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Abstract 

 
Pharmacological activities of 6-(4-hydroxy-3-methoxyphenyl)-hexanonic acid (HMPHA), a phenolic 
compound, isolated from the extract of Pycnocycla spinosa was investigated on ileum motility in vivo and in 
vitro. Ileum motility was examined by measuring charcoal movement through the gut in mice. In addition, 
antidiarrhoeal activity of HMPHA was assessed and compared with standard drug; loperamide (2 mg/kg) and 
the hydroalcoholic extract of P. spinosa (2 mg/kg). Furthermore, concentration response curve to contraction 
induced by acetylcholine (ACh), 5-hydroxy triptamine (5-HT) and electrical field stimulation (EFS) were 
obtained after incubation of ileum segment with various concentrations of HMPHA or hydroalcoholic extract 
of P. spinosa. HMPHA (2 mg/kg and 5 mg/kg, orally) significantly inhibited gut movements in vivo and 
reduced diarrhoea induced by castor oil or sulphate magnesium. In addition, HMPHA reduced ileum 
contraction induced by ACh (IC50=33 ± 6 µg/ml), 5-HT (IC50=87 ± 12 µg/ml) and EFS (IC50=36 ± 3 µg/ml) 
in vitro in a concentration-dependent manner. The inhibitory effect was reversible following washing off the 
drug. These studies indicate that HMPHA as an active component of P. spinosa extract has significant 
antispasmodic and antidiarrhoeal activities and therefore, has the potential as a lead compound for further 
development of a new spasmolytic remedy. 

 
Keywords: Pycnocycla spinosa extract; 6-(4-hydroxy-3-methoxyphenyl)-hexanonic acid; Antispasmodic; 
Antidiarrhoeal 
 

 
INTRODUCTION 

 
Irritable bowel syndrome (IBS) is a 

digestive tract diseases associated with 
intestinal movement problems. IBS can 
present with pain, constipation, or diarrhoea 
(1,2). A laxative may be needed to relieve 
constipation (3,4). Anti-motility drugs such 
loperamide may relieve diarrhoea and 
antispasmodic drugs reduce intestinal spasm 
and relieve the pain (4-6). Antimuscarinic 
agents also are used for gastrointestinal 
smooth muscle spasm (4-6). Dicyclomine has 
less antimuscarinic adverse effects than 
atropine and may also have some direct action 
on smooth muscle. The smooth muscle 

relaxant properties of antimuscarinic and other 
antispasmodic drugs make them useful remedy 
in IBS. Plant derivatives extract has also been 
used as a remedy and many clinically useful 
drugs had been derived from plant materials 
(6,7). Alverine, mebeverine and peppermint oil 
are other antispasmodic agents believed to be 
direct relaxant of intestinal smooth muscle and 
may relieve the pain in IBS and diverticular 
disease (8,9).         

Pycnocycla spinosa Decne. exBoiss. (P. 
spinosa) (10,11) extract is a smooth muscle 
relaxant of intestinal smooth muscles (12-14) 
and it could be an alternative remedy for the 
treatment of IBS, since its extract has shown to 
posses both antispasmodic and antidiarrhoeal 
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activities (12-15). The hydroalcoholic extract 
of P. spinosa are enriched in a number of 
substances including isovanilline and 
isoacetovanilone with antispasmodic and anti-
diarrhoeal activities (16-18). 6-(4-hydroxy-3-
methoxyphenyl)-hexanonic acid (HMPHA) is 
another active compound which has been 
identified in P. spinosa extract (19,20). 
However, its effect on ileum motility has not yet 
been investigated. Therefore, the objective of the 
present study was to examine the relaxant 
activity of HMPHA on ileum contractions 
induced by acetylcholine (ACh), 5-hydroxy 
triptamine (5-HT) and electrical field stimulation 
(EFS). In addition to antispasmodic activity, 
anti-diarrhoeal action and anti-motility of this 
compound was also investigated in vivo.  
 

MATERIALS AND METHODS 
 

Plant materials  
The aerial parts of the plant in flowering 

season (Jun 2012) were collected from Isfahan 
University campus located in the base of the 
Sofah mountain in south of Isfahan-Iran. The 
plant was identified as Pycnocycla spinosa 
Decne. exBoiss. (Fam. Umbelliferae) in 
Biology Department of Isfahan University. A 
voucher specimen of the plant (A24) was 
deposited in the herbarium of the Faculty of 
Pharmacy and Pharmaceutical Sciences at the 
Isfahan University of Medical Sciences (Iran).  
 
