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Laxative effect of bitter almond (Amygdalus communis var. amara)
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Abstract

Thepossible laxative and prokinetic effects of bitter almond were studied: 1- two groups of
7 rats were gavaged with ethanol extract of bitter almond (500mg/kg) or placebo and the
number of feces, fecal weight and its percentage of water were studied 18-24h thereafter. 2-
Ethanol extract of bitter almond (125 or 250mg/ml), lactulose (as positive control) or placebo
was randomly injected into jejuna segments in anesthetized rats (n=9). The volume of the
fluid in each segment was measured after lh. 3- Gastrointestinal (GI) transit time was studied
in rats treated with the extract or placebo using phenol red. The rats were sacrificed at times
30min, 1, 2 and 4h. ethanol extract of bitter almond at 500mg/kg significantly increased fecal
weight and water. It had no significant effects on the osmotic infiltration of fluid into the
intestine or on the transit time of the contents in the GI tract. The current results suggest that
bitter almond has a laxative effect that seems to be due to malabsorption of electrolytes and
water via enterocytes.
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Introduction

Bitter almond is the seed of the small green
almond fruit of the bitter almond tree
(Amygdaluscommunis var. amara). It is very
similar to sweet almond but has a bitter taste.
It contains different bioactive ingredients
including amygdalin, which is the main
determinant of the bitter taste (Sanchez-Pérez
et al.,2008). This compound is also found in
the stones of apricot, cherry, plum and peach.
Amygdalin, as well as its synthetic form,
laetrile, have been subject to extensive
research due to their allegedly anti-cancer
effects (Greenberg, 1980,Vickers, 2004,
Milazzo et al.,2007). Anti-inflammatory,
analgesic and antinocieptive effects have been
also suggested for this ingredient (Hwang et
al., 2008, Lin and Lin, 2011). Moreover,
amygdalin has shown protective effects
against alloxan induced diabetes in mice
(Heikkila and Cabbat, 1980). Finally, recent
studies suggest beneficial effects for this
compound against atherosclerosis (Jiagang et
al.,2011). This glucoside, however, is
cyanogenic, yielding the fatal toxin, hydrogen
cyanide, in the presence of the enzyme
emulsin, contained in bitter almond (Newmark
et al., 1981, Rietjens et al.,2005).

Bitter almond has different applications in
traditional medicine. It has been used to treat
neurologic  coughs, pertussis, pleurisy,
influenza, asthma andtaeniasis. Bitter almond
has been also used topically in order to sooth
neurologic pains, hepatic and kidneycolics,
migraine and rheumatoid arthritis (Zargari,
1992). It has been also proposed as laxative in
ancient books (Mir-Heidar, 1995). The current
research was aimed to scientifically examine
the laxative effects of the plant in rat.

Methods

Wistar rats of either sex (190-250g) were
purchased from Razi Vaccine and Serum
Research Institute and were acclimated at
experimental conditions for at least 1 week
before the start of the experiment.

Good quality bitter almond was obtained

from South Khorasan Razavi Province,
Birjand. The dried powder of the seeds were
used for preparation of water alcoholic
(water/ethanol: 20/80: vol/vol) extract, using a
shaker incubator (40°C, 24h). The extract was
then passed through a paper filter and was
evaporated under flow of N, gas for 2-3h. The
placebo was prepared following the same
procedure with no bitter almond.

The laxative effect of the extract was
studied using two experimental groups (n=7
each). The test group was gavaged with a
single dose of the extract at 500mg/kg Bw,
while the control rats received placebo. The
number of excreted feces, fecalweight and its
water content werestudied 18-24 following
administration of the extract or the placebo. To
achieve the latter, the samples were weighed
both immediately and after drying at 70C for
20h (Abbaszadeh ef al.,2010). It is noteworthy
that the dose of the extract (500mg/kg Bw)
was chosen according to the preliminary
studies suggesting both 250 and 500mg/kg Bw
doses were effective, and no apparent toxic
effects were observed using the higher dose.

Osmotic infiltration of fluids into the lumen
or intestinal secretions due to the treatment
was verified in 9 anaesthetized rats
(pentobarbital sodium, 60 mgkg). The
abdominal cavity was opened and the jejunum
was divided into four segments of 4 cm. A
solution (0.3 ml) containing either of the
placebo (negative control), lactulose (0.3 g/ml)
as the positive control or the extract at two
different doses of 125 and 250 mg/ml were
randomly injected into each ligated jejunal
segments. The fluid volume in each segment
was measured after 1 h.

