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Abstract 
 
Flower of Rosa damascena Mill is widely used in Iran for gastrointestinal (GI) disorders. However, 
its pharmacological action on ileum contraction has not been studied. In this research we have 
investigated ileum motility effect of essential oil of flower petals of R. damascena growing in 
Kashan, Iran, and two of its constituents. The essential oils obtained by hydrodistillation were 
investigated by a combination of GC and GC/MS. More than 34 compounds have been identified. 
The main constituents of the essential oil were β-citronellol (23%), nonadecane (16%), geraniol 
(16%) and heneicosane (5%). A portion of rat isolated ileum was suspended under 1g tension in 
Tyrode’s solution at 37°C and gassed with O2. Effect of the R. damascena essential oil (2.5-160 
µg/ml), geraniol (0.2-3.2 µg/ml) and citronellol (0.8-6.4 µg/ml) were studied on ileum contractions 
induced by KCl, acetylcholine (ACh) and electrical field stimulation (EFS) and compared with 
standard drugs atropine and loperamide. The contractile response of EFS was mediated mainly 
through the intramural nerve plexuses, because its response was inhibited by loperamide and 
partially reduced by atropine. The essential oil concentration dependently inhibited the response to 
KCl (IC50=67 ± 8.4µg/ml) and EFS (IC50=47 ± 10.6 µg/ml). Geraniol (IC50=1.7 ± 0.15 µg/ml for 
KCl) and citronellol (IC50=2.9 ± 0.3 µg/ml for KCl) also had inhibitory effect of ileum contraction 
and both were more potent than the essential oil. It was concluded that R. damascena essential oil 
mainly had an inhibitory effect on ileum contractions and geraniol and citronellol had a major role 
in inhibitory effect of the essential. 
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INTRODUCTION 

 
Rosa damascena Mill belong to Rosaceae 

family which grow in some part of Europe and 
Asia particularly in Middle East (1,2). R. 
damascena, more commonly known as the 
Damask rose, the Damascus rose, or sometimes 
as the Rose of Castile, is a rose hybrid, derived 
from Rosa gallica and Rosa moschata (3). The 
flower of R. damascena is enriched in essential 
oil (1,3). The flowers are renowned for their 
fine fragrance, and are commercially harvested 
for rose oil and to make rose water (1,4). The 
essential oil of the R. damascena flower is 
precious and is used in perfumery (5). It is 

stimulating and elevating to the mind creating 
a sense of well being. Damascus rose oil also 
has therapeutic properties that sooth the mind 
and helps with depression, nervous tension and 
stress (6). Rose is antiseptic, antispasmodic, 
antiviral, and antibacterial (6). Rose water and 
the dried flower of R. damascena are being 
used as folk medicine (7,8) and are believed to 
assist conditions like frigidity, chronic 
bronchitis, asthma, skin disease, cancer, ulcers, 
wounds, wrinkles, infections, as well as 
constipation (for review see reference 6). On 
the other hand, rose water (called Golab in 
Iran) sometimes used as antispasmodic for 
abdominal pain (8). However, the pharmaco-
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logical effect of R. damascena essential oil on 
GI tract is not well understood. Therefore, the 
aim of this research was to investigate the 
effect of R. damascena essential oil and two of 
its components on ileum contractions, in order 
to find any excitatory or inhibitory effect they 
may have on intestinal motility.   

 
MATERIALS AND METHODS 

 
Plant materials  

The essential oil was prepared by 
hydrodistillation according to European 
Pharmacopoeia (9) in Barij Essence Co. in 
Mashhad-Ardehal (Kashan, Iran).  
 
Analysis of the essential oil 

For analysis of the essential oil, gas 
chromatography (GC) analysis was carried out 
on a Perkin-Elmer 8500 gas chromatograph 
with FID detector and a BP-1 capillary column 
as previously described (10). 

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 (10).  
 
Drugs and Solutions  

The following drugs were used in this 
research: R. damascena essential oil, geraniol 
(Roth, Germany), citronellol (Roth, Germany), 
atropine sulfate, loperamide hydrochloride 
(Sigma, Germany), acetylcholine hydrochloride 
(Sigma, Germany).  

