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INTRODUCTION
Phenolic acids are plant components ubiquitously present 
in many fruits, vegetables and grains. They constitute 
a major portion of  the human daily intake of  non-
nutrients[1]. There is increasing evidence of  positive health 
benefits of  the high dietary intake of  such compounds. 
These dietar y phenol ic ac ids have demonstrated 
antioxidant[2], anti-inflammatory[3], cardioprotectant[4] and 
anticancer properties[5].

Ferulic acid, a hydroxycinnamic acid, is found in rice, 
wheat, barley, roasted coffee, tomatoes, asparagus olives, 
berries, vegetables, citrus fruits and leaves, and many other 
plants. Ferulic acid exhibits strong antioxidant and anti-
inflammatory activities[6]. Moreover, it has been claimed 
to protect against chemotherapy-induced side effects by 
enhancing the natural immune defense[7] .

There are previous reports that indicate beneficial 
effects of  phenolic acids on the gastrointestinal tract[8] 
and caffeic acid may enhance intestinal motility. Green tea 
polyphenolics improved bowel movement regularly[9] and 
softened stool consistency[10]. Also black tea polyphenols 
have been shown to enhance gastrointestinal motility both 
in vitro and in vivo[11]. 

Cancer chemotherapy causes severe nausea, vomiting 
and abdominal discomfort which limits its adminis-
tration[12]. Most anticancer agents slow down gastric 
emptying[13-15]. Cisplatin is extensively used for management 
of  oncological disorders, particularly of  the ovary, testis, 
bladder, head and neck[16]. Although effective, cisplatin 
is associated with many adverse drug reactions, such 
as renal damage, gastrointestinal dysfunction, auditory 
toxicity and peripheral nerve toxicity[17]. Cisplatin produced 
dose-related inhibition in gastric emptying reflects an 
accumulation of  food in the stomach[18]. Cisplatin-induced 
side effects in the gastrointestinal tract may be altered by 
metoclopramide[19], 5HT3 receptor antagonists[14,15] and 
antioxidants[20].

The aim of  the present study was to investigate the 
effect of  ferulic acid on gastrointestinal tract both in vitro 
and in vivo. The effect of  ferulic acid, in selected doses, 
on cisplatin-induced delay in gastric emptying in rats was 
also investigated. Specific 5HT3 receptor antagonists are 
effective against drug-induced emesis[21] and ondansetron 
has been shown to reverse the delay in gastric emptying in 
rats[14], therefore ondansetron was used for comparison.
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Abstract
AIM: To study the effects of ferulic acid on gastrointe-
stinal motility both in vitro  and in vivo .

METHODS: Ferul ic acid induced concentrat ion-
dependent stimulation of the basal tone of isolated 
guinea pig ileum (2-20 µmol/L) and isolated rat fundus 
(0.05-0.4 mmol/L). 

RESULTS: Ferulic acid significantly accelerated the 
gastrointestinal transit and gastric emptying in rats in a 
dose-dependent manner (50-200 mg/kg, po). Cisplatin 
(2.5-20 mg/kg, ip) induced a dose-dependent delay in 
gastric emptying in rats. Pretreatment with ferulic acid 
dose-dependently, significantly reversed the cisplatin-
induced delay in gastric emptying. 

CONCLUSION: The endogenous prostaglandins (PGs) 
are involved in mediating the stimulant effects of ferulic 
acid. This effect of dietary ferulic acid may help improve 
other accompanying gastrointestinal symptoms such 
as abdominal discomfort and also may protect against 
emesis induced by cytotoxic drugs.
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MATERIALS AND METHODS
Chemicals 
All chemicals, unless specified otherwise, were purchased 
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). 

Animals
Experiments were performed using Egyptian Giza strain 
guinea pigs (300-500 g) of  either sex and adult male 
Wistar albino rats (175-210 g), both bred in the animal 
facility of  Faculty of  Pharmacy, Al-Azhar University. The 
animals were housed under conditions of  24 ± 2℃, 50 ± 
10 relative humidity and 12 h light and dark cycles. The 
animals were fed with a laboratory diet manufactured 
by Al-Nasr Co., Cairo, Egypt, and were fasted overnight 
before drug administration.

