup or infusion to treat
bronchitis, asthma and cough (Oliveira et al.,
1994).

The analogous species M. glomerata is con-
sidered the official drug in the Brazilian Phar-
macopoeia (Farmacopeia Brasileira, 1929). The
morphological similarity of M. glomerata and
M. laevigata often leads to confusion between the
species. In Southern Brazil, M. laevigata is more
commonly harvested than M. glomerata, due to its
local abundance (Moraes, 1997).

Phytochemical studies of the leaves of these spe-
cies indicate a similar composition; both present
coumarin (1,2-benzopyrone) in large yields, to-
gether with kaurenoic and grandifloric acid, com-
pounds which are, at least partially, responsible for
the pharmacological activity attributed to the
‘guaco’ extracts (Oliveira et al., 1984; Davino et al.,
1989; Santos et al., 1999). M. laevigata can be con-
sidered a succedaneum of M. glomerata (Oliveira
et al., 1994).

This paper describes the physicochemical analy-
sis and LC determination of coumarin contents in
fluid extracts of M. laevigata leaves harvested in
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winter and summer and prepared by different
methods (maceration and percolation) using etha-
nol in different proportions (70, 60 and 36%) as
solvent.

Results and Discussion

Quantitative analysis of coumarin

Fig. 1 presents the chromatographic profile of
standard (coumarin) and the extract material. No
interference of current components is observed in

Fig. 1. Chromatograms of guaco extract 3 (1) and the
standard coumarin (2). Mobile phase: 1:1 (v/v) aceto-
nitrile/water. Coumarin retention time: 12.2 min. Ex-
tracts were diluted in MeOH (1:10, v/v), filtered over
regenerated cellulose membrane [pore diameter 0.45 µm
(Schleicher & Schuell, Dassel, Germany)] and injected
(20 µl). All extracts were analysed in triplicate.
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the elution window corresponding to this target
compound.

The calibration curve using the standard couma-
rin showed a good linearity of the detector over
the tested range (25Ð350 µg/ml), as shown by the
correlation coefficient of the regression line (R2 =
0.997437, y = 357,884.4+ 168,093,397.3x). Also, the
y-intercept of the curve is 5% less than the re-
sponse obtained for the analyte at the target level
of 100 µg/ml (data not shown) (Green, 1996).

In order to evaluate the accuracy of the method,
a recovery experiment was carried out, spiking the
standard coumarin in the appropriated diluted ma-
trix extracts, taking into consideration the linearity
of the method. Table I shows the results of the
coumarin recovery. The recovery average indi-
cated the accuracy of the method, which was
104.1%. In the target level (100 µg/ml) the recov-
ery was 102.9%, which is close to the desirable
100 ð 2.0% (Green, 1996). Comparing the recov-
ery experiments in the presence and absence of
matrix, no interference of the extract matrix on
the coumarin determination was observed, which
demonstrates the specificity of the method. The

Table I. Recovery of standard coumarin added to M. laevigata extracts.

Coumarin added Coumarin founda Coefficient of Recovery
[µg/ml] [µg/ml] (mean ð SD) variation (%) (%)

50.0 52.01 ð 0.70 0.99 104.0
100.0 102.96 ð 0.67 0.55 102.9
200.0 210.88 ð 1.77 0.77 105.4
100.0b 103.76 ð 1.14 1.09 103.7

0.0c 18.23 ð 0.28 1.54 -

a Average of three determinations.
b In absence of matrix.
c Coumarin found in the matrix.

Table II. Coumarin concentration and dry weight of extracts 1Ð6.

