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�-Glucosidase Inhibitory Activity in Leaves of Some Mulberry Varieties
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The seasonal and polyploidal changes of �-glucosidase (rat-intestinal) inhibitory activity in mulberry leaves were
compared in 12 mulberry varieties. Enashi, Fusoumaru, No. 325 and Kenmochi which are classified as 3 major varie-
ties in Japan were harvested in May or August as the field samples. Shimaguwa and the 3 different wild types such as
Kuromiguwa, Nagamiguwa, Midoriguwa were harvested in May as the greenhouse samples. Some varieties harvested
in the field or greenhouse indicated a difference in �-glucosidase. In the field Enashi was strong, while Kenmochi was
rather weak. The seasonal changes of inhibition between May and August were differed among the varieties. The 3x
variety in the field or greenhouse showed the strong inhibition within the same variety.
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Mulberry leaves (Morus alba L.) have been used as a tradi-
tional medicine with anti-inflammatory and anti-hyperglycemic
action (Kimura et al., 1995). The mulberry leaf component such
as 1-deoxynojirimycin (DNJ; Yoshikuni, 1988; Asano et al.,
1994), 2-arylbenzofuran derivatives (Basnet et al., 1993) and
polyhydroxylated alkaloids (Asano et al., 2001) inhibit the ac-
tivity of �-glucosidase of the small intestine, and also prevent
sudden hydrolysis of disaccharides, absorption of glucose into
the blood vessel, and resultant increase of blood glucose level.
DNJ showed stronger inhibitory activity towards rat intestinal
maltase and yeast �-glucosidase compared with DNJ-tre-
halamine-fused and -linked compounds (Shiozaki et al., 1998).
The extract derived from mulberry leaves potentiated the pilo-
carpine-induced salivary flow which was correlated with anti-
hyperglycemic effects (Chen et al., 1995). Fagomine from mul-
berry leaves increased the plasma insulin level in STZ-diabetic
mice, and this insulin release by fagomine might partly contrib-
ute to the antihyperglycemic action (Nojima et al., 1998; Tanigu-
chi et al., 1998). The maximum reduction in blood glucose of
leaf extract was ob-served among fruit, trunk bark and root bark
(Hosseinzadeh & Sadeghi, 1999).   

On the other hand, there are many reports concerning artifi-
cially polyploidy from the point of view of cytology (Seki &
Oshigane, 1953, 1957, 1959; Tojyo, 1954, 1963, 1966; Das &
Krishnaswami, 1964; Das et al., 1970) as mulberry breeding is
extremely valuable for the sericulture. It is well accepted that
major characteristics of 3, 4x polyploidy are indicated a large
leaf, high saccharide content, high yield and high feed efficiency
on silkworm among the different polyploidy. We observed that
the changes of �-glucosidase inhibitory activity in leaves were
occurred among mulberry polyploidy. Activity for lowering
blood-glucose levels of autumn-rearing silkworm was higher

than that of spring-rearing silkworm (Ryu et al., 1997). The
changes in �-glucosidase inhibitory activity in leaves can be
observed in some mulberry varieties, there is no reports concern-
ing of seasonal or varietal changes on the �-glucosidase inhibi-
tion in leaves of any mulberry variety.

In this study the seasonal and polyploidal changes of �-glu-
cosidase inhibition in mulberry leaves were compared in 12 mul-
berry varieties which included 3 major varieties and wild type
species.