In vitro experiments
Isolated rat fundus: The experiment was made according 
to Vane[22]. Adult male Wistar albino rats were fasted 
overnight with free access to water, and then they were 
sacrificed. The abdomen of  each animal was opened, and 
the entire stomach was dissected free from the abdomen 
and placed into a dish containing aerated Krebs solution 
at 37℃. The grey fundal part was separated from the 
pink pyloric part of  each stomach. Each part was cut 
longitudinally to form a sheet strip of  gastric fundus 
approximately 4 cm long and 3 mm wide (the cuts were 
parallel to the longitudinal muscle fibers by making 
alternate transverse cuts on opposite sides of  the muscle). 
A thread was attached to each end of  the preparation, 
and then it was suspended in a 20 mL organ bath filled 
with Krebs solution at 37℃ and aerated with a mixture of  
oxygen (95%) and carbon dioxide (5%). One thread was 
attached to a fixed pin in the bath and the other to isotonic 
transducer (Washington 400 MD2C Bioscience, Sheerness, 
Kent, UK). The gastric fundus preparation was allowed to 
equilibrate for 30 min under tension of  1 g before starting 
the experiment. Ferulic acid at different concentrations 
was allowed to contact with the preparation for 6 min. 
Serotonin (14 µmol/L) was used at the beginning of  each 
experiment to test the sensitivity of  the tissue used. To 
determine the site of  action of  ferulic acid, a submaximal 
concentration (0.05 mmol/L) was tested before and after 
complete blockade of  H1 receptors (mepyramine 10 
µmol/L), muscarinic receptors (atropine sulfate 10 µmol/
L), 5HT3 receptors (partially blocked by ondansetron 1 
mmol/L) and PGE2 effect (blocked by indomethacin 0.08 
mmol/L).
Isolated guinea pig ileum: Experiments were done 
according to Per r y [23]. Guinea pigs were ki l led by 
exsanguination. The guinea pig ileum preparation was 
set up in a 20 mL organ bath containing Tyrode solution 
at 37℃ gassed with 95% O2 and 5% CO2. The normal 
tone and changes in force of  contraction after different 
concentrations of  ferulic acid (2-20 µmol/L) were 
measured (at a speed of  recording 0.25 mm/sec) using 
isotonic transducer (Washington 400 MD2C Bioscience, 
Sheerness, Kent, UK). Histamine (2-25 µmol/L) was 
used to test the sensitivity of  the tissue. To determine the 
site of  action of  ferulic acid, mepyramine (0.8 µmol/L), 
atropine sulfate (1  µmol/L), ondansetron (5 µmol/L) 

and indomethacin (0.14 mmol/L) were used to mediate 
blockade of  H1 receptors, muscarinic receptors, 5HT3 
receptors and the PGE2 effect, respectively.

In vivo experiments
Intestinal transit rate in rats: Gastrointestinal transit 
was measured in the charcoal propulsion test[24]. The test 
compound (50, 100 or 200 mg/kg) and saline (control) 
were administered orally. Rats were distributed into groups 
( 8 each) : group 1 received 1 mL saline (control); groups 
2-4 were treated with ferulic acid in 3 doses (50, 100 or 
200 mg/kg, oral); group 5 was given indomethacin (0.75 
mg/kg, ip) [11]; and Group 6 received indomethacin (0.75 
mg/kg, ip) 50 min after oral administration of  ferulic acid 
(100 mg/kg). One hour after ferulic acid administration, 
each rat was orally administered 1 mL charcoal meal (5% 
activated charcoal suspended in 10% aqueous tragacanth). 
Rats were killed 30 min later by cervical dislocation. The 
extent of  charcoal propulsion in the small intestine was 
measured (distance traveled by the charcoal head from 
the pylorus as well as total length of  the small intestine). 
Intestinal transit rate% = distance traveled by charcoal 
head/length of  the small intestine × 100.
Gastrointestinal emptying in rats: The rate of  
gastric emptying of  the non-nutrient semisolid meal 
was determined according to the method described 
previously[25]. Male Wistar rats were fasted overnight with 
water ad libitum. Briefly, a test meal (0.05% phenol red in 
a 1.5% aqueous methylcellulose solution) was given (1.5 
mL/rat) by gastric tube. Thirty minutes after the meal 
was given, the animals were sacrificed. The cardias and 
the pylori were clamped, the stomach was removed out, 
homogenized with its contents in 100 mL of  0.1 mol/L 
NaOH. Proteins (in 5 mL homogenate) were precipitated 
with 0.5 mL of  trichloroacetic acid (20% w/v) and 
centrifuged. The supernatant was mixed with 4 mL of  0.5 
mol/L NaOH and absorbance of  the sample was read at a 
wavelength of  560 nm. Phenol red was recovered from the 
stomach of  rats killed immediately after administration of  
the methylcellulose meal served as the standard stomach. 
The percentage of  gastric emptying was calculated from 
the following formula: Gastric emptying (%) = 1-(amount 
of  phenol red recovered from the test stomach/(average 
amount of  phenol red recovered from the stomach) × 
100.

