Antifungal Activity of the Essential Oils from Some Species of the Genus Pinus
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The chemical composition of the essential oils from the needles of Pinus ponderosa (north
american pine), P. resinosa (red pine) and P. strobus (eastern white pine) has been deter-
mined by GC/MS (FID). The essential oils from P. resinosa and P. ponderosa in comparison
to P. strobus have been characterized by the higher content of B-pinene (42.4%, 45.7% and
7.9% respectively). On the other hand, a-pinene (17.7%) and germacrene D (12.2%) were
dominant compounds of P. strobus. Moreover the essential oil from P. resinosa was more
rich in myrcene-15.9%. Estragole and A-3-carene, each one in amount ca 8% were identified
only in P. ponderosa. The content of essential oils in the needles slightly varied — 0.65% -
P, resinosa, 0.4% — P. strobus, 0.3% — P. ponderosa. The antifungal activity has been investi-
gated towards Fusarium culmorum, F. solani and F. poae. The strongest activity was observed
for the essential oil from P. ponderosa, which fully inhibited the growth of fungi at the

following concentrations — F culmorum, F solani at 2% and F poae at 5%.

Introduction

From the chemotaxonomic point of view, re-
garding the composition of essential oils the genus
Pinus is divided into two groups (Chalchat et al.,
1994; Chalchat and Gorunovic, 1995). One group
comprises the species rich in monoterpene hy-
drocarbons (a-,-pinene, limonene, -caryophyl-
lene, germacrene D, A-3-carene) and the other is
rich in the oxygenated monoterpenes (borneol,
bornyl acetate) (Chalchat er al., 1994; Chalchat
and Gorunovic, 1995; Orav et al., 1996; Sjodin
et al., 1996; Yatagai and Hong, 1997). According
to these data, it is worth to notice that the essential
oils from the needles of Pinus ponderosa Dougl.
ex Laws. (north american pine), P. strobus L.
(eastern white pine) and P. resinosa Ait. (red pine)
have not been studied in detail. In these species
several groups of natural compounds mainly flavo-
noids (Niemann, 1988), piperidine alkaloids (Ster-
mitz et al., 1994) and tannins (Harborne and Bax-
ter, 2001) have been recognized and described in
the literature. During last years most of the phyto-
chemical studies on the above mentioned species

focused on the terpene composition of oleoresins
(Hanover, 1975) or on the volatile compounds
emitted by conifer species and analysed by the
head-space technique, in order to explain the rela-
tionships between plant-host and forest insects
(Schifer et al., 1995; Dormont et al., 1998).

The antimicrobial activity of essential oils from
the family Pinaceae was investigated by many au-
thors (Bagci and Digrak, 1996a, 1996b; Canillac
and Monrey, 1996; Lis-Balchin et al., 1998). It was
reported, that essential oils with high monoter-
pene hydrocarbon levels, such as pine oil, were
very active only against bacteria not against fungi,
including Fusarium culmorum (Lis-Balchin et al.,
1998). However, the essential oils of the nine
Abies species were more active against yeast spe-
cies, including Candida albicans, than against bac-
teria (Bagci and Digrak, 1996b).

In this work, the composition of the essential
oils isolated by hydrodistillation from the needles
of P. ponderosa, P. resinosa and P. strobus is re-
ported along with the determination of antifungal
activity towards Fusarium spp.
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Material and Methods
Plant material

The needles of Pinus ponderosa and Pinus stro-
bus were collected from the Medicinal Plants Gar-
den of Medical University of Gdansk (Poland)
(September 1999) but the needles of Pinus resi-
nosa were obtained from the experimental forest
of Arboretum in Rogéw of Warsaw Agricultural
University (Poland) (August 1999). Voucher speci-
ments of these plants (99-010, 99-011, 99-012) have
been deposited at the Herbarium of the Depart-
ment of Pharmacognosy, Medical University of
Gdansk (Poland).

Isolation of essential oils

Dried and pulverized needles were hydrodis-
tilled as described in the literature (Pharmacopeia
Polonica V, 1995). The obtained essential oils were
kept in sealed glass tube at 4 °C until analysis.

Gas chromatography

GC analysis was performed on a Carlo Erba GC
6000 (Italy) gas chromatograph equipped with a
flame ionization detector (FID) and fitted with a
DB-5 fused silica capillary column (30 x 0.25 mm,
0.25 um thickness), the temperature programming
was as follows: 35°C (2 min.), 4 °C/min., 280 °C
(15 min.); carrier gas helium, flow rate 1 ml/min.
GC-MS - ITS-40 (Finningan MAT, USA), MS
70eV, 220 °C.

