
Antifungal Compounds from Piper Species

Wen-Hui Xu1 and Xing-Cong Li2,*

1Key Laboratory for Forest Resources Conservation and Utilization in the Southwest Mountains of
China, Ministry of Education, Southwest Forestry University, Kunming 650224, China
2National Center for Natural Products Research, Research Institute of Pharmaceutical Sciences,
School of Pharmacy, The University of Mississippi, University, MS 38677, USA

Abstract
This review documents chemical structures and antifungal activities of 68 compounds isolated
from 22 Piper species of the plant family Piperaceae. These compounds include amides,
flavonoids, prenylated benzoic acid derivatives, lignans, phenylpropanoids, butenolides, and
cyclopentendiones. Some of them may serve as leads for potential pharmaceutical or agricultural
fungicide development.
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INTRODUCTION
Piper is a big genus of the plant family Piperaceae, with more than 700 species widely
distributed in the tropical and subtropical regions of the world. Some species are used in folk
medicine as analgesics, antiseptics, insecticides, and antimicrobials or for the treatment of
toothache, haemorrhoids, dysmenorrhea, and wound [1–4]. Extensive chemical studies on
Piper species have resulted in the isolation of a large number of structurally diverse
compounds. A previous review by Parmar V et al. has covered about 600 compounds
isolated from this genus for the period of 1907 to 1996 [1]. In recent years, a number of
compounds from Piper species have been reported to possess significant antifungal
activities. Thus, this review attempts to document chemical structures and antifungal
activities of these compounds, with the aim of providing useful information for potential
pharmaceutical or agricultural fungicide development. The antifungal compounds are
classified into amides, flavonoids, prenylated benzoic acid derivatives, lignans,
phenylpropanoids, butenolides, and cyclopentendiones. The trivial names of the compounds
that are available in the literature have been provided.

AMIDES
Amides 1–3 and 4–10 were isolated from the stems of P. hispidum and the seeds of P.
tuberculatum, respectively, and tested for antifungal activity against Cladosporium
sphaerospermum by the TLC bioautography method. The minimum amount required
(MAR) for inhibition of compounds 1–10 are 5.0, 5.0, 5.0, 5.0, 0.1, 5.0, 1.0, 5.0, 5.0, and 5.0
μg, respectively [5]. Compound 5 is 5-fold more potent than the positive controls nystatin
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and miconazole, both of which show an MAR of 0.5 μg. The potent antifungal activity of
this compound may be attributed to the α,β-unsaturated piperidinone moiety. It is also
interesting to note that analogous compounds 4 and 6 (piplarine) bearing a double bond (cis
or trans) between the carbonyl group and the aromatic ring show significantly reduced
activity by 50-fold, which may be caused by the decreased electrophilicity of the α,β-
unsaturated piperidinone moiety.

N-[7-(3′,4′-methylenedioxyphenyl)-2(Z),4(Z)-heptadienoyl]pyrrolidine (11) was isolated
from a methylene chloride extract of the leaves of P. hispidum by antifungal activity-guided
fractionation [6]. The structural difference between compounds 11 and 1 lies in the amide
moiety, with the latter possessing an isobutyl group. Compound 11 showed an antifungal
activity against C. sphaerospermum that is one eighth of miconazole, similar to compound 1
that is one fifth of miconazole [5].

Amides 12–15 isolated from the Brazilian plant P. arboretum showed antifungal activity
against C. sphaerospermum with MARs of 10, 5.0, 0.1, and 5.0 μg, respectively, while
amide 16 from P. tuberculatum exhibited an MAR of 10 μg against C. cladosporioides [7].
The potent antifungal activity of compound 14 indicates that 5-(3′,4′-
methylenedioxyphenyl)-2(E),4(E)-pentadienoyl moiety is important. However, amide 7 that
has the same acyl moiety but with a piperidinyl moiety is 10-fold less active (MAR, 1.0 μg),
indicating that the pyrrolidinyl moiety in compound 14 also plays a key role for antifungal
activity.

Amides 17–24 isolated from the leaves of P. scutifolium showed varying degrees of
antifungal activities against C. sphaerospermum and C. cladosporioides [8], providing
further information on the structure-activity relationship (SAR) of this class of compounds.
Among the eight compounds, isopiperlonguminine (17) is the most potent, with an MAR of
0.25 μg. Piperlonguminine (18), piperovatine (19), and corcovadine (20) are equipotent with
the positive controls nystatin and miconazole (MARs, 1.0 μg). It appears that the geometric
configurations of the double bonds in these compounds are associated with antifungal
activity. The aromatic lactam piperolactum (24) is the least active.

Several amides were isolated from the roots of P. sarmentosum and tested for antifungal
activity against Candida albicans using a method modified from the soluble formazan assay.
Only brachyamide B (25) and sarmentosine (26) showed marginal antifungal activity with
50% growth inhibitory concentration (IC50) of 41.82 and 32.82 μg/ml, respectively [2]. The
positive control amphotericin B gave an IC50 of 0.01μg/ml.