Activity is expressed as the percent change of  gastric 
emptying in treated rats versus controls.

Tested compounds
Effect of  ferulic acid: Ferulic acid at three different 
doses (50, 100 or 200 mg/kg) was orally administered 30 
min before the test meal. 
Effect of  cisplatin: To assess the dose dependency 
of  cisplatin-induced delay in gastric emptying and to 
standardize the dose that would be more suitable to 
study the effect of  ferulic acid pretreatment, cisplatin was 
administered at different doses of  2.5, 5, 10 and 20 mg/kg, 
ip, 30 min before the test meal administration.
Effect of  ferulic acid on cisplatin-induced delay in 
gastric emptying: Effect of  ferulic acid (100 mg/kg) was 
investigated on the delay of  gastric emptying induced by 
cisplatin 10 mg/kg, ip Ferulic acid was given 20 min before 
cisplatin. The effect of  ferulic acid was compared with 
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the 5HT3 receptor antagonist ondansetron administered 
at a dose of  3 mg/kg, po, 30 min before cisplatin 
administration.

Statistical analysis
The results are expressed as the mean ± SE. One way 
analysis of  variance (ANOVA) followed by Bonferrioni 
test for multiple comparisons was used for statistical 
comparison. P values less than 0.05 were considered 
statistically significant.

RESULTS
Isolated rat fundus
Ferulic acid (0.05-0.4 mmol/L) produced concentration-
dependent contractions of  isolated rat fundus (Figure  1). 
These contractions were not affected by blockade of  
muscarinic receptors by atropine sulfate (10 µmol/L) or by 
the histaminiergic receptor with mepyramine (10 mmol/
L). On the other hand, ondansetron (1 mmol/L) did not 
affect the contraction. Complete blockade of  PGE2 by 
indomethacin partially decreased the contractile response 
due to ferulic acid.

Guinea pig ileum
Ferulic acid (2-20 µmol/L) induced a significant (P < 0.05) 
increase in the height of  contraction of  isolated guinea 
pig ileum with a maximum concentration of  20 µmol/L 
(Figure  2). A submaximal concentration (4 µmol/L) of  
ferulic acid was used to investigate the site of  its stimulant 

effect. Complete blockade of  either H1 or muscarinic 
receptors by mepyramine or atropine did not affect the 
response of  ileum to ferulic acid. Also, partial blockade 
of  5HT3 receptors by ondansetron failed to prevent 
the stimulant effect. The stimulant effect of  ferulic acid 
was partially inhibited by indomethacin (0.14 mmol/L). 
This stimulant effect may be mediated at least partly via 
stimulation of  PGE2 receptors.

Intestinal transit rate in rats
Ferulic acid significantly induced a dose-dependent 
increase in the distance traveled by charcoal meal in the 
gut of  rats at 50, 100 or 200 mg/kg. The facilitatory effect 
of  ferulic acid (100 mg/kg) was significantly reduced after 
pretreatment with indomethacin. Indomethacin alone 
significantly reduced the intestinal transit rate as compared 
with the control group (a decrease of  12.1%). Ferulic 
acid (100 mg/kg) significantly increased the intestinal 
transit rate of  the indomethacin-treated group (by 27.5% 
compared with the indomethacin group and 12.1% 
compared with the control group) (Table 1).

