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Abstract 

 
Dracocephalum kotschyi is an essential oil containing plant found in Iran. In Iranian traditional medicine, D. 
kotschyi has been used as antispasmodic and analgesic but so far there is no pharmacological report about its 
antispasmodic activity. Therefore, the objective of this research was to study antispasmodic activity of the 
essential oil of D. kotschyi and two of its constituents namely limonene and α-terpineol. The essential oil 
was obtained from aerial parts of D. kotschyi using hydrodistillation method. The main components found in 
the essential oil were α-pinene (10%), neral (11%), geraniol (10%), α-citral (12%), limonene (9%) and α-
terpineol (1.1%). For antispasmodic studies, a portion of rat ileum was suspended under 1 g tension in 
Tyrode’s solution at 37 °C and gassed with O2. Effect of the D. kotschyi essential oil, limonene and α-
terpineol were studied on ileum contractions induced by KCl (80 mM), acetylcholine (ACh, 500 nM) and 
electrical field stimulation (EFS). The essential oil, in a concentration dependent manner inhibited the 
response to KCl (IC50=51 ± 8.7 nl/ml), ACh (IC50=19 ± 2.7 nl/ml) and EFS (IC50=15 ± 0.5 nl/ml). Limonene 
and α-terpineol showed same pattern of inhibitory effect on ileum contraction. Their inhibitory effects were 
also concentration dependent. However, limonene was more potent than the essential oil while the α-
terpineol was less potent than either limonene or the essential oil. From this experiment it was concluded that 
D. kotschyi essential oil has inhibitory effect on ileum contractions. Limonene contribute a major role in 
inhibitory effect of the essential oil while α-terpineol has weak antispasmodic activity. 
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INTRODUCTION 

 
Dracocephalum kotschyi (D. kotschyi) is a 

wild flowering plant belonging to Labiatae 
family (1). This plant which is known as 
ZarinGiah in Iran is found in many parts of 
Khorasan province (1,-3). D. kotschyi is an 
essential oil containing plant and its 
constituents includes limonene, verbenone, α-
terpineol, caryophyllene, geranial and neral 
(4,5). In Iranian traditional medicine, D. 
kotschyi has been used as antispasmodic and 
analgesic (3,6). It has been reported that the 
analgesic activity might be due to presence of 
limonene and α-terpineol (3,6). Other 
constituents including calycopterin which is 
believed to have immunomodulatory effect 

and it has been suggested that it may have 
anti-inflammatory activity in arthritis (6-8). 
Furthermore, in animal model, D. kotschyi has 
shown to have antihyperlipidemic activity (9). 
Others suggested that this plant may also have 
antitumor activities (10).   

So far, antispasmodic activity of a number 
of traditional medicine including Rosa 
damascene, Pycnocycla spinosa, Prangos 
ferulacea, Zataria multiflora, Satureja 
hortensis, Passiflora incarnata, Berberis 
integerrima, Crocus sativus, Ferula gummosa, 
Teucurium poliume, Melissa officinalis, and 
asa-foetida have been studied (11-20) but they 
have different potency of antispasmodic 
activity. Among these Pycnocycla spinosa was 
found to have most potent antispasmodic 
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activity (13,14). D. kotschyi is another 
medicinal plant which has been used as 
antispasmodic agent in traditional medicine 
(3,6). However, the antispasmodic effect of D. 
kotschyi essential oil on gastrointestinal (GI) 
tract has not been studied by standard 
pharmacological methods. Therefore, the aim 
of this research was to investigate the                 
effect of D. kotschyi essential oil and two              
of its components on ileum contraction, in 
order to evaluate their inhibitory effects on 
intestinal contraction. 

 
MATERIALS AND METHODS 

 
Plant materials and  analysis of the               
essential oil 

Dracocephalum kotschyi aerial parts were 
collected from Chadegan (in Isfahan province- 
Iran) and identified at the Botany Department 
of the Faculty of Sciences, University of 
Isfahan. A voucher specimen (1519) was 
deposited at the herbarium of the School of 
Pharmacy and Pharmaceutical Sciences of 
Isfahan University of Medical Sciences.  

The plant materials were dried in shadow 
and grained to powder using electrical miller 
(Moulinex, France). The essential oil was 
prepared by hydrodistillation according to 
European Pharmacopoeia (21). Gas 
chromatography (GC) analysis of the essential 
oil was carried out on a Perkin-Elmer 8500 gas 
chromatograph with FID detector and a BP-1 
capillary column as previously described (12). 

