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ANTIMICROBIAL AGENTS FROM LICARIA PUCHURI-MAJOR AND
THEIR SYNERGISTIC EFFECT WITH POLYGODIAL

MAsAKI HIMEJIMA and IsA0 KUuBO*

Division of Entomology and Parasitology, College of Natural Resources,
University of California, Berkeley, California 94720

ABSTRACT.—The resistance of the seeds of Licaria puchuri-major (Lauraceae) to decomposi-
tion in nature seems to be due largely to chemical defense, since its n-hexane extract contains an-
timicrobial principles in quantity, with a broad antimicrobial spectrum. In order to identify the
active principles, the #n-hexane extract was steam-distilled to yield a distillate and a residue. Sub-
sequent bioassay indicated that the distillate retained the original broad antimicrobial activity,
while the residue exhibited almost no activity. Gc-ms analysis showed that the distillate con-
tained four phenolic compounds, seven monoterpenes, and one sesquiterpene. In contrast, the
residue contained, almost exclusively, lauric acid. In the detailed antimicrobial assay with the
pure compounds identified, most of them showed broad, but moderate, antimicrobial activity.

Some of the components identified in the distillate were combined with polygodial {1} in
order to enhance their antifungal activity. Unexpectedly, while polygodial did not synergize the
antifungal activity of any of the compounds tested, the antifungal activity of polygodial was sig-
nificantly increased when combined with aromatic substances such as anethole, safrole, or
methyleugenol.

The seeds of Licaria puchuri-major Mez (Lauraceae) are called “puchuri” and are used
as a folk medicine in Brazil (1). Puchuri is usually gathered in tropical rain forests of the
Amazon where most fallen plant materials rapidly decompose. However, the puchuri
strongly resists decomposition. This resistance seems to be due to a combination of
physical and chemical defense mechanisms, inasmuch as the seed is coated by a hard
husk and contains large amounts of antimicrobial constituents. The fact that chemical
constituents of puchuri have only rarely been investigated prompted us to identify its
antimicrobial principles.

We now can control many human and animal pathogenic microorganisms with the
antibiotics that are presently available. Nevertheless, the need for new antibiotics still
exists. For example, systemic infections caused by fungi have become increasingly seri-
ous, especially when the host’s defense mechanism is impaired. Various antifungal
agents have been introduced, but control of many of the fungal diseases has not yet been
achieved.

Large numbers of phytochemicals have already been isolated and shown to be anti-
fungal principles (2,3). Although each of them may play an important role in the de-
fense of living plants against microbial invasion, their antimicrobial activity is usually
not potent enough to be considered for practical use. Hence, research to enhance their
activity is needed. Combining two or more phytochemicals in order to enhance the total
biological activity seems to be one of the most promising strategic approaches to this
problem.

Recently, a bicyclic sesquiterpene dialdehyde, polygodial [1], was isolated from
various plant soutces (4—7) and reported to enhance the antifungal activity of several an-
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tibiotics such as actinomycin D and rifampicin against Saccharomyces cerevisiae and Can-
dida utilis (8—11). Specifically, the activity of actinomycin D against Sac. cerevisiae was
increased sixteenfold when combined with polygodial. This was caused by an increase
in the permeability of the plasma membrane of Sac. cerevisiae to these antibiotics (8).
Based on this finding, some of the antifungal components identified in puchuri were
combined with polygodial in order to enhance and broaden their activity. We focused
our study on Sac. cerevisiae and C. utilis, as well as the dermatomycotic fungus Pityro-
sporum ovale. ‘

This paper describes the identification of the antimicrobial principles of the seeds of
L. puchuri-mafor and their antimicrobial activity. In addition, the antifungal activity of
the puchuri compounds against Sac. cerevisiae, C. utilis, and Pi. ovale, when tested alone
and in combination with polygodial, is discussed.