Drugs and solutions 

The following drugs were used in 
antidiarrhoeal studies: loperamide (Sigma), 
castor oil (Dine Company, Iran), alcoholic 
extract of P. spinosa obtained by maceration 
(21). HMPHA (Fig. 1) was isolated form P. 
spinosa extract as described before (19,20). 
Loperamide and extract of P. spinosa were 
initially prepared as 10 mg/ml stock solution 
in 70% ethanol. HMPHA was made up as 1 
mg/ml suspension solution in 70% ethanol. 
MgSO4 (Merck) was used as 10% solution in 
distilled water.  

Charcoal (3%) and tragacanth powder (5%) 
suspension were prepared in distilled water. 
The stock solutions were prepared in such a 
way that about 0.5 ml of the solution contained 
the appropriate dose of each drug.   

 
Fig. 1. Chemical structure of 6-(4-hydroxy-3-methoxy-
phenyl)-hexanonic acid. 

 
The following drugs or chemicals were 

used for antispasmodic studies: ACh and 5-
HT(Sigma) were dissolved in distilled water. 
Tyrode's solution with the following 
composition (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 other 
chemicals were from Merck. 

 
Antidiarrhoeal studies  

Male albino mice (25-30g) bred in School 
of Pharmacy and Pharmaceutical Sciences 
animal house were kept at room temperature. 
The animals were fasted overnight prior to the 
experiments with free access to water. All 
animals were handled in accordance with the 
internationally accepted principles for 
laboratory animal use and care, as 
recommended by university authorities (22).  

In this study antidiarrhoeal effect of 
HMPHA (isolated from P. spinosa extract) 
were assessed on castor oil and MgSO4 
induced diarrhea and compared with 
hydroalcoholic extract. In addition, effect of 
this substance on ileum movement was 
assessed by charcoal meal transit test. The 
following doses of drugs were examined: 
HMPHA (2 mg/kg and 5 mg/kg), loperamide 
(2 mg/kg), and hydroalcoholic extract of P. 
spinosa (2 mg/kg). In addition, equivalent 
volume of vehicle was used as control group. 
All the drugs were given orally to each mice 
using special feeding needle. 
 
Castor oil and magnesium sulphate induced 
diarrhoea  

The testing drugs or vehicle were given 
orally to groups of 10 mice. Thirty min after 
drug administration, diarrhoea was induced by 
oral administration of 0.5 ml castor oil. Then 
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each mouse was placed under a large glass 
funnel and number of wet defecation on tissue 
paper was recorded over 3.5 h. In separate 
groups of animals diarrhoea was induced by 
oral administration of MgSO4 solution (2 g/kg) 
and half an hour later drugs or vehicle were 
given by gavage to the animals and incidence 
of diarrhoea was assessed as above.  
 
Charcoal meal transit test  

In this test movement of charcoal meal in the 
intestine was assessed. For this purpose each test 
drug was given orally to mice and 30 min later, 
0.5 ml of charcoal meal containing 3% charcoal 
and 5% tragacanth suspension was administered 
orally. An hour after charcoal meal 
administration, the animal was killed and 
distance of charcoal movement was measured 
for each mouse.  
 
Anti spasmodic studies on isolated ileum  

Male Wistar rats (200-220 g) were killed 
and longitudinal strips of ileum were taken and 
placed in oxygenated Tyrode's solution. Each 
strip was suspended between parallel platinum 
electrodes in 50 ml organ bath under 1 g 
weight tension. The bathing fluid was Tyrode's 
solution at 37 °C and gassed with oxygen. The 
ileum tension was monitored with an isotonic 
transducer and displayed on a pen recorder 
device (Harvard). Electrical field stimulation 
was performed using rectangular pulses 
produced by a stimulator (made in the university 
workshop). Tissues were stimulated with 
maximum of 6 volts using 1 s trains of stimuli 
at 50 Hz. ACh (0.5 µM) and 5-HT (2 µM) 
were added into the bath with contact time of 
20 s. Stimulation was performed once every 10 
or 15 min as appropriate. 

Measurement and statistical analysis  
Number of wet defecation over the course 

of study was used for the assessment of 
diarrhoea index. Ileum transit was expressed 
as percentage of charcoal moved from pylorus 
to caecum relative to whole length of ileum.  

Contraction to EFS or to added spasmogens 
were measured relative to the tissue baseline 
and expressed as percentage of initial response 
prior to addition of the testing agent.  

