Bioactive Compounds of the Volatile Oil of Dracocephalum kotschyi
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Trypanocidal activity was found in the volatile oil of dried Dracocephalum kotschyi. GC-
MS analysis determined that the major constituents of the oil were geranial (35.8%),
CoH 140 (26.6%), limonene (15.8%) and 1,1-dimethoxy decane (14.5%). In order to isolate
the unknown biologically active monoterpene, fractionation of the volatile oil was carried
out by silica gel column chromatography. The structure of the oxygenated compound was
confirmed to be limonene-10-al (C;yH;40) by analysis of physical and spectroscopic data

(‘*H NMR, 3C NMR, HMBC and HMQC).
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Introduction

The name “badrashbi” has been applied to sev-
eral species of Dracocephalum (Labiatae) in Iran
(Mirheydar, 1995). The nature of terpenes within
the secretory organs of leaves in this genus is dif-
ferent. Three groups of Dracocephalum are distin-
guished. The first goup (e.g. D. grandiflorum, D.
nutans, D. scrobiculatum) is characterized by an
abundance of sesquiterpenes and a much smaller
quantity of monoterpenes. The second group (e. g
D. nodulsum) produces essentially monoterpenes.
The species of the third group (e.g. D. feotidum,
D. heterophyllum, D. moldavca) contain only mo-
noterpenes oxygenated at the second carbon atom
(Telepova et al., 1992). Also there are some oxy-
genated monoterpenes in the oil of Dracoceph-
alum which could not be identified by GC-MS
analysis (Holm et al., 1988).

Dracocephalum kotschyi Boiss. is an herbaceous
plant endemic in Iran and its oil has been used in
folk medicine as an antispasmodic agent (Rech-
inger, 1986; Zargari, 2000). There are a few reports
on the chemical composition of the oil of D. kot-
schyi, which document considerable amounts of
oxygenated monoterpenes (Golshani et al., 2004;
Yaghmai and Tafazzoli, 1988). No literature re-
view shows the presence of limonene-10-al in the

oil of D. kotschyi, although we identified this com-
pound in the ethyl acetate extract of D. kotschyi
and D. subcapitatum as the main trypanocidal
compound (Saeidnia et al., 2004, 2005).

In this study we analyzed the essential oil of D.
kotschyi (originated from Alborz Mountains) and
detected the oxygenated monoterpenes, especially
limonene-10-al, based on the trypanocidal assay of
the oil against epimastigotes of Trypanosoma
cruzi, the causative agent of Chagas disease.

Experimental
General

GC-MS analysis was carried out by a HP 6890
(Hewlett Packard) instrument including a quadru-
pole detector (70 eV); split ratio 1:20; carrier gas
N,. flow rate 0.8 mL/min; temperature program:
60 °C for 2 min, 5 °C/min to 240 °C; injector tem-
perature 260 °C; detector temperature 230 °C.
Capillary column was HP-5MS (30 m x 0.25 mm
i. d., film thickness 0.25 um). Injection volume was
1 uL. 'H and '3C NMR spectra were measured on
a JEOL JNM-LA500 (500 MHz for 'H and 125
MHz for 13C) spectrometer with TMS as internal
standard, and chemical shifts are given in 6 (ppm).
Silica gel 60 F,s4 pre-coated plates (Merck) were
used for TLC. The spots were visualized by spray-
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ing with anisaldehyde-H,SO, reagent followed by
heating.

Plant material

Aerial parts of D. kotschyi were collected from
Tochal Mountain near to Tehran during the flow-
ering stage in July 2002. The altitude was ca.
3200 m above sea level. A voucher specimen was
deposited at the Herbarium of Faculty of Phar-
macy, Mazandaran University of Medical Sciences,
Sari, Iran.

Oil extraction and GC-MS analysis

The volatile oil was obtained from 1 kg of aerial
plant parts by hydrodistillation in a Clevenger
type apparatus for 3 h. The mean yield of the ex-
traction was 0.6% v/w based on the dry weight of
the sample. The yellow oil of the plant was dried
over dry sodium sulfate. Confirmation of com-
pound identities was carried out comparing the re-
tention times of n-alkanes (Cg—C,s), which were
injected before the oil under the same conditions.
Identification of the oil constituents was based on
the comparison of their MS spectra and RI values
with those reported in the literature (Adams,
1994).

Isolation of the main terpenes

The essential oil (4 g) was submitted to silica gel
column chromatography with hexane/CHCI; (1:1,
0:1 v/v) and EtOAc as eluents to give four frac-
tions (A-D). Fraction B was compound 1 (90 mg).
Fraction C (1.5 g) was fractionated with hexane/
EtOAc (9:1, 1:1 v/v) and EtOAc as eluents in or-
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der to obtain three parts (C1-C3). Fraction C2
(500 mg) was chromatographed twice with hexane/
EtOAc (19:1, 0:1 v/v) to afford compound 2
(115 mg) and compound 3 (9 mg).

Limonene-10-al (1): Colourless oil, [a]3> +88.0°
(CHCI;, ¢ 0.003). — NMR data: Table I.