The aristolactams piperumbellactam D (27) and N-hydroxyaristolam II (28) isolated from
the branches of P. rumbellatum showed antifungal activity against Aspergillus flavus,
Trichophyton longifusus, Microsporum canis, Fusarium solani, C. albicans, and C. glabrata
using the agar tube dilution method. They exhibited higher antifungal activity than
amphotericin B against A. flavus and T. longifusus in terms of inhibition rates at fixed
sample concentrations [3].

FLAVONOIDS
In a bioassay-guided isolation study, the flavanones sakuranetin (29) and naringenin (30)
were isolated from the leaves of P. crassinervium and tested for antifungal activity using the
TLC bioautography method. Compound 29 gave an MAR of 1.0 μg against both C.
sphaerospermum and C. cladosporioides, the same MAR generated by the positive control
nystantin, while Compound 30 afforded MAR of 1.0 and 5.0 μg, respectively [9].
Compound 29 was also isolated as an antifungal constituent from P. lhotzkyanum [10] and
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P. marginatum [11]. The analog 5,7-dihydroxy-4′-methoxyflavanone (31) isolated from P.
marginatum [11] also demonstrated the same antifungal activity as sakuranetin against the
aforementioned two fungal pathogens. When both 7,4′-dihydoxy groups in compound 30 are
methylated, the resultant compound (7,4′-dimethoxy-5-hydroxy-flavanone, 32) showed
decreased antifungal activity by 25-fold [11].

From the Brazilian plant P. solmsianu, orientin (33), a favone C-glucoside, was isolated and
showed good antifungal activity against M. canis, M. gypseum, T. mentagrophytes, T.
rubrum, and Epidermophyton flocosum in an agar dilution assay with minimal inhibitory
concentration (MICs) of 7, 9, 8, 8, and 9 μg/ml, comparable to the positive control
ketoconazole with MICs of 8, 6, 8, 3, and >15 μg/ml [12], respectively.

Bioassay-guided fractionation of P. mollicomum led to the isolation of dihydrochalcone (34)
that showed moderate antifungal activity against C. sphaerospermum and C.
cladosporioides with MARs of 5 amd 10 μg, respectively [10]. Pinocembrin chalcone (35)
gave an MIC of 100 μg/ml against C. albicans using a broth dilution method [13]

PRENYLATED BENZOIC ACID DERIVATIVES
This class of compounds is derived from benzoic acid (from shikimate pathways) or
decarboxylated phenol coupled with an isoprenyl, geranyl, or geranylfarnesyl unit (from
mevalonate pathways). Four prenylated benzoic acid derivatives (36–39) were isolated from
P. dilatatum collected in Panama and showed antifungal activity against the plant
pathogenic fungus Cladosporium cucumerinum with MARs of 1.0, 3.0, 5.0, and 5.0 μg,
respectively, by the TLC bioautography method [14]. The positive controls miconazole and
propiconazole gave MARs of 1.0 and 0.1 μg, respectively. When tested using a dilution
method, the MICs of 36 and 39 (methyl taboganate) were 40 and 60 μg/ml, respectively.
Compound 38 (taboganic acid) was not active in the dilution assay. The MICs obtained for
miconazole and propiconazole were 10 and 1 μg/ml, respectively. This study provides
comparative data between the two assay methods.

In another bioassay-guided fractionation of P. lanceaefolium, the prenylated benzoic acid
derivative 40 (lanceaefolic acid methyl ester) showed an MIC of 100 μg/ml against C.
albicans using a broth dilution method [13].

The extracts of the leaves of P. crassinervium and P. hostmannianum from Brazil showed
high growth inhibitory activity against C. sphaerospermum and C. cladosporioides. Under
bioassay-guided fractionation, two potent antifungal benzoic acid derivatives crassinervic
acid (41) and hostmaniene (42) were isolated from P. crassinervium and P. hostmannianum,
respectively. Compounds 41 and 42 are equipotent, giving the same MAR of 0.5 μg against
C. cladosporioides and C. sphaerospermum [15].

Caldensinic acid (43) was isolated from the leaves of P. caldense by bioassay-guided
fractionation. Using a direct TLC bioautography assay to evaluate antifungal activity, it gave
MARs of 5.0 μg and 25.0 μg against C. sphaerospermum and C. cladosporioides,
respectively [16].

Bioassay-guided fractionation of the extract from the leaves of Brazilian P. hostmannianum
and P. aduncum led to the isolation of two antifungal prenylated methyl benzoates (44 and
45). Compounds 44 and 45 demonstrated equipotent antifungal activity in a bioautography
assay, giving the same MAR of 1.0 μg against C. cladosporioides and C. sphaerospermum
[4].
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Compounds 46–48 were isolated from the leaves of P. crassinervium by bioassay-guided
fractionation. Compound 46 with C-2′ trans-double bond in the monoterpenoid side chain
showed antifungal activity equipotent to nystatin and miconazole against C.
sphaerospermum and C. cladosporioides (MARs, all 1.0 μg), while compound 47 with C-2′
cis-double bond in the side chain showed decreased antifungal activity by 5 to 10-fold.
Compound 48 with a peroxy group in the side chain is equipotent to 47 [17].

