
 

*Cor

 

Mikih

 
1Depa
Thera
Health
1-2-3 
734-8
2Depa
Nutriti
2-2-1 
Tokyo
3Facu
Bunky
Kabeh
731-0
 
 

Intr
Arali
uprig
inclu
Arali
treat
in Or
whic
edibl
It has
from 
effec
Amo
corte
elato
glyco
plasm
elato
hypo
rats 
inclu

This   

 

Effect of

Harumi Oh

rresponding

hisa Takano 

artment of Pharm
apeutics, Institute
h Sciences, Hiro
Kasumi, Minam
553, Japan  

artment of Food 
on, Kyoritsu Wo
Hitotsubashi, Ch

o 101-8437, Japa
lty of Human Sc

yo WomenÊs Uni
higashi, Asakita-
295, Japan 

oduction 
ia elata Seem. (J
ght deciduous s
ding China, Ko
ia elata have 
ment of diabete
riental countries 
h is called „Tar
le garnish [6-8]. 
s been reported
the root cortex

ct on oral sucro
ng some olean

ex of Aralia ela
osides A and E
osides showed p
ma glucose leve
osides G, H and 
oglycemic activity

[6].  Thus, the 
de various b

  

s work is licen

Intern

f Aqueous
Glucosid

hno1,2, Junya 

g author: 

maceutics and 
e of Biomedical &
oshima University
i-ku, Hiroshima 

Science & 
omenÊs University
hiyoda-ward, 
an 
cience, Hiroshim
versity, 1-2-1, 
-ku, Hiroshima 

Japanese name
shrub and is na
rea and Japan.
been used as

es mellitus, gastr
[1-5].  In additio

ra-no-me‰ in Jap

 that the methan
x of Aralia elata 
se and glucose
nolic acid glyco
ata, the oleano
E, stipuleanoside
potent inhibitory 
el by oral sucro
I from the youn

y in oral sucrose
root cortex an

bioactive sapo

nsed under a C

national J
http

   

s Extract 
dases an
Nagai1, Tomo

& 
y, 

y, 

a 

 
 

 A b
The bar
diabete
was to 

α-gluco

intestina
activitie
of 0.45 

root cor
extracte
extract 
glucose
observa

extract 
might s
has bee

Keywor
 

e: Tara-no-ki) (A
ative to parts o
  The bark and
 traditional me
ric ulcer and rhe

on, the young sho
panese, has be

nol extract and s
exhibited poten

e tolerance tests
osides isolated 
lic acid 3-O-mo
e R1 and olean
activity against 
se tolerance tes

ng shoot of Arali
e and glucose to
d young shoot 

onins and gly

Creative Comm

Journal o
p://www.arjo

Origin

 

from the
d Postpra
onori Kurokaw

s t r a c t
rk and root corte
s mellitus in Orie
assess the influ

osidase activity 

al α-glucosidas
s of intestinal m
mg/mL and 0.65

rtex of Aralia ela
ed with pure eth
from the root co

e concentration i
ation indicates t

was, at least in 
upport the usefu

en long used in t

rds: Aralia elata; 

raliaceae) is an 
of Eastern Asia 
d root cortex of 
edicine for the 
eumatic arthritis 
oot of the plant, 

een used as an 

saponin fraction 
nt hypoglycemic 
s in rats [9,10].

from the root 
onodesmosides 
nolic acid 3-O-
the increase in 

st.  In addition,
lia elata showed 
olerance tests in 

of Aralia elata
ycosides with 

mons Attribut

f Phytom
ournals.org/in

 
nal Researc

  

e Root Co
andial Gly
wa3, Masaru S

  

 
ex of Aralia elata
ental countries i
ence of aqueou

and the glycem

se assay, water
maltase and treh
5 mg/mL, respec

ata has a strong
anol.  In in vivo

ortex of Aralia el
nduced by oral a
hat the reduced

part, due to the 
ulness of a wate
traditional medic

α-glucosidase; 

