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Inhibitory effects of aqueous extract prepared from joint part of
lotus root on -amylase and -glucosidase activities
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Abstract
Postprandial hyperglycemia is a risk factor contributing to cardiovascular complications in type 2 diabetes, and α-amylase and α-glucosidase, the key enzymes in
the digestion and absorption of carbohydrates, are recognized to be responsible for
the postprandial elevation of blood glucose levels, and the inhibition of these
enzymes is therefore considered to be effective to prevent the emergence of
postprandial hyperglycemia. Then, the aqueous extracts were prepared from both
edible and joint parts of lotus root (a rhizome of Nelumbo nucifera), and the
inhibitory effects of these extracts on α-amylase and α-glucosidase activities were
examined. Consequently, the joint part extract, but not the edible part extract, was
shown to inhibit α-amylase and α-glucosidase in a different manner. Therefore, it
seems conceivable that the aqueous extract prepared from the joint part of lotus
root inhibits both α-amylase and α-glucosidase, thereby effectively preventing the
postprandial elevate-on of blood glucose levels in diabetic patients.
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Introduction
Postprandial hyperglycemia is generally known as one of the major risk factors
contributing to the development of cardiovascular complications in type 2 diabetes, and
therefore necessary to be properly treated at an early stage of the disease for avoiding the
tragic terminal conditions of diabetic patients brought by the cardiovascular complications.
On the other hand, -amylase and -glucosidase are considered as the key enzymes respons-
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ible for the postprandial elevation of blood glucose levels, and the inhibition of these
enzymes is therefore expected to be effective for preventing the emergence of postprandial
hyperglycemia (Ceriello, 2005). In the mammalian digestive systems, -amylase is the
enzyme catalyzing the hydrolysis of -1,4-glycosidic bond of starch and glycogen to
oligosaccharides at the first step of the carbohydrate digestion process. Subsequently,
oligosaccharides are hydrolyzed by -glucosidase localized on the brush-border membrane
of the small intestine to convert to monosaccharides, which can be transported from the
lumen into the blood vessels across the wall of the small intestine. Therefore, it seems quite
possible that the postprandial elevation of blood glucose levels can be effectively prevented
by inhibiting the transports of monosaccharides from the digestive tract to the circulation
system. Based on this concept, the inhibitors of -amylase and -glucosidase are developed
as the oral anti-diabetic drug for preventing the postprandial hyperglycemia through their
inhibitory effects on the digestion and absorption of carbohydrates in patients with type 2
diabetes.
The inhibition of key enzymes involved in the digestion and absorption of carbohydrates has previously been proposed to prevent the postprandial hyperglycemia, and also
considered as an important strategy for managing efficiently the blood glucose levels in type
2 diabetic patients (Chiasson, et al., 1998). According to this strategy, it is necessary for
diabetic patients to daily intake these enzyme inhibitors without interruption, and therefore
seems most convenient and reliable to intake these inhibitors as the supplementary ingredients of the daily meals. For this purpose, -amylase and -glucosidase inhibitors from plant
sources are currently watched with great interest as the oral effective agents in the prevention
of obesity as well as diabetes. In fact, many plant-based medicines and functional foods
modulating the digestion and absorption of carbohydrates have been developed until today
(Tundis, et al., 2010). For instance, the active substances have been extracted from a variety
of leaves, weeds, herbs, berries, nuts and fruits, and the inhibitory effects of these plant
extracts on both -amylase and -glucosidase have been extensively investigated (Al-Zuhair,