The essential oil, geraniol and citronellol 
were made up as 10 mg/ml stock solution in 
dimethyl sulfoxide (DMSO), dilution being 
made in 50% DMSO.  

Loperamide (10 mM), atropine (1 mM) and 
KCl (2 M) stock solutions were made up in 
distilled water. Acetylcholine hydrochloride 
(Sigma, Germany) was made up as 100 mM 
stock solution and acidified by 1% acetic acid, 
and further serial dilutions were made in 
distilled water.  

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, was made up in distilled water. 
Unless stated, all chemicals and drugs were 
from Merck (Germany).  

In vitro contractility assessment 
Experiments were conducted on adult male 

Wistar rats (Bred in School of Pharmacy 
animal house, Isfahan, Iran), weighing 180-
250 g. The rats were housed in groups of 4-6 
per cage with free access to food and water at 
room temperature. 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) (11). On the day of experiment, rats 
were killed by a blow on the head, followed by 
exsanguination. The ileum was removed and 
placed in oxygenated Tyrode's solution at 
room temperature. Longitudinal strips, 2-3 cm 
long, were prepared from ileum and mounted 
in 50 ml organ bath (Harvard, England) filled 
with Tyrode's solution at 37°C and continuously 
bubbled with O2. The tissue was then given 3 
successive washes with fresh Tyrode's solution 
and allowed to relax to a stable base line. 
Following a resting period of about 15 min, 
contraction was induced by KCl (80 mM), 
acetylcholine (ACh, 2 µM) or electrical field 
stimulation (EFS) (12,13). Smooth muscle 
contraction of the ileum was measured using a 
Harvard isotonic transducer under 1 g resting 
force and recorded on a Harvard Universal 
Oscillograph (England) pen recorder device.  

In one group of experiments, contraction 
was induced in rat ileum by addition of KCl 
(80 mM) into the bath. After equilibration 
period of 15 min, drugs were added 
cumulatively into the bath and their effects 
were evaluated after at least 10 min contact 
with the tissue. The essential oil, geraniol and 
citronellol were added at 5 min intervals. 

In second group of experiments, contraction 
was induced by single concentration of 
acetylcholine (2 µM). Acetylcholine was in 
contact with the tissue for 20 s before it was 
washed off with fresh Tyrode's solution. 

In the third group of experiments, EFS was 
performed with trains of rectangular pulses 
from a stimulator (made in Isfahan School of 
Pharmacy workshop) 6 V and 50 Hz for 1 s 
duration. The EFS was delivered at 15 min 
intervals to the ileum via a couple of platinum 
electrodes wires sandwiching the tissue 
preparation.  
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Effect of the essential oil, geraniol and 
citronellol were determined on above induced 
contractions using two fold increments in 
concentration until a full concentration 
response effect was achieved. Experiments 
were performed alongside time-matched 
vehicle treated controls with the tissue from 
the same animal. Similarly, effect of atropine 
(0.2-50 µM) and loperamide (20 nM-12.8 
µM), as standard drugs, were examined on 
contraction induced by KCl, acetylcholine and 
EFS using four folds concentration increments 
for comparison with the essential oil.  
 
Measurements and statistical analysis:  

Contractile response to KCl, acetylcholine 
and EFS were measured as maximum 
amplitude from the baseline, just before 
addition of each 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 was assessed using 
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 was 
considered statistically significant for P<0.05.  

Whenever appropriate, the IC50 value (drug 
concentration causing 50% of maximum 
response), was calculated. Sigma plot 
(version11) computer program was used for 
statistical analysis, drawing the graphs and 
calculation of IC50 values.  

 
RESULTS 

 
Plant materials analysis 

At least 34 compounds were identified in 
the essential oil of R. damascena , representing 
about 97% of the total oil. The results of

 
Table 1. Constituents of essential oil of R. damascena Mill flower collected from Kashan (Iran). The compounds are 
listed in order of their retention time (RT) on the HP-5MS. Kovates Indices (KI) were calculated using the Kovates 
equation. 

