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Abstract

AIM: To study the effects of magnolol and honokiol on
isolated smooth muscle of gastrointestinal tract and their
relationship with Ca?*, and on the gastric emptying and
the intestinal propulsive activity in mice.

METHODS: Routine experimental methods using isolated
gastric fundus strips of rats and isolated ileum segments of
guinea pigs were adopted to measure the smooth muscle
tension. The effects of magnolol 103, 10, 10~ mol/L, and
honokiol 10, 105, 10°° mol/L on the contractility of gastric
fundus strips of rats and ileum of guinea pigs induced by
acetylcholine (Ach) and 5-hydroxytryptamine (5-HT) was
assessed respectively. The method using nuclein and
pigment methylene blue was adopted to measure the
gastric retention rate of nuclein and the intestinal propulsive
ratio of a nutritional semi-solid meal for assessing the effect
of magnolol and honokiol (0.5, 2, 20 mg/kg) on gastric
emptying and intestinal propulsion.

RESULTS: Magnolol and honokiol significantly inhibited
the contractility of isolated gastric fundus strips of rats
treated with Ach or 5-HT and isolated ileum guinea pigs
treated with Ach or CaCl,, and both of them behaved as
non-competitive muscarinic antagonists. Magnolol and
honokiol inhibited the contraction induced by Ach in Ca?*-
free medium and extracellular Ca?*-dependent contraction
induced by Ach. Each group of magnolol and honokiol
experiments significantly decreased the residual rate of
nuclein in the stomach and increased the intestinal propulsive
ratio in mice.

CONCLUSION: The inhibitory effect of magnolol and

honokiol on contractility of the smooth muscles of isolated
gastric fundus strips of rats and isolated ileum of guinea
pigs is associated with a calcium-antagonistic effect.
Magnolol and honokiol can improve the gastric emptying
of a semi-solid meal and intestinal propulsive activity in
mice.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Cortex Magnoliae officinalis is a traditional Chinese herb,
belonging to “prokinetic agent” of Chinese herbs. It can
improve the symptoms of abdominal distention, dyspepsia,
nausea, and vomiting, efc., in gastrointestinal diseases.
Magnolol and honokiol are the main components of
magnoliae bark. Both can relieve spasm of smooth muscle
and stop vomiting, eze. Magnolol also has an anti-allergic,
anti-asthma and anti-inflammatory effect!"); and honokiol
has an anxiolytic effect? and a cardiac muscle protective
effect’. We used the isolated gastric fundus strips of rats
and isolated ileum segments of guinea pigs to measure the
smooth muscle tension for assessing the effects of magnolol
and honokiol on the contractility of gastric fundus strips of
rats induced by acetylcholine (Ach) and 5-hydroxytryptamine
(5-HT), and ileum of guinea pigs induced by Ach and CaCl,.
Nuclein and pigment methylene blue were used to measure
the gastric retention rate of nuclein and the intestinal propulsive
ratio of a nutritional semi-solid meal for assessing the effect
of magnolol and honokiol on gastric emptying and intestinal

propulsion.

MATERIALS AND METHODS

Preparation of magnolol and honokiol: Magnolia bark
(Magnolia officinalis Rehd. et Wils.) was purchased from
Shenyang Medicinal Material Company. The voucher specimens
of Magnolia officinalis Rehd. et Wils. was identified by
Professor Sun of Shenyang Pharmacy University. Magnolol
and honokiol were extracted in Shenyang Pharmacy University.



Zhang WW et al. Magnolol and honokiol on Gastrointestinal movement

4415

Magnolol and honokiol were dissolved in a very small
amount of ethanol. In isolated and i# vivo experiments the
resultant solution was diluted with a 10% aqueous solution
of Tween-80. Subsequently, the solution was diluted with
distilled watet, so that the final concentration of both ethanol
and Tween-80 in the vehicle was 0.5%.

Propulsid (cisapride tablet, 5 mg/tablet) was produced
by Xi’an Pharmaceutical Company Ltd (batch number:
030815020). Cisapride was crushed and dissolved in distilled
water to make a 0.15 mg/mlL cisapride solution.

Methylthioninium chloride injection (20 mg/2 mL) was
produced by Beijing Yongkang Pharmaceutical Company Ltd.

Preparation of a semi-solid nuttitious meal®: Ten grams
of carboxymethylcellulose was added to 250 mL of distilled
water. After the mixture was agitated, 16 g of milk powder,
8 g of cane sugar and 8 g of cornstarch were added to the
mixture. The resulting mixture was a white semisolid paste.

Animals

Rats (200-300 g) and guinea pigs (200-300 g) of either sex
were raised in cages in groups of five male mice (18-22 g)
at a constant temperature (2212 C) with free access to
food and water.

