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mung bean and sweet potato [9, 10], but it was suggested,
that the 40-kDa subunit is a result of proteolytic cleavage
of the 65-kDa isoenzyme.

Experimental

The opium poppy latex was collected into test tubes containing 0.5 M
mannitol/0.1 M phosphate buffer pH 6.5 in a way that the final ratio of
latex/mannitol-phosphate buffer 1:1. Organelles were sedimented by cen-
trifuging the collected latex at 1000 x g for 30 min and suspended to the
original volume in mannitol-phosphate buffer [3].

The organelles were desintegrated by three-fold freeze/thawing and sonica-
tion in the presence of 1% Triton X-100. After centrifugation (12000 x g,
15 min, 4 °C) the obtained soluble fraction was used as a crude extract.
Sepharose 4B (10 ml) was activated using divinylsulphone [5, 6]. The acti-
vated Sepharose was suspended in 1 M sodium carbonate (pH 11) contain-
ing PABA. Coupling was carried out at 4 °C for 24 h with continuous
stirring.

PABA-Sepharose was filled in a glass column. Crude enzyme (3 ml;
7.5 mg of proteins) was applied to the column (12cm x @ 14 mm). The
column was washed with a gradient of 50 mM phosphate buffer, pH 6.0 to
8.0 (flow-rate 12 ml - h~'). The PPO activity was eluted with 1 M NaCl in
0.05 M phosphate buffer, pH 8.0.

The activity of PPO was measured colourimetrically using 2 mM DOPA as
the substrate. One unit of enzyme activity was defined as a change of 1.0
absorbance per min at 475 nm.

SDS-PAGE was performed as described by Laemmli [7]. Under reducing
conditions the sample was boiled with f-mercaptoethanol; under non-redu-
cing conditions without boiling and -mercaptoethanol. Proteins on the gel
were stained with silver [11].

The protein content was determined using the Bradford method [12].
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Composition of the essential oil of Micromeria thy-
mifolia (Scop.) Fritsch and its chemical variation

S. VLapbiMIR-KNEZEVIG!, Z. KaLopeRA! and N. BLAZEVIE?

Micromeria thymifolia (Scop.) Fritsch (Lamiaceae) is a
perennial dwarf shrub. The habitat of this aromatic plant
are gorges and crevices in limestone ranging from 30 m to
2000 m above sea level. Since it grows over the whole
area of the Dinarides and in some small regions in north-
ern Croatia and Hungary, the plant is a typical representa-
tive of the Illyrian flora [1, 2]. The previous research on
M. thymifolia revealed the presence of flavonoids [3-5],
saponins [6], triterpenic acids [7] and essential oil [8]. The
first study of the essential oil composition was reported in
1988. The oil which was obtained in 1.2% yield contains
mostly oxygenated monoterpenes. The main component of
the oil is pulegone (64%) [9]. Antimicrobial and diuretic
effects of the ethanolic extract and the essential oil iso-
lated from this plant were investigated. High activity
against a large number of bacteria and fungi, especially
dermatophytes, was confirmed [10—12]. The essential oil
and ethanolic extract also showed a strong diuretic effect
[13]. These observations led us to investigate the essential
oil composition in details. Results of a comparative study
of the essential oils isolated from wild plants collected at
three different localities are presented here.

The yields of essential oil obtained by hydrodistillation
from aerial parts of M. thymifolia were 1.5% v/w (Ucka),
0.6% v/w (Dariva) and 1.3% v/w (Ivancica). The oils
(samples A, B and C) constituted a complex mixture of
36, 25 and 18 compounds respectively. Of these 24, 19
and 17 could be assigned by GC and combined GC/MS,
representing 96.4%, 98.4% and 99.8% of the total oils. In
the Table the compounds are listed in the order of elution
on a WCOT fused silica column CP-Sil 8CB. All samples
were characterised by a very high content of oxygenated
monoterpenes: 77.4% in sample A, 94.0% in sample B,
and 83.3% in sample C. Other components were mono-
and sesquiterpene hydrocarbons and sesquiterpene alco-
hols. The content of monoterpene hydrocarbons (+1.8 ci-
neole) was 11.7% and 15.7% in samples A and C, but
much lower in sample B (3.2%). Sample A presented the
highest value of sesquiterpenes (7.3%), while they consti-
tuted 1.2% and 0.8% of the other two oils. There were
great differences in the relative amounts of cyclic oxyge-
nated monoterpenes (ketones, oxides and alcohols) as the
main constituents of the oils. Sample A was characterised
by a high ketone fraction (69.3%) of which pulegone was
the main component representing 67.5% of the total oil.
Oxides and ketones in a ratio of 3:1 were the main consti-
tuents of sample B. Piperitenone oxide (69.9%) was iden-
tified as the major component followed by lower amounts
of pulegone (12.9%) and piperitone (7.3%). Sample C was
composed mainly of isomenthol (71.9%). Significant con-
tents of myrcene (11.2%) and linalool (7.5%) were also
detected. These results showed a major composition differ-
ence between the investigated oils and led to the conclu-
sion that M. thymifolia forms chemotypes. Sample A was
isolated from a pulegone chemotype which was rich in
essential oil with a high level of pulegone and very small
contents of other cyclic oxygenated monoterpenes. This
chemotype was collected in the Submediterranean zone of
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Table: Composition of the essential oil of Micromeria thymi-
Jfolia (Scop.) Fritsch from different localities