In vitro evaluation of trypanocidal activity

Epimastigotes of 7. cruzi (Tulahuen strain, from
Kyoto University, Japan) were kept in GIT me-
dium (Wako Pure Chemical Industry, Ltd, Osaka,
Japan) supplemented with hemin (12.4 um, Wako).
The epimastigotes in GIT medium (10 uL) were
incubated with a test sample dissolved in EtOH
(5 uL) and autoclaved saline (185 uL). All samples
were incubated at 27 °C for 24 h. The movement
of epimastigotes was observed under a micro-
scope. We assumed that immobilized organisms
were dead. The control contained ethanol in the
same proportion as used to dissolve the drugs.
Each assay was performed in duplicate. Minimum
lethal concentration (MLC, concentration at
which all epimastigotes were dead) of each com-
pound was performed. Gentian violet (MLC =
6.3 um) was used as a positive control (Kiuchi
et al., 2002).

Results and Discussion

Dried aerial parts of D. kotschyi, collected in
Iran, were extracted by hydrodistillation to obtain
the volatile oil. The oil was yellow with pleasant
and intense odour, which was dominated by a
fresh citral smell. The oil showed strong in vitro
trypanocidal activity against epimastigotes of 7.

Table I. NMR data of limonene-10-al (1).

C HMQC HMBC 'H-'H COSY
éc 61—[

1 133.8 3H-7
2 120.0 5.41 (1H, brs) 3H-7 H-3b, 3H-7
3 30.6  1.93 (1H, m, H-3a) H-3b

2.17 (1H, m, H-3b) H-4, H-3a, H-2
4 315 271 (1H, m) H-5a H-3a, H-5a
5 29.9 1.52 (1H, m, H-5a) H-4, 2H-6, H-5b

1.78 (1H, m, H-5b) H-5a
6 27.6  1.89 (2H, m) 3H-7 H-5a
7 234 1.66 (3H, s) H-2
8 154.7 H-9a, 2H-10
9 1329 5.99 (1H, s, H-9a)

6.25 (1H, s, H-9b) a . 1
10 1946 9.54 (1H, s) H-9a Recorded in CDCl; at 500 MHz ('H)

and 125 MHz (13C), respectively.
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Table II. Percentage composition of the volatile oil from
Dracocephalum kotschyi.

Compound RI Percentage in oil
Limonene 1031 15.8
Geranial 1270 35.8
1,1-Dimethoxy decane 1377 14.5
C,o H,02 1421 26.6

H,° 30.3
C.H,0.° 62.4
Total 92.7
Unidentified 7.3

2 This was in accordance with limonene-10-al.
® Monoterpene hydrocarbons.
¢ Oxygenated monoterpenes.

cruzi (MLC = 6.2 um). Four constituents were
identified by GC-MS analysis representing 92.7%
of the total oil (Table IT). Comparison of the mass
data and retention indices with references led to
geranial (35.8%), an oxygenated monoterpene
(26.6%), limonene (15.8%) and 1,1-dimethoxy de-
cane (14.5%). In order to isolate the unknown
oxygenated monoterpene, which represented
more than one-fourth of the oil, fractionation of
the volatile oil was carried out by silica gel column
chromatography with hexane/CHCl; to afford
four fractions (A-D). Trypanocidal activity of
these fractions was tested. Fraction B (compound
1) showed strong trypanocidal activity (MLC =
3.1 um) and produced only one shiny blue spot on
a TLC plate with hexane/CHCl; (1:1 v/v) after
treatment by anisaldehyde-H,SO, reagent fol-
lowed by heating. Compound 1 was identified by
the analysis of its 'H, C NMR, HMBC and
HMOQC spectra as limonene-10-al (Table I). Al-
though this is a known compound, its 2D-NMR
data were not available in the literature. It is in
accordance with the molecular formula C;,H40,
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revealed by GC-MS. Further separation of the ac-
tive fraction C by silica gel CC with hexane/
EtOACc led to the isolation of compounds 2 and 3.
Comparison of their NMR spectra with those of
reference data confirmed the structure of geranial
and neral (Bohlmann ez al., 1975), which showed
strong activities, MLC = 3.1 um for both com-
pounds, against epimastigotes of 7. cruzi.

A previous study on the volatile oil of D. kot-
schyi showed the antivisceral pain property due to
the presence of limonene and terpineol (Golshani
et al., 2004), also Yaghmai and Tafazzoli (1988) re-
ported citral, myrcene, -caryophyllene and ter-
pinyl acetate as the main constituents of D. kot-
schyi from northeast mountains. Javidnia et al
(2005) reported the main components of the oil
of D. kotschyi as a-pinene, caryophyllene oxide,
terpinen-4-ol and germacrene D. In the present
study, the oil of D. kotschyi was enriched by oxy-
genated monoterpenes, representing 62.4% of the
total oil. Limonene-10-al has been identified for
the first time in the oil of this plant. The formation
of limonene-derived compounds must have been
catalyzed by an array of plant enzymes. C10
hydroxylation and its further conversion to an al-
dehyde has not been reported so far, but can be
postulated to occur in D. feotidum and D. subcapi-
tatum because these species contain limonene-10-
al (Duetz er al., 2003; Saeidnia et al., 2005). It
seems that the trypanocidal active component of
the oil, limonene-10-al, has not been reported un-
til now because of different geographical habitats
of the original plants or incomplete identification
of the oil by using GC-MS.
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