Antifungal activity

According to Krauze-Baranowska and Wiwart
(2002) the essential oils were dissolved in MeOH
in concentrations 2%, 5%, 10% (Morris et al.,
1979) and bioassayed towards Fusarium culmorum
(W.G.Sm.) Sacc., Fusarium poae (Mart.) Appel.
Wollenw. and Fusarium solani (Beck.) Wollenw.
The last fungus from that group has been isolated
from the suppurative and not healing wound of a
shank of the patient who injured oneself a dry
stem of dill (Dynowska, 1998). Inhibitory effect on
growth of fungi was determined by measurements
of the length of the germinating tubes (n-21) using
a computer-aided image analysis (Oh et al., 1996).
For statistical analysis Student-Newman Kuels test
was employed.
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Results and Discussion

The chemical composition of the essential oils
from three species of the genus Pinus — P. pon-
derosa, P. resinosa and P. strobus was elucidated
employing GC with MS and FID detection. The
identification of components was verified by com-
parison mass spectra with previously published
spectra and confirmed by comparison of temper-
ature retention indicies (Poole and Schiitte, 1984)
with published index data (NIST, Terpene Library
of Finningan, MAT). The quantitative composition
of oils was analyzed by GC (FID) by internal nor-
malization assuming identical mass response
factor for all compounds. In our studies, only those
components which were present in the oils in
amounts higher than 0.1% have been taken into
consideration. About 61 constituents were deter-
mined, among them 50 identified in P. strobus, 49
in P. ponderosa and 43 in P. resinosa. Moreover
15 components occurred in amounts over 1% in
P, strobus, 10 in P. ponderosa and 8 in P. resinosa
(Table I).

The essential oil from P. strobus differed mark-
edly from distillated P. resinosa and P. ponderosa,
by low concentration of 3-pinene —7.9% (Table I).
On the contrary, in the eastern white pine oil ger-
macrene D — 12.2% was the dominant compound
next to a-pinene (17.7%). Moreover, constituents
such as sesquiterpenes: d-cadinene, y-cadinene or
oxygenated terpenes as o-cadinol and t-cadinol/
t-muurol (not separated by GC) were found in
higher amounts (7.7-2.8%) than in the previously
studied Pinus species (Chalchat er al., 1994;
Chalchat and Gorunovic, 1995; Orav et al., 1996;
Sjodin et al., 1996; Yatagai and Hong, 1997). In
P. strobus spathulenol (2.8%) and a-selinene/ger-
macrene B (3.0%) were also identified in larger
amounts in comparison to the essential oil from
north american pine and other conifers oils
(Chalchat et al., 1994; Chalchat and Gorunovic,
1995; Orav et al., 1996; Sjodin et al., 1996; Yatagai
and Hong, 1997). The content of monoterpenes:
camphene, myrcene, limonene/phellandrene and
sesquiterpenes- [-caryophyllene, the constituents
characteristic for conifer essential oils, were very
similar (ca 3.0%). The terpene composition of oil
in the needles does not resemble those reported
in the oleoresin and in the volatiles emitted by the
foliage of eastern white pine (Dormont et al., 1998,;
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Table I. Percentage composition of essential oils from Pinus ponderosa, P. resinosa
and P. strobus.

Compound RI Pinus Pinus Pinus
strobus ponderosa  resinosa
Santene 884 0.2
Tricyclene 920 0.2 tr 0.4
a-Pinene 933 17.7 10.2 233
Camphene 946 32 0.5 1.6
B-Pinene 977 7.9 45.7 42.4
Myrcene 992 3.6 1.4 14.5
a-Phellandrene 1004 0.4 tr tr
3-Carene 1009 tr 8.4 0.5
a-Terpinene 1017 tr 0.1 tr
p-Cymene 1025 0.2 0.1 0.1
Limonene + -phellandrene 1029 3.0 24 2.5
1,8-Cineole 1034 — 0.1 -
cis-ocimene 1041 tr 0.5 -
v-Terpinene 1060 tr 0.2 tr
Terpinolene 1089 0.2 0.81 0.2
a-Thujone 1110 - 0.2 -
Endo-fenchol 1117 - 0.1 tr
trans-pinocarveol 1142 tr 0.3 0.3
Camphor 1149 - 0.1 tr
Pinocarvone 1167 tr 0.1 0.1
Borneol 1170 tr 0.1 0.1
4-Terpineol 1181 tr 0.3 0.1
a-Terpineol 1195 tr 1.4 0.8
Myrtenol 1201 tr tr 0.2
Estragole = methyl chavicol 1204 - 8.0
0-Elemene 1341 0.3 0.1 -
a-Copaene 1379 0.3 tr tr
B-Bourbonene 1390 0.9 - tr
B-Cubebene 1395 02 - tr
B-Elemene 1395 0.6 0.4 tr
Methyl eugenol 1413 - 0.6 -
p-Caryophyllene 1425 3.8 0.2 22
Thujopsene 1438 - - 0.2
(Z)-trans-o-bergamotene 1441 - 0.6 -
a-Guaiene 1446 0.3 tr
Aristolene 1450 - 0.3
a-Humulene 1460 0.9 0.3 0.4
p-Cadinene 1481 0.2 0.1 tr
y-Muurolene 1482 14 0.2 0.1
Germacrene D 1488 12.2 0.3 4.9
B-Selinene 1495 0.5 0.2 -
a-Selinene + germacrene B 1505 3.0 0.9 -
a-Muurolene 1506 1.5 0.5 0.1
v-Cadinene 1521 2.8 0.9 0.1
0-Cadinene 1530 7.5 3.1 0.4
a-Calacorene 1553 0.1
trans-nerolidol 1569 1.0 0.1 tr
-Calacorene 1574 0.5
cis-3-hexenyl-benzoate 1581 0.2
4-B-hydroxy-germacra-1(10),5-diene 1586 0.6
Spathulenol 1588 2.8 0.5 tr
Caryophyllene oxide 1594 0.8 0.2
Veridiflorol 1604 0.1 0.6 tr
Cubenol 1638 0.3 0.2 tr
t-Cadinol + t-muurolol 1652 4.4 2.0 0.2
§-Cadinol 1658 0.7 0.4 tr
a-Cadinol 1665 5.7 2.7 0.3
Unknown (M = 184)? 1894 1.0
Manoyloxide 2009 0.5 - 0.5
Manool 2070 0.2 tr
Unknown (M = 289)° 2221 - 2.0