The mass spectra (MS) were recorded on a 
Hewlett-Packard 5983A mass selective 
detector coupled with a Hewlett-Packard 6890 
gas chromatograph, equipped with a HP-5MS 
capillary column as previously described (12).  
 
In vitro contractility assessment 

All animals were handled in accordance 
with the internationally accepted principles      
for laboratory animal use and care, as 
recommended by university authority 
(Committee for the Update of the Guide for 
the Care and Use of Laboratory Animals, 
2010) (22).  

On the day of experiment, male Wistar rats 
(180–220 g, bred in School of Pharmacy 
animal house, Isfahan, Iran), were killed by a 

blow on the head followed by exsanguination. 
The abdomen was opened and a piece of ileum 
was dissected and placed in oxygenated 
Tyrode's solution at room temperature. 
Longitudinal strips of ileum, 2-3 cm long, 
were then prepared and mounted under 1 g 
resting force in an organ bath (Harvard, 
England) filled with Tyrode's solution at 37 °C 
and continuously bubbled with O2. The tissues 
were washed several times with fresh Tyrode's 
solution and allowed to relax to a stable 
baseline. Contractions were induced by KCl 
(80 mM), acetylcholine (ACh, 500 nM, 30s 
contact) or electrical field stimulation (EFS, 6 
V and 50 Hz for 1 s duration in 10 min 
intervals) and recorded on a Harvard Universal 
Oscillograph (England) pen recorder device as 
described before (12). After reproducible 
contractions were established the essential oil, 
limonene or α-terpineol were added directly 
into organ bath at 10 min intervals. Initially a 
number of pilot experiments were carried out 
for determination of effective concentration 
ranges of limonene, α-terpineol and the 
essential oil of D. kotschyi. Then full 
concentration response curves were obtained 
for each drug using 6-9 different concentration 
of drugs.   

In case of KCl, drugs were added into the 
bath in a cumulatively manner while for ACh 
and EFS non-cumulative method was used. 
After maximum inhibitory effect was 
achieved, the tissues were washed with fresh 
Tyrode's solution and tested to see if the 
inhibition was reversible. All experiments 
were performed alongside time-matched 
vehicle treated controls. 
 
Drugs and solutions  

Tyrode's solution composed of (mM): 
NaCl; 136.9, KCl; 2.68, CaCl2; 1.8, MgCl2; 
1.05, NaHCO3; 11.9, NaH2PO4; 0.42 and 
glucose; 5.55, were made up in distilled water. 
Unless stated, all chemicals and drugs were 
from Merck (Darmstadt, Germany). The 
following drugs were used in this research: α-
terpineol, limonene (Roth, Germany), and 
essential oil of D. kotschyi, acetylcholine 
hydrochloride (Sigma, Germany). The 
essential oil, limonene and α-terpineol were 
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made up as 10 µl/ml stock solution in dimethyl 
sulphoxide (DMSO), diluted in distilled water 
(1 µl/ml & 100 nl/ml). KCl (2 M) stock 
solutions were prepared in distilled water. 
ACh was made up as 100 mM stock solution 
and acidified by 1% acetic acid, and further 
serial dilutions were made in distilled water.  
 
Measurements and statistical analysis  

Contractile response to KCl, ACh and EFS 
were measured as maximum amplitude from 
the baseline, just before addition of next 
concentration of the drugs and expressed as 
the percentage of the initial response in the 
absence of drugs for each tissue. All the values 
are quoted as mean ± standard error of the 
mean (SEM). Statistical significance were 
assessed using a one-way analysis of variance 
(ANOVA) for repeated measures and when 
appropriate were compared with the control 
groups using unpaired Student's t-test. 
Differences were considered statistically 
significant for p<0.05.  

significant for P<0.05.  
Whenever appropriate, the IC50 value (drug 

concentration causing 50% of maximum 
response), was calculated. SigmaPlot (version 
11) computer program was used for statistical 
analysis and drawing the graphs for calculation 
of IC50 values. 