Gastric emptying rate
Effect of  cisplatin: Intraperitoneal administration of  
cisplatin dose-dependently inhibited the gastric emptying 
rate of  the phenol red methylcellulose meal in rats. After 
administration of  cisplatin 2.5, 5, 10, and 20 mg/kg, the 
gastric emptying was 41% ± 3.1%, 25% ± 2.2%, 15% ± 
1.2% and 6% ± 0.4%, respectively as compared with the 
control 61% ± 3.0% .
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Figure 1  Effect of ferulic acid on isolated 
rat fundus. Fundic strip was suspended in 
oxygenated Krebs solution at 37℃. The 1 
min and 6 min scales represent the speed of 
recording and the 1-g scale represents the 
calibration tension and W is a wash.

Figure 2  Effect of ferulic acid on isolated 
guinea pig ileum. Ileum was suspended in 
oxygenated Tyrode solution at 37℃. The 
30 s and 3 min scales represent the speed 
of recording and the 1-g scale represents 
the calibration tension and W is a wash.
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Effect of  ferulic acid: Ferulic acid induced a dose-
dependent (50-200 mg/kg, po) significant increase on 
the gastric emptying rate. The percentage increases at 
50, 100 and 200 mg/kg were 22.4%, 48.3% and 70.7%, 
respectively.
Effect of  5HT3 receptor antagonist ondansetron: 
Ondansetron 3 mg/kg, po when administered 30 min 
before cisplatin significantly increased the gastric emptying 
rate to 49% ± 2.5% compared with cisplatin (10 mg/kg, 
ip) group 15 ± 1.2 (Figure 3).
Effect of  ferulic acid on cisplatin-induced delay in 
gastric emptying: Pretreatment with oral ferulic acid at 
doses of  100 and 200 mg/kg, increased gastric emptying 
to 30% ± 1.7% and 51% ± 3.1%, respectively as compared 
to cisplatin (10 mg/kg) alone. The reversal of  delayed 
gastric emptying was statistically significant at both doses (P 
< 0.05) (Figure 3).

DISCUSSION
The present data revealed the prokinetic effect of  ferulic 
acid in vitro and in vivo. Ferulic acid showed a significant 
dose-dependent stimulation of  the basal tone of  isolated 
rat fundus and isolated guinea pig ileum. The findings have 
provided evidence for the involvement of  endogenous 
PGs in mediating the stimulant effect of  ferulic acid. Both 
the gastric and intestinal mucosa synthesize large amounts 
of  PGs[26]. PGE2 was shown to contract longitudinal 
smooth muscles[27] and relax the circular smooth muscle 
of  the intestine[28], while indomethacin could relax the 
longitudinal intestinal smooth muscles[29] and contract 
the circular muscles due to inhibition mostly of  PGE2 
and PGI2

[30]. The antagonistic effect of  ferulic acid on 
gastrointestinal transit time by indomethacin indicates a 
role of  PGs in the mechanism of  action of  ferulic acid on 
gastrointestinal motility. 

The effect of  ferulic acid on peristalsis and gastric 
emptying further supports the gastrokinetic effect of  
ferulic acid. The observation that indomethacin could 
reduce the facilitatory effect of  ferulic acid further 
indicates the partial PG involvement in the mechanism of  
action of  ferulic acid on gastrointestinal motility.

Phenolic acids were reported to inhibit lipoxygenase 
activity[31], leukotrienes[32] and thromboxan[33] biosynthesis, 

so ferulic acid may shunt the arachidonic acid metabolism 
to the cyclooxygenase pathway especially towards PGs 
biosynthesis direction.