Method

Effects of magnolol and honokiol on contractility of
gastric fundus strips of rats induced by Ach and 5-HT
Isolated gastric fundus strips of rats were prepared and mounted
on an organ bath (Magnus’ bath) containing 30 mL of Kreb’s
solution bubbled with 95% O,+50 mL/L CO, (pH 7.3-7.4 at
37 C) under a resting tension of 1 g. The muscular tension,
measured with a force transducer, was displayed on a MS-
302 biosignal recording and analyzing system. The
preparations were allowed to equilibrate for 50 min. After
equilibration, 3x10? mol/L Ach 0.1 mL or 3X10-*mol/L
5-HT 0.2 mL was added in the bath to activate the gastric
fundus strips. When it reached its maximum contraction, it
was washed with Kreb’s solution to regain spontaneous
contraction. Then Ach or 5-HT was added to the bath from
low to high logarithmic doses to make the final respective
concentrations of 10% 3x10% 107, 3x107, 10, 3x10°,
107, 3x107%, 10*, 3x10* mol/L, or 10'°, 3x107°, 107,
3x107, 108, 3x10%, 107, 3x107, 10, 3x10° mol/L. The
accumulated concentration-efficacy curve was made. When
the curve reached its peak, the gastric fundus strips were
washed thrice at 5-min intervals with Kreb’s solution to
wash the Ach out. After 15-min equilibration the drugs were
added to the organ bath in respective doses (final
concentrations of magnolol were 10, 10 or 10? mol/L,
honokiol were 10, 10 or 10* mol/L). The accumulated
concentration-efficacy curve was made after 1 min.

We made the maximum efficacy (E,.) of Ach or 5-HT
as 100%, and calculated the effect petcentage (E/E ) of
each concentration of Ach or 5-HT. Then the cumulative
concentration-efficacy curves were drawn with E/E,,. as
the ordinates and the negative logarithm of final concentration
of Ach or 5-HT (-log[A]) as the abscissae.

Effects of magnolol and honokiol on the contractility
of the ileum of guinea pigs induced by Ach Terminal
ileum segments from guinea pigs were prepared and

suspended vertically in organ baths containing 30 mL of
Tyrode’s solution bubbled with 95% O,+50 mL/L CO,
(pH 7.3-7.4 at 37 C) under a resting tension of 1 g. The
spontaneous contractions were measured after equilibration
for 50 min, 3x10° mol/L. Ach 0.1 mL was added in the
bath to activate the ileum. When it reached its maximum
contraction, it was washed in Tyrode’s solution to regain
spontaneous contractions. The cumulative concentration-
efficacy curves of Ach were made, then the curve was
remade after magnolol and honokiol were added in the
organ bath respectively (the final concentrations were the
same in method 1).

Effects of magnolol and honokiol on the contractility
of the ileum of guinea pigs induced by CaCl, After
equilibration of guinea pig ileum segments in Ca*'-free
Tyrode’s solution (CaCl, was omitted from normal Tyrode’s
solution) for 40 min they were changed with Ca*'-free high
K*-depolatized Tyrode’s solution. Ca**-free Tyrode’s solution
was (the equal mole NaCl was replaced with 80 mmol/L
KCl in the Ca**-free Tyrode’s solution) to make the smooth
muscle depolarization after 30 min, CaCl, was added to the
bath from low to high logarithmic doses (final concentrations
were 107, 3x107, 10, 3X10*, 102, 3x107?, 107, and
3%10° mol/L tespectively) and the cumulative concentration-
efficacy curves were drawn. The ileum segments were
washed with the Ca*'-free Tyrode’s solution till the muscular
tension regained the normal contraction. After 30 min, Ca**-
free Tyrode’s solution was changed with Ca**-free high K*
Tyrode’s solution and magnolol and honokiol were added
respectively. After 30 min, the cumulative concentration-
efficacy curves were drawn.

Effects of magnolol and honokiol on the two contractile
components of Ach After equilibration for 1 h in Tyrode’s
solution, guinea pigs ileum segments wetre washed with Ca*-
free Tyrode’s solution thrice and incubated for 30 min, then
3%10°mol/L Ach 0.2 mL (2X10°mol/1.) was added to the
solution and it produced a brief contraction (the first or
initial phasic contraction) that was induced by the release
of intracellular calcium. When the ileum segments reached
maximal contraction, CaCl, 0.2 mL. (2X10° mol/L) was
added and caused an advanced contraction (the second
phasic contraction or sustained tonic component) induced
by the extracellular calcium influx evoked by Ach. The ileum
segments wete washed with Ca**-free Tyrode’s solution and
incubated in Ca**-free Tyrode’s solution for 30 min; meanwhile
magnolol (final concentrations were 10, 10* or 10° mol/L)
ot honokiol (final concentrations were 10, 10° ot 10* mol/L)
was added respectively, then Ach and CaCl, were added
successively. The guinea pig ileum segments produced the
first and second contractions respectively.