Materials and Methods
Materials The mulberry varieties used in this study were

3 major families (Yamaguwa, Karayamaguwa and Roguwa fam-
ily) and 3 kinds of wild type. Kenmochi (M.bombycis Koidz. 2,
3, 4x) belonging to the Yamaguwa family. No. 325 (M. alba L.
3x) and Enashi (M. alba L. form. sessifolia Hotta 2, 3x) belong-
ing to the Karayamaguwa family and Fusoumaru (M. latifolia
poiret 2x) belonging to the Roguwa family. Simaguwa (M. asi-
dosa Griff 2, 3, 4x) belonged to the Shimaguwa family. Mido-
riguwa (M. wittiorum Hand.-Maz. 4x), Nagamiguwa (M. laevi-
gata Wall 3x from China or India) and Kuromiguwa (M. nigra L.
22x from Lebanon) were wild type. These mulberry leaves (Ena-
shi, Fusoumaru, No. 325, Kenmochi) were harvested May 2, and
August 8, 2002 from the mulberry field of Soka University. The
potted mulberry (Midoriguwa, Kuromiguwa, Shimaguwa, Naga-
miguwa) were harvested May 30, 2002 from the greenhouse in
Soka University. The leaves harvested were stored in a polyethyl-
ene bag in the freezer at �20˚C.

Preparation of the sample solution Five grams of mulber-
ry leaves were homogenized with 40 ml of distilled water for 3
min at 10,000 rpm. The homogenate was centrifuged at 3000
rpm for 10 min. The supernatant was obtained by filtration and
the precipitate was suspended with 30 ml of distilled water and
centrifuged again. The supernatant was filtered and combined
with the first supernatant. This manipulation was repeated one
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more time, then the combined supernatants were filled up to 100
ml with distilled water and used for sample solution.     

Measurement of �-glucosidase inhibitory activity One
gram of rat-intestinal acetone powder was suspended in 10 ml of
0.9% saline, and the suspension sonicated (1 min�3). After cen-
trifugation (3000 rpm�30 min), the resulting supernatant was
diluted 4 times with distilled water and used for the assay as en-
zyme solution. The assay mixture consisted of a 100 mM maleate
buffer (pH 6.0, 0.7 ml), 500 mM maltose (0.1 ml), and the sample
solution; the mixture was preincubated for 5 min at 37˚C. The
reaction was initiated by adding a crude �-glucosidase solution
(0.1 ml) to the reaction mixture; this mixture was then incubated
for 60 min at 37˚C, the reaction being terminated by adding
1.0 ml of a 2.0 M maleate-Tris-NaOH buffer (pH 7.4). The glu-
cose released in the reaction mixture was determined by a Glu-
cose C-II Test Wako kit (Wako Pure Chemical Co., Tokyo)（ Ohta 
et al

 
., 2002). The significantly difference of each of the two

groups was surveyed with a 

 

p

 

 value by Student’s 

 

t

 

-test assuming
that the dispersion of both the two groups was not equal.  

 

Results and Discussion

 

Comparison of the inhibition with variety in the field

 

    Fig-
ure 1 shows the inhibitory activity in the field. In spring or sum-
mer Enashi and No. 325 which were classified in the Kara-
yamaguwa family showed strong inhibition, while Kenmochi in
the Yamaguwa family showed rather weak inhibition. The inhibi-
tion of 3x variety was indicated strong inhibition compared to
that of 2x or 4x. In 3x varieties Enashi was highest and second
was No. 325, the third was Kenmochi. In 2x varieties a signifi-
cant difference was not seen. Comparison between May and
August Fusoumaru and Kenmochi (4x) showed significant (

 

p

 

�

 

0.05) difference. Fusomaru was strong in May and Kenmochi
was strong in August. In other varieties no significant seasonal
difference existed in the field. As Enashi was a member of the
Karayamaguwa family, other 3x varieties in this family such as
Shinkenmochi and Akagi might also have strong inhibition. In
this observation it was indicated that Enashi (3x) which is one of
the major families was very valuable as an ingredient for health
food or a supplement combined with mulberry leaves. 

 

Comparison of the inhibition with the variety in the green-
house   

 

Figure 2 shows the inhibitory activity of the Shimagawa

family and the wild type in the greenhouse. In the Shimagawa
family 3x was the strongest, in wild type Kuromiguwa (22x) was
the strongest. In this observation the inhibition of 3x variety was
also showed strong except for 22x compared with that of 2x, 4x.