There is a possibility, although not investigated in the 
current study, that the gastrokinetic activity of  ferulic acid 
may be partially mediated via interference with nitric oxide 
(NO) production, and NO plays a key role in regulation 
of  gastrointestinal motility by its smooth muscle relaxing 
and vasodilating activity[34]. Based on this assumption, 
Soliman and Mazzio[35] and Son et al[36] reported that caffeic 
acid significantly inhibited NO production probably via 
inhibition of  NO synthease gene expression.

Further studies on the mechanism of  action of  
ferulic acid on gastrointestinal motility may be helpful 
in determining the therapeutic values of  ferulic acid in 
gastrointestinal motor disorders.

Cisplatin plays an important role in the treatment 
of  malignant diseases[14]. It causes severe nausea and 
vomiting, accompanying gastrointestinal symptoms such 
as abdominal discomfort in the patients[37]. Cisplatin when 
given intravenously in dogs causes abnormal myoelectric 
activity in the antrum and small intestines[38], abdominal 
distension and delayed gastric emptying in rats[14,20]. 

In the present study in rats, ip administration of  
cisplatin dose-dependently inhibited the gastric emptying 
rate after a non-nutrient meal. These results are consistent 
with the finding that cisplatin causes a delay in gastric 
emptying in rats[14,15,20]. This effect may be due to the 
release of  5HT from the mucosal enterochromaffin 
cells in the gastrointestinal tract. The 5HT releases the 
peripheral 5HT3 receptors on the vagal afferent fibers and 
causes relaxation of  the stomach possibly leading to delay 
in gastric emptying[37]. Also, cisplatin-induced free radical 
generation in the intestine[39] may lead to subsequent 
release of  5HT[40] which may act on peripheral 5HT3 to the 
relax the stomach and lead to the delay in gastric emptying.

The inhibitory action of  cisplatin on gastric emptying 
was significantly reversed by pretreatment with ferulic 
acid. The effect of  ferulic acid was dose-dependent. The 
beneficial effect of  ferulic acid could be attributed at least 
partly to its stimulant effect on gastrointestinal tract and 
its antioxidant effect. Ferulic acid, as one of  the phenolic 
acids, has demonstrated strong antioxidant properties 

Table 1  Effect of ferulic acid on gastrointestinal transit rate of 
a semisolid charcoal meal in rats

Treatment Dose Transit rate
 (% ± SE)

% change 
of control

Saline 
(control)

1 mL, oral 58 ± 1.5     0.0

Ferulic acid 50 mg/kg, oral 73 ± 3.1   25.9
100 mg/kg, oral 85 ± 2.1   46.6
200 mg/kg, oral 91 ± 3.2   56.9

Indomethacin 0.75 mg/kg, ip 51 ± 2.0 - 12.1
Indomethacin
+ ferulic acid

0.75 mg/kg, ip + 
100 mg/kg, po

65 ± 3.3    12.1

Compounds were orally administered 60 min before the test meal (10 mL/
kg body weight of 5% charcoal in 5% gum tragacanth). P < 0.05 vs control 
group or indomethacin group, using ANOVA followed by Bonferroni test for 
multiple comparisons.
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Figure 3  Effect of ferulic acid and ondansetron on cisplatin-induced delay in 
gastric emptying in rats (mean ± SE, n = 8, a,cP < 0.05, vs control or cisplatin 
group, respectively).

Normal
Cisplatin (10 mg/kg)
Cisplatin (10 mg/kg) + 
Ferulic acid (100 mg/kg)
Cisplatin (10 mg/kg) + 
Ferulic acid (200 mg/kg)
Cisplatin (10 mg/kg) + 
Ondansetron (3 mg/kg)
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as its structure dependent hydrogen-donating abilities 
and its propensity for nitrate make these compounds 
powerful scavengers of  reactive oxygen species and 
reactive nitrogen species[2].  Ferulic acid has been shown 
to protect gastrointestinal organs against carcinogenesis[41] 
and antioxidants may prevent cisplatin-induced delay in 
gastric emptying in rats. In conclusion, ferulic acid inhibits 
the cisplatin-induced delay in gastric emptying in rats. This 
agent may be useful in reducing cisplatin-induced emesis 
and improve gastrointestinal symptoms such as abdominal 
discomfort induced by cytotoxic agents.
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