 
RESULTS 

 
Plant materials analysis 

The yield of essential oil of D. kotschyi was 
about 66% with a mild pleasant smell. At least 
49 compounds were identified in the essential 
oil of D. kotschyi . The results of GC-MS 
analysis of the D. kotschyi essential oil are 
shown in Table 1. Fifteen compounds accounts 
for 80% of the total oil. The rest were 
accounted for less than 1% of total 
constituents. The main components were α-
pinene (10%), neral (11%), geraniol (10%), α-
citral (12%) and limonene (9%).  

Table 1. Constituents of essential oil of aerial part of Dracocephalum kotschyi collected from Chadegan district. The 
compounds are listed in order of their percent (%) in the essential oil. RT shows the retention time on the HP-5 MS. 
From 49 identified only compounds which accounted for more than 1% of the essential oil are listed here. 
 

RT % Compound NO 
13.2 12.5 α-citral1 
12.1 10.7 Neral 2 
12.7 10.0 Geraniol 3 
16.6 10.0 Geraniol acetate 4 
3.90 9.96  -α Pinene 5 
5.87 8.97 Limonene 6 
10.8 3.94 Cyclononadiene 7 
8.42 1.71 α-campholene aldehyde 8 
9.94 1.68 Terpinene-4-ol 9 
7.68 1.67 Linalool 10 
11.4 1.44 Carveol 11 
4.92 1.41 Myrcene 12 
19.3 1.19 Germacrene – D 13 
8.77 1.08 Isopinocarveol 14 
10.4 1.07 α-terpineol 15 

 
 

Table 2. IC50 Values (inhibitory concentration causing 50% of maximum response) of Dracocephalum kotschyi 
essential oil, limonene and α-terpineol on rat ileum contractions induced by KCl, acetylcholine  and initial and 
secondary contractile response to electrical field stimulation. 
Tested components KCl EFS-1 EFS-2 ACh 
D. kotschyi essential oil 51 ± 8.7 nl/ml 15 ± 0.5 nl/ml 13 ± 1.7 nl/ml 19 ± 2.7 nl/ml 
limonene 19 ± 2.6 nl/ml 

133 ± 18.2 µM
3.7 ± 0.3 nl/ml 
26 ± 2.1 µM

9 ± 0.5 nl/ml 
63 ± 3.5 µM 

9 ± 1.6 nl/ml 
63 ± 11.2 µM

α-terpineol 53 ± 6.7 nl/ml 
371 ± 50 µM

35 ± 6.4 nl /ml 
245 ± 45 µM

24 ± 3.6 nl/ml 
168 ± 25.2 µM 

75 ± 10.7 nl/ml 
525 ± 74.9 µM

nl/ml; nanolitter per millilitter,  Ach; acetylcholine, EFS-1; initial contractile response, EFS-2; secondary 
contractile response, EFS; electrical field stimulation 
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In vitro contractility assessment 
Rat isolated ileum suspended in the fresh 

Tyrode's solution gradually relaxed to a stable 
baseline over 10-20 min. Rat ileum contracted 
rapidly to EFS, reaching a peak followed by 
partial relaxation which was then followed by 
a second peak and then relaxed towards the 
baseline as described before (12,23). ACh only 
caused a single contraction in rat ileum during 
30 s of the contact time. KCl (80 mM) caused 
tonic contraction which maintained for the 
duration of study. 

D. kotschyi essential oil, limonene and α-
terpineol (8 nl/ml -128 nl/ml) concentration 
dependently reduced contractile responses to 
KCl. At its highest used concentration the 
contractile response to KCl was totally 
removed (Fig. 1). At bath concentration of 64 
nl/ml limonene removed the contractile 
response to KCl while the essential oil and α-
terpineol only inhibited the response by 60% 
and 79% respectively. The IC50 values are 
given in Table 1 for comparison. After 
washing the tissue with fresh Tyrode's 
solution, the contractile response to KCl was 
gradually restored. There was no statistically 
difference in the vehicle treated time match 
control tissues over the course of studies 
(ANOVA).  