et al., 2010; Hogan, et al., 2010; Jo, et al., 2011; Kim, et al., 2000; Subramanian, et al., 2008;
Tadera, et al., 2006; Tsujita and Takaku, 2008; Tsujita, et al., 2008). However, although
these plant extracts have been shown to cause the inhibitory effects on these enzymes, the
active ingredients contained in most of them have not yet been isolated, and still remain
unidentified.
Lots of time and efforts have previously been spent to obtain the plant extracts
applicable to the postprandial hyperglycemia, but it seems still not enough, and furthermore
necessary to find out other plant extracts containing potentially active substances for managing effectively the postprandial elevation of blood glucose levels in diabetic patients. On the
other hand, lotus root (a rhizome of Nelumbo nucifera) is one of the popular medicinal plants
having a variety of pharmacological activities, such as hypolipemic, antiviral, antipyretic,
antiinflammatory and antioxidative effects, thereby traditionally employing as a folk
medicine in the treatment of diarrhea, gastritis, insomnia and nervous prostration in many
countries of East Asia (Jung, et al., 2003; Kuo, et al., 2005; la Cour, et al., 1995; Liu, et al.,
2007; Sinha, et al., 2000). Furthermore, the lotus root extract has been analyzed, and shown
to contain many phytochemicals including isoliensinine, kaempferol and procyanidins as the
major active components (Kim, et al., 2007; Ling, et al., 2005). Moreover, lotus root has
been shown to cause hypoglycemic, antidiarrheal and immunomodulatory effects (Mukher© 2012 Inforesights Publishing UK
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jee, et al., 2010; Mukherjee, et al., 1997; Talukder and Nessa, 1998), and also suggested to
have a potential activity improving the functions of learning and memory as well (Yang, et
al., 2008). Based on these previous findings, we focused on phytochemicals contained in
lotus root, particularly in the joint part, which is the inedible part connecting the edible parts
each other and usually dumped as an agricultural waste. In a series of our current studies, the
aqueous extracts were prepared from the edible and joint parts of lotus root, and the
biological activities of these extracts were then investigated to effectively utilize lotus root as
a potential source of bioactive substances. For this purpose, the direct effects of the aqueous
extracts prepared from lotus root on both -amylase and -glucosidase activities were
examined in vitro to assess their potential bioactivities to prevent the postprandial elevation
of blood glucose levels in diabetic patients.
Material and methods
Chemicals
Porcine pancreas α-amylase and p-nitrophenyl-α-D-glucopyranoside were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Yeast α-glucosidase was purchased from
Oriental Yeast Co. Ltd. (Tokyo, Japan). Soluble starch was from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Other chemicals used were commercially available reagent
grade.
Preparation of lotus root extracts
Lotus root (a rhizome of Nelumbo nucifera) was kindly donated by the Naruto
Agricultural Cooperative in Tokushima (Naruto, Japan). To prepare the aqueous extract,
lotus root was first cleaned by washing with water, and the edible and joint parts were then
sliced in approximately 1 cm thickness. The slices were dehydrated by exposing them to
wind stream for several weeks, and then ground into coarse powder. The powder was soaked
in distilled water in the ratio of 4 g to 100 ml, and kept it at 4oC for 1 h. Then, the suspension
was filtered through a Whatman No. 1 filter paper, and the obtained filtrate was then
centrifuged at 6,000 x g for 20 min to remove the insoluble materials. The supernatant
fraction was further centrifuged at 12,000 x g for 20 min to clarify the solution, and the
extract was sterilized by filtering through a 0.2 μm syringe-top disk filter. The obtained
extract was aliquoted, and stored at -20 oC until use.
Determination of α-amylase activity
The enzyme activity was measured by the method reported previously (Xiao, et al.,
2006). Briefly, the sample solution (20 μl) was added to 100 μl of the enzyme solution (0.25