Component Locality

Ucka Dariva Ivancica

(%) (%) (%)
a-Thujene 0.3 0.1 0.6
a-Pinene 6.1 0.5 3.2
Sabinene 0.1 0.1 04
[-Pinene 0.5 - 0.1
Myrcene 0.8 2.2 11.2
o-Terpinene 0.2 — —
p-Cymene 0.2 — —
Limonene + 1,8 Cineole 3.5 0.3 0.2
Unidentified 0.3 0.1 0.2
Unidentified 0.7 0.1 —
Linalool 5.2 — 7.5
Camphor 0.4 0.1 0.5
Menthol 1.3 04 0.3
Isomenthol 1.0 0.7 71.9
Pulegone 67.5 12.9 0.3
Isopulegone 0.5 0.3 0.1
Piperitone 0.1 7.3 0.7
Carvone 0.6 0.3 —
Thymol 0.4 0.6 —
Carvacrol 0.1 0.3 —
Unidentified 0.1 0.2 —
Unidentified 0.1 0.3 —
Unidentified 0.5 — —
Piperitenone 0.2 1.2 0.2
Piperitenone oxide 0.1 69.9 1.8
Caryophyllene 4.6 0.3 0.5
Cadinene 2.0 0.6 —
Unidentified 0.9 0.7 —
Unidentified 0.1 0.2 —
Ledol 0.3 0.3 0.3
Unidentified 0.1 — —
Unidentified 0.2 — —
Unidentified 0.2 — —
Unidentified 0.1 — —
Elemol 0.4 — —
Unidentified 0.3 — —

Croatia, at an altitude of 1200 m (UcCka — the western
part of the Dinarides). A smaller amount of essential oil
(sample B) yielded from the plant material collected in the
central continental region of Bosnia and Herzegovina
(Dariva — the middle part of the Dinarides, 680 m above
sea level). The oil which was constituted mainly of piper-
itenone oxide associated with lower contents of pulegone
and piperitone represented the piperitenone oxide chemo-
type. The isomenthol chemotype was rich in essential oil
with a clearly different composition from the other two
samples. The oil (sample C) was characterised by a high
alcohol fraction (mainly isomenthol) but by very low per-
centages of ketones and oxides. This chemotype was col-
lected in the north-western continental part of Croatia
(Ivancica, 500 m above sea level) where it grows in a
small restricted region beyond the main distribution area
of the Dinarides.

The results of our examination also confirmed the assump-
tion that the biological effects of the essential oil of M.
thymifolia can be different depending on the origin of the
plant material.

Experimental

1. Materials

Aerial parts of wild M. thymifolia in the flowering stage were collected at
three different regions in Croatia and Bosnia and Herzegovina: Ucka

Pharmazie 55 (2000) 2

(above Lovran, altitude 1200 m, south-easten exposure, July 1994), Ivanica
(Belecgrad, altitude 500 m, southern exposure, June 1995), Darvina (near
Sarajevo, altidude 680 m, south-easten exposure, August 1994). Voucher
specimens No. 812 (1-3) are deposited at the Herbarium Croaticum (ZA),
Department of Botany, Faculty of Science, University of Zagreb, Croatia.

2. Isolation of the

Air dired plant materials were hydrodistilled for 3 h using a Clevenger-
type apparatus. The obtained oils, after drying over anhydrous sodium sul-
fate, were submitted for capillary GC and GC/MS analysis.

tial oil

3. GC and GC-MS analysis

The analysis performed with a Pye Unicam Pu 4550 GC, equipped with a
FID coupled to a PU 4810 integrator; column: WCOT fused silica CP-Sil
8CB (25m x 0.32 mm i.d., coating thickness 0.13 wm). Working condi-
tions: injector temperature 220 °C, detector temperature 250 °C; oven tem-
perature program: 60 °C (1 min), 60—240 °C at 4 °C - min~'; carrier gas:
0.3 ml Hy/min, split ratio 1:50. GC-MS analyses were performed on a
Shimadzu QP 1000 GC/MS-EI 70 eV connected to a data station. The
components were identified by comparing their retention times to those of
authentic samples, as well as by comparing their MS spectra with literature
data. The quantitative data were obtained by the peak normalisation techni-
que using integrated FID responses.
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