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Piper solmsianum C. DC. var. solmsianum (Piperaceae) is a shrub commonly found in
areas with wet tropical soils. Other Piper species have been used in folk medicine as antitu-
moral and antiseptic agents. We studied the crude methanolic extract, some organic fractions
and compounds isolated from this plant for possible antimicrobial activity against Gram-
positive and Gram-negative bacteria. The bioautographic assays disclosed three inhibition
zones. The minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBC) were determined showing excellent activity, particularly against the Gram-positive
bacteria (Bacillus cereus, Staphylococcus aureus, Staphylococcus saprophyticus and Strepto-
coccus agalactiae). It appears that the antimicrobial activity of Piper solmsianum is related
mainly to the presence of conocarpan and eupomatenoid-5 (neolignans). However another,
as yet unidentified, active compound could also be extracted from the plant.
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Introduction

The Piperaceae is a large family of plants, which
have been used in a variety of medicinal and pest
control applications (Chauret, 1996). The family
comprises about 10 genera and approx. 2000 spe-
cies. These are plants with a mainly tropical distri-
bution and most of them are herbaceous (Evans,
1991). The two larger genera of the family, Piper
and Peperomia, are well-represented in Brazilian
flora (Joly, 1998).

The plants belonging to the genus Piper are
widely used in folk medicine for the treatment of
rheumatism, toothache, epilepsy and stomach ache
(Hou et al. 1989), anxiety disorders (Singh and
Singh, 2002; Tonks, 2003), as anti-inflammatories
(Sosa et al., 2002), and antioxidants (Choudhary
and Kale, 2002). Besides these uses, it has been
reported that extracts and/or essential oils of many
species of this genus are potential antimicrobial
sources (Bruneton, 1991; Costa, 1994; Costantin et
al., 2001; Dorman and Deans, 2000; Holetz et al.,
2002; Lentz et al., 1998; Lopez et al., 2001; Orjala
et al., 1993; Perez and Anesini, 1994; Shitut et al.,
1999; Tirillini et al., 1996).
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These biological properties can generally be at-
tributed to the presence of lignans and/or amides,
such as alkylic or olefinic isobutylamides (Chau-
ret, 1996; Freixa et al., 2001; Maxwell et al., 1999).

Piper solmsianum (syn. P. leucathum or P. san-
tosanum) is a shrub, known popularly as “paripa-
roba” in Brazil. The biological properties of this
plant have not yet been completely investigated.
Phytochemical studies have indicated the presence
of aliphatic hydrocarbons, monoterpenes, sesqui-
terpenes, arylpropanoids, neolignans (Martins et
al., 2000; Moreira et al., 1995, 2001) and flavonoids
(Campos et al., 2005).

In this study, we investigated the antibacterial
activity of Piper solmsianum by using minimal in-
hibitory concentration (MIC) and minimal bac-
tericidal concentration (MBC) methods.

Material and Methods

Plant material

Piper solmsianum C. DC. var. solmsianum (Pi-
peraceae) was collected (May, 2001) in Ponta
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Grossa, in the state of Paraná, Brazil. A voucher
specimen is deposited in the “Barbosa Rodrigues
Herbarium” under the number HBR 52537.

Phytochemical analysis

The plant P. solmsianum was extracted, fraction-
ated and purified as previously described by Cam-
pos and co-workers (2005).

The leaves were macerated at room tempera-
ture for one week in methanol. The crude metha-
nolic extract (CME) was concentrated in an eva-
porator under reduced pressure. The residue was
then suspended in water and successively parti-
tioned with n-hexane, dichloromethane (DCM)
and ethyl acetate (EtOAc), affording respective
fractions (Hexane Fr., DCM Fr. and EtOAc Fr.).

The hexane fraction was fractionated using silica
gel column chromatography with the following
elutents: a gradient of n-hexane, n-hexane/ethyl
acetate, ethyl acetate/methanol with increasing po-
larity and methanol. Sub-fractions were later re-
chromatographed as in previous cases and eluted
with n-hexane, n-hexane/ethyl acetate gradient
and ethyl acetate, yielding eupomatenoid-3 (1)
and eupomatenoid-5 (2).

The dichloromethane fraction was similarly
chromatographed and eluted with increasing
amounts of n-hexane in ethyl acetate and ethyl ac-
etate/methanol, yielding conocarpan (3).