U of the enzyme in 1 ml of the buffer solution consisting of 50 mM Tris-HCl, 20 mM NaCl
and 2 mM CaCl2, pH 7.0), and then mixed with 100 μl of the substrate solution (0.5 mg of
starch in 50 mM Tris-HCl, pH 7.0) on ice. A pair of the mixtures was prepared, and one of
them was incubated at 37°C for 20 min, and the reaction was stopped by adding 50 μl of 1 M
HCl. The other tube was mixed with 50 μl of 1 M HCl, and incubated as a blank. These
solutions were mixed with 250 μl of 5 mM iodine solution, and diluted with 750 μl of
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distilled water. The absorbance at 580 nm was measured, and the enzyme activity was
obtained as the difference between these two values.
Determination of α-glucosidase activity
The enzyme activity was determined according to the method described previously
(Kim, et al., 2000). The sample solution (20 μl) was mixed with 100 μl of the enzyme
solution (10 mU of the enzyme in 1 ml of 100 mM phosphate buffer, pH7.0), and
preincubated at 37 oC for 5 min. The mixture was chilled on ice, and then mixed with 100 μl
of the substrate solution (0.5 mM p-nitrophenyl-α-D-glucopyranoside in 100 mM phosphate
buffer, pH7.0). The complete reaction mixture was incubated at 37 oC for 20 min, and the
reaction was stopped by adding 100 μl of 1 M Na2CO3. The mixture was diluted with 400 μl
of distilled water, and the absorbance at 405 nm was then determined.
Statistical analysis
Results were presented as the mean ± SEM, and the data were analyzed using a oneway analysis of variance (ANOVA) followed by Tukey's post hoc test. The difference
between two values with p < 0.05 was regarded as indicating a statistically significant.
Results and discussion
Both -amylase and -glucosidase are known as the key enzymes involved in the
digestion and absorption of carbohydrates, and considered to be closely associated with the
postprandial elevation of blood glucose levels in patients with type 2 diabetes. Therefore, the
inhibitions of these enzymes are considered to effectively reduce the risk of cardiovascular
complications as a consequence of preventing the postprandial hyperglycemia in diabetic
patients. In the present study, the aqueous extracts were prepared from the edible and joint
parts of lotus root, and the effects of these extracts on the activities of -amylase and glucosidase were then examined. As shown in Figure 1, the aqueous extract prepared from
the edible part of lotus root failed to cause any significant alterations in -amylase and glucosidase activities. In contrast, the joint part extract inhibited both -amylase and glucosidase in a concentration-dependent manner, and caused approximately 95% and 40%
reductions of -amylase and -glucosidase activities, respectively (Figure 2). These studies
provide the first evidence for indicating that the aqueous extract prepared from the joint part
of lotus root may contain novel active substances inhibiting -amylase and -glucosidase,
proposing the possibility that the joint part extract may be able to prevent the postprandial
hyperglycemia, thereby reducing effectively the risks of cardiovascular diseases as a
consequence of suppressing the postprandial elevation of blood glucose levels in diabetic
patients. Then, the inhibitory effects of the joint part extract on these two enzymes were
chosen for the focus of our further investigation.
In preliminary study, we have determined the amounts of polyphenolic compounds
contained in the aqueous extracts of lotus root, and shown that the contents of polyphenols in
the joint part extract were approximately 3-times higher than those contained in the edible
part extract. On the other hand, several natural materials have recently been reported to
inhibit both -amylase and -glucosidase, and suggested that polyphenolic compounds cont© 2012 Inforesights Publishing UK
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Figure 1. Effects of edible and joint part extracts on -amylase and -glucosidase activities. The
extracts (20 l) were added to the assay mixtures, and the enzyme activities were determined as
described in the text. Results were expressed as the percent of control. Values are the mean ± SEM
(*p < 0.01 vs. no extract, n = 6).