Effects of magnolol and honokiol on gastrointestinal
movement in mice Magnolol and honokiol were dispensed
as before to the concentrations of 0.5, 2.0, and 20 mg/L.
Mice were allocated randomly to a control group (administrated
orally with distilled water), a cisapride group, and experimental
groups. They were given orally either magnolol 0.5, 2.0,
and 20 mg/L, or honokiol 0.5, 2.0, and 20 mg/L, respectively.
Nuclide and pigment methylene blue were used to measure
the gastric retention rate of nuclide and intestinal propulsive
ratio of nutritious semi-solid meal. After having fasted for
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12 h, the mice were given orally either 0.2 mL/10 g of
each of the above substances or 0.2 mL/10 g of distilled
water. After 30 min, each mouse was given orally a semi-
solid nutritious meal containing “™Tc-DTPA 0.05 mCi/10 g
and a small quantity of methylthioninium chloride. The mice
were killed after 20 min, and dissected. Residual nuclide in
the gastrointestinal tract was measured by a radioactivity
monitor. The gastric residual nuclide rate (%) = (gastric
retention nuclide/total nuclide in gastrointestinal tract)
x100%. Intestinal propulsive ratio (%) = (distance from
sphincter of pylorus to the distal pigment methylene/
distance from sphincter of pylorus to the ileocecum)>x100%.

Statistical analysis

Results were expressed as mean+SD. Comparisons between
groups of data were made by the Student’s /test or /test
of paired comparison.

RESULTS

Effects of magnolol and honokiol on the contractility of gastric
fundus strips of rats induced by Ach and 5-HT (Figure 1)
The data showed that magnolol and honokiol inhibited
incompetitively the contraction of gastric fundus strips of
rats induced by cumulative concentrations of Ach and 5-
HT, and the effect increased with the increase of dosage.
The antagonistic parameters (PD,’) of magnolol and
honokiol were 3.66 and 4.31 for Ach, and 5.08 and 4.91 for
5-HT respectively.

Effects of magnolol and honokiol on the contractility of guinea
pig ileum induced by Ach (Figures 2A and B)

The data showed that magnolol and honokiol antagonized
incompetitively the contraction of gastric fundus strips of
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Figure 1 Effect of magnolol and honokiol on the contractility of rat gastric
fundus strips induced by Ach and 5-HT. Magnolol effects on contractility of rat

rats induced by cumulative concentration of Ach, and the
effect increased with the increase of dosage. The PD,’ values
of magnolol and honokiol were 5.09 and 4.99 respectively.

Effects of magnolol and honokiol on the contractility of ileum
segments of guinea pigs induced by CaCl, (Figures 2C and D)
The data showed that magnolol and honokiol antagonized
incompetitively the contraction of gastric fundus strips of
rats induced by cumulative concentration of CaCl,, and
the effect increased with the increase of dosage. The PD;’
values of magnolol and honokiol were 4.34 and 4.84
respectively.

Effects of magnolol and honokiol on the two contractile
components of Ach (Table 1)
Magnolol and honokiol inhibited the contraction of ileal
segments induced by Ach in Ca**-free medium and the
extracellular Ca**-dependent contraction induced by Ach.
Magnolol 107, 10* or 10”° mol/L and honokiol 10,
10 or 10* mol/L inhibited significantly the two contractile
components induced by Ach.

Table 1 Effects of magnolol and honokiol on the two contractile
components of Ach (%, mean+SD, n = 6)

Group (mol/L) First phase Second phase
Magnolol 10 89.08+7.32° 86.89+8.04°
Magnolol 10+ 83.80+11.18° 92.97+4.70°
Magnolol 10 66.48+12.95° 75.39+10.53°
Honokiol 10 74.5416.75° 91.11+3.89°
Honokiol 10-° 68.93+10.90° 82.11+5.51°
Honokiol 10-¢ 45.68+4.92° 78.95+5.83°

5P<0.01 vs others.
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gastric fundus strips induced by Ach (A) and 5-HT (C); Honokiol effects on
contractility of rat gastric fundus strips induced by Ach (B) 5-HT (D) (n = 6).
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Effects of magnolol and honokiol on gastrointestinal movement
in mice (Table 2)

In the expetimental groups of magnolol 0.5, 2.0, and 20 mg/L.,
or honokiol 0.5, 2.0, and 20 mg/L, the gastric nuclide
retention rate was significantly lower and the intestinal
propulsive ratios were significantly higher than those in the
control group, indicating that magnolol and honokiol could
improve the gastric emptying of a semi-solid meal and
intestinal propulsion in mice.