Also, the ethyl acetate fraction was fractionated
on a silica gel column eluted with a chloroform/
methanol gradient giving several sub-fractions,
some of which exhibited a positive test for flavon-
oids with FeCl3, and with a mixture of ethyl ac-
etate (25 mL)/acetone (8 mL)/water (2 mL) yield-
ing the flavone orientin (4) together with two
flavonoids not yet identified.

The identification of the isolated compounds
was performed by analyses of melting points, IR
spectra, 1H and 13C NMR spectra as well as com-
parison of the physical data with those reported in
the literature.

Thin layer chromatography (TLC)

Silica gel 60 F254 aluminium sheets (Merck)
were used for TLC. Dilutions corresponding to
10 μg of the reference compounds and 20 μg of the
plant extract and fractions were applied. The TLC
plates were developed with four different solvent
systems: n-hexane/ethyl acetate (85 : 15), n-hexane/
ethyl acetate (9 :1), chloroform/methanol (9 :1)

and chloroform/methanol/water (65 : 35 : 5). The
chromatograms were dried using a hair dryer in
order to completely remove the solvents. All the
TLC plates were run in duplicate; one of them was
used as the reference chromatogram. UV-active
spots were detected at 254 and 366 nm.

Microorganisms

To determine antibacterial activity, the following
microorganisms were used:

Bacillus cereus (ATCC 14579), Enterobacter
cloacae (ATCC 35030), Escherichia coli (ATCC
11775), Pseudomonas aeruginosa (ATCC 27853),
Salmonella typhimurium (ATCC 14028), Staphylo-
coccus aureus (ATCC 6538P), Staphylococcus sap-
rophyticus (ATCC 35552) and Streptococcus aga-
lactiae (ATCC 13813). These were purchased from
the tropical culture coliection of “André Tosello
Technology and Research Tropical Foundation”,
Campinas, State of São Paulo, Brazil.

Bioautography

A suspension of Staphylococcus aureus at a final
concentration of 106 cells/mL in Mueller-Hinton
agar (Merck) (inoculum), maintained at 37 ∞C, was
applied to the developed plate. Chromatograms
were placed on a hot plate maintained at 37 ∞C.
Approx. 10 mL of the inoculum was rapidly dis-
tributed over the TLC plate (10 ¥ 10 cm) using a
sterile pipette. After solidification of the medium,
the TLC plates were incubated overnight at 37 ∞C
in polyethylene boxes lined with moist chromato-
graphy paper. The bioautograms were sprayed
with an aqueous solution (2.5 mg/mL) of 2,3,5-tri-
phenyltetrazolium chloride and incubated for 4 h
at 37 ∞C. Clear inhibition zones were observed
against a dark background.

Quantitative antimicrobial evaluation

The minimal inhibitory concentration (MIC) of
the extract, fractions and compounds of Piper
solmsianum was determined for Gram-positive
and Gram-negative bacteria, using the two-fold se-
rial agar dilution assay in concentrations ranging
from 1 μg/mL to 1000 μg/mL. The tested extracts
were added to sterile Mueller-Hinton agar me-
dium dissolved in dimethylsulfoxide (DMSO)/wa-
ter (1:1). Solvent blanks were included.

The MIC values were taken as the lowest con-
centration of extract, fractions, or compounds that
inhibited the growth of the organism after 24 h of
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incubation at 37 ∞C and the minimal bactericidal
concentration (MBC) was determined by subcul-
ture of the tube with inhibition in an appropriate
agar plate. When the microorganism did not grow,
the product was considered as bactericide.

Results and Discussion

The phytochemical investigation of Piper solm-
sianum led to the isolation and identification of
four pure compounds: eupomatenoid-3 (1), eupo-
matenoid-5 (2), conocarpan (3) and orientin (4).
Their structural elucidation was based on the com-
parison of the physical and spectral data (m.p., IR,
1H and 13C NMR) with those reported in the lit-
erature. The compounds eupomatenoid-3 (1)
(Maxwell et al., 1999; Pessini et al., 2003), eupoma-
tenoid-5 (2) (Chauret et al., 1996; Freixa et al.,
2001; Maxwell et al., 1999; Pessini et al., 2003), and
conocarpan (3) (Benevides et al., 1999; Chauret et
al., 1996; Freixa et al., 2001; Maxwell et al., 1999;
Pessini et al., 2003) have been found in other spe-
cies of Piper. However, we were the first to dem-
onstrate the presence of the flavonoid orientin (4)
in this genus (Campos et al., 2005).