The IC50 value (drug concentration causing 
50% of maximum response) was determined by 
plotting a full concentration response curve for 
each tissue. Values are presented as mean ± 
standard error of mean (SEM). Statistical 
analysis was performed using Student's t-test 
and/or one way analysis of variance (ANOVA) 
as appropriate. 

 
RESULTS 

 
Plant materials  

The hydroalcoholic extract had green-
brownish color. The yield of extract was 10% 
(w/w). In this separation process 260 mg pure 
HMPHA (0.002% w/w of dried plant 
materials) was obtained.  
 
Castor oil and magnesium sulphate-induced 
diarrhoea  

In the vehicle treated control groups within 
1.5 h after administration of castor oil all the 
animals had shown sign of diarrhoea. The 
incidence of diarrhoea peaked 2 h after the 
treatment and then gradually subsided down. 
Loperamide (2 mg/kg) substantially supp-
ressed castor oil induced diarrhoea (Fig. 2), in 
fact only one mouse showed sign of diarrhoea.  

 
Table 1. Induction time of diarrhoea following oral administration of laxatives in mice. 

Delay in induction of diarrhoea (min) Treatment 
Castor oil (0.5 ml) MgSO4 (0.5 ml of 10%) 
102 ± 4.1 
102 ± 14.3 
181 ± 10.4*** 

68 ± 3.6 
94 ± 18.6 
160 ± 22.2*** 

Control (0.7% ethanol) 
P. spinosa extract (2 mg/kg) 
Loperamide (2 mg/kg) 

87 ± 14 
74 ± 4.5 

82 ± 4.8 
110 ± 2.5*** 

Control (7% ethanol) 
HMPHA (2 mg/kg) 

85 ± 7.7 
112 ± 13.1* 

74 ± 1.2 
175 ± 17.7*** 

Control (17.5% ethanol) 
HMPHA (5 mg/kg) 

Values are expressed as mean ± S.E.M. for each group (n=10). *P<0.05, ***P<0.001 in comparison with 
corresponding control (Student's t-test). HMPHA=6-(3-hydroxy-4-methoxy-phenyl)-hexanonic acid.  



H. Sadraei et al. / RPS 2014; 9(4): 279-286 

 

282 

Hydroalcoholic extract of P. spinosa (2 
mg/kg) in comparison with the control group 
reduced the incidence of diarrhoea by 41% 
(Fig. 2). HMPHA (2 mg/kg & 5 mg/kg) 
significantly reduced castor oil induced 
diarrhoea in mice by 52% and 54% 
respectively in comparison with corresponding 
control groups (Fig. 2). An hour after oral 
administration of MgSO4, first sign of 
diarrhoea was observed in the animals and 
peak of diarrhoea was achieved within 1.5 h 
before it gradually subsided down. Loperamide 
(2 mg/kg) both delayed the induction of 
diarrhoea (Table 1) and attenuated diarrhoea 
by 67% (Fig. 2). In this group 4 mice had no 
incidence of diarrhoea at all. P. spinosa extract 
(2 mg/kg) reduced the incidence of diarrhoea 
by 52% (Fig. 2). HMPHA (2 mg/kg and 5 
mg/kg) dose dependently inhibited MgSO4 
induced diarrhoea in mice by 54% and 84% 
respectively in comparison with corresponding 
control groups (Fig. 2). In addition it caused a 

significant delay in induction of diarrhoea in 
mice (Table 1).  

In the group treated with 5 mg/kg HMPHA, 
half of the animals had no sign of diarrhoea 
during the course of the study.  
 
Charcoal meal transit test  

In the control group, 1 h after charcoal 
feeding, the black meal moved up to 90% of 
the ileum length.  

All the tested compounds significantly 
reduced the distance moved by the charcoal 
meal while loperamide (2 mg/kg) was the most 
effective antispasmodic drug (Fig. 3). 
HMPHA (2 mg/kg and 5 mg/kg) also reduced 
the movement of charcoal meal in the ileum 
for about 33% and 35% respectively in 
comparison with the corresponding control 
groups (Fig. 3).  