 

hypog
treatm

Intesti
final s

the ca
glucos
glucos
resulti
[11,12

variou
glucos
19]. T
the fo
conce
Howev
not the

intesti
In the 
the ro
the in
admin

 

ion 3.0 Licens

medicine 4
ndex.php/ijpm

ch Article

  

ortex of A
ycemic R
Sonoda2, Ryo

ta have been use
ncluding China, 

us extract from th

mic response a

r extract from t
alase in a conce
ctively.  The frac

ger inhibitory effe
o postprandial gly
elata (0.125 g/kg)
administration of
d glucose respo

inhibition of inte
er-based prepar
cine to treat diab

glycemic respon

glycemic activity,
ment with the pla

inal α-glucosida
step in the diges

arbohydrate-hyd
sidase in the d
se from oligosa
ing in suppress
2].  Recently, v

us plants have
sidase activities 

The root cortex o
rm of a decoctio

entrated before 
ver, to our know
e aqueous extra

nal α-glucosida
present study, w

ot cortex of Aral
ntestine and the
nistration of disac

se.  

4 (2012) 5
m/index 

e 

  

Aralia elata
Response
oko Yumoto1, 

ed as traditional 
Korea and Japa

he root cortex o

after ingestion o

the root cortex 
entration-depen
ction which was 

ect on the intest
ycemic respons
) significantly inh
f maltose and tre

onse to disaccha

estinal α-glucos
ration of the roo
etes mellitus. 

nse; intestine; ro

, which might be
nt. 

ase plays an im
stive process of

rolyzing enzyme
digestive organs
accharides and 
sion of postpra
various aqueous

e been report
including maltas
of Aralia elata h
on, which is extr
taken as a me
wledge, it rema
act of the root co

se activities.   
we examined th

alia elata on malt
e postprandial g
ccharides such a

567-572 

ta on Intes
e in Mice

Mikihisa Tak

medicine for th
an.  The purpos

of Aralia elata on

of carbohydrates

of Aralia elata
dent manner wi
extracted with w

tinal α-glucosida
e study using m
hibited the incre
ehalose, but not 
arides in mice w

idase activity.  T
t cortex of Arali

oot cortex; water

e associated wit

mportant role in 
f carbohydrates.

es such as α-am
s decreases the

delays glucos
andial plasma g
s or alcoholic

ed to inhibit 
se, sucrase and 
has been traditio
racted by boiling

edicinal preparat
ins to be clarifie

ortex of Aralia ela

he effect of aque
ase and trehala
glycemic respon
as maltose and t

stinal α-

ano1* 

e treatment of 
e of this study 

n the intestinal 

s.  In in vitro 

a inhibited the 
th IC50 values 
water from the 

ases than that 
mice, the water 

ase in plasma 
glucose.  The 

with the water 

These findings 
lia elata, which 

r extract 

h anti-diabetic 

catalyzing the 
.  Inhibition of 

mylase and α-
e liberation of 
se absorption, 
glucose levels 
extracts from 

intestinal α-
trehalase [13-
onally used in 
g in water and 
tion in Japan.  
ed whether or 
lata affects the 

eous extract of 
se activities in 
nse after oral 
trehalose. 

ISSN: 0975-0185



Ohno et al. International Journal of Phytomedicine 4 (4) 567-572 [2012] 

 

PAGE | 568 |

 

 

Materials and Methods 

Materials  

The root cortex of Aralia elata was purchased from 
Tochimototenkaido Co. Ltd. (Osaka, Japan).  D-glucose, D-maltose 
monohydrate, D-trehalose dihydrate and horseradish peroxidase 
were purchased from Sigma-Aldrich (St. Louis, MO, USA).  o-
Dianisidine was purchased from Tokyo Kasei Kogyo Co., Ltd. 
(Tokyo, Japan).  Glucose oxidase was obtained from Roche 
(Mannheim, Germany).  Acarbose was obtained from Bayer 
Yakuhin, Ltd. (Osaka, Japan).  Voglibose was obtained from 
Takeda Chemical industries, LTD. (Osaka, Japan).  All other 
chemicals used in the experiments were commercial products of 
the highest purity available. 