KI RT Percent (%) Compound NO 
700 1.85 0.37 Heptane 1 
800 2.05 1.68 Octane 2 
939 3.79 1.26 Pinene - α 3 
980 4.60 0.27 - Pineneβ 4 
991 4.86 0.59 - Myrcene β 5 
999 5.05 0.44 Decane 6 

1031 5.74 0.20 Limonene 7 
1098 7.60 1.97 Linalool 8 
1110 7.97 1.25 Phenethyl Alcohol 9 
1177 9.85 0.35 Terpinene –4- ol 10 
1188 10.27 0.59 Fenchyl Alcohol 11 
1228 11.66 23.76 - Citronellolβ 12 
1240 11.90 0.16 Neral 13 
1255 12.47 16.50 Geraniol 14 
1270 12.82 0.34 Geranial 15 
1354 15.39 1.09 Citronellyl Acetate 16 
1356 15.47 1.00 Eugenol 17 
1383 16.34 2.64 Geranyl Acetate 18 
1391 16.51 0.25 - Elemeneβ 19 
1401 16.95 1.08 Methyl Eugenol 20 
1434 17.32 0.79 Trans - Caryophyllene 21 
1439 17.92 1.01 - Guaieneα 22 
1454 18.34 0.85 - Humuleneα 23 
1480 19.19 2.75 Germacrene - D 24 
1494 19.72 0.26 Caryophyllene derivetives 25 
1500 19.80 0.55 Pentadecane 26 
1600 24.79 0.49 Hexadecane 27 
1700 25.46 3.25 Heptadecane 28 
1722 26.02 1.61 Farnesol 29 
1800 28.04 0.36 Octadecane 30 
1865 29.96 6.94 Unknown 31 
1900 30.72 16.79 Nonadecane 32 
2000 32.96 1.45 Eicosane 33 
2100 35.29 4.90 Heneicosane 34 
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GC-MS analysis of the R. damascena essential 
oil are shown in Table 1. The main 
components were β-citronellol (23%), 
nonadecane (16%), geraniol (16%) and 
heneicosane (5%).  

 
In vitro contractility assessment 

Rat isolated ileum suspended in the organ 
bath, usually showed spontaneous activity 
which subsided gradually over the time. KCl 
(80 mM) caused tonic contraction which 
maintained for the duration of the study. 
Acetylcholine caused a rapid contraction of rat 
ileum reaching its peak within 20 s of the 
contact time. Rat ileum contracted rapidly to 
EFS, reaching a peak within 10 s followed by 
partial relaxation which was then followed by 
a slower second peak with variable magnitude 
and then relaxed towards the baseline. The 
EFS responses were similar to EFS biphasic 
response reported by Ekblad & Sundler (14). 
Atropine (200 nM to 50 µM), at 
concentrations which blocked acetylcholine 
responses in rat ileum, had no effect on KCl 
induced contraction but only partially 

attenuated the EFS responses at its highest 
used concentration.  

Loperamide (80 nM to 12.8 µM) 
concentration dependently reduced contractile 
responses to KCl. At similar concentration 
ranges, the initial responses to EFS were also 
attenuated by loperamide. The secondary 
evoked EFS response was inhibited in similar 
manner as the initial EFS response. 
Loperamide at higher concentration (0.8 µM) 
start to inhibit the ACh contraction and at its 
highest used concentration (12.8 µM), where 
the response to KCl and EFS was totally 
removed, still 30% of the response remained 
(Fig. 1). 