Limonene, α-terpineol and the essential oil 
of D. kotschyi (1-128 nl/ml) concentration 
dependently inhibited ileum contraction 
induced by ACh (0.5 µM, Fig. 2). The order of 
potencies were limonene > essential oil > α-terpineol. The essential oil and limonene at 32  

potencies were limonene > essential oil > α-
terpineol. The essential oil and limonene at 32 
nl/ml bath concentration almost vanished the 
contractile response to ACh, while α-terpineol 
only reduced the ACh response by about 4%. 
The IC50 values are compared in Table 2. 
There was some increase in responses of ACh 
in the tissues treated with the vehicle (DMSO 
+ water) but these changes were not 
statistically significant (Fig. 2).The inhibitory 
effect of the essential oil, limonene and α-
terpineol on ACh responses was reversible 
following washing the tissue with fresh 
Tyrode's solution. Relaxant effect of limonene, 
α-terpineol and the essential oil of D. kotschyi 
were also examined on biphasic contractions 
induced by EFS. All three compounds in a 
concentration dependent manner inhibited 
ileum contractions induced by EFS (Fig. 3). 
The ranges and order of inhibition are similar 
to that of ACh. The IC50 value of limonene, α-
terpineol and the essential oil of D. kotschyi on 
the initial and the secondary contractile 
response are shown in Table 2. Inhibitory 
effect of these compounds on the both initial 
and the secondary contraction induced by EFS 
were more or less the same (Figs. 3a, 3b). 
Following washing the tissue with fresh 
Tyrode's solution, the inhibitory effect of these 
compounds was reversible. The isolation in 
responses of vehicle treated time-matched 
control tissues were not statistically significant 
(ANOVA). 
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Fig. 1. Cumulative effect of limonene, α-terpineol and Dracocephalum kotschyi essential oil on tension development to 
potassium chloride (KCl, 80 mM) in isolated ileum of rats. Ordinate scale: ileum contraction expressed as % of initial 
control response. Abscissa scale: log10 concentration of drugs (limonene, α-terpineol or D. kotschyi essential oil). Lines 
drawn through the points, using two fold increments in concentration. The points are mean and the vertical bars show 
the SEM (n=6). The oscillation in the control group is not statistically significant (ANOVA). Stars shows statistical 
differences between each drug concentration with its corresponding vehicle treated control. Keys: *P<0.05, **P<0.01, 
***P<0.001 (Student's t-test). Maximum concentration of the vehicle (DMSO) in the bath was 0.64%. 
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Fig. 2. Effect of limonene, α-terpineol and Dracocephalum kotschyi essential oil on tension development to 
acetylcholine (ACh, 0.5 µM) in isolated ileum of rats. Ordinate scale: ileum contractions expressed as % of initial 
control response. Abscissa scale: log10 concentration of drugs (limonene, α-terpineol or D. kotschyi essential oil). Lines 
drawn through the points, using two fold increments in concentration. The points are mean and the vertical bars show 
the SEM (n=6). The increase in the response of vehicle treated control tissues is not statistically significant (ANOVA). 
Stars shows statistical differences between each drug concentration with its corresponding vehicle treated control. Keys: 
*P<0.05, **P<0.01, ***P<0.001 (Student's t-test). Maximum concentration of vehicle (DMSO) in the bath was 1.28%. 
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Fig. 3. Effect of limonene, α-terpineol and Dracocephalum kotschyi essential oil on tension development to a; first and 
b; second contractile responses to electrical field stimulation (EFS, 6 V, 50 Hz, 1 s duration) in isolated ileum of rats. 
Ordinate scale: ileum contractions expressed as % of initial control response. Abscissa scale: log10 concentration of 
drugs (limonene, α-terpineol or D. kotschyi essential oil). Lines drawn through the points, using two fold increments in 
concentration. The points are mean and the vertical bars show the SEM (n=6). The changes in the response of vehicle 
treated control tissues is not statistically significant (ANOVA). Stars shows statistical differences between each drug 
concentration with its corresponding vehicle treated control. Keys: *P<0.05, **P<0.01, ***P<0.001 (Student's t-test). 
Maximum concentration of vehicle (DMSO) in the bath was 1.28%. 

 
DISCUSSION 

 
Dracocephalum species have traditionally 

been used for the treatment of a number of 
aliments including GI tract disorders (24-26). 
It is believed that this plant has astringent and 
carminative properties (26). Among these 
species D. kotschyi has widely been used for 
its antispasmodic and analgesic effect in 

Iranian Folk Medicine (3). However, so far 
there is no pharmacological report on the 
antispasmodic activity of this plant. In this 
research we have studied antispasmodic of 
essential oil of D. kotschyi and two of its major 
constituents limonene and α-terpineol on 
isolated ileum. Although all these compounds 
had relaxant effect on ileum contractions 
induced by KCl, ACh and EFS but they had 

a b 
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different potencies. Limonene was the most 
potent component, while the potency of α-
terpineol was similar to that of the essential oil 
on KCl responses. The potency of α-terpineol 
was less than limonene in all cases. 
Furthermore, the potency of α-terpineol on 
KCl induced contraction was similar to the 
essential oil but it was weaker on inhibiting 
contraction induced by ACh or EFS. For 
example limonene is about 8 times more 
potent than the essential oil while essential oil 
is 4 times more potent than the α-terpineol in 
inhibiting ACh responses.  