Table 2 Effects of magnolol and honokiol on gastrointestinal move-
ment in mice (meanSD, n = 20)

Group (mg/kg) Rate of gastric residual Intestinal propulsive
nuclide (%) ratio (%)
Control 50.05+12.74 47.9248.49
Cisapride 22.26+9.17° 61.92+11.77°
Magnolol 0.5 24.61+10.90° 57.14+13.12°
Magnolol 2 26.40£12.14° 55.46+11.26°
Magnolol 20 25.96+8.44° 60.30+£10.52°
Honokiol 0.5 24.91+11.30° 53.57+9.54°
Honokiol 2 34.11+12.25° 54.54+8.29°
Honokiol 20 33.22+13.64° 53.53+9.90°

2P<0.05, °P<0.01 vs control.

DISCUSSION

Magnolol and honokiol are neolignan-derivatives present
in Magnolia bark, which is used in the treatment of abdominal
distention and vomiting, The experimental results indicated
that magnolol and honokiol significantly inhibited the
contractility of isolated gastric fundus strips of rats treated
with Ach or 5-HT and isolated ileum of guinea pigs treated
with Ach or CaCl,, and both of them behaved as non-
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Figure 2 Effect of magnolol and honokiol on the contractility of guinea pig ileum
segments induced by Ach and CaCl,. Magnolol effects on the contractility of

competitive muscarinic antagonists. Magnolol and honokiol
inhibited the ileal contraction induced by Ach in Ca**-free
medium and extracellular Ca*"-dependent contraction
induced by Ach.

The contraction of gastrointestinal smooth muscle
depends on the mediation of intracellular Ca**, and is
accomplished by the process of excitation—contraction
coupling (E-C coupling). The free Ca** originated from the
release of intracellular calcium and the restoration of
extracellular calcium™. A high-K* medium could depolatize
the cellular membrane of ileum longitudinal smooth muscle,
activate the potential-dependent calcium channel (PDC),
and result in the inflow of calcium and the contraction of
smooth muscles. Our experimental results indicated that
magnolol and honokiol could block the transmembrane
inflow of calcium through PDC, inhibit the contraction of
smooth muscle, and relieve the spasm of smooth muscles.

Physical active substances Ach and 5-HT can increase
the tension of gastrointestinal smooth muscle, and the agonist
Ca* is detived from vatious resoutces. The two components
of intracellular and extracellular calcium were involved in
the contraction of smooth muscles induced by Ach. The
first phasic contraction induced by Ach in Ca**-free medium
depended on the release of intracellular calcium. The second
phasic contraction based on the first phase after the addition
of calcium was caused by Ach facilitating the inflow of
extracellular calcium through the receptor-operated calcium
channel (ROC). In this study, magnolol and honokiol
significantly inhibited the first and the second phasic contractions
of smooth muscles induced by Ach, indicating that the two
components of magnolia bark not only have an intracellular
point of action but also inhibit the contraction of smooth
muscles by blocking the inflow of calcium through ROC.

Normal gastric motility involves gastric fundus, corpus,
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guinea pig ileum induced by Ach (A) and CaCl, (C); Honokiol effects on contractility
of guinea pig ileum segments induced by Ach (B) and CaCl, (D) (n = 6).
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antrum, pylorus, and antroduodenal coordination. As food
is swallowed, the gastric fundus relaxes to accommodate
the incoming nutrients. This is termed receptive as relaxation,
which is coordinated by vagal efferent activity via nonadrenergic,
noncholinergic mechanisms. As swallowing during the meal
continues, the fundic filling and relaxation continue with
little increase in intraluminal pressure. Gastric distention
and activation of mechanoreceptor and stretch receptors
stimulate vagal afferent nerve activity, which in turn modifies
vagal efferent traffic.

The emptying of solid foods is accomplished by complex
interplays among intra-gastric pressure, gastric peristalses,
pyloroduodenal resistance, and neuroendocrine responses
elicited by the specific components of the particular meal.
In this study, magnolol and honokiol could significantly
decrease the residual rate of nuclein in stomach and increase
the intestinal propulsive ratio of semi-solid nutritious meal
in mice, and there was no significant difference between
them and cisapride. Combined with the study above, the
functions in improving the gastric emptying and intestinal
propulsive action may relate to their functions of relaxation
of gastrointestinal smooth muscles.

Disorders of stomach motility and intestinal propulsion
are involved in functional gastroenterological diseases such
as gastroesophageal reflux disease, functional dyspepsia,
irritable bowel syndrome, chronic constipation, ez,
gastroparesis’!, postoperative gastrointestinal atony!"",
chronic intestinal pseudo-obstruction", and many other
diseases. Prokinetic agents such as domperidone and
cisapride are important therapeutic drugs!'>". But
domperidone and cisapride have some severe side-effects,
such as prolongation of the QT interval and cardiac
arthythmias!"*"l. There ate rich resources of natural hetbs
in China, which may provide a valuable soutce of effective
prokinetic agents.
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