Extract Coumarin concentration Coefficient of Dry weight
[mg/ml] (mean ð SD) variationb (%) (%, mean ð SD)

1 1.01 ð 0.016 1.55 7.73 ð 0.002
2 1.58 ð 0.003 0.19 7.25 ð 0.16
2a 1.07 ð 0.001 0.12 5.71 ð 0.02
3 1.77 ð 0.012 0.64 5.04 ð 0.002
3a 1.71 ð 0.011 0.64 4.20 ð 0.32
4 1.48 ð 0.017 1.62 5.09 ð 0.002
5 2.45 ð 0.001 0.05 5.94 ð 0.45
6 0.27 ð 0.003 1.19 2.64 ð 0.05

a Plant collected in winter; for details see experimental.
b The coefficient of variation is a measure of relative dispersion and is given by the

standard deviation divided by the mean, as a percentage.
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coefficient variation was less than 2.0%. The limit
of quantification (LQ) of the method was 6.9 µg/
ml, demonstrating good sensitivity (ICH, 1996).

Table II shows the coumarin concentration in
extracts of Mikania laevigata, determined by liquid
chromatography and extracted by different meth-
ods, collected in summer (except extracts 2a and
3a, which were collected in winter). All the ex-
tracts presented statistical differences when eval-
uated by the F test, with good reproducibility as
observed by a coefficient of variation (CV) < 2%.
The traditional Pharmacopoeia method (Farmaco-
peia Brasileira, 1929) yielded extract 1, which pre-
sented an excellent macroscopic aspect; sweet
taste, brown color, and free of the resinous feature
found in the extracts prepared with higher ethanol
concentrations (extracts 2, 3, 4 and 6). In contrast,
extract 1 included a lower percentage of coumarin
than extracts 2 and 3. The most efficient method
(which yielded higher coumarin concentration and
lower CV) for extracting coumarin was used to
obtain extract 5 (with similar organoleptic charac-
teristics to extract 1), using ethanol 70% at 50 ∞C.
The coumarin content in extract 5 was higher than
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that found by Celeghini et al. (2001) for leaves of
the same species (0.696, 0.656 and 0.394 mg/ml for
maceration, ultra-sonicated maceration and infu-
sion, respectively). The amount of coumarin can
vary drastically according to the extraction method
used (Vilegas et al., 1997). A comparison of cou-
marin content between extracts 4 and 5 indicates,
as expected, that maceration is less efficient than
the percolation method. Extract 6 is a tincture ex-
tract, usually used for the production of ‘guaco’
syrup. The concentration of coumarin is very low
in this form of pharmaceutical dosage, and may be
neglected in favor of fluid extract.

As stated in previous papers on M. glomerata,
the summer-harvested plant offers a high yield of
coumarin (Celeghini et al., 2001; Pereira et al.,
2000). Extracts 2a and 3a showed a lower coumarin
content using the same extraction method like for
the summer extracts, with a statistical difference.

Physicochemical analysis of extracts

In addition to the coumarin content of ‘guaco’
extracts, the physicochemical profile is also rele-
vant for quality detection and the formulation of
the extracts.

All the extracts analysed presented a statistical
difference in the dry weight (%), with a CV of
10.6% between samples (Table II). In general, the
lower the ethanol proportion, the more dry weight
increased. This indicates a significant influence of
the amount of water on the content of extractible
substances (Aboy et al., 2000). This characteristic
is mainly demonstrated in extract 1, which shows
the highest dry weight. In addition to the lower
coumarin content, winter extracts 2a and 3a pre-
sented lower dry weight in comparison with sum-
mer extracts 2 and 3, which demonstrates that it is
advantageous to collect ‘guaco’ leaves in summer
for ‘guaco’ extract preparation.

The relative density of summer extracts showed
statistical differences, with a low CV (3.3%), while
the winter extracts presented no differences for
this parameter. Extract 5, with its high coumarin
content, presented the highest relative density.

Some differences in pH were observed between
the samples, with low variation (CV = 1.3%).
However, all the values were within the range
(pH 4.6 to 5.0) specified elsewhere (Aboy et al.,
2000).