For the direct bioautographic assay, those sol-
vent systems were selected that presented the best
resolutions in the chromatograms; these were n-
hexane/ethyl acetate (85 :15) and chloroform/
methanol (9 :1).

A recent study carried out in our laboratories
revealed that Piper solmsianum possesses potent

Table I. Antimicrobial activity of Piper solmsianum extract, fractions and compounds against Gram-positive and
Gram-negative bacteria expressed as minimal inhibitory concentration (MIC).

Material MIC [μg/mL]
tested

Gram-positive bacteria Gram-negative bacteria

B.c. S.a. S.s. S.ag. E.cl. E.c. P.a. S.t.

CME 10 10 30 6 > 1000 > 1000 > 1000 > 1000
Hexane Fr. 20 20 100 10 > 1000 > 1000 > 1000 > 1000
DCM Fr. 20 9 30 6 > 1000 > 1000 > 1000 > 1000
EtOAc Fr. 800 > 1000 > 1000 300 > 1000 > 1000 > 1000 > 1000
1 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000
2 6 3 > 1000 2 > 1000 > 1000 > 1000 > 1000
3 5 4 7 4 > 1000 > 1000 > 1000 > 1000
4 > 1000 200 600 1000 > 1000 > 1000 > 1000 > 1000
Amoxicillin nt nt nt nt 4 6 2 1
Vancomycin 0.7 2 2 0.8 nt nt nt nt

CME, crude methanolic extract; Hexane Fr., hexane fraction; DCM Fr., dichloromethane fraction; EtOAc Fr., ethyl
acetate fraction; 1, eupomatenoid-3; 2, eupomatenoid-5; 3, conocarpan; 4, orientin; nt, not tested; B.c., Bacillus
cereus; S.a., Staphylococcus aureus; S.s., Staphylococcus saprophyticus; S.ag., Streptococcus agalactiae; E.cl., Entero-
bacter cloacae; E.c., Escherichia coli; P.a., Pseudomonas aeruginosa; S.t., Salmonella typhimurium.

antifungal activity (Campos et al., 2005). Also, in
a preliminary study, it was verified that the plant
extract was active against Gram-positive bacteria
and therefore a bioautographic assay was per-
formed with Staphylococcus aureus where inhibi-
tion zones were observed against microorganism,
particularly in the chromatogram zones corre-
sponding to the non-polar chemical constituents
giving positive reactions for the neolignans.

We found three different inhibition zones. One
corresponds to compound 2, and the other is due
to compound 3, while the third inhibition zone
consists of an unidentified compound. In the direct
bioautographic assay, the activity found in the
CME and in the hexane and DCM fractions indi-
cated that compounds 2 and 3 and one other com-
pound not yet identified must be present.

When the extract, fractions and pure com-
pounds showed MIC values � 1000 μg/mL, they
were considered active. Table I shows the results
obtained by the in vitro agar dilution method. The
starting material (CME) of Piper solmsianum in-
hibited the growth of the B. cereus, S. aureus,
S. saprophyticus and S. agalactiae strains with MIC
values of 10, 10, 30 and 6 μg/mL, respectively. This
activity also was verified for the hexane and DCM
fractions, however, the EtOAc fraction was practi-
cally inactive against the microorganisms tested,
except for B. cereus and S. agalactiae with MIC
values of 800 and 300 μg/mL, respectively.

Regarding the minimal bactericidal concentra-
tion, the profile of antimicrobial activity was, in
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Table II. Antimicrobial activity of Piper solmsianum extract, fractions and compounds against Gram-positive and
Gram-negative bacteria expressed as minimal bactericidal concentration (MBC).

Material MBC [μg/mL]
tested

Gram-positive bacteria Gram-negative bacteria

B.c. S.a. S.s. S.ag. E.cl. E.c. P.a. S.t.