RESULTS AND DISCUSSION

In our preliminary assay, the #-hexane crude extract of the seeds of L. puchuri-major
exhibited a broad antimicrobial activity when tested at a concentration of 1600 pg/ml.
The growth of five Gram-positive bacteria, Barillus subtilis, Brevibacterium am-
moniagenes, Propionibacterium acnes, Staphylococcus aureus, and Streptococcus mutans, and
three fungi, C. utilis, Pi. ovale, and Penicillium chrysogenum, was inhibited. However,
the growth of another common fungus, Sac. cerevisiae, was not inhibited. The crude ex-
tract did not show any activity against three Gram-negative bacteria, Escherichia coli,
Psendomonas aeruginosa, and Enterobacter aerogenes. The n-hexane extract was divided into
distillate and residue fractions by steam distillation, and the antimicrobial activity of
each was tested at 1600 pg/ml. The distillate was found to have retained the original
broad antimicrobial activity, with added activity against Esch. coli and Sac. cerevisiae. In
contrast, the residue showed almost no activity against any of the microorganisms with
the exception of Pr. acmes. This result indicated that the antimicrobial activity of the »-
hexane extract was due to the distillate fraction.

In order to identify the active principles in the distillate, further analysis was per-
formed by gc-ms. Four phenolic compounds, seven monoterpenes, one sesquiterpene,
and one fatty acid were identified in the distillate. These components were identified as
the following: phenolic compounds safrole, methyleugenol, eugenol, and anethole;
monoterpenes a-terpineol, 1,8-cineole, 4-terpineol, geraniol, limonene, vy-terpinene,
and linalool; the sesquiterpene caryophyllene; and lastly, the fatty acid lauric acid. The
main components of the distillate were safrole and methyleugenol. This result is in gen-
eral agreement with those reported earlier (12). In contrast, the residue contained lauric
acid almost exclusively.

The antimicrobial activity of the individual components identified in the distillate
was tested. As shown in Table 1, none of the components exhibited activity against Ps.
aeruginosa or Ent. aerogenes. Among the Gram-positive bacteria tested, Sta. aurens was
the least sensitive bacterium; methyleugenol, eugenol, and geraniol showed weak ac-
tivity with an MIC of 800 pg/ml for each. In contrast, Pr. acnes was the most sensitive
bacterium among the Gram-positive bacteria tested, with caryophyllene exhibiting the
strongest activity with an MIC of 6.25 pg/ml.

A large amount of lauric acid was identified in the residue by spectroscopic tech-
niques (ir, ms, and nmr). Lauric acid inhibited the growth of only Pr. acnes among the
microorganisms tested, although it is known to be one of the most active antimicrobial
fatty acids against several food-borne microorganisms (13). The antimicrobial activity
of fatty acids, especially in foods, is well documented (14).

The antimicrobial spectrum of most of the compounds tested was broad but moder-
ate to weak. However, these compounds may play an important role in the chemical de-
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fense of the living plant against microbial attacks, since the total quantity of antimicro-
bial principles in puchuri is more than 5% of the fresh weight; this is a relatively large
quantity.

Most of the components identified in the distillate, with the exception of 1,8-
cineole and caryophyllene, exhibited antifungal activity against Sac. cerevisiae, C. utilis
and Pi. ovale. However, the MIC of each compound was moderate to weak. Hence, we
attempted to increase their antifungal activity through combination with other sub-
stances. The components of the distillate were combined with the known antifungal
synergizer, polygodial [1] (8), to see if it could enhance their activity.

