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The species Mikania glomerata and Mikania laevigata, which are commonly known as guaco, are
medicinal plant species widely employed for the treatment of respiratory diseases. In traditional
medicine, both species have a long history of use. Currently, the medical use of these plants is
widespread because pre-clinical studies have demonstrated their hypo-allergenic, antiasthmatic and
antiulcerogenic properties. In recent decades, many studies have been conducted with the aim of
isolating and identifying the metabolites of guaco from distinct extracts. Overall, making a correlation
between a particular extract and its metabolic profile is difficult, because the reports from the literature
are extensive and scattered. The present work provides an overview of the metabolic profiles of the
guaco species, including extraction procedures, yields, analytical methods and the therapeutic
potential of the main guaco metabolites. This review will contribute to the field by providing the
historical context of the guaco species, which will be useful for guiding the design of new studies.
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INTRODUCTION

The species Mikania glomerata Sprengel and Mikania
laevigata Schultz Bip. ex Baker, commonly known as
guaco, are native plants of South America that are widely
employed for the treatment of several inflammatory and
allergic conditions (Moraes and Monteiro, 2006; Teske
and Tretine, 1997; Duke et al., 2009). Both species grow
in the same region and have similar morphological and
chemical characteristics (Neves and Sa, 1991; Ceolin et
al., 2006; Bastos et al., 2011; Oliveira et al., 1986; Lima
and Biasi, 2002; Lima, 2003; Ritter and Miotto, 2005).
One main difference between these species is in their
flowering periods, which is September for M. laevigata
and January for M. glomerata (Gasparetto et al., 2010;
Napimoga and Yatsuda, 2010). Humans use these plants
without distinction.

The guaco species have long been used by rainforest
inhabitants, who have an ancient tradition of using guaco
for snake bites, fevers, stomach discomfort and rheuma-
tism (Pereira et al., 1994; Napimoga and Yatsuda, 2010).

In folk medicine, guaco leaves have numerous uses
because of their tonic, antipyretic, balsamic, antiophitic,
stimulant, orexigenic, antispasmodic, expectorant,
antimalarial and other properties (Coimbra, 1942; Lucas,
1942; Neves and S3a, 1991; Ruppelt et al., 1991; Galvani
and Barreneche, 1994; Alice et al., 1995; Cortez et al.,
1999; Matos, 2000; Gasparetto et al., 2010; Napimoga
and Yatsuda, 2010).

Pre-clinical studies have also demonstrated that the
guaco species can promote broncho-dilative, anti-
ulcerogenic, hypo-allergenic, antispasmodic, anti-
inflammatory, analgesic, antiophidian, antiparasitic and
monoamine oxidase inhibitor effects (Oliveira et al., 1985;
Ruppelt et al.,, 1991; Block et al., 1998; Fierro et al.,
1999; Aboy et al., 2002; Soares de Moura et al., 2002;
Suyenaga et al., 2002; Amaral et al., 2003; Bighetti et al.,
2005; Luize et al., 2005; Maiorano et al., 2005; Santos et
al., 2006; Graca et al., 2007; Freitas et al., 2008). Due to
guaco’s important effects, pharmaceutical preparations,
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including syrup and oral solutions, are freely distributed
through various government phytotherapy programs and
thus are widely used by the population (SES Rio de
Janeiro, 1996; SES Campinas, 2001; Ogava et al., 2003;
SES Cuiaba, 2004; Pires and Borella, 2004; Guimaraes
et al.,, 2006; Oliveira et al., 2006; Silva et al., 2006;
Taufner et al., 2006; Brasil, 2006; 2007; 2008a).

Therapeutic properties have been exhibited in whole
guaco plants, but the pharmacological effects of guaco
are generally attributed to the leaves. Phytochemical
screens that were conducted in whole plants revealed the
presence of alcohols, acids, aldehydes, esters, organic
esters, terpenes, diterpenes, triterpenes, steroids, and
other metabolites; some of these metabolites were also
associated with the therapeutic effects of guaco species
(Gasparetto et al., 2010).

CHEMICAL CONSTITUENTS OF M. GLOMERATA AND
M. LAEVIGATA

Numerous studies have been conducted to evaluate the
chemical composition of M. glomerata and M. laevigata.
Through different extraction procedures and conditions, a
variety of compounds have been found in distinct parts of
these plants. The details of the drug : solvent ratio,
extraction procedures and metabolites found in each
extract of guaco species are shown in Table 1.

High quantities of metallic elements in the dried leaves
of the guaco species have been found through quanti-
tative analyses using voltammetry and atomic absorption
methods. Based on the dried weight of the leaves, the
following elements were found: copper (1.75 mg%), iron
(6.82 mg%), zinc (3.48 mg%), cadmium (2.1 mg%) and
lead (0.43 mg%) (Andrade et al., 2005; Mamani et al.,
2005).

Screens of the essential oils obtained from the leaves
of the guaco species demonstrated the presence of
numerous compounds, such as a-acorenol, a-cadinol, a-
copaene, a-humulene, a-muurolol, a-pinene, a-terpinol,
B-pinene, B-farnesene, B-bourbonene, B-cubebene, B-
elemene, B-caryophyllene, y-elemene, (E)-B-ocimene,
(E)-nerolidol, p-cymene, a, B, y and A cardinene, a and
TAU-caudynol, epi-a-bisabolol, epi-a-muurolol,
aromadendrene, bicyclogermacrene, caryophyllene oxid,
citronellyl acetate, coumarin, cubebene, elemol,
germacrene-B, germacrene-D, globulol, limonene, linalol,
myrcene, nerolidol E, nonanal, sabinene, silvestrene,
spathulenol, terpin  4-ol, trans-ocymene, trans-
cariophyllene and 1,4-dimethoxybenzene (Radunz, 2004;
Duarte et al., 2005; Rehder et al., 2006).

In hexanic and dichloromethane extracts, the most
prevalent metabolites are the following: coumarin, o-
coumaric acid, campesterol, terpenes, stigmasterol,
lupeol, lupeol acetate, germacrene, B-sitosterol and
peroxides (Oliveira et al., 1984; Vilegas et al., 1997a, b;
Veneziani et al., 1999; Cabral et al., 2001; Schenkel et al.,

2002; Contini et al.,, 2006). Analyses conducted using
ethanolic extracts have mainly detected the presence of
coumarin, o-coumaric acid, kaurenoic acid, benzoyl and
cinnamoylgrandifloric acids (Cabral et al., 2001;
Bertolucci et al., 2008; Bolina et al., 2009).

Of the preparations obtained using guaco, the aqueous
leaf extracts are of interest, because they have been
used as part of an ancient tradition in folk medicine
(Napimoga and Yatsuda, 2010). Currently, the aqueous
extract is widely used as a home remedy. However,
studies evaluating its metabolic profile are scarce. Some
studies have reported the presence of a few compounds,
including coumarin, o-coumaric acid and syringaldehyde,
in teas obtained through infusion and maceration (Cabral
et al., 2001; Celeghini et al., 2001; Maiorano et al., 2005;
Muceneeki et al., 2009).

The hydroalcoholic extracts are the most common pre-
parations to be commercialized for therapeutic purposes;
the majority of phytochemical assays have been con-
ducted using this type of extract. Numerous compounds
have been described, including the following: 1-ethoxy-1-
phenylethanol, 2-5-cyclohexadiene-1,4-dione,2,6-bis,
stigmasterol, 1-octadecene, 4-hydroxy-3,5-
dimethoxybenzaldehyde, phytol, hexanoic acid, 8,11-
octadecadienoic acid, 9,12,15-octadecatrienoic acid,
10,13-octadecadienoic acid, benzoylgrandifloric acid,
caryophyllene  oxide, cinnamoylgrandifloric  acid,
cupressenic acid, ethyl hexadecanoate, ethyl linoleoate,
hexadecanoic acid, isobutiloxigrandifloric acid,
isopropiloxigrandifloric acid, kaurenol, lupeol, lupeol
acetate, octadecanoic acid, spathulenol and trans-
caryophyllene (Oliveira et al., 1993; Biavatti et al., 2004;
Santos, 2005; Yatsuda et al., 2005; Bertolucci et al.,
2008; Alves et al., 2009; Bolina et al., 2009; Muceneeki et
al., 2009).