CME 20 20 50 50 > 1000 > 1000 > 1000 > 1000
Hexane Fr. 30 30 > 1000 80 > 1000 > 1000 > 1000 > 1000
DCM Fr. 20 10 60 20 > 1000 > 1000 > 1000 > 1000
EtOAc Fr. 900 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000
1 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000
2 5 5 > 1000 6 > 1000 > 1000 > 1000 > 1000
3 6 6 10 8 > 1000 > 1000 > 1000 > 1000
4 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

CME, crude methanolic extract; Hexane Fr., hexane fraction; DCM Fr., dichloromethane fraction; EtOAc Fr., ethyl
acetate fraction; 1, eupomatenoid-3; 2, eupomatenoid-5; 3, conocarpan; 4, orientin; B.c., Bacillus cereus; S.a., Staphy-
lococcus aureus; S.s., Staphylococcus saprophyticus; S.ag., Streptococcus agalactiae; E.cl., Enterobacter cloacae; E.c.,
Escherichia coli; P.a., Pseudomonas aeruginosa; S.t., Salmonella typhimurium.

general, similar to the MIC values, as expected
(Table II).

No activity was observed against Gram-negative
bacteria. This can be explained because the outer
membrane of Gram-negative bacteria is known to
present a barrier to the penetration of numerous
antibiotic molecules, and the periplasmic space
contains enzymes which are able of breaking down
foreign molecules introduced from the outside
(Duffy and Power, 2001; Poole, 1994; Schaechter
et al., 1999).

Many Gram-negative organisms exhibit intrinsic
high-level resistance to a range of antibiotics,
which supports the role of the outer membrane
and active efflux as a barrier to antibiotics (Han-
cock and Bell, 1988; Köhler et al., 1999; Nikaido,
1989, 1994; Van Bembeke et al., 2003).

Antimicrobial activity in species of the Pipera-
ceae family has been found for amides, essential
oils, lignans, alkaloids, phenylpropanoids, neolig-
nans and chromene (Benevides et al., 1999; Cos-
tantin et al., 2001; Dorman and Deans, 2000; Ma-
suda et al., 1991). Compounds 2 and 3 exhibited
the widest activity. The Gram-positive bacteria
were more sensitive to conocarpan, which showed
MBC values of 6 μg/mL against B. cereus and
S. aureus, 10 μg/mL against S. saprophyticus and
8 μg/mL against S. agalactiae. Compound 2
showed a MBC value of 5 μg/mL against B. cereus
and S. aureus and 6 μg/mL against S. agalactiae. In
addition, compounds 2 and 3 presented excellent
activity against Gram-positive bacteria, with a po-
tency similar to the antibiotics used in antimicro-

bial therapeutics, as can be observed in Tables I
and II.

Compound 4 (flavonoid) was obtained from the
ethyl acetate fraction and the MIC value was
200 μg/mL against S. aureus, 600 μg/mL against S.
saprophyticus and 1000 μg/mL against S. agalac-
tiae; however, the MBC values were very high.

The neolignans present in Piper solmsianum
may be the main factor responsible for the anti-
microbial activity of this plant, however, no activ-
ity was observed for compound 1 against the mi-
croorganisms tested.

Freixa et al. (2001) suggested that the absence
of a methoxy group at the 3 position of the phenyl-
propenyl-benzofuran structure and the saturation
of the 2,3 bond plays an important role in the anti-
microbial activity. Our results suggest that the
presence of a hydroxy group at the 4 position of
the phenyl-propenyl-benzofuran structure can
play a more important role in the antimicrobial
activity. Hence, when this group is absent, no ac-
tivity was observed.

Interestingly, the more potent inhibitory effects
were observed with fractions and isolated com-
pounds of lower polarity, which may have proper-
ties enabling them to penetrate the cells and inter-
fere with metabolic processes.

In conclusion, the antibacterial activity of P.
solmsianum seems to be related mainly to com-
pounds 2 and 3 (neolignans), however, other ac-
tive compounds can be present. The antimicrobial
activity of the neolignans may be related to the
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presence of a hydroxy group at the 4 position of
the phenyl-propenyl-benzofuran structure.

Further studies are currently in progress to
verify the mechanism of antimicrobial action and
to identify other active compounds present in
this plant.
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(1995), Constituintes quı́micos de Piper solmsianum
C. DC. (Piperaceae). Rev. Bras. Farm. 76, 106Ð109.

Moreira D. L., Souza P. O., Kaplan M. A., Pereira N. A.,
Cardoso G. L., and Guimarães E. F. (2001), Effect of
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