The essential oil of R. damascena               
(10-160 µg/ml), concentration dependently 
inhibited contraction induced by 80 mM KCl 
(Fig. 2). The essential oil at concentration 
which removed contractile response to KCl, 
only reduced the acetylcholine response by      
7.0 ± 5.9%. The IC50 values are compared in 
Table 2. The vehicle had no significant effect 
on ileum contraction induced by acetylcholine, 
EFS or KCl (ANOVA). 
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Fig. 1. Effect of loperamide on tension development to 
potassium chloride (KCl, 80 mM), acetylcholine (ACh, 
2 µM) and first contractile responses to electrical field 
stimulation (EFS-1, 6V, 50Hz, 1 s duration) in isolated 
ileum of rats. Ordinate scale: ileum contractile response 
expressed as percent of initial control response. 
Abscissa scale: log10 concentration of loperamide. Lines 
drawn through the points, using four fold increments in 
concentration. The points are mean and the vertical bars 
show the SEM (n=6). There are statistically differences 
in percent of inhibition of ACh in comparison to KCl 
and EFS, Keys: *P<0.05, **P<0.01, ***P<0.001 
(Student's t-test). 
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Fig. 2. Effect of R. damascena essential oil, geraniol 
and citronellol on tension development to KCl, (80 mM) 
in isolated ileum of rats. Ordinate scale: ileum 
contractile response expressed as percent  of initial 
control response. Abscissa scale: log10 concentration of 
test compounds. Lines drawn through the points, using 
two fold increments in concentration. The points are 
mean and the vertical bars show the SEM (n=6). 
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Table 2. Inhibitory concentrations (µg/ml) causing 50% inhibition of rat ileum contraction (IC50) induced by KCl         
(80 mM), electrical field stimulations (EFS) and acetylcholine (ACh, 2 µM).  

 KCl EFS-1 EFS-2 ACh 
       Essential oil  67±8.4  47±10.6  19±3.7  - 
       Geraniol  1.7±0.15  1.5±0.19  0.8±0.19  1.7±0.13  
       Citronellol  2.9±0.3  5.4±0.9  3.4±0.9  7.5±1.2  
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Fig. 3. Effect of R. damascena essential oil (n=6), geraniol (n=6) and citronellol (n=5) on tension development to first 
(a) and second (b) contractile responses to electrical field stimulation (EFS, 6V, 50Hz, 1 s duration) in isolated ileum of 
rats. Ordinate scale: ileum contractile response expressed as percent  of initial control response. Abscissa scale: log10 
concentration of the test compounds. Lines drawn through the points, using two fold increments in concentration. The 
points are mean and the vertical bars show the SEM.  
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Fig. 4. Effect of R. damascena essential oil (n=6), geraniol (n=6) and citronellol (n=5) on tension development to 
acetylcholine (ACh, 2 µM) in isolated ileum of rats. Ordinate scale: ileum contractile response expressed as percent of 
initial control response. Abscissa scale: log10 concentration of the test compounds. Lines drawn through the points, 
using two fold increments in concentration. The points are mean and the vertical bars show the SEM.  

 
Relaxant effect of the essential oil of R. 

damascena at concentration ranges which 
inhibited the KCl responses were also 
examined on biphasic contractions induced by 
EFS. The essential oil of R. damascena at 
concentration ranges of 10 µg/ml to 160 µg/ml 
had a similar pattern of inhibition on EFS 
responses (Fig. 3). The IC50 value of the 
essential oil for the initial and the secondary 
contractile response are shown in Table 2. The 

percentage inhibitory effect of the essential oil 
was very similar on both the initial (EFS1) and 
the secondary contraction induced by EFS 
(EFS2). There was no statistically difference 
in vehicle treated time-matched control tissues 
contractions over the course of study 
(ANOVA). The inhibitory effect of the 
essential oil on KCl, ACh and EFS responses 
was reversible following washing the tissue 
with fresh Tyrode's solution. 
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Geraniol (0.2-3.2 µg/ml) and citronellol 
(0.8-6.4 µg/ml) in concentration dependent 
manner inhibited ileum contraction induced by 
KCl (Fig. 2). Both geraniol and citronellol 
inhibited EFS responses (Fig. 3). However, 
geraniol and citronellol were less effective on 
ACh response and inihibition of ACh response 
was observed at higher bath concentration in 
comparison with inhibition of KCl response 
(Fig. 4). The IC50 values for comparison with 
the essential oils are presented in Table 2. 