Based on the quantitative studies using hydroalcoholic
extracts, the most prevalent metabolites are also asso-
ciated with the therapeutic effects of guaco, including
coumarin (1,2-benzopyrone) (Biavatti et al., 2004; Bueno
et al, 2009), o-coumaric acid (Santos, 2005),
dihydrocoumarin (Alves et al.,, 2009), syringaldehyde
(Muceneeki et al., 2009) and kaurenoic acid (Vilegas et
al., 1997a, b; Yatsuda et al., 2005; Bertolucci et al.,
2008). The chemical structures of these compounds are
as shown in Figure 1.

THERAPEUTIC EFFECTS ASSOCIATED WITH THE
MAIN GUACO METABOLITES

Several studies have evaluated the therapeutic potential
of the main guaco metabolites. Pre-clinical studies have
demonstrated numerous relevant properties of these
substances that justify the therapeutic uses of the guaco
species (Gasparetto et al., 2012).

In a mouse model of allergy-induced pneumonitis, a
reduction in the influx of total leukocytes and eosinophils
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Sample Medl.cmal Drug.: Solvent Extraction procedure Analytical method Compound Amount Reference
species ratio (w/v)
. 0 H
ot g acoronc e 454 b g
Aqueous extract M. glomerata 1:12 fresh aerial parts with HPLC-DAD Coumarin e .y 0 - 4 o Cabral et al. (2001)
o solution: 2.4% by refluxing and 2% by
water or 1% NaOH !
maceration
Aqueous extract M. glomerata 1:10 Infusion of dried leaves HPLC-DAD Coumarin 393.8 pug/ml Celeghini et al. (2001)
Infusion and maceration of Coumarin and
Aqueous extract M. glomerata 210 dried or fresh leaves, roots ~ TLC and HPLC-DAD Qualitative analysis Maiorano et al. (2005)
and stems non-polar compounds
M. glomerata: 45 ug/ml of coumarin and
M. glomerata . ; o ;
C d y .
Aqueous extract  and 14100 Ipfusmn of Igaves from HPLC-DAD oumarin 'an ' 35 pg/ml of o-coumaric acid. M laevigata: Santos (2005)
M. laeviaat different regions o-coumaric acid 20.6 to 34.6 pg/ml of coumarin and 13.0
- laevigata to 33.3 pg/ml of o-coumaric acid
Decoction: 29.9 pg/ml of coumarin, 15.0
Decoction and maceration Coumarin, pg/ml of o-coumaric acid and 1.5 pg/ml of
Aqueous extract M. laevigata 1:10 : HPLC-DAD o-coumaric acid and syringaldehyde. Microwave: 27.5 pyg/ml of ~ Muceneeki et al. (2009)
(microwave) of leaves ; . I
syringaldehyde coumarin, 14.0 pg/ml of o-coumaric acid
and 1.3 pg/ml of syringaldehyde
Percolation of leaves.
. Hexanic, ethanolic Kaurenoic acid
M. I t ’ ’ ’
I:)z/tc:;c();lcohollc glomerera 1:1 chloroformic and ethyl TLC cinnamoylgrandifloric acid, ~ Qualitative analysis Oliveira et al. (1993)
acetate fractions were stigmasterol and coumarin
obtained
Hydroalcoholic M. glomerata 110 Mgceratlon by sonication of HPLC-DAD Coumarin Stems: 0.59 to 1.16 mg/g; Leaves: 4.05 Pereira et al. (1998)
extract dried leaves and stems to 7.74 mg/g
Hydroalcoholic ) Maceration by sonication . . Maceration: 15.2 to 656.1 pg/ml; -
extract M. glomerata 110 and percolation of leaves HPLC-DAD Coumarin Percolation: 17.3 to 562 pg/ml Celeghini et al. (1999)
Ethanol 50%: 780.0 pg/ml by percolation
Hydroalcoholic Reflux and percolation of . and 630.0 pg/ml by reflux; Ethanol 96%:
extract M. glomerata 1.5:10 dried leaves HPLC-DAD Coumarin 720.0 pg/ml by percolation and 570.0 Aboy et al. (2000)
pg/ml by reflux
Maceration: 696.4 pg/ml; Ultra-sound
Hvdroalcoholic M. glomerata Maceration, maceration by TLC and HPLC- Coumarin maceration: 656.2 pg/ml; Supercritical
y ' 1:10 sonication and supercritical fluid. The extracts were not analyzed Celeghini et al. (2001)
extract . DAD .
fluid of leaves using HPLC because they presented a
high content of chlorophyll.
Hydroalcoholic Tincture: 2:10 Percolation of powder from  First derivative 3790.0 pg/ml by fluid extract and 1100.0
y M. glomerata and fluid P Coumarin - Mg’ By ' Osorio (2004)
extract leaves spectrophotometry pg/ml by tincture

extract: 1:1
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Hydroalcoholic extract

M. glomerata

Not specified

Maceration of fresh
leaves. The final extract
was fractionated in
dichloromethane, and the
two phases (aqueous and
organic) were evaluated.

GC-FID and GC-MS

Coumarin, o-coumaric acid,
dihydrocoumarin, phytol,
hexanoic acid, ethyl
hexadecanoate,
dimethoxybenzaldehyde, ethyl
linoleoate, kaurenol, kaurenoic
acid and isomers

GC-FID: Coumarin 11.4%
w/w; GC-MS: Qualitative
analysis

Soares de Moura et al. (2002)

Maceration and

Percolation: 1:1 w/A: 1010.0
pg/ml by ethanol 36%; 1580.0
pg/ml by ethanol 60%; 1770.0
pg/ml by ethanol 70%.

Percolation: 1:10 wAz: 270.0

Hydroalcoholic extract M. laevigata ~ 1:1and 1:10  percolation of dried HPLC-DAD Coumarin ugml Biavatti et al. (2004)
leaves Maceration (7 days, ethanol
70%, 1:1 whv): 1480.0 pg/ml.
Maceration (50 °C, ethanol
70%, 1:1 w/v): 2450.0 pg/ml
M. glomerata . ; Coumarin: 840.0 to 1580.0
C
Hydroalcoholic extract ~ and 1:2 ;?ggﬁtt'?g icgnlgaves from TLC and HPLC-DAD oumarln', i ug/ml; o-coumaric acid: 570.0  Santos (2005)
M. lagvigata 9 o-coumaric acl to 1730.0 pg/ml.
. Official method for the
C
Hydroalcoholic extract M. laevigata 0.1:25 Ez@:z/powder from TLC oumarln', i identification of coumarinand  Brasil (2005)
o-coumaric &cl o-coumaric acid
Hydroalcoholic extract M. laevigata 0.1:25 Ez@:z/powder from HPLC-DAD Coumarin Official assay Brasil (2005)
The content of coumarin
. _— increased with gamma ray
Percolation of irradiated . L
C d :
Hydroalcoholic extract M. glomerata 1:1 aerial parts and powder HPLC-DAD oumarln' an . |rrad|at|9n (3.5and 5.0 KG){, Peregrino and Leitdo (2005)
; o-coumaric acid by Celsius-137 source), while
from aerial parts
the content of o-coumaric acid
decreased.
Maceration of dried Coumarins, terpenes and organic
Hydroalcoholic extract M. laevigata 2:30 leaves and powder from TLC and GC-MS acids » eTP 9 Qualitative analysis Bighetti et al. (2005)
leaves
Maceration of dried
Hydroalcoholic extract M. laevigata 1:2 leaves. The extract was GC-MS Coumarin 3.83% (relative percentage) Graca et al. (2007)

partitioned using
water/CHCL3
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M. glomerata

Maceration of powder
from dried leaves. The
extract was concentrated
under reduced pressure

Coumarin, dihydrocoumarin,
spathulenol®, hexadecanoic
acid*, cupressenic acid®,
kaurenol8, Kaurenoic acid’,

isopropiloxigrandifloric acid®, 2-

5-ciclohexadiene-1,4-
dione,2,6-bis9,

Relative percentage: 1 (1.43 to
40.08); 2 (1.75t0 1.93); 3 (2.50 to
6.17); 4 (5.06 to 12.17); 5 (1.83 to
27.99); 6 (1.83 to 4.46);

7 (4.92 t0 52.47); 8 (0.45t0 3.75); 9

); 3
)5

Hydroalcoholic extract ~ and 1:5 and lyophilized. Hexane TLC and GC-MS 1-octadecene™0, octadecanoic (3.68); Yatsuda et al. (2005)
M. laevigata fractions were obtained, acid", diterpenic acid'2, oo .
and the residue was caryophyllene oxide'3, 10,13- 10 (35j65)’ " (3j78)’ 12 (Oj65 to
used to prepare ethyl octadecadienoic acid™, 9,12~ 22:80); 13 (2.84); 14 (6.99); 15 (2.29
acetate fractions. octadecadienoic acid'®, ester 2%12'4212)' 16 (2.99); 17 (0410 0.59)
diterpenic, (2:44)
isobutiloxigrandifloric acid??,
and frans-cariofileno®
Hydroalcoholic extract ~ M. glomerata 0.5:20 Maceration of dried GC-FID Coumarin 1330.0 pg/ml Bueno et al. (2009)
powder from leaves
Percolation of dried Leaves: not detected to 0.71%;
Hydroalcoholic extract ~ M. glomerata 1:5 leaves and tinctures from  TCL and HPLC-DAD  Coumarin ) : o o Alvarenga et al. (2009)
Tinctures 0.072% to 0.176%
local markets
Fresh and dried leaves: 690 pg/ml.
Maceration of fresh or Leaves dried in a stove: 900 pg/ml.
dried leaves. Several Different proportions of ethanol:
different proportions of 0%: 150 pg/ml; 10%: 210 pg/ml;
. ) water/ethanol were HPLC-DAD Coumarin 20%: 280 pg/ml; 30%: 230 pg/ml;
Hydroalcoholic extract M. glomerata 1:10 tested using dried leaves 40%: 230 pg/ml: 50%: 260 pg/m: Rocha et al. (2008)
to optimize the process 60%: 310 pg/ml; 70%: 470 pg/ml;
of extraction 80%: 180 pg/ml; 90%: 40 pg/ml;
94%: 50 yg/ml
Hydroalcoholic extract: coumarin:
Percolation of dried 13.0 pg/ml; o-coumaric acid: 8.6
leaves. A degradation pg/ml, syringaldehyde: 1.3 pg/ml.
study was conducted by Coumarin Stress study: coumarin was stable
) . - diluting the extractin 1 M S in all conditions; o-coumaric acid ,
Hydroalcoholic extract M. laevigata Not specified HCL, 1% H202, 1 M HPLC-DAD 2;;%2%2?1 ;géd and was 100% degraded in acid media: Muceneeki et al. (2009)

NaOH, water, and
heating the extract under
reflux for 12 h

syringaldehyde was 51% degraded
at high temperature and 100%
degraded in oxidative stress
conditions
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Maceration of dried

Dihydrocoumarin, coumarin,
spathylenol, phytol, ent-beyer-

Relative percentage:
dihydrocoumarin (32.3%), coumarin
(36.92%), spathylenol (4.48%),

Hydroalcoholic extract M. laevigata Not specified leaves GC-MS 15-n-19-oic-acid, lupeol and phytol (2.4%), ent-beyer-15-en-19- Alves et al. (2009)
lupeol acetate oic-acid (3.32%), lupeol (5.91%) and
lupeol acetate (3.34%)
¢ ¢ Dried aerial parts: Reflux: 0.09 to
Reflux and reflux a't room 1.59%; Reflux at room temperature:
temperature of aerial 0.03 to 1.35%:
Ethanolic extract M. glomerata 1:12 parts (dried or fresh) HPLC-DAD Coumarin ' o Cabral et al. (2001)
; Fresh aerial parts: Reflux: 1.9 to
collected from different
reqi 2.7%; Reflux at room temperature:
gions
1.9%
: M. glomerata: COU: not detected;
Coumarln' (CQl;) ' OCA OCA: not detected; BA: 0.14 to
M. glomerata Maceration by sonication E-couma}rlc a.(zj' }gAU ) 0.17%; CA: 0.05 to 0.06%; KAU:
Ethanolic extract and 1:60 of dried powder from HPLC-DAD baurencl)lc ac(;'ﬂ( X )’, d (BA 0.65 to 0.85%. M. laevigata: COU: Bertolucci et al. (2008)
M. laevigata leaves eneoyigrandiorc o (BA) , 0.2810056%; OCA: <0.045%; BA:
oy emeyigrandiionic 8IS 0.29 to 0.41%; CA: 0.17 t0 0.26%;
(CA) KAU: 0.30 to 0.48%
Percolation (qualitative I . .
M. glomerata . . . . Qualitative analysis: coumarin
analysis) and reflux Coumarin, steroids, triterpenes O ' .
Ethanolic extract and M 0.1:25 (quantitative analysis) of TLCand HPLC and flavonic heterosides ster0|d§, friterpenes and fIavpmc Bolina et al. (2009)
laevigata . heterosides; Reflux: coumarin: 0.3
dried leaves
t0 0.43%
Methanolic extract M. glomerata Not specified ~ Maceration of leaves HPLC-DAD Coumarin 0.28 t0 0.51% (w/w) Radunz (2004)
M. glomerata . . . . Coumarin, kaurenoic acid,
Hexanic extract and M. 1:7.5 Percolation of dr!ed Melting point, NMR, cinnamoylgrandifloric acid and ~ Qualitative analysis Oliveira et al. (1984)
. powder from aerial parts ~ TLC, IR and MS .
laevigata stigmaterol
Maceration of powder Calculated based on dry weight:
Hexanic extract M. glomerata 1:10 P GC-FID Coumarin and kaurenoic acid coumarin 4.4 mg/g; kaurenoic acid: ~ Vilegas et al. (1997a)

from dried leaves

2.0 mglg

Hexanic extract

M. glomerata

1:10 and 5:200

Maceration (A),
maceration by sonication
(B), soxhlet (C), CO2
supercritical state (D)
and hexane by
supercritical state (E) of
dried leaves

GC-FID and GC-MS

GC-FID: kaurenoic acid and
coumarin(quantitative); GC-
MS: coumarin, lupeol,
kaurenoic acid, kaurene
diterpene, sesquiterpenes,
lupeol acetate, 11-
methylbutanoic acid and
germacrene (qualitative)

Coumarin (dry weight basis); A: 4.5
mg/g; B: 2.5 mg/g; C: Not detected;
D: 0.3 mg/g; E: 5.0 mg/g; Kaurenoic
acid (dry weight basis)

A: 1.9 mg/g; B: 2.5 mg/g; C: 1.9
mg/g; D: Not detected; E: 2.0 mg/g

Vilegas et al. (1997b)
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Maceration of powder

Branches:friedelin, ent-kaur-16(17)-en-
19-oic acid, ent-158-benzoyloxy kaur-
16(17)-en-19-oic acid, grandiforic acid,
17-hydroxy-ent-kaur-15(16)-en 19-oic

Hexanic extract M. glomerata ~ Not specified ~ from dried branches and ~ TLC acid: Leaves: coumarin. 0-coumaric Qualitative analysis Veneziani et al. (1999)
leaves acid, stigmasterol, B-si tosterol, ent-
15b-isobutyryloxykaur-
16(17)-en-19-oic
Reflux and reflux at room
. . 0/«
Hexanic extract M. glomerata 1:12 temperature of dn?d HPLC-DAD Coumarin Reflux: 0'074” Re:qu at room Cabral et al. (2001)
aerial parts from different temperature: 0.02%
regions
Maceration of leaves
Hexanic extract M. glomerata ) cultivated by cutting or Coumarin and kaurenoic acid - . Contini et al. (2006)
1:10 micropropagation GC-FID Qualitative analysis
Dichloromethanic Maceration by sonication  TLC, CLAE Campesterol, stigmasterol, B-sitosterol
M. glomerata ~ Not specified  of powder from preparative, ! ' Qualitative analysis Santos et al. (1999)
extract - and coumarin
lyophilized cells NMR, CG-FID
Dichloromethanic Maceration of fresh and
and chloroformic M. laevigata 1:10r1:2 . TLC Peroxides Weak positive reaction Schenkel et al. (2002)
crushed material
extracts
Syrup M. glomerata Liquid-liquid with Uv-vIS Coumarin 74.2 pg/ml Silva et al. (2008)
' chloroform ) )
Liquid-liquid with .
Syrup M. glomerata dichloromethane HPLC-DAD Coumarin 26.2 to 52.4 ug/ml Rocha et al. (2008)
Syrup M. glomerata ;g;ﬁiqmd with ethyl GC-FID Coumarin 143.0 pg/ml Bueno et al. (2009)
Samples were direclty
Syrup M. glomerata diluted in methanol Uv-vIS Coumarin 1280.0 to 1400.0 pg/ml Amaral et al. (2009)
Iwater (80:20 viv)
M. glomerata Samples were directly Coumarin: 2.3 to 280.4 pg/ml; o-
albr?e or diluted ina 1:1 v of Coumarin, dihydrocoumarin coumaric acid: 0.01 to 22.2 ug/ml;
Syrup and oral . ultrapure water and then ) » Ay L kaurenoic acid: 3.1to 130.0 yg/ml;  Gasparetto et al.
. associated ; . HPLC-MS syringaldehyde, kaurenoic acid and o- ; "~
solution ith ofh in a 60:40 viv e acid dihydrocoumarin: 0.03 to 1.5 uyg/ml~ (2011a)
with other acetonitrile/water solution coumaric acl and syringaldehyde: 0.02 to 1.2
plant extracts
pg/mi
M. glomerata Samples were directly Coumarin: 2.3 to 281.0 pg/ml; o-
Svrup and oral alone or dilutedtoa 1:1vivina Coumarin. dihvdrocoumarin coumaric acid: traces to 23.7 pg/ml; Gasparetto et al
sc))llut?on associated 65:30:5 viviv HPLC-DAD svrinal de’h dg and o-coum’aric acid dihydrocoumarin: not detected to (20 ﬁ b) '
with other water/methanol/acetonitri ynng y 1.5 pg/ml; and syringaldehyde: not

plant extracts

le solution

detected to 1.2 pg/ml
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OH 0

OCH,

Figure 1. Chemical structures of (A) coumarin, (B) o-coumaric
acid, (C) kaurenoic acid, (D) syringaldehyde, and (E)
dihydrocoumarin.

in the lung tissue was observed upon treatment with
coumarin and o-coumaric acid (Santos et al., 2006). Anti-
inflammatory and antioxidant activities have been
described for dihydrocoumarin, which is one of the major
compounds in hydroalcoholic extracts (Hoult and Paya,
1996; Alves et al, 2009; Gu and Xue, 2010).
Syringaldehyde has been shown to have moderate
antioxidant activity (Bortolomeazzi et al., 2007), and it
contributes to the anti-inflammatory properties of the
guaco extracts by the dose-dependent inhibition of
cyclooxygenase-2 activity (ICso = 3.5 pg/ml) (Farah et al.,
1992; Stanikunaite et al., 2009).

Kaurenoic acid has been demonstrated to have strong
anti-inflammatory activities in lipopolysaccharide-induced
RAW264.7 macrophages by the dose-dependent
inhibition of the synthesis of nitric oxide (ICsq = 51.73
MM), the release of prostaglandin E; (ICso = 106.09 uM),
and the expression of cyclooxygenase-2 (COX-2) and
inducible nitric oxide synthase (Choi et al., 2011). The
anti-inflammatory effect of kaurenoic acid on acetic acid-
induced colitis in rats was also observed in animals that
received 100 mg/kg kaurenoic acid by rectal and oral
routes (> 40% reduction in the gross damage score and >
30% reduction in the wet weight of damaged colon
tissue) (Paiva et al., 2002).

For the carrageenan-induced paw edema of mice,
kaurenoic acid at 50 mg/kg reduced 34.4% of the swell-
ling that occurred 5 h after the induction of inflammation
(Choi et al.,, 2011). At a concentration of 160 uM,
kaurenoic acid significantly decreased the contraction of
rat uterine muscle that was pre-contracted with oxytocin
(Emax = 83%) and acetylcholine (Emax = 91%) (Cunha
et al., 2003). At 10 uM or higher concentration, kaurenoic

acid also had concentration-dependent activity on
vascular smooth muscle (endothelium-intact or denuded
rat aortic rings) that was pre-contracted with
phenylephrine and potassium chloride (Tirapelli et al.,
2002, 2004).

Despite the therapeutic relevance of the described
metabolites, the benefits of guaco have been attributed
mainly to the presence of the coumarin (1,2-
benzopirone), which is considered to be the main
biomarker of guaco (Hoult and Paya, 1996; Castro, 2002;
Pedroso et al., 2008; Brasil, 2008b). In Brazil, the daily
uptake (0.5 to 5 mg) of coumarin has been approved by
regulatory agencies (Brasil, 2008b), but the
recommended doses vary according to the therapy (Lacy
et al., 2004).

Coumarin, an anticoagulant and antithrombotic agent,
can be used to reduce the swelling caused by lymphatic
and venous vessel problems. When coumarin is admini-
stered to the rat duodenum (100 mg/kg), it can produce
antiulcerogenic activity by inhibiting the secretion of
acids, which is mediated by the parasympathetic system
(Bighetti et al., 2005).

The activation of macrophages and cells of the immune
system by coumarin have also been described (Hoult and
Paya, 1996; Lacy et al., 2004). In rodents, this substance
decreases the swelling caused by thermal damage; in
humans, coumarin reduced the lymphedema of patients
who have elephantiasis or who have had a mastectomy
(Hoult and Paya, 1996). In cancer therapy, coumarin is
used as an adjuvant in melanoma therapy (Thornes et
al., 1994); it might also have applications in the treatment
of metastatic prostate cancer by stabilizing the levels of
the prostate specific antigen (PSA) (Lacy et al., 2004).
Treatments combining coumarin and cimetidine (1200
mg/day) led to a reduction in the metastasis of
carcinomas without toxic side effects (Thornes et al.,
1982).

Coumarin induced a concentration-dependent relaxa-
tion in guinea pig tracheae that were pre-contracted with
histamine (ECso = 35.0 pg/ml) or carbachol (ECsy = 33.4
pg/ml) (Ramanitrahasimbola et al., 2005). However,
coumarin was less effective in the guinea pig tracheae
(ECso = 130.8 pg/ml) and endothelium-denuded tracheae
(ECso = 153.4 pg/ml) that were pre-contracted with
potassium chloride. Coumarin combined with theophylline
had a significant additive relaxation effect on the pre-
contracted tracheae, and this effect was not blocked by
propranolol. These results indicate that the bronchodilator
effect of coumarin is partly due to an endothelium-
dependent tracheal relaxation and a non-specific tracheal
relaxation (Ramanitrahasimbola et al., 2005).

PROCEDURES FOR COUMARIN EXTRACTION

Coumarin is considered to be the main metabolite of
guaco. To obtain the maximum yield of coumarin, a variety



of procedures are performed using different plant parts,
solvents and conditions.

The procedures for coumarin extraction are frequently
discussed in the literature; however, there is no con-
sensus regarding the most efficient system. To facilitate
new investigations, information such as the drug: solvent
ratio, the sample preparation, the metabolites found in
each extract and the amounts of these metabolites are
summarized in Table 1.

Cabral et al. (2001) demonstrated that the most
suitable and economically profitable method of obtaining
the highest yield of coumarin was to reflux the fresh aerial
parts of plants that were collected from regions of higher
altitudes and temperatures. The authors also indicated
that the extraction of 10 g of fresh plant tissue 3 times
with 40 ml of a 1% (w/v) NaOH solution (refluxing or at
room temperature) allowed a simple and complete
recovery of coumarin for a low ecological cost (Cabral et
al., 2001).

Aqueous extracts obtained by microwave and decoc-
tion (10% w/v, dried leaves) presented at least twice the
level of coumarin as compared to the hydroalcoholic
extracts obtained by percolation (Muceneeki et al., 2009).
However, this information is contradictory to the results of
other investigations, which found that hydroalcoholic
solutions had a greater capacity for coumarin extraction
(Celeghini et al., 1999, 2001; Rocha et al., 2008; Bueno
et al., 2009).

In summary, the maximum yields of coumarin can be
achieved on a small scale by macerating the dried leaves
of guaco by sonication at 40°C (Celeghini et al., 2001).
This system has been demonstrated as the most efficient
for coumarin extraction, because it requires less time and
presents the same or better efficiency as compared to
other techniques (Celeghini et al., 2001). A
hydroalcoholic solution at 70:30 v/v ratio was the most
economical solvent that allowed a profitable recovery of
coumarin (Rocha et al., 2008; Bueno et al., 2009).
Regarding the drug:solvent ratio, the greatest amount of
soluble solids and coumarin content was obtained at
1.5:10 w/v (Aboy et al., 2000).

Finally, the geographic origins and seasonality of the
guaco species are crucial to obtaining desirable levels of
coumarin (Pereira et al., 2000, Gasparetto et al., 2012).
The highest levels of coumarin have been obtained using
leaves from young plants (100 days old) that were
cultivated from cuttings and grown with organic fertilizers
(humus) under full sunlight (16 h light period) in regions
of high altitudes and temperatures (Pereira et al., 1998;
Cabral et al., 2001; Castro et al., 2006; Souza et al.,
2007; Contini et al., 2006). Plants collected during the
early evening of December and July also demonstrated
the highest levels of coumarin (Pereira et al., 2000).
Another organic solvent, hexane, has demonstrated a
superior capacity for coumarin extraction over ethanol
and methanol (Vilegas et al., 1997a, b), which were
inadequate for this purpose (Table 1).
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ANALYTICAL PROCEDURES

Several analytical procedures have been described for
the qualitative and quantitative analysis of the main
guaco metabolites in extracts and preparations. These
procedures include thin layer chromatography (TLC),
ultraviolet spectroscopy (UV-VIS), gas chromatography
with a flame ionization detector (GC-FID), gas
chromatography coupled with mass spectrometry (GC-
MS), and high performance liquid chromatography with
diode array detector (HPLC-DAD) and mass
spectrometry (HPLC-MS) analyser.

TLC has been described as the most economical
technique for the qualitative assessment of coumarin, o-
coumaric acid, syringaldehyde, terpenes, organic acids,
steroids, peroxides and other substances in guaco
extracts (Oliveira et al., 1984, 1993; Veneziani et al.,
1999; Celeghini et al., 2001; Schenkel et al., 2002;
Bighetti et al., 2005; Maiorano et al., 2005; Santos, 2005;
Yatsuda et al., 2005; Alvarenga et al., 2009; Bolina et al.,
2009). Different techniques have been applied for
quantitative assessment, each with distinct advantages
and disadvantages.

First derivative spectrophotometry is a low-cost and
simple technique that is useful for the determination of
coumarin in guaco extracts. However, this technique has
low selectivity, and several steps of sample pre-treatment
are needed prior to analysis, rendering the system
laborious and time-consuming (Osorio, 2004). Ultraviolet
analysis has also been used to monitor coumarin directly
in phytomedicines without sample pre-treatment.
However, this method uses only one specific wavelength
(275 nm), and matrix interferences are expected,
because preservatives and other syrup constituents have
luminous absorption at the same wavelength (Amaral et
al., 2009).

Chromatographic systems, such as HPLC-DAD, HPLC-
MS, GC-FID and GC-MS, have been described as the
most suitable techniques for the determination of guaco
metabolites. In particular, these systems present high
sensitivity, reproducibility and capacity for the separation
of guaco metabolites into different matrices. Despite the
potential for high selectivity in using these techniques,
some methods monitor only a specific number of metabo-
lites. In other cases, the methods are targeted exclusively
for qualitative assessments (Pereira et al.,, 1998;
Celeghini et al.,, 1999; Santos et al., 1999; Aboy et al.,
2000; Cabral et al., 2001; Celeghini et al., 2001; Soares
de Moura et al., 2002; Biavatti et al., 2004; Osorio, 2004;
Radunz, 2004; Duarte et al., 2005; Maiorano et al., 2005;
Contini et al., 2006; Graca et al., 2007; Rocha et al.,
2008; Silva et al., 2008; Alvarenga et al., 2009; Bolina et
al., 2009; Bueno et al., 2009).

GC analyses have been applied in the screening of
essential oils (Radunz, 2004; Duarte et al., 2005; Rehder
et al., 2006). However, the quantitative assessment of
guaco metabolites using GC is uncommon, because
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several steps of sample preparation are required before
injection. This process makes the assay laborious, time-
consuming and harmful to the environment. In additional,
most of the results obtained with GC analysis are not
accurate because they are expressed as a relative
percentage (Vilegas et al., 1997b; Soares de Moura et
al., 2002; Yatsuda et al., 2005; Rehder et al., 2006;
Graca et al., 2007; Alves et al., 2009).

The methods based on HPLC systems have been
described as the most suitable for the routine analysis of
guaco metabolites. HPLC methods are sensitive,
reproducible and selective, features that are useful for
complex matrices such as extracts and pharmaceutical
preparations. Low-cost analysis can be achieved through
the use of HPLC because most of the developed
methods employ popular columns (e.g., octadecilsilane)
and use simple mobile phases composed of methanol/
water or acetonitrile/water (Pereira et al., 1998; Celeghini
et al.,, 1999; Aboy et al., 2000; Cabral et al., 2001;
Celeghini et al., 2001; Biavatti et al., 2004; Brasil, 2005;
Maiorano et al., 2005; Peregrino and Leitdo, 2005;
Santos, 2005; Bertolucci et al., 2008; Rocha et al., 2008;
Alvarenga et al., 2009; Bolina et al., 2009; Muceneeki et
al., 2009; Gasparetto et al., 2011a, 2011b). From the me-
thods applied for the quantitative assessment of guaco
metabolites, only a few were fully validated according to
worldwide regulations (Bertolucci et al., 2008; Muceneeki
et al., 2009; Gasparetto et al., 2011a, 2011b). The use of
validated methods is crucial for guaranteeing reliable
results that are suitable for the intended purpose.

CONCLUSION

This review highlights the importance of M. glomerata
and M. laevigata (guaco) as medicinal herbs. Both
species present analogous chemical profiles and mor-
phological characteristics, thus requiring a full anatomical
analysis to distinguish between the two. Many studies
have been conducted with the aim of obtaining the
maximum yield of coumarin, as this substance has been
described as the most prevalent metabolite in the guaco
species. The resulting data demonstrate that the maxi-
mum yields of coumarin can be achieved by macerating
leaves (1.5:10 w/V) in a 70:30 v/v hydroalcoholic solution
using sonication at 40°C. To obtain the maximum yield of
coumarin, researchers should also consider the use of
leaves from young plants (100 days old) that are obtained
in regions of high altitudes and temperatures, cultivated
from cuttings, and grown with organic fertilizers (humus)
under full sunlight (16 h light period). Although, the
extraction of coumarin has been extensively investigated,
additional studies are needed to evaluate the differences
in coumarin levels between dried and fresh leaves,
because these data are contradictory in the literature.
The pharmacological effects of guaco should not be
attributed solely to coumarin, because guaco species
possess major compounds that have therapeutic

relevance, as found through in vitro and in vivo studies.
Thus, more-conclusive investigations should be
conducted to understand the real mechanisms of the
guaco’s effects. By conducting further studies, it will be
possible to standardize the most effective extractive
process for therapeutic purposes. The main goal of these
studies should be to ascertain the benefits and safe uses
of guaco.

REFERENCES

Aboy AL, Ortega GG, Petrovick PR, Langeloh A, Bassani VL (2000).
Desenvolvimento tecnologico de solugbes extrativas de Mikania
glomerata Sprengel (Asteraceae), guaco. Rev. Bras.Ciénc. Farm.
36:165-172.

Aboy AL, Ortega GG, Petrovick PR, Langeloh A, Bassani VL (2002).
Atividade antiespasmodica de solugbes extrativas de Mikania
glomerata Sprengel (guaco). Acta Farm. Bonaer. 21:185-191.

Alice CB, Siqueira NCS, Mentz LA, Silva GAAB, José KFD (1995)
Plantas Medicinais de Uso Popular. Atlas farmacognéstico. Ulbra,
Canoas. pp. 120-122

Alvarenga FCR, Garcia EF, Bastos EMAF, Grandi TSM, Duarte MGR
(2009). Avaliagdo da qualidade de amostras comerciais de folhas e
tinturas de guaco. Rev. Bras. Farmacogn. 19:442-448.

Alves CF, Alves VBF, de Assis IP, Clemente-Napimoga JT, Uber-Bucek
E, Dal-Secco D, Cunha FQ, Rehder VLG, Napimoga MH (2009).
Anti-inflammatory activity and possible mechanism of extract from
Mikania laevigata in carrageenan-induced peritonitis. J. Pharm.
Pharmacol. 61:1097-1104.

Amaral MPH, Vieira FP, Leite MN, Amaral LH, Pinheiro LC, Fonseca
BG, Pereira MCS, Varejao EV (2009). Determinagdo do teor de
cumarina em xarope de guaco armazenado em diferentes
temperaturas. Rev. Bras. Farmacogn. 19:607-611.

Amaral RR, Arcenio-Neto F, Carvalho ES, Teixeira LA, Aratjo GL,
Sharapin N, Testa B, Gnerre C, Rocha L (2003). Avaliacdo da
atividade IMAO e antibacteriana de extratos de Mikania glomerata
Sprengel. Rev. Bras. Farmacogn. 13:24-27.

Andrade ECB, Alves SP, Takase | (2005). Extragdo sequencial de
cobre, ferro e zinco em ervas medicinais. Ciénc. Tecnol. Aliment
25:844-848.

Bastos CL, Souza C, Maia VH, Xavier RA, Franco LO, Cavalcanti P,
Ferreira G, Tamaio N (2011). Anatomical and molecular identification
of “guaco” Mikania glomerata and Mikania laevigata (Asteraceae),
two important medicinal species from Brazil. J. Med. Plants Res.
5:4579-4583.

Bertolucci SK, Pereira AB, Pinto JE, de Aquino Ribeiro JA, de Oliveira
AB, Braga FC (2008). Development and validation of an RP-HPLC
method for quantification of cinnamic acid derivatives and kaurane-
type diterpenes in Mikania laevigata and Mikania glomerata. Planta
Med. 75:280-285.

Biavatti MW, Koerich CA, Henck CH, Zucatelli E, Martineli FH, Bresolin
TB, Leite SN (2004). Coumarin content and physicochemical profile
of Mikania laevigata extracts. Z Naturforsch. 59:197-200.

Bighetti AE, Antonio MA, Kohn LK, Rehder VL, Foglio MA, Possenti A,
Vilela L, Carvalho JE (2005). Antiulcerogenic activity of a crude
hydroalcoholic extract and coumarin isolated from Mikania laevigata
Schultz Bip. Phytomed. 12:72-77.

Block LC, Scheidt C, Quintao NL, Santos AR, Cechinel-Filho V (1998).
Phytochemical and pharmacological analysis of different parts of
Wedelia paludosa DC. (Compositae). Pharmazie 53:716-718.

Bolina RC, Garcia EF, Duarte MGR (2009). Estudo comparativo da
composigdo quimica das espécies vegetais Mikania glomerata
Sprengel e Mikania laevigata Schultz Bip. ex Baker. Rev. Bras.
Farmacogn. 19:294-298.

Bortolomeazzi R, Sebastianutto N, Toniolo R, Pizzariello A (2007).
Comparative evaluation of the antioxidant capacity of smoke
flavouring phenols by crocin bleaching inhibition, DPPH radical
scavenging and oxidation potential Food Chem. 100:1481-1489.



Brasil (2005). Farmacopéia Brasileira 4 ed. S&o Paulo: Atheneu, VI,
monography 292:129-132.

Brasil (2006). Fitoterapia no SUS e o programa de pesquisas de
plantas medicinais da central de medicamentos. Ministério da
Saude, Brasilia-DF. P 47

Brasil (2007). Portaria GM n° 3.237. Aprova as normas de execugéo e
de financiamento da assisténcia farmacéutica na atengédo basica em
saude. Ministério da Salde. Brasilia-DF. P 6.

Brasil (2008a). Seminario internacional de préticas integrativas e
complementares em saude. Politica Nacional de Praticas Integrativas
e Complementares do SUS. Ministério da Salde, Brasilia. pp. 159-
177.

Brasil (2008b). ANVISA. Instrugdo normativa n° 5 de 11 de dezembro
de 2008 - Determina a lista de registro simplificado de fitoterapicos
no Brasil - Revoga o disposto da Resolugdo RE no 89 de 16 de
marco de 2004. D.O.U., Brasilia - DF. p 5.

Bueno PCP, Bastos JK (2009). A \validated capillary gas
chromatography method for guaco (Mikania glomerata S.) quality
control and rastreability: from plant biomass to phytomedicines. Rev.
Bras. Farmacogn. 19:218-223.

Cabral LM, dos Santos TC, Alhaique F (2001). Development of a
profitable procedure for the extraction of 2-H-1-benzopyran-2-one
(coumarin) from Mikania glomerata. Drug Dev. Ind. Pharm. 27:103-
106.

Castro EM (2002). Alteragdes anatémicas fisiologicas e fitoquimicas em
Mikania glomerata Sprengel (guaco) sob diferentes fotoperiodos e
niveis de sombreamento. PhD dissertation, Universidade Federal de
Lavras, Lavras, Brazil.

Castro EM, Pinto JEBP, Bertolucci SKV, Malta MR, Cardoso MG, Silva
FAM (2006). Coumarin contents in young Mikania glomerata plants
(guaco) under different radiation levels and photoperiod. Acta Farm.
Bonaer. 25:387-392.

Celeghini RMS, Vilegas JHY, Lancas FM (2001). Extraction and
quantitative HPLC analysis of coumarin in hydroalcoholic extracts of
Mikania glomerata Spreng. ("guaco") leaves. J. Braz. Chem. Soc.
12:706-709.

Celeghini RMS, Vilegas JHY, Langas FM (1999). Anadlise quantitativa
de cumarina em amostras comerciais de "guaco" por cromatografia
liquida de alta eficiéncia (CLAE). Planta Med. 1:23-28.

Ceolin ACG, Bratti C, Vieira, SCH, Scalon SPQ (2006). Organizagao
estrutural do caule de Mikania cordifolia, Mikania glomerata e
Mikania laevigata. Horticultura Brasileira 24:2637-2640.

Choi RJ, Shin EM, Jung HA, Choi JS, Kim YS (2011). Inhibitory effects
of kaurenoic acid from Aralia continentalis on LPS-induced
inflammatory response in RAW264.7 macrophages. Phytomedicine
18:677-682.

Coimbra R (1942). Notas de fitoterapia. L. C. S. A., Rio de Janeiro. P
130.

Contini SHT, Santos PA, Veneziani RCS, Pereira MAS, Franca SC,
Lopes NP, Oliveira DCR (2006). Differences in secondary
metabolites from leaf extracts of Mikania glomerata Sprengel
obtained by micropropagation and cuttings. Rev. Bras. Farmacogn.
16:596-598.

Cortez LER, Jacomossi E, Cortez DAG (1999). Levantamento de
plantas medicinais usadas na medicina popular de Umuarama, PR.
Arg. Ciencia Saude. 3:97-104.

Cunha KMD, Paiva LAF, Santos FA, Gramosa NV, Silveira ER, Rao
VSN (2003). Smooth muscle relaxant effect of kaurenoic acid, a
diterpene from Copaifera langsdorffii on rat uterus in vitro. Phytother.
Res. 17:320-324.

Duarte MC, Figueira GM, Sartoratto A, Rehder VL, Delarmelina C
(2005). Anti-candida activity of brazilian medicinal plants. J.
Ethnopharmacol. 97:305-311.

Duke JA, Godwin MB, Ottesen AR (2009). Duke’s handbook of
medicinal plants of Latin America. CCR Press, Boca Raton. P 449.
Farah MH, Samuelsson G (1992). Pharmacologically active

phenylpropanoids from Senra incana. Planta Med. 58:14-18.

Fierro IM, Silva AC, Lopes CS, Moura RS, Barja-Fidalgo C (1999).
Studies on the anti-allergic activity of Mikania glomerata. J.
Ethnopharmacol. 66:19-24.

Freitas TP, Silveira PC, Rocha LG, Rezin GT, Rocha J, Citadini-Zanette
V, Romao PT, Dal-Pizzol F, Pinho RA, Andrade VM, Streck EL

Gasparetto et al. 763

(2008). Effects of Mikania glomerata Spreng. and Mikania laevigata
Schultz Bip. ex Baker (Asteraceae) extracts on pulmonary
inflammation and oxidative stress caused by acute coal dust
exposure. J. Med. Food 11:761-7666.

Galvani FR, Barreneche ML (1994). Levantamento das espécies
vegetais utilizadas em medicina popular no municipio de Uruguaiana
(RS). Revista FZVA. 1:1-14.

Gasparetto JC, Campos FR, Budel JM, Pontarolo R (2010). Mikania
glomerata e M. laevigata: estudos agrondémicos, genéticos,
morfoanatémicos, quimicos, farmacolégicos, toxicolégicos e uso nos
programas de fitoterapia do Brasil - uma revisdo. Rev. Bras.
Farmacogn. 20:627-640.

Gasparetto JC, Francisco TMG, Campos FR, Pontarolo R (2011a).
Development and validation of two methods based on high
performance liquid chromatography-tandem mass spectrometry for
determining 1,2-benzopirone, dihydrocoumarin, o-coumaric acid,
syringaldehyde and kaurenoic acid in guaco extracts and
pharmaceutical preparations. J. Sep. Sci. 34:1-9.

Gasparetto JC, Pontarolo R, de Francisco TMG, Campos FR (2012).
Mikania glomerata and M. laevigata: Clinical and toxicological
advances. In: William Acree. Toxicity and drug testing. Intech, Rijeka.
pp. 297-320.

Gasparetto JC, de Francisco TMG, Campos FR, Pontarolo R (2011b).
Simultaneous determination of coumarin, o-coumaric acid,
dihydrocoumarin and syringaldehyde in guaco extracts and
pharmaceutical preparations by HPLC-DAD. Pharm. Anal. Acta.
2:145.

Graca C, Baggio CH, Freitas CS, Rattmann YD, de Souza LM, Cipriani
TR, Sassaki GL, Rieck L, Pontarolo R, da Silva-Santos JE, Marques
MC (2007). In vivo assessment of safety and mechanisms underlying
in vitro relaxation induced by Mikania laevigata Schultz Bip. ex Baker
in the rat trachea. J. Ethnopharmacol. 112:430-439.

Gu YH, Xue K (2010). Direct oxidative cyclization of 3-arylpropionic
acids using PIFA or oxone: synthesis of 3, 4-dihydrocoumarins.
Tetrahedron Lett. 51:192-196.

Guimaraes J, Medeiros JC, Vieira LA (2006). Programa fitoterapico
farmacia viva no SUS-Betim. Divulgagdo em salde para debate
36:41-47.

Hoult JRS, Paya M (1996). Pharmacological and biochemical actions of
simple coumarins: Natural products with therapeutic potential. Gen.
Pharmacol. 27:713-722.

Lacy A, O'Kennedy R (2004). Studies on coumarins and coumarin-
related compounds to determine their therapeutic role in the
treatment of cancer. Curr. Pharm. Des. 10:3797-3811.

Lima NP, Biasi LA (2002). Estaquia semilhenosa e comparagéo de
metabolitos secundérios em Mikania glomerata Sprengel e Mikania
laevigata Schultz Bip. Ex Baker. Scientia Agraria 3:113-132.

Lima NP (2003). Estaquia semilhenosa e andlise de metabdlitos
secundarios de guaco (Mikania glomerata Sprengel e Mikania
laevigata Schultz Bip. Ex Baker). Rev. Bras. Plantas Med. 5:47-54.

Lucas V (1942). Estudo farmacognéstico do guaco Mikania glomerata
Sprengel. Revista Flora Med. 9:101-132.

Luize PS, Tiuman TS, Morello LG, Ueda-Nakamura T, Dias-Filho BP,
Cortez DAG, Mello JCP, Nakamura CV (2005). Effects of medicinal
plant extracts on growth of Leishmania (L.) mazonensis and
Trypanosoma cruzi. Rev. Bras. Cienc. Farm. 41:85-94.

Maiorano VA, Marcussi S, Daher MA, Oliveira CZ, Couto LB, Gomes
OA, Franca SC, Soares AM, Pereira PS (2005). Antiophidian
properties of the aqueous extract of Mikania glomerata. J.
Ethnopharmacol. 102:364-370.

Mamani MC, Aleixo LM, de Abreu MF, Rath S (2005). Simultaneous
determination of cadmium and lead in medicinal plants by anodic
stripping voltammetry. J. Pharm. Biomed. Anal. 37:709-713.

Matos FJA (2000). Plantas medicinais: Guia de selegdo e emprego de
plantas usadas em fitoterapia no nordeste do Brasil. 2 ed. Fortaleza:
Imprensa Universitaria - UFC. P 394.

Moraes MD, Monteiro R (2006). A familia Asteraceae na planicie
litoranea de Picinguaba municipio de Ubatuba, Sdo Paulo. Hoehnea
33:41-78.

Muceneeki RS, Amorim CM, Cesca TG, Biavatti MW, Bresolin TB
(2009). A simple and validated LC method for the simultaneous
determination of three compounds in Mikania laevigata extracts.



Chromatographia 69:219-223.

Napimoga MH, Yatsuda R (2010). Scientific evidence for Mikania
laevigata and Mikania glomerata as a pharmacological tool. J.
Pharm. Pharmacol. 62:809-820.

Neves LJ, Sa MFA (1991). Contribuicdo ao estudo de plantas
medicinais Mikania glomerata Spreng. Rev. Bras. Farm. 72:42-47.
Ogava SEN, Pinto MTC, Kikuchi T, Menegueti VAF, Martins DCB,
Coelho SAD, Marques MJNJ, Virmond JCS, Monteschio P, D aquino
M, Marques LC (2003). Implantagdo do programa de fitoterapia
"Verde Vida" na secretaria de salde de Maringa. Rev. Bras.

Farmacogn. 13:58-62.

Oliveira F, Alvarenga MA, Akisue G, Akisue MK (1984). Isolamento e
identificagdo de componentes quimicos de Mikania glomerata
Sprengel e de Mikania laevigata Schultz Bip. ex Baker. Rev. Farm.
Bioquim. Univ. 20:169-183.

Oliveira F, Akisue G, Akisue MK, Mancini B, Chumzum M (1985).
Morfodiagnose do guaco - Mikania glomerata Sprengel -
Compositae. Rev. Cien. Farm. 7:17-26.

Oliveira F, Akisue G, Akisue MK, Jorge LIF (1986). Morfodiagnose das
folhas e das partes reprodutivas de Mikania laevigata Shultz Bip ex
Baker. Rev. Bras. Farmacogn. 1:20-34.

Oliveira F, Saito ML, Garcia LO (1993). Caracterizagao cromatografica
em camada delgada do extrato fluido de guaco - Mikania glomerata
Sprengel. Lecta-USF. 11:43-55.

Oliveira MJR, Simdes MJS, Sassi CRR (2006). Fitoterapia no sistema
de saude publica (SUS) no estado de S&o Paulo, Brasil. Rev. Bras.
Plantas Med. 8:39-41.

Osorio AC (2004). Determinagéo de cumarina em extrato fluido e tintura
de guaco por espectrofotometria derivada de primeira ordem. Rev.
Bras. Cienc. Farm. 40:481-486.

Paiva LAF, Gurgel LA, Silva RM, Tome AR, Gramosa NV, Silveira ER,
Santos FA, Rao VSN (2002). Anti-inflammatory effect of kaurenoic
acid, a diterpene from Copaifera langsdorffii on acetic acid-induced
colitis in rats. Vasc. Pharmacol. 39:303-307.

Pedroso APD, Santos SC, Steil AA, Deschamps F, Barison A, Campos
F, Biavatti MW (2008). Isolation of syringaldehyde from Mikania
laevigata medicinal extract and its influence on the fatty acid profile of
mice. Rev. Bras. Farmacogn. 18:63-69.

Peregrino CAF, Leitdo SG (2005). Chromatographical profiles of fluid
extracts and tinctures obtained from Mikania glomerata Sprengel
sterilized by gamma ray irradiation. Rev. Bras. Farmacogn. 15:237-
242.

Pereira NA, Pereira BMR, Nascimento MC, Parente JP, Mors WB
(1994). Pharmacological screening of plants recommended by folk
medicine as anti-snake venom; IV. Protection against jararaca venom
by isolated constituints. Planta Med. 60:99-100.

Pereira AMS, Menezes Jr A, Camara FLA, Franca SC (1998). Influence
of fertilizer on coumarin content and biomass production in Mikania
glomerata Sprengel. J. Herb Spices Med. Plants 6:29-36.

Pereira AMS, Camara FLA, Celeghini RMS, Vilegas JHY, Lan¢as FM,
Franga SC (2000). Seasonal variation in coumarin content Mikania
glomerata. J. Herbs Spices Med. Plants 7:1-10.

Pires AM, Borella JC (2004). Pratica alternativa de saude na atencao
bésica da rede SUS de Riberirdo Preto (SP). Divulgagcdo em Saude
para Debate 30:56-58.

Radunz LL (2004). Efeito da temperatura do ar de secagem no teor e
na composi¢céo dos 6leos essenciais de guaco (Mikania glomerata
Sprengel) e hortela-comum (Mentha x villosa Huds). PhD
Dissertation, Universidade Federal de Vigosa, Vigosa, Brazil. P 90.

Ramanitrahasimbola D, Rakotondramanana DA, Rasoanaivo P,
Randriantsoa A, Ratsimamanga S, Palazzino G, Galeffi C, Nicoletti M
(2005). Bronchodilator activity of Phymatodes scolopendria (Burm.)
ching and its bioactive constituent. J. Ethnopharmacol. 102:400-407.

Rehder VL, Sartoratto A, Rodrigues MVN (2006). Essential oils
composition from leaves, inflorescences and seeds of Mikania
laevigata Schultz Bip. ex Baker and Mikania glomerata Sprengel.
Planta Med. 8:116-118.

Ritter MR, Miotto STS (2005). Taxonomia de Mikania Willd.
(Asteraceae) no Rio Grande do Sul, Brasil. Hoehnea 32:309-359.

Rocha |, Lucio EMA, Franga HS, Sharapin N (2008). Mikania glomerata
Spreng: Desenvolvimento de um produto fitoterapico. Rev. Bras.
Farmacogn. 18:744-747.

Ruppelt BM, Pereira EF, Goncalves LC, Pereira NA (1991).
Pharmacological screening of plants recommended by folk medicine
as anti-snake venom: |. Analgesic and anti-inflammatory activities.
Mem. Inst. Oswaldo Cruz 86:203-205.

Santos PA, Pereira MAS, Franga SC, Lopes NP (1999). Esterdides e
cumarina em calos de Mikania glomerata Sprengel. Rev. Bras.
Ciénc. Farmcogn. 35:231- 235.

Santos SC (2005). Caracterizagdo cromatografica de extratos
medicinais de guaco: Mikania laevigata SCHULTZ Bip. EX BAKER e
Mikania glomerata SPRENGEL e agao de M. laevigata na inflamagéao
alérgica pulmonar. MSc Dissertation, Universidade do Vale do ltajai,
Itajai, Brazil. P 81.

Santos SC, Krueger CL, Steil AA, Krueger MR, Biavatti MW, Wisnewski
Junior A (2006). LC characterisation of guaco medicinal extracts,
Mikania laevigata and Mikania glomerata, and their effects on allergic
pneumonitis. Planta Med. 72:679-684.

Schenkel EP, Richer G, Manns D, Falkenberg MB, Matzenbacher NI,
Sobral M, Mentz LA, L. BSA, Heinzmann BM (2002). Screening of
Brazilian plants for the presence of peroxides. Rev. Bras. Ciénc.
Farmacogn. 38:191-196.

Secretaria Municipal da Saude de Campinas SES Campinas, (2001).
Departamento de Saude. Portaria Municipal 13/01. Programa de
Praticas Integrativas e Complementares de Campinas. Campinas-
SP. pp. 1-9.

Secretaria Municipal da Saude de Cuiaba (SES Cuiaba) (2004). Lei
Municipal n®. 4.188. Programa de Fitoterapicos e Plantas Medicinais.
Cuiaba-MT. pp. 1-7

Secretaria Estadual da Saude do Rio de Janeiro SES Rio de Janeiro,
(1996). Subsecretaria de agdes e servigos de salde. Geréncia de
préticas integrativas e complementares. Lei Estadual n® 2.537.
Programa Estadual de Plantas Medicinais, Rio de Janeiro-RJ. pp. 1-
7.

Silva CR, Gomes VS, Kulkamp IC, Kanis LA (2008). Método
espectroscopico para determinagdo de cumarina em xarope de
Mikania glomerata Sprengel. Rev. Bras. Farmacogn. 18:594-599.

Silva MIG, Gondim APS, Nunes IFS, Souza FCF (2006). Utilizagao de
fitoterapicos nas unidades basicas de atencéo a saude da familia no
municipio de Maracanau (CE). Rev. Bras. Farmacogn. 16:455-462.

Soares de Moura R, Costa SS, Jansen JM, Silva CA, Lopes CS,
Bernardo-Filho M, Nascimento da Silva V, Criddle DN, Portela BN,
Rubenich LM, Araujo RG, Carvalho LC (2002). Bronchodilator activity
of Mikania glomerata Sprengel on human bronchi and guinea-pig
trachea. J. Pharm. Pharmacol. 54:249-256.

Souza GS, Castro EM, Pinto JEBP, Alves E, Biagiotti G, Deuner S
(2007). Estrutura foliar e de cloroplastideos de Mikania laevigata
Shultz Bip. ex Baker em diferentes condi¢cées de qualidade de luz.
Rev. Bras. Bioc. 5:78-80.

Stanikunaite R, Khan S, Trappe JM, Ross SA (2009). Cyclooxygenase-
2 inhibitory and antioxidant compounds from the truffle Elaphomyces
granulatus. Phytother. Res. 23:575-578.

Suyenaga ES, Reche E, Farias FM, Schapoval EE, Chaves CG,
Henriques AT (2002). Antiinflammatory investigation of some species
of Mikania. Phytother. Res. 16:519-523.

Taufner CF, Ferrago EB, Ribeiro LF (2006). Uso de plantas medicinais
como alternativa fitoterdpica nas unidades de saude publica de
Santa Teresa e Marilandia, ES. Natureza online. 4:30-39.

Teske M, Tretine AMM (1997). Herbarium Compéndio de Fitoterapia.
Herbarium, Curitiba. pp. 73-76.

Thornes RD, Daly L, Lynch G, Breslin B, Browne H, Browne HY,
Corrigan T, Daly P, Edwards G, Gaffney E, Henley J, Healy T, Keane
F, Lennon F, Mcmurray N, Oloughlin S, Shine M, Tanner A (1994).
Treatment with coumarin to prevent or delay recurrence of malignant-
melanoma. J. Can. Res. Clin. Oncol. 120:S32-S34.

Thornes RD, Lynch G, Sheehan MW (1982). Cimetidine and coumarin
therapy of melanoma. Lancet 320:328.

Tirapelli CR, Ambrosio SR, da Costa FB, Coutinho ST, de Oliveira
DCR, de Oliveira AM (2004). Analysis of the mechanisms underlying
the vasorelaxant action of kaurenoic acid in the isolated rat aorta.
Eur. J. Pharmacol. 492:233-241.

Tirapelli CR, Ambrosio SR, da Costa FB, de Oliveira AM (2002). Inhibit-
ory action of kaurenoic acid from Viguiera robusta (Asteraceae) on
phenylephrine-induced rat carotid contraction. Fitoterapia. 73:56-62.



Veneziani RCS, Camilo D, Oliveira R (1999). Constituents of Mikania
glomerata Sprengel. Biochem. Syst. Ecol. 27:99-102.

Vilegas JHY, de Marchi E, Lancas FM (1997a). Determination of
coumarin and kaurenoic acid in Mikania glomerata ('guaco’) leaves
by capillary gas chromatography. Phytochem. Anal. 8:74-77.

Vilegas JHY, Marchi E, Langas FM (1997b). Extraction of low-polarity
compounds (with emphasis on coumarin and kaurenoic acid) from
Mikania glomerata (“guaco”) leaves. Phytochem. Anal. 8:266-270.

Yatsuda R, Rosalen PL, Cury JA, Murata RM, Rehder VL, Melo LV, Koo
H (2005). Effects of Mikania genus plants on growth and cell
adherence of mutans streptococci. J. Ethnopharmacol. 97:183-189.