Therefore, it is very likely that limonene is 
the most active constituent which is 
responsible for inhibitory action of the 
essential oil. Alfa-terpineol on the other hand, 
is either equipotent or less potent than the 
essential oil and furthermore accounts for less 
than 2% composition of the essential oil 
therefore, it can not be responsible for the 
antispasmodic activity of the essential oil. 
However, α-terpineol has been reported to be 
responsible for the analgesic effect of the 
essential oil (6). Other identified constituents 
of the essential oil are geraniol, α-pinene and 
β-pinene, linalool and citral. Ciral which is a 
mixture of two monoterpenes (geranial and 
neral), has antispasmodic activity on rat ileum 
contractions induced by KCl, ACh or 5-HT 
(18). α-pinene and β-pinene also have shown 
to inhibit rat ileum contraction induced by KCl 
and ACh (16). Geraniol is another component 
of the essential oil which has also reported to 
reduce contractions induced by KCl, ACh or 
EFS in rat ileum (12). Linalool, another 
constituent, is reported to reduce the ACh 
evoked release in neuromuscular junction (27). 
From identified components in the essential 
oil, geraniol (10%), limonene (9%), α-pinene 
(10%) and citral (12.5%) are the major 
components with antispasmodic effect on rat 
ileum and therefore, they ought to have major 
contribution in the inhibitory effect seen with 
the essential oil.  

In smooth muscles, contraction is produced 
either by Ca2+ entry through voltage gated or 
ligand gated calcium channels, or by inositol 
triphosphate (IP3) medicated Ca2+ release from 
intracellular stores (28). KCl cause membrane 
depolarization of smooth muscle and 

activation of voltage gated Ca2+ channels, 
while ACh by activation of M3 muscarinic 
receptors which is G-protein coupled 
receptors, releases the Ca2+ ions from 
intracellular stores (29,30). Therefore, in this 
research two different spasmogens with two 
different mechanism of action was used. For 
instance, muscarinic antagonist at concentrations 
which totally remove the response to ACh had 
no effect on contraction induced by KCl 
(12,15). On the other hand, nifedipine totally 
removed contractile response to KCl, while 
only partially remove the response to ACh (15).  

Application of EFS is more closely related 
to natural stimulation of ileum, because in this 
way the contractile activity is due to the 
release of neurotrasmitters form entric nervous 
system (ENS). The ENS consists of neurons 
whose cell bodies lie in the intramural plexes 
in the wall of the intestine (31). The ENS is a 
complex network of neurons involving many 
neuropeptides (including substance P, 
vasoactive intestinal peptide and neuropeptide 
Y) and other neurotransmitters (such as ACh, 
5-HT, nitric oxide and ATP) (28,31).  

Opioids like loperamide and muscarinic 
receptor antagonists such atropine are two 
known groups of antispasmodic drugs with 
clinical use (30,32-35). In comparison, the 
inhibitory effect of D. kotschyi essential oil is 
more similar to loperamide than atropine. 
Therefore, mechanism effect of the essential 
oil is somehow different from pure muscarinc 
antagonists or calcium channel blockers 
because it removed both responses to KCl and 
ACh. Inhibition of ileum contraction by these 
three spasmogens (ACh, KCl and EFS) 
indicated that a more general mechanism of 
action may be involved probably at myosin 
light chain level. 
 

CONCLUSION 
 

The essential oil of D. kotschyi had an 
inhibitory effect on contractions induced by 
KCl, ACh and EFS on rat ileum. The main 
components which cause a decrease in GI 
motility are limonene, geraniol, α-pinene and 
citral. Other constituents including α-terpineol 
may have minor contribution in inhibiting 
ileum contraction. Investigation of exact 
mechanism of action of each component is 
recommended for further drug development. 
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