Compounds 49 and 50 isolated from the leaves of P. lhotzkyanum showed equipotent
antifungal activity with a MAR of 5.0 μg against both C. sphaerospermum and C.
cladosporioides. Two analogs 51 and 52 with methylation on the carboxyl group showed
decreased antifungal activity (by 2-fold and 5-fold, respectively) [10].

LIGNANS
Bioassay-guided fractionation of the methylene chloride extract from the leaves of P.
fulvescens using an agar overlay bioautography method afforded two neolignans,
eupomatenoid-6 (53) and conocarpan (54). The MICs of 53 and 54 were determined by a
broth dilution method. Compound 54 demonstrated antifungal activity against all the species
tested, namely C. albicans, Cryptococcus neoformans, M. gypseum, Saccharomyces
cerevisiae, and T. mentagrophytes with MICs of 8, 16, 16, 4, and 8 μg/ml, respectively,
compared against the positive control amphotericin B with MICs of 0.0625, 0.125, 0.25,
0.0625, and 0.125 μg/ml, respectively. Compound 53 was only active against M. gypseum,
S. cerevisiae, T. mentagrophytes with MICs of 0.5, 16, and 1 μg/ml, respectively [18].
Compounds 53 and 54 were also isolated as antifungal constituents from P. abutiloides [19].

The methanol extract of the leaves of P. regnellii showed strong activity against the
dermatophyte fungi T. mentagrophytes, T. rubrum, M. canis and M. gypseum. Bioassay-
guided fractionation led to the isolation of two antifungal neolignans, eupomatenoid-3 (55)
and eupomatenoid-5 (56). Compounds 55 and 56 exhibited antifungal activity against T.
rubrum with MICs of 50.0 and 6.2 μg/ml, respectively [20].

PHENYLPROPANOIDS
Three simple phenyl propanoids (57–59) were isolated from the leaves of P. marginatum by
means of bioassay-guided fractionation and exhibited moderate antifungal activity against C.
sphaerospermum with MARs of 5.0, 5.0, and 10.0 μg, respectively, and C. cladosporioides
with MARs of 5.0, 5.0, 10.0 μg, respectively [11].

Five phenylpropenes (60–64) isolated the leaves of P. betle showed varying degrees of
antifungal activities against C. cucumerinum with MARs of 1, 3, 3, 10, and 30 μg,
respectively. The relative potencies of these compounds indicate that substitution patterns
play a significant role for antifungal activity [21].

BUTENOLIDES
Bioassay-guided fractionation of the methylene chloride extract from the leaves of P.
malacophyllum led to the identification of butenolides 65 and 66. Antifungal testing
indicated that the trans-geometric isomer 66 had equipotent antifungal activity with
miconazole (MAR, 1.0 μg) against C. cladosporioides and C. sphaerospermum, while the
cis-isomer 66 was 5- to 10-fold less active than 65 [22].
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CYCLOPENTENDIONES
Two cyclopentenedione derivatives, coruscanone A (67) and B (68) were isolated from the
ethanol extract of the Peruvian plant P. coruscans. Compound 67 showed potent activity
against C. albicans (MIC 0.78 μg/ml) and C. neoformans (MIC 6.25 μg/ml), while
compound 68 exhibited marginal antifungal activity against C. albicans (MIC 50.0 μg/ml)
[23]. Compound 67 is probably the most potent antifungal compound isolated from plants
against C. albicans. Synthetic analogs have been prepared by modification of the
cyclopentenedione ring, the enolic methoxy functionality, and the styrene moiety to afford
SAR information for this class of compounds [24].

CONCLUSION
The survey of chemical and biological investigations of Piper species has revealed
structurally diverse antifungal compounds. A total of 68 compounds were isolated from 22
Piper species (P. hispidum, P. tuberculatum, P. arboretum, P. scutifolium, P. sarmentosum,
P. rumbellatum, P. crassinervium, P. lhotzkyanum, P. marginatum, P. solmsianu, P.
mollicomum, P. dilatatum, P. lanceaefolium, P. hostmannianum, P. caldense, P. aduncum,
P. fulvescens, P. abutiloides, P. regnellii, P. betle, P. malacophyllum, and P. coruscans).
While the majority of these antifungal compounds (especially amides) were only evaluated
by the simple bioautography method against agricultural fungal species, it will be
worthwhile to test these compounds against clinically important human fungal pathogens. In
addition, a medicinal chemistry approach to synthesizing analogs may be employed to study
the SAR of these antifungal compounds in order to discover better leads for the development
of antifungal drugs or agricultural fungicides.
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Fig. 1.
Antifungal amides from Piper spp.
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Fig. 2.
Antifungal flavonoids from Piper spp.
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Fig. 3.
Antifungal prenylated benzoic acid derivatives from Piper spp.
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Fig. 4.
Antifungal lignans from Piper spp.
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Fig. 5.
Antifungal phenylpropanoids from Piper spp.
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Fig. 6.
Antifungal butenolides from Piper spp.
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Fig. 7.
Antifungal cyclopentenones from Piper spp.
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