P. spinosa extract (2 mg/kg) reduced 
distance of charcoal meal moved down the 
ileum by only 24% (Fig. 3). 
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Fig. 2. Antidiarrhoeal activity of P. spinosa 
hydroalcoholic extract, loperamide and 6-(4-hydroxy-3-
methoxy-phenyl)-hexanonic acid on mice with castor oil 
(0.5 ml, orally) and MgSO4 (0.5 ml, 10% solution) 
induced diarrhoea. Incident of diarrhoea were assessed 
as number of wet defecation following castor oil 
administration. The control groups were treated with the 
corresponding vehicle (0.7%, 7% & 17.5% ethanol) 
respectively. Data are mean ± SEM (n=10) for each 
group. **P<0.01, ***P<0.001 in comparison with 
corresponding vehicle treated control group (Student's t-
test). 
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Fig. 3. Effect of P. spinosa hydroalcoholic extract, 
loperamide and 6-(4-hydroxy-3-methoxy-phenyl)-
hexanonic acid on small intestinal transit (0.5 ml of 
charcoal meal). Gastrointestinal transit was expressed as 
the percentage of distance that charcoal moved relative 
to whole length of small intestine over an hour. Data are 
mean ± SEM (n=10) for each group. ***P<0.001 in 
comparison with corresponding vehicle treated control 
group (Student's t-test). 
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Fig. 4. Effect of loperamide (20 nM-12.8 µM) and 6-(4-
hydroxy-3-methoxyphenyl)-hexanonic acid (20-630 
µM) on tension development to 5-HT (2 µM) in isolated 
ileum of rat. Ordinate scale: ileum contractile response 
expressed as percent of initial control response. 
Abscissa scale: log10 concentration of drugs. The points 
are mean and the vertical bars show the SEM (n=6). 
There is no statistical significant differences in vehicle 
treated (DMSO) time-matched control over the course 
of study (ANOVA).  
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Fig. 5. Effect of loperamide (20 nM-50 µM) and 6-(4-
hydroxy-3-methoxyphenyl)-hexanonic acid (20-630 
µM) on tension development to acetylcholine (0.5 µM) 
in isolated ileum of rat. Ordinate scale: ileum contractile 
response expressed as percent of initial control 
response. Abscissa scale: log10 concentration of drugs. 
The points are mean and the vertical bars show the SEM 
(n=6). There is no statistical significant differences in 
vehicle treated (DMSO) time-matched control over the 
course of study (ANOVA).  
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Fig. 6. Effect of loperamide (20 nM-50 µM) and 6-(4-hydroxy-3-methoxyphenyl)-hexanonic acid (20-630 µM) on 
tension development to first (EFS-1) and second (EFS-2) contractile responses to electrical field stimulation (6 V, 50 
Hz, 1 s duration) in isolated ileum of rat. Ordinate scale: ileum contractile response expressed as percent of initial 
control response. Abscissa scale: log10 concentration of drugs. The points are mean and the vertical bars show the SEM 
(n=6). There is no statistical significant differences in vehicle treated (DMSO) time-matched control over the course of 
study (ANOVA).  
 
Anti spasmodic studies on isolated ileum 

Electrical field stimulation produced a 
biphasic contractile responses (EFS-1 and 
EFS-2) as described before (23-25) while ACh 
and 5-HT caused a rapid contraction. 
Loperamide inhibited the contractile response 

to ACh, 5-HT and EFS in concentration 
dependent manner (Figs 4-6), abolishing the 
response at its highest used concentration. 6-
(4-hydroxy-3-methoxyphenyl)-hexanonic acid 
(5-160 µg/ml) concentration dependently 
inhibited the contractile responses to 5-HT and 
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ACh with IC50 values of 87 ± 12 µg/ml (336 ± 
50 µM, n=6) and 33 ± 6 µg/ml (140 ± 20 µM, 
n=6) respectively (see Figs 4 and 5). HMPHA 
reduced both responses to EFS with IC50 
values 36 ± 3 µg/ml (152 ± 10 µM, n=6) and 
41 ± 5 µg/ml (170 ± 20 µM, n=6) respectively 
(Fig. 6). After washing, contractile responses 
were gradually restored.  

Loperamide in concentration dependent 
manner inhibited the response to 5-HT 
(IC50=1.2 ± 0.1 µM, n=6), ACh (IC50=4.3 ± 
0.9 µM, n=6) and EFS (IC50=335 ± 42 nM, 
n=6). In the vehicle treated time matched 
control tissues, DMSO (0.05-1.6%) caused a 
slight increase in contractile responses to ACh, 
5-HT and EFS but these changes was not 
statistically significant (ANOVA). 

 
DISCUSSION 

 
Irritable bowel syndrome is a disorder that 

leads to abdominal pain, cramping, and 
changes in bowel movements. People with IBS 
may switch between constipation and 
diarrhoea, or mostly have one or the other. 
People with diarrhoea will have frequent, 
loose, watery stools (1-3). Patients often have 
an urgent need to have a bowel movement, 
which may be hard to control.  