Extraction methods  

For water extract, five grams of dried root cortex of Aralia elata 
were extracted by boiling for 30 min in 300 mL of distilled water.  
Then the extracted solution was filtered and freeze-dried.  The 
lyophilized powder was obtained and stored in dark at -20oC until 
used for the experiment.  For ethanol extract, five grams of dried 
root cortex of Aralia elata were extracted in 100 mL of solvent 
containing different concentrations of ethanol (30, 70 and 99.5% 
v/v) for 3 hr at 70oC.  Then the extract was evaporated to dryness, 
and the powdered extract was stored in dark at -20oC until used for 
the experiment.  The yields of distilled water, 30%, 70% and 99.5% 
ethanol extract (w/w) were 22.7, 20.3, 19.4 and 2.6% of the weight 
of the initial dried root cortex, respectively. 
 

α-Glucosidase assay using moue intestinal  
mucosa  
Experiments with animals were performed in accordance with the 
Guide for Animal Experimentation, Hiroshima University, and the 
Committee of Research Facilities for Laboratory Animal Sciences, 
Hiroshima University.  Male ddy mice (10 ă 13 weeks old) were 
deeply anesthetized with diethyl ether.  Then, the small intestines 
were removed and washed with phosphate-buffered saline (PBS 
buffer containing in mM,137 NaCl, 3 KCl, 8 Na2HPO4, 1.5 
KH2PO4).  After the small intestine was excised, the intestinal 
mucosa was gently scraped off with a glass cover slip on ice.  The 
collected mucosa was centrifuged at 3,000 rpm for 10 min at 4oC, 
and was homogenized in an appropriate volume of a buffer 
containing 50 mM mannitol and 2 mM Tris-Hepes (pH7.1).  The 
homogenate was centrifuged at 3,000 rpm for 10 min at 4oC, and 
the resulting supernatant was used for the assay of the activities of 

maltase and trehalase.  A reaction mixture consisting of 300 μL of 
20 mM Tris-Hepes buffer (pH7.5) including root cortex extract and 

30 μL of intestinal mucosa preparations was preincubated for 5 

min at 37oC.  The reaction was initiated by addition of 30 μL of a 
test substrate solution (final concentration of maltose and 
trehalose; 5 mM) and performed for 30 min at 37oC.  Then, the 
glucose concentration of the reaction mixture was determined by 

the glucose oxidase-peroxidase method with the use of o-
dianisidine as the dye [20].  Specific enzyme activity was 
calculated as micromoles of substrate hydrolyzed per milligram 
protein within 1 min.  Protein concentration was measured by the 
method of Lowry et al. [21] with bovine serum albumin as a 
standard. 

Plasma glucose concentrations after carbohydrate 
loading in mice  

Male ddy mice (7 ă 12 weeks old) fasted overnight were employed 
for sugar loading tests.  Control group was orally administered via 
gavage with disaccharide (maltose or trehalose, 1 g/kg) or glucose 
(2 g/kg).  Aralia elata water extract-treated group was orally 
coadministered via gavage with disaccharide (maltose or trehalose, 
1 g/kg) or glucose (2 g/kg) and the water extract (125 mg/kg).  The 
blood samples were taken from the tail vein before (0 min) and 30, 
60 and 120 min after loading, and then the blood glucose levels 
were measured using a simple blood glucose level analyzer 
GLUTESTACE (Sanwa Kagaku Kenkyusho Co., Ltd., Nagoya, 
Japan). 