The possible effect of the extract on GI
transit time was studied using phenol red as a
marker as previously described (Martinez et
al.,1998,Arezoomandan et al.,2011). Briefly,
32 rats in groups of 3 were kept in individual
cages and were deprived from food but had
free access to drinking water. The rats received
either the placebo or the extract (250mg/kg
Bwt) via a gavage tube, twice with an 18h
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interval. Thirty minutes following the second
medication, all rats were gavaged with a
solution (1.5ml) containing phenol red (3
mg/ml) and methyl cellulose (15 mg/ml). The
control and the test groups were then
sacrificed using a CO,chamber at 30min, 1, 2
and 4h after it. In all cases, the abdomen was
opened, the small intestine was cut into 3
equal segments (S1-S3). These segments,
together with the stomach, cecum and colon
were carefully removed and washed with
saline  solution. Each  segment was
homogenized in 100 ml NaOH (1.5N)
solution. The suspension was settled at room
temperature for 1 h, and then 5 ml of the
supernatant was added to 0.5 ml
trichloroacetic acid (20%) and was centrifuged
(3000 rmp, 30 min, 4C). The supernatant was
added to 4 ml NaOH (0.5 N) and the
absorbance was measured at 560 nm (Jenway,
UK). The transit time was calculated

Feces Count
=)
[

according to the amount of phenol red in each
segment of the alimentary canal. The
geometric center of dye transit was calculated
for each animal as (X (% dye per segment
segment number) /100).

Statistics

Statistical analysis and drawing of the
figures were performed using Graph Pad Prism
v5.0 (Graph Pad Software, USA). Statistical
comparisons were performed using t-test for
feces count and feces water percentage, two-
way analysis of variance (ANOVA) followed
by Bonferroni posttests for cumulative phenol
red and geometric center, and one-way
ANOVA followed by Dunnett's test for
osmotic infiltration of fluids into the jejunum.
In all cases, p< 0.05 was considered as
significant. Unless otherwise stated, all data
are represented as mean+SEM.

| |
Control

| |
Test

Figure 1. The number of excreted feces 18-24h following intra-gastric administration of alcoholic extract of bitter almond
(500mg/kg) or placebo (Control). Data are represented as mean+SEM(P = 0.19. t-tes?).
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Feces Weight (g)
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Figure 2. The weights of the fresh feces of rats, 18-24h following gavaged feeding of the alcoholic extract of bitter almond
(500mg/kg) or placebo (Control). Data are represented as mean+SEM. The asterisk indicates statistical significance (p<0.05,
t-test).
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Figure 3. The percentage of fecal water in rats, 18-24h after receiving alcoholic extract of bitter almond (500mg/kg) by
gavage compared to the control. Data are represented as mean+SEM. The asterisks indicate statistical significance (p<0.001,
t-test).
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Results

The effect of bitter almond extract on
numbers of excreted feces was studied during
18-24 h following intragastric administration
(Figure 1). The feces number dominated in the
test group although the difference is not
significant (p=0.190). As shown in Figure 2,
the weight of the excreted feces in the test
group was more than twice that of the control
during the second phase(p<0.05). Consistently,
the percentage of fecal water was significantly
higher in the test group during the same period
(Figure 3).

The volume of fluids in different segments
of the alimentary canal 1 hour following
intraluminal injection of placebo, lactulose, or
the extract is shown in Figure 4. The fluid
volume in jejunal segments injected with
lactulose was more than 3 times that of the
control (p<0.01). The segments treated with
the extract had higher volumes of fluids
compared to that of the control. The
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difference, however, was not significant.

The transit time of the ingesta throughout
the alimentary canal was measured according
to the percentage of the marker dye, phenol
red, in different parts of the digestive tract
(Figures 5). Thirty minutes following
intragastric administration of phenol red, the
highest concentration of the marker was in the
median section of the small intestine in both
control and the test groups. There was no
significant differences between the two
experimental groups regarding the percentage
of phenol red at this time (Figure 5-a). The
ingesta seem to have propelled further for the
second 30 min, with no statistically difference
between the test and the control groups (Figure
5-b). The same story is true at 2 and 4 h
following gavaging phenol red (Figures 5-c
and 5-d respectively). Consistently, the
geometric center of the dye in the treated
animals was not significantly different from
that of the control (Figure 6).