The use of antispasmodic drugs may help 
patients especially those with cramps or 
diarrhea (4-6). Antimuscarinic such as 
propanthline or dicyclomine, only reduce the 
responses to parasympathic nerve fibers but 
also have other side effects (4-6). 
Antimuscarinic drugs reduce intestinal motility 
and they are used for the management of IBS 
(4-6). However, their value has not been 
established and responses are variable. Drugs 
which act directly at the smooth muscle of the 
gastrointestinal tract could relieve spasm 
without affecting normal gut function. Since 
this action is not mediated by the autonomic 
nervous system, the usual anticholinergic side 
effects are absent.  

Antidiarrheal agents such as loperamide are 
used in diarrhoea-predominant IBS (4-6). 
Opioids act by several mechanisms, mediated 
principally through either µ- or δ-opioid 
receptors on enteric nerves, epithelial cells and 
smooth muscles (26-28). We have shown that 

loperamide not only inhibits diarrhoea but also 
reduce the intestinal movement due to its anti-
spasmodic activity on intestinal smooth 
muscle. HMPHA also had anti-diarrhoeal 
activity comparable to that of loperamide, 
reduced diarrhoea induced by both castor oil 
and MgSO4 solution.  

Furthermore, it reduced movement of 
charcoal meal in the ileum which also reflects 
its antispasmodic activity. In addition, 
HMPHA removed the contractile response to 
EFS, ACh and 5-HT. Drugs affecting 5-HT in 
the intestines can help reduce symptoms of 
IBS (29). 5-HT antagonists are also effective 
in post-infectious IBS and diarrhoea dominant 
IBS. The reason for their benefit might be 
because of excessive serotonin in the gut that 
is believed to play a role in the pathogenesis of 
some subtypes of IBS (29). 5-HT is 
spasmogenic agent on intestinal smooth 
muscle and can stimulate the gut motility and 
therefore drugs like HMPHA can help 
diarrhea-predominant IBS.  

Benefits may include reduced diarrhoea and 
abdominal cramps. It could reduce the 
frequency of bowel movements and relieve 
rectal urgency in patient with mild disease. As 
with other antispasmodic agents care should be 
taken if obstruction is suspected.  

Hydroalcoholic extract of P. spinosa also 
slowed down gastrointestinal motility by 
affecting smooth muscles in the intestine. 
Some part of its antidiarrhoeal effect may be 
due to a reduction in gastrointestinal secretion, 
because it reduced the diarrhoea induced by 
MgSO4. MgSO4 is osmotic laxative and by 
creating osmotic pressure prevent water 
absorption form gut and in such way it cause 
diarrhoea (28).  

Castor oil contains two known ingredient 
ricin and a triglyceride of ricinoleic acid. The 
triglyceride hydrolysed in the small intestine 
by the action of lipases into glycerol and the 
active agent, ricinoleic acid, which acts 
primarily in the small intestine to stimulate 
secretion of fluid and electrolytes and speed 
intestinal transit (8) In this research we have 
demonstrated that P. spinosa extract and its 
active component HMPHA, reduced diarrhoea 
induced by castor oil or MgSO4. Reduction in 
diarrhoea most likely is due to anti spasmodic 
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activity of the agent since gut motility was 
reduced both in vivo and in vitro. This new 
compound may have advantage over 
antimuscarinic agent to the treatment of IBS, 
since this agent in addition to ACh, inhibited 
contraction due to 5-HT as well as neural 
stimulation of the intestine.  

Primary studies on P. spinosa extract 
indicate that this extract possessed selective 
action on ileum in comparison with other 
smooth muscle including uterus and bladder 
(30,31). At anti-diarrheal dose, P. spinosa 
extract had no significant effect on rat blood 
pressure (32), central nervous system (33) 
renal or hepatic functions (34). As the dose of 
HMPHA and P. spinosa extract are relatively 
similar, other active materials also must be 
present in the P. spinosa extract. Therefore, P. 
spinosa extract and its component are 
recommended for clinical trial for IBS treatment. 

 
CONCLUSION 

 
6-(4-hydroxy-3-methoxyphenyl)-hexanonic 

acid is an active agent from P. spinosa. 
Pharmacological properties of HMPHA are 
similar to those of loperamide. Therefore, it 
could be a suitable lead compound for further 
drug development. However, toxicological 
tests are required before it could be used for 
clinical studies in the man. 
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