Data analysis  

The half-maximal inhibitory concentration (IC50) values were 
determined by fitting data with a Hill equation using the 
KaleidaGraphTM program (Version 3.08, Synergy Software, PA, 
USA).  Statistically significant differences were determined by 
StudentÊs t-test, or one way analysis of variance (ANOVA) with the 
Tukey-KramerÊs test for post hoc analysis.  A P value less than 
0.05 was considered statistically significant. 

Results 

Effects of acarbose and voglibose, α-glucosidase 
inhibitors, on maltase and trehalase activities of mouse 
intestinal mucosa  

In order to confirm the activities of α-glucosidase in mouse 
intestinal mucosa employed in this study, we first examined the 

effects of acarbose and voglibose, two α-glucosidase inhibitors 
used in clinical pharmacotherapy, on the hydrolysis of maltose and 
trehalose in mouse intestinal mucosa.  As shown in Fig. 1, the 
hydrolysis of maltose, reflecting the activity of maltase, in mouse 
intestinal mucosa was inhibited by acarbose and voglibose in a 
concentration-dependent manner with the IC50 values of 0.40 

μg/mL and 0.12 μg/mL, respectively.  These IC50 values for 
maltase were comparable to those reported previously in the 
intestine [13,15].  On the other hand, neither acarbose nor 
voglibose had a significant effect on the activity of trehalase in 

mouse intestinal mucosa.  Weak or no inhibitory effects of the α-
glucosidase inhibitors on trehalase are consistent with previous 
observations in human and rat intestine [11,22].  Thus, these 
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results indicated that the activities of intestinal maltase and 
trehalase could be appropriately evaluated in this study. 
 

 

Figure 1.  Effects of acarbose and voglibose, �α-glucosidase 
inhibitors, on maltase and trehalase activities of mouse intestinal 
mucosa. A reaction mixture containing acarbose (A) or voglibose (B) at various 

concentrations and intestinal mucosa preparations were preincubated for 5 min at 
37oC.  The reaction was initiated by addition of maltose (circles) or trehalose 
(triangles) (final concentration 5 mM) and performed for 30 min at 37oC.  Then, the 
concentration of glucose in the reaction mixture was determined by the glucose 
oxidase-peroxidase method as described in Materials and Methods.  Enzyme 
activities were expressed as percentages of control.  Each symbol represents the 
mean μ S.E. of three determinations.  *p < 0.05, significantly different from the 
control. 

Concentration-dependent effects of Aralia elata water 

extract on �α-glucosidase activities of mouse intestinal 
mucosa  

The root cortex of Aralia elata has been traditionally used in the 
form of a decoction, including various constituents which are 
extracted from the plant material by boiling in water.  Therefore, we 
examined the effect of water extract from the root cortex of Aralia 
elata on intestinal α-glucosidase activities (Fig. 2).  The water 
extract from the root cortex of Aralia elata inhibited the activity of 
maltase in mouse intestinal mucosa in a concentration-dependent 
manner with an IC50 value of 0.45 mg/mL.  In addition, the water 
extract from the root cortex of Aralia elata decreased the intestinal 
trehalase activity in a concentration-dependent manner with an 
IC50 value of 0.65 mg/mL.  This inhibitory effect of the water extract 
on trehalase was different from those of acarbose and voglibose 
shown in Fig. 1. 
 

 
Figure 2.  Concentration-dependent effect of Aralia elata water 
extract on �-glucosidase activities of mouse intestinal mucosa. 
A reaction mixture containing water extract from the root cortex of Aralia elata at 
various concentrations, and intestinal mucosa preparations were preincubated for 5 
min at 37oC.  The reaction was initiated by addition of maltose (A) or trehalose (B) 
(final concentration 5 mM) and performed for 30 min at 37oC.  Enzyme activities 
were expressed as percentages of control.  Each symbol represents the mean μ 
S.E. of three determinations.  *p < 0.05, significantly different from the control.  †p < 
0.05, significantly different from the value of the water extract 
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Effects of Aralia elata extracts extracted with different 