125 250
Extract (mg/ml)

Figure 4. The volume of fluids in jejunal segments. Either the placebo, lactulose (Lact.) or ethanol extract of bitter almond
(125 or 250 mg/ml) were injected into the jejunal segments of anesthetized rats (n=9) and 1 h later, the fluid volume in each
segment was measured. Data are represented as mean+SEM. The asterisks indicate statistical significance (p<0.01, one-way

ANOVA).
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Figure 5-a
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Figure S-¢
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Figure 5. The percentage of phenol red in different GI segments of rats treated either with bitter almond extract or the
placebo (n=3, each). The extract (250 mg/kg Bwt) or placebo weregavaged to fasted rats twice (18 h interval). Thirtymin
following the last medication, all rats received phenol red and methyl cellulose and were euthanized after 30 min, 1,2 and 4 h
(figures a-d respectively). Gastrointestinal segments 1-6 represent stomach, proximal, middle and distal parts of small
intestine, cecum and colon, respectively. Data are represented as meant+ SEM (2-way ANOVA: n.s.).
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Figure 6. The geometric center of the marker, phenol red, within the intestine in fastedrats receiving ethanol extract of bitter
almond (250 mg/kgBwt, twice with 18h interval) or the placebo. Data in each time-point represent replicates of 3 and are

expressed as mean = SEM.

Discussion

The results in this research demonstrated a
laxative effect in response to the ethanol
extract of bitter almond. Since amygdalin
seems to be the main component which
differentiates bitter almond from sweet
almond, it serves as the first candidate to
mediate the observed GI effects. As one
possibility, the laxative effect might have been
caused by osmotic infiltration of fluids into the
gut lumen (Gangarosa and Seibert, 2003).
Amygdalin is decomposed into glucose and
mandelonitrile, which is further hydrolyzed to
benzaldehyde  and  hydrogen  cyanide
(Newmark er al.,1981,Rietjens et al., 2005). It
has been suggested that Glmicroflora are
involved in this reaction (Carter et al., 1980,
Shim and Kwon, 2010). Although hydrogen
cyanide is rapidly absorbed by the GI tract
(Martindale and Reynolds, 1989, Humphreys,
1998), the resultant glucose appears to be
released into GI lumen beyond the absorptive
epithelium, i.e. duodenal enterocytes.

Unabsorbed glucose and its metabolites can
retain fluids within the lumen and account for
the observed laxative effects. An alternative
hypothesis for the observed laxative effect is
drug induced intestinal secretion (Gangarosa
and Seibert, 2003). Both possibilities were
verified via intraluminal injection of the
extract into jejunal segments. As expected, the
fluid volume in segments injected with
lactulose, a widely used osmotic laxative used
as the positive control, was significantly
higher than control group (placebo). However,
the fluid volumes in jejunal segments injected
with the extract were not statistically different
compared to that of the control group.

Some laxative drugs are believed to
decrease GI transit time by enhancement of GI
propelling movements. Stimulant cathartics
are a class of laxatives that exert their effect
via irritation of the mucosa of GI tract and
hence cause peristalsis (Brunton et al.,2008).
Benzaldehyde is believed to irritate the GI
mucosa and cause diarrhea (Martindale and
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Reynolds, 1989). On the other hand, probiotic
effect may account for the observed laxative
properties of bitter almond extract. This
category of drugs accelerates transit of ingesta
throughout the GI lumen by acting on certain
receptors such as those of acetylcholine,
dopamine, serotonin or motilin (Katzung et
al.,2009). The current study, however, did not
show significant differences in transit time or
the geometric center due to the treatment.

As mentioned earlier, hydrogen cyanide is
one of the amygdalin metabolites. Small
amount of this compound is well known to halt
cellular oxidative processes (Hall and Rumack,
1986,Bromley et al.,2005). Besides, the most
majority of nutrients are absorbed from the GI
tract via active, secondary active or tertiary
active transport mechanisms, all of which
depend on ATP. The laxative effect of bitter
almond may be, therefore, a consequence of
malabsorption (Cunningham and Klein, 2007).
This hypothesis, however, should be further
investigated in future studies.

In conclusion, the current research suggests
a laxative effect for ethanol extract of bitter
almond. Subsequent experiments on the
mechanism of the laxative effect suggested it
may not be osmotic, irritant, stimulant or
prokinetic. It may be rather malabsorptive due
to toxic effect of hydrogen cyanide on
oxidative metabolism of enterocytes.
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