 
 

DISCUSSION 
 

Dried flower petals of R. damascena 
traditionally are used to alleviate constipation 
while rose water containing traces of R. 
damascena essential oil are believed to 
alleviate bowel spasm (7,8). Drugs that affect 
lower GI function may act on smooth muscles 
and/or work by modulating the activity of the 
enteric nervous system (ENS). The ENS is 
embedded in the lining of the GI system. The 
neurotransmitters acetylcholine (ACh), serotonin 
(5HT), and a number of peptides including 
opioid peptide are the important regulators of 
motility and water absorption (15).  

The essential oil had an inhibitory effect on 
contraction induced by KCl, and EFS. The 
inhibitory effect of the essential oil of R. 
damascena is in parallel with people's belief 
that rose water (or Golab as called in Iran) is 
useful for abdominal spasm (8,16). From 
identified components in the essential oil, 
geraniol and citronellol were examined on 
ileum and it was found to be 40 and 20 times 
more potent than the essential oil respectively 
in inhibiting KCl response. Therefore, they 
ought to have major contribution to the 
inhibitory effect seen with the essential oil. 
Other constituents, β-caryophyllene (17), 
methyleugenol (18), eugenol (19), limonene 
(20), α-pinene and β-pinene (10) are also 
known to have anti-spasmodic effect on ileum. 
Farnesol, a constituent of the essential oil, also 
known to inhibit L-type Ca2+ channels in 
vascular smooth muscle cells (21), which 
could explain the inhibition of KCl response. 
Linalool, another constituent, is reported to 
reduce the ACh evoked release in 
neuromuscular junction (22). Similar 

mechanism may explain the reduction in EFS 
response. The essential oil, however, only 
partially reduced the ACh response, which 
may indicate that the inhibitory effect of the 
essential oil is mainly mediated via cell 
membrane rather than intracellular mechanisms.  

The main pharmacological agents that 
decrease GI motility are opioids and 
muscarinic receptor antagonists (23). Atropine 
and loperamide were standard compounds in 
this study. Although atropine completely 
abolished the contractile effect of ACh on the 
ileum, it only incompletely inhibited the effect 
of EFS. The remaining contraction is most 
likely due to release of other excitatory 
neurotransmitters from the enteric plexus such 
as serotonin, histamine, vasoactive intestinal 
peptide, substance P, etc (24). This indicates 
that excitatory transmitters other than ACh are 
also important in normal function of myenteric 
plexus. Removal of ACh response by atropine, 
indicate that ACh action is mainly mediated 
through muscarinic receptors, whose 
activation result in release of Ca2+ ions from 
intracellular stores mediated through M3 
receptors (25). Inhibition of KCl response by 
the essential oil indicates that the inhibitory 
effect is post-synaptic but it is not like 
muscarinic receptor antagonists. The extract of 
Rosa damascena also is reported to have 
inhibitory effect on guinea-pig tracheal smooth 
muscle (6,26,27) but so far the effect of extract 
on isolated ileum had not been reported.   

Loperamide is one of the opioids used in 
diarrhoea because it has relatively selective 
action on the GI tract (28). The effect of 
loperamide on neurons of myenteric plexus 
was inhibitory, associated with reduction in 
neurotransmitter release mediated through pre-
synaptic opioid µ- receptors (29). Opioid 
receptors also exists on ileum smooth muscles, 
whose activation may reduced influx of Ca2+ 
through voltage gated calcium channels (30). 
This could explain the inhibitory action of 
loperamide on KCl response.  

 
CONCLUSION 

 
In conclusion we have shown that R. 

damascena essential oil exhibited inhibitory 
effect on rat isolated ileum. These experiments 
support the use of rose water (Golab) as 



Activity of R. damascena flower essential oil on ileum 

23 

antispasmodic remedy for treatment of 
abdominal spasm. Geraniol and citronellol are 
two major components which were responsible 
for the inhibitory effect of R. damascena 
essential oil.  
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