Table 2 shows the MICs of the components in the distillate against the fungi, when

TABLE 2. Antifungal Activity of Components in the Distillate of Licaria puchuri-major
in Combination with Polygodial {1}.*

MIC against fungus tested (pLg/ml)
Component
Saccharomyces cerevisiae Candida utilis Pityrosporum ovale
Anethole . . . . . ... ... .. 50 (200)° 50 (200) 25 (100)
Safrole . . . .. . ... ... .. 100 (200) 50 (200) 25 (100)
Methyleugenol . . . . . . . . .. 200 (800) 200 (800) 50 (200)
Eugenol . . . . . ... Lo 400 (800) 400 (800) 50 (100)
Limonene . . . . . . . . ... .. 50 (50) 50 (200) 50 (200)
Geraniol . . . . .. .. .. ... 200 (400) 200 (400 50 (100)

*The concentration of polygodial is ¥2MIC.
5The number in the parentheses is the MIC of the compound alone.

combined with polygodial at the concentration of ¥2MIC against: Sac. cerevisiae, 1.56
pg/ml; C. wtilis, 3.13 pg/ml; and Pi. avale, 25 pg/ml. The antifungal activity of
limonene against Sac. cerevisiae was not increased by polygodial, and that of other com-
ponents was increased by only 2—4-fold. The activity of these compounds against C.
utilis and Pi. ovale was also increased only 2—4-fold. Thus, the dramatic synergistic ef-
fects observed when actinomycin D was combined with polygodial (8) were not ob-
served. In contast, as shown in Table 3, the antifungal activity of polygodial was sig-
nificantly increased when combined with sub-inhibitory concentrations (equivalent to
1AMIC against each fungDus) of the puchuri components. Phenolic compounds that do
not possess a free phenolic group, such as anethole, safrole, and methyleugenol, seem to
exhibit more enhancing effects with polygodial than phenolic compounds that have a
free phenolic group, such as eugenol. In particular, the MICs (pg/ml) of polygodial
against Sac. cerevisiae and C. utilis were lowered from 3.13 to 0.049 and from 6.25 to
0.20, respectively. This was a 64- and 32-fold increase, respectively, through combina-
tion with anethole. Anethole also enhanced the activity of polygodial against Pi. ovale,
but to a lesser extent, with an increase in the activity of polygodial of only 8-fold.
Methyleugenol showed a 128-fold enhancement of the activity of polygodial against P:.
ovale; its MIC (JLg/ml) was lowered from 50 to 0.39, as shown in Table 3. Anethole was
very effective in enhancing the antifungal activity of polygodial against Sac. cerevisiae
and C. #tilis, and methyleugenol was the most effective against Pi. svale. Eugenol and
the monoterpenes did not seem to have any meaningful enhancing activity. An explana-
tion for these combination effects is currently under investigation.

Although polygodial itself is one of the most potent antifungal compounds, it be-
came much more potent when it was combined with aromatic compounds such as
anethole, safrole, and methyleugenol. Therefore, the combination of polygodial with
these compounds may be a very effective means of controlling human pathogenic fungi.
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TABLE 3. Antifungal Activity of Polygodial in Combination with Components of the Distillate
of Licaria puchuri-major.

MIC against fungus tested (jLg/ml)
Component®
Saccharomyces cerevisiae Candida wtilis Pityrosporum ovale

None . . .. ........... 3.13 - 6.25 50
Anethole . . . . . . . ... ... 0.049 0.20 6.25
Safrole . . . . ... ... ... 0.39 0.78 6.25
Methyleugenol . . . . . . .. .. 0.78 ‘1.56 0.39
Eugenol . .. ... . ... ... 1.56 3.13 25
Limonene . . . . . . . . .. ... 3.13 1.56 25
Geraniol . . . . ... ... ... 1.56 3.13 12.5

*The concentration of component was ¥2MIC.

EXPERIMENTAL

PLANT MATERIAL.—The seeds of L. puchuri-major were purchased in Belem, and also collected near
Belem, Brazil. The plant was identified by Dr. J.M. Pines, Museu Paraense Emilio Goeldi, Belem wherea
voucher specimen was deposited.