ained in these natural materials may be responsible for their inhibitory effects on these
enzymes (Hogan, et al., 2010; Kim, et al., 2000; Tadera, et al., 2006). Therefore, it seems
possible to consider that the different inhibitory effect on these enzymes observed between
the edible and joint part extracts may be attributed to the difference in the contents of polyph-

Figure 2. Concentration-dependent effects of joint part extract on -amylase and -glucossidase
activities. Different amounts of the extract were added to the -amylase and -glucosidase assay
mixtures, and the enzyme activities were then determined as described in the text. Results were
expressed as the percent of control. Values are the mean ± SEM (*p < 0.01 vs. no extract, n = 6).

5

© 2012 Inforesights Publishing UK

S

Nishibori et al.

enolic compounds in these extracts. On the other hand, the inhibitory potencies of the joint
part extract on each of these two enzymes were also shown to be markedly different, and the
inhibitory effect of the extract on -amylase was pronounced, and observed more than 2times stronger than that on -glucosidase (Figures 1 and 2). Therefore, it seems possible to
consider that the joint part extract may contain two different active substances, each of them
can specifically inhibit the respective enzymes. Alternatively, this finding can be considered
to indicate that the difference in the inhibitory effect of the joint part extract between amylase and -glucosidase may reflect the different properties of these enzymes themselves.
However, it still remains to be elucidated, and seems absolutely necessary to be further
investigated.
The joint part extract was clearly shown to reveal different inhibitory potency to amylase and -glucosidase under the conditions employed to determine the enzyme
activities. However, -amylase and -glucosidase used in these experiments were derived
from porcine pancreas and yeast, respectively. Therefore, it seems possible that the different
inhibitory potency of the joint part extract observed between -amylase and -glucosidase
activities may reflect the difference in the sensitivities of these enzymes to potential
inhibitory substances contained in the extract. On the other hand, it also seems conceivable
that more than one active substance contained in the joint part extract may inhibit these
enzymes, respectively. Therefore, it seems still necessary to further characterize the inhibitory effect of the joint part extract on these enzymes. Then, the inhibitory effect of the joint pa-

Figure 3. (Left). Lineweaver-Burk plot of inhibitory effect of joint part extract on -amylase activity. The
extract (20 l) was added to the -amylase assay mixture containing various concentrations of the
substrate, and the enzyme activity was determined as described in the text. The enzyme kinetics was
graphically represented as the double-reciprocal plot. Figure 4 (Right). Lineweaver-Burk analysis of
inhibitory effect of joint part extract on -glucosidase activity. The extract (20 l) was added to the glucosidase assay mixture containing different concentrations of the substrate, and the enzyme activity
was determined as described in the text. The enzyme kinetics was graphically represented as the doublereciprocal plot.
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rt extract on -amylase was kinetically characterized. The Lineweaver-Burk analysis indicated that the joint part extract reduced both Km and Vmax values, thus suggesting that the
extract might cause the uncompetitive inhibition of this enzyme (Figure 3). On the other
hand, the extract could also inhibit -glucosidase in a concentration-dependent manner, and
the Lineweaver-Burk analysis indicated that the extract caused the reduction of Vmax value
without any change in Km, suggesting that the extract might inhibit this enzyme in the noncompetitive manner (Figure 4). The kinetic studies on the inhibitory effects of the joint part
extract indicated that the inhibition of -amylase was uncompetitive, thus suggesting that the
inhibitory substance in the extract may be able to bind only to the E-S complex formed
between the enzyme and the substrate. In contrast, the extract could cause the inhibition of glucosidase in a noncompetitive manner, thus suggesting that the inhibitory substance can
possibly bind with equal affinity to the free enzyme and the E-S complex. Therefore, it seems
reasonable to consider that the joint part extract may contain several inhibitory substances,
and suggest that some of which may be able to selectively act on -amylase and others may
be able to specifically interact with -glucosidase, thereby resulting in the inhibitions of these two enzymes to the different extent of their inhibitory potencies under the assay conditions
used here.
Further studies on the influence of the heat treatment on the inhibitory effect of the
joint part extract were carried out to characterize the properties of putative inhibitory substances contained in the extract. As shown in Figure 5, the incubation of the joint part extract at
-95oC for different periods (up to 60 min) significantly reduced the inhibitory effects on both

Figure 5. Inhibitory effect of heat-treated joint part extract on α-amylase and α–glucosidase activities.
The extract was heated at 95 oC for different periods, and the inhibitory effects of heat treated extract
on the enzyme activities were then determined as described in the text. Results were expressed as the
percent of control. Values are the mean ± SEM (*p < 0.01 vs. non-treated, n = 6).
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Figure 6. Inhibitory effect of dialyzed joint part extract on α-amylase activity. The extract was
dialyzed against distilled water (50-volume) at 4°C for overnight (exchanged 3-times), and the
inhibitory effect of the dialyzed extract on the enzyme activity was examined as described in the text.
Results were expressed as the percent of control. Values are the mean ± SEM (n = 6).