Mass spectral data of unknown compounds, number?®: 184(1), 149(10), 147(12), 131(100),
103(75), 82(67), 77(41), 67(79), 51(11), 41(20), number®: 289(22), 271(15), 253(10),
243(69), 206(15), 201(15), 173(15), 163(18), 147(22), 133(14), 123(35), 107(42), 95(50),
79(43), 81(80), 67(52), 55(60), 43(100), 41(43).
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Hanover, 1975). The results of our studies demon-
strate that A-3-carene is present in needles as
traces, what is in contrast to other reports. Dor-
mont et al. (1998) and Hanover (1975) determined
in the oleoresin as well as the foliage volatiles, the
levels of A-3-carene as high as 10%-40%, while
Schifer et al. (1995) employing the SPME method
were not successful to show the presence of this
compound in volatiles.

The qualitative and quantitative profiles of the
essential oils from P. ponderosa and P. resinosa
were differentiated due to the presence of A-3-
carene (8.4%) and estragole (8.0%) in P. pon-
derosa and the high level of myrcene (14.5%) in
P. resinosa. Both essential oils may be classified as
rich in monoterpene hydrocarbons ( 60%-80% of
total oil ), with a relatively large amount of p-pi-
nene ( 45.7% and 42.4%, respectively).

The estimation of antifungal activity of the
essential oils from P. ponderosa, P. resinosa and
P. strobus was carried out towards three species
of the genus Fusarium: F. culmorum, F. poae and
E solani. The latter fungus was isolated directly
from the patient with confirmed hialohypho-
mycosis of the shank (Dynowska, 1998). Hialohy-
phomycoses are rare infections caused e.g. by
fungi of Fusarium genus, which are mainly present
in soils in different climatic zones. Fusarium solani
may be the etiological agent of numerous skin
lesions, inflammation of the internal structures in
the eye and joints (Dynowska, 1998). The antimi-
crobial activity of essential oils has been deter-
mined for their 2%, 5% and 10% solutions (Mor-
ris et al., 1979). The oil from north american pine
possesed the strongest activity, at lowest concen-
tration inhibited the growth of two fungi: F. culmo-
rum and FE solani (Table II). Fungicidal activity
against F poae was observed at 5% concentration
for all essential oils. At this concentration the
essential oils from P. resinosa and P. strobus were
also active towards F. solani and E. culmorum (Ta-
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Table II. The antifungal activity of the essential oils from
Pinus ponderosa, P. resinosa and P. strobus.

Antifungal activity®

Essential oil Fusarium Fusarium Fusarium
culmorum poae solani
Pinus ponderosa 100 78 £ 5 100
Pinus resinosa 32+7 92 + 4 84 + 8
Pinus strobus 38+ 6 70 £ 5 58 £ 4

2 Antifungal activity is estimated as% inhibition of
growth at a 2% concentration, mean = SEM (n = 21)
and its significant difference from the control (metha-
nol) p < 0.01.

ble II). The obtained results confirm the antifungal
activity of conifer essential oils but at higher con-
centrations than those reported by others (Lis-
Balchin et al., 1998). The activity of oils from
P. ponderosa and P. resinosa can be related to their
chemical composition. It is shown that the high
level of a- and (3-pinene does not decrease the an-
tifungal properties of the above oils, in opposite
these compounds can be responsible for this activ-
ity. The essential oil from P. strobus, containing the
lowest amount of hydrocarbon monoterpenes
showed the weakest antifungal activity (Table II).
Above observations are in contrast to data pub-
lished by Lis-Balchin et al. (1998), who correlated
lack of the antifungal activity of the needle pine
oil with the high content of a- and B-pinenes. On
the other hand our results are in good agreement
with data reported by Magiatis et al. (1999). The
antifungal activity of oil from Pistacia lentiscus
(Anacardiaceae) was found to be due to the high
concentration of a-pinene.
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