ethanol concentrations on α-glucosidase activities of 
mouse intestinal mucosa  

The effects of Aralia elata extracts from the root cortex extracted 
with solutions containing different concentrations of ethanol (30%, 
70% and 99.5%) on intestinal maltase and trehalase activities were 
examined, and were compared with those of the water extract (Fig. 
3). When each extract was examined at a concentration of 0.56 
mg/mL, the inhibitory effects of 30% and 70% ethanol extracts on 
the intestinal maltase and trehalase activities were observed, and 
were comparable to the inhibitory effects of the water extract.  On 
the other hand, the pure ethanol (99.5%) extract had significantly 
less inhibitory potency for maltase and trehalase than the water 
extract. 
 

 
Figure 3.  Effects of Aralia elata extracts extracted with different 
ethanol concentrations on �-glucosidase activities of mouse 
intestinal mucosa. A reaction mixture containing extracts from the root cortex of 

Aralia elata extracted with water or different ethanol concentrations (30, 70, 99.5%), 
and intestinal mucosa preparations were preincubated for 5 min at 37oC.  The 
reaction was initiated by addition of maltose (A) or trehalose (B) (final concentration 
5 mM)) and performed for 30 min at 37oC.  Enzyme activity was calculated as 
micromoles of substrate hydrolyzed per milligram protein within 1 min.  Each column 
represents the mean μ S.E. of three determinations.  *p < 0.05, significantly different 
from the control. 

 
Figure 4.  Effect of Aralia elata water extract on blood glucose 
levels in carbohydrate-loaded mice. Male ddy mice fasted overnight was 

orally administered via gavage with 1g/kg maltose (A), 1 g/kg trehalose (B), or 2 
g/kg glucose (C) without (open circles) or with (closed circles) 125 mg/kg water 
extract of the root cortex of Aralia elata. The blood samples were taken from the tail 
vein before (0 min) and 30, 60 and 120 min after loading.  Each symbol represents 
the mean μ S.E. of four to ten mice.  *p < 0.05, significantly different from the value 
before carbohydrate loading (time 0).  †p < 0.05, significantly different from the value 
without Aralia elata water extract at the same time after carbohydrate loading. 
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Effect of Aralia elata water extract on blood glucose 
levels in carbohydrate-loaded mice 

The effect of Aralia elata water extract on the blood glucose 
changes was investigated in mice orally given maltose, trehalose 
or glucose (Fig. 4).  Aralia elata water extract in a dose of 125 
mg/kg significantly suppressed the increase in the blood glucose 
levels 30 to 60 min after maltose or trehalose administration.  In 
contrast, there were no significant changes in the blood glucose 
levels after loading of glucose between mice without and with 
Aralia elata water extract. 

Discussion 
Postprandial hyperglycemia is a major risk factor for vascular 
complications associated with diabetes mellitus.  Therefore, 
controlling postprandial plasma glucose level is critical in the early 
treatment of diabetes mellitus and in preventing chronic vascular 
complications [23].  Hyperglycemia, which is characterized by a 
rapid rise in blood glucose levels, is due to absorption of glucose in 

the intestine, following hydrolysis of starch by pancreatic α-

amylase and α-glucosidases.  Therefore, inhibition of intestinal α-
glucosidases suppresses the postprandial glycemic increase by 
delaying carbohydrate hydrolysis.  In this study, we examined the 
effects of aqueous extract from the root cortex of Aralia elata on 