CHEMICALS.—Polygodial {1} was previously isolated from various plant sources (4—7). The authen-
tic safrole, methyleugenol, eugenol, anethole, limonene, linalool, 1,8-cineole, 4-terpineol, a-terpineol,
and geraniol were purchased from Sigma Chemical Co. (St. Louis, MO). y-Terpinene and caryophyliene
were provided by Takasago International Corporation (Tokyo Japan). N N-Dlmethylformamu:le (DMF)
was purchased from EM Science (Gibbstown, NJ).

MICROORGANISMS AND MEDIA.—All the microorganisms used for the antimicrobial assay were
purchased from American Type Culture Collection (Rockville, MD). They are: Ba. subtilis ATCC 9372,
Br. ammoniagenes ATCC 6872, Sta. aurens ATCC 12598, Str. mutans ATCC 25175, Pr. acnes ATCC 11827,
Esch. coli ATCC 9637, Ps. aeruginosa ATCC 10145, Ent. aerogenes ATCC 13048, Sac. cerevisiae ATCC 7754,
C. utilis ATCC 9226, Pi. ovale ATCC 14521, and Pe. chrysogenum ATCC 10106.

The freeze-dried microorganisms were reactivated in the following manner. Ba. subtilis, Sac. cere-
visige, C. utilis, Pi. ovale and Pe. chrysogenum were cultured with shaking at 30°. Br. ammoniagenes and Ent.
aerogenes were grown in stationary culture at 30°. The remaining microorganisms wete grown in stationary
culture at 37°,

Bacteria, with the exception of Str. mutans, were grown on media consisting of 0.8% nutrient broth
(BBL), 0.5% yeast extract (DIFCO) and 0. 1% glucose. For the culture of Szr. mutans, 3.7% brain heart in-
fusion broth (DIFCO) was utilized. Fungi, with the exception of Pi. ovale, were grown on media consisting
of 2.5% malt extract broth (BBL). For the culture of Pi. ovale, 1% bactopeptone (DIFCO), 0.5% yeast ex-
tract, 1% glucose, and 0. 1% corn oil were utilized.

ANTIMICROBIAL ASSAY.—The minimal inhibitory concentration (MIC) was measured by twofold
serial broth dilution (15). The test compound was dissolved in DMF, and 1% of the sample solution was
added to the appropriate medium. The highest concentration used for the assay was 800 pg/ml unless
otherwise specified because of solubility limitation of the samples in DMF and/or the H,0-based media.
All microorganisms were grown in stationary culture, except Pe. chrysogenum which was cultured with
shaking. After 2 days (5 days for Pe. chrysogenum), the growth of the microorganisms, except Pi. ovale and
Pe. chrysogenum, was examined for turbidity (OD at 660 nm). That of these two fungi was determined with
the naked eye, The lowest concentration of the test compound in which no growth occurred was defined as
the MIC. It should be noted that the concentration of DMF in each test medium was always 1%; this did
not affect the growth of any of the microorganisms tested.

The combination dara were obtained by the checkerboard method (16). The twofold dilutions of
polygodial were tested in combination with concentrations of twofold dilutions of the other compounds
Each fungus was tested at least twice.

GC-MS ANALYSIS.—Analytical gc of the distillate was performed on a Hewlett-Packard 5890 gas
chromatograph equipped with a flame ionization detector (FID) and fitted with a glass capillary column
(0.25 mm i.d. X 30 m) which was coated with carbowax bonded 20 m. The carrier gas was He at 1.5 ml/
min, and the oven was programmed to increase temperature from 50° to 230° at 4°/min. Gc-ms analysis
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was carried out on a Hitachi M-808 double focusing instrument equipped with a Hewlett-Packard 5890
gas chromatograph. Ge conditions were identical to the above analytical gc runs. Mass spectral data were
acquired and processed by a built-in computer system (M-0101) developed by Takasago International Cor-
poration (Tokyo, Japan). The components of the distillate were identified on the basis of a comparison of
the gc retention time and ms fragmentations with those of the authentic samples.
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