Other than the higher coumarin content in more
ethanolic extracts (advantageous for more effec-
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tive microbiological growth control in stored ex-
tracts), the lower ethanol content tested presented
a satisfactory physicochemical profile. It may be
interesting to develop a fluid extract that combines
lower ethanol content with solvent heating, to gen-
erate an improved ‘guaco’ extract.

Experimental

Plant material

Leaves of M. laevigata were collected in mid
January/July (2001) from cultivated specimens ob-
tained from vegetative propagation of an authen-
tic specimen of M. laevigata, identified by Pedro
M. Magalhães (CPQBA Ð Universidade Estadual
de Campinas), Ilhota, in the State of Santa Cata-
rina, Brazil. Voucher specimens [M. Biavatti 30
(08/30/01)] were deposited at the Herbário Bar-
bosa Rodrigues (HBR) in Itajaı́, in the State of
Santa Catarina, Brazil.

Extract preparation

The leaves (1 kg) were air dried (40 ∞C, forced
ventilation, 3 d), powdered and sieved. Only par-
ticles between 0.5Ð1.0 mm were used. The extracts
were prepared by percolation and maceration
(British Pharmacopoeia, 2000) in concentrations
of 1:1 and 1:10 (w/v) with ethanol 36%, 60% and
70% (v/v), heated to 50 ∞C or room temperature,
resulting in six extracts as described below. These
are numbered 1Ð6 for the samples harvested in
summer and 2aÐ3a for the winter samples.

Extract 1: plant/solvent ratio 1:1, prepared by
percolation with ethanol 36%; extract 2: plant/
solvent ratio 1:1, prepared by percolation with eth-
anol 60%; extract 3: plant/solvent ratio 1:1, pre-
pared by percolation with ethanol 70%; extract 4:
plant/solvent ratio 1:1, prepared by maceration
with ethanol 70% for 7 d; extract 5: plant/solvent
ratio 1:1, prepared by maceration with ethanol
70% at 50 ∞C; extract 6: plant/solvent ratio 1:10,
prepared by percolation with ethanol 70%.

LC apparatus and reagents

Liquid Chromatographic separations were per-
formed using a Shimadzu LC-10AD (Tokyo, Ja-
pan) pump [0.5 ml/min flow, Luna RPC18 (5 µm),
a (4.6 mm ¥ 250 mm i.d.) Phenomenex column
(Torrance, CA, USA)], a Shimadzu SPD-M10A
photodiode array detector monitoring 274 nm and
a Shimadzu CTO-10A column oven fit to 30 ∞C.
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A Rheodyne manual injector (Rohnert Park, CA,
USA) model 7725i was used to inject the sample.
All reagents used were LC grade.

The standard coumarin was determined in plant
material using the external standard method (Sny-
der et al., 1997). Coumarin (1,2-benzopyrone,
Sigma-Aldrich, St. Louis, MO, USA) was used as
the external standard. This was dissolved in
MeOH at a concentration of 500 µg/ml and diluted
in triplicate to 25, 50, 100, 250 and 350 µg/ml. The
software Shimadzu Class-VP 5.03 was used to fit
the regression curve and to calculate the corre-
sponding correlation coefficient.

The accuracy of the method was determined
through an analyte recovery test (ICH, 1996), add-
ing known standard concentrations from 50, 100
and 200 µg/ml to the matrix sample, appropriately
diluted in triplicate, regarding the linearity of the
method. The analyte recovery in the presence and
absence of the extract matrix was compared, in
order to analyse the specificity of the method.
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Coumarin analysis

The extraction yield was determined by measur-
ing the content of the extractive substances (solu-
ble solids) in the extractive solutions. Samples of
the extracts (20 g) were dried at 105 ∞C until they
were at constant weight. The percentage of extrac-
tive substances in each extract was determined in
triplicate.

The pH (alcoholic solutions electrode) and ex-
tract densities were evaluated according to the
Brazilian Pharmacopoeia (Farmacopeia Brasileira,
ed. 1988) procedure, in triplicate.
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