intestinal α-glucosidases and postprandial glycemic response in 
normal mice. 
The water extract from the root cortex of Aralia elata inhibited the 
activities of maltase and trehalase in mouse intestinal mucosa in a 
concentration-dependent manner with IC50 values of 0.45 mg/mL 
and 0.65 mg/mL, respectively.  Recently, a diterpenoid nimbidiol, 
isolated from the root bark of Azadirachta indica, was reported to 
more potently inhibit intestinal maltase and trehalase than 
acarbose and voglibose [24].  There are several reports on 
inhibitory effects of water extract from other plants on intestinal 
maltase activity.  The aqueous extracts from flower buds of 
Cleistocalyx operculatus and guava leaves inhibited the intestinal 
maltase activity with IC50 values of 0.70 mg/mL and 0.97 mg/mL, 
respectively [14].  In addition, the IC50 value of water extract from 
flowers of Matricaria chamomilla for maltase in rat small intestine 
was reported to be 2.6 mg/mL [15].  Furthermore, the inhibitory 
effect of aqueous extract from brown alga Ecklonia stolonifera on 
maltase activity in rat small intestine had an IC50 value of 4.2 
mg/mL [16].  Thus, it is likely that the water extract from the root 
cortex of Aralia elata more potently decreases the intestinal 
maltase activity, compared to the water extracts from these other 
plants. 
Yoshikawa et al.[9,10] found that the glycoside fractions from the 
root cortex of Aralia elata reduced the increase in plasma glucose 
level in oral sucrose tolerance test.  The glycoside fraction 
including the oleanolic acid glycosides was obtained from the 
methanolic extract from the root cortex of Aralia elata.  The 
glycoside fraction exhibited the hypoglycemic effect on oral 

sucrose tolerance test in rats [10].  Furthermore, it was shown that 
some oleanolic acid glycosides, including elatoside A and F, from 
the root cortex of Aralia elata had an inhibitory potency against the 
rise of plasma glucose level after sucrose loading.  Such oleanolic 
acid glycosides might be, at least in part, involved in the inhibitory 

potency of Aralia elata root water extract on in vitro intestinal α-
glucosidases and in vivo postprandial glycemic response observed 
in this study.   Further studies are needed to characterize the 

components which inhibit intestinal α-glucosidases in the water 
extract from the root cortex of Aralia elata. 
In in vivo study, we observed that Aralia elata water extract 
significantly suppressed the increase in the blood glucose levels 
after oral loading of disaccharides (maltose and trehalose), but not 
glucose, a form of monosaccharide.  Therefore, it is likely that the 
effect of Aralia elata water extract on postprandial glycemic 

response is due to a decrease in intestinal α-glycosidase activity 
rather than the membrane transport process of glucose across the 
intestinal epithelial cells.  In contrast with this study, Yoshikwa et al. 
[6] reported that the glucose-loaded elevation of plasma glucose 
was suppressed by oral administration of the saponin fraction and 
elatosides G, H and I from the young shoot of Aralia elata.  
Therefore, such bioactive components from the young shoot, which 
inhibit the intestinal absorption of glucose given orally, might not be 
included in the water extract from the root cortex of Aralia elata. 
The yield of the water extract of root cortex of Aralia elata 
amounted to 22.7% of the weight of dried root cortex of the plant.  
The root cortex of Aralia elata is usually taken as a decoction, 
which is often prepared by boiling 20 g of dried root cortex of Aralia 
elata in 600 mL water until about two-thirds (ca. 400 mL) of the 
water volume remains [5].  When the yield of the water extract in 
the decoction is the same as that obtained in this study, the 
decoction includes the water extract of about 11 mg/mL, which is 
approximately 24-fold and 17-fold higher than the IC50 values for 
mouse intestinal maltase (0.45 mg/mL) and trehalase (0.65 
mg/mL), respectively.  Therefore, when the decoction is orally 
administered, the water extract concentration in the decoction 
might be high enough to reduce the postprandial glycemic 

response, resulting from the inhibition of α-glucosidase activity in 
the intestine. 

Conclusion 
In conclusion, we found that the aqueous extract from the root 
cortex of Aralia elata exhibited a significant inhibitory potency 

against intestinal α-glucosidase and the postprandial glycemic 
response after oral disaccharide loading.  These findings might, at 
least in part, support the usefulness of water-based preparation of 
the root cortex of Aralia elata, which has been traditionally used to 
treat diabetes mellitus. 
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