-amylase and -glucosidase in a manner dependent on the time of heat exposure, and the
potencies of the joint part extract inhibiting these respective enzymes were almost identically
reduced according to the time of heat exposure, thus indicating that there was no difference
observed between the thermal deactivation of the inhibitory effects of the joint part extract on
these two enzymes in the in vitro assay systems. Accordingly, the joint part extract is considered to contain a potential thermolabile substance which can inhibit -amylase and-glucosidase, but the property of this inhibitory substance still remains entirely unidentified. Then,
the joint part extract was subjected to the dialysis, and the inhibitory effects of the dialyzed
extract on -amylase and -glucosidase activities were examined to estimate the molecular
size of novel inhibitory substance contained in the extract. Consequently, the inhibitory effect
of the joint part extract on -glucosidase, but not -amylase, was markedly reduced by dialyzing the extract against distilled water (Figures 6 and 7). Therefore, it seems conceivable that
-glucosidase inhibitory substance contained in the joint part extract may be small molecule,
thereby being mostly removed by the dialysis. On the contrary, -amylase inhibitory substance is speculated to be relatively large and non-dialyzable, thereby remaining in the extract
even after the dialysis.
Recently, the active substances inhibiting either -amylase or -glucosidase have
been found in a variety of natural materials, such as fruits, nuts, vegetables and other plants,
thereby suggesting the potential activities of these materials to prevent the postprandial
hyperglycemia. Particularly, these materials have been reported to contain considerable amo-
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Figure 7. Inhibitory effect of dialyzed joint part extract on α-glucosidase activity. The extract was
dialyzed against distilled water (50-volume) at 4°C for overnight (exchanged 3-times), and the
inhibitory effect of the dialyzed extract on the enzyme activity was examined as described in the text.
Results were expressed as the percent of control. Values are the mean ± SEM (*p < 0.01 vs. original
extract, n = 6).

unts of polyphenolic compounds, and these compounds have also been suggested to be
responsible for the inhibitory effects of these natural materials on -amylase and/or glucosidase as well as their radical scavenging and antioxidant activities (Johnson, et al.,
2011; McDougall, et al., 2005; McDougall and Stewart, 2005; Rubilar, et al., 2011). On the
other hand, preliminary studies have shown that the joint part extract contains considerable
amounts of polyphenolic compounds, and furthermore shown that, similarly to the extracts of
other natural materials reported previously, the extract prepared from the joint part of lotus
root reveals its radical scavenging and antioxidant activities in the in vitro experimental
systems (unpublished data). Based on these findings, it seems quite possible to consider that
polyphenolic compounds contained in the joint part extract may be one of the potentially
active substances responsible for the inhibitory effects on -amylase and/or -glucosidase
activities observed here.
In the in vitro study, the aqueous extract prepared from the joint part of lotus root
was shown to inhibit both -amylase and -glucosidase, and suggested to contain more than
one active substance, each of which was considered to separately inhibit these two enzymes.
The present study are therefore considered to provide evidence for suggesting that the joint
part extract may contain at least two active substances, which may be different in the molecular sizes as well as the mechanisms of their inhibitory effects on the respective enzyme, thus
proposing the possibility that the joint part of lotus root may be one of the natural resources
providing the potentially active substances interfering with the digestion and absorption of
9
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carbohydrates, thereby preventing the postprandial elevation of blood glucose levels in
patients with type 2 diabetes. However, the potentially active substance in the joint part
extract is still unidentified, and the chemical properties of the lotus root extracts are therefore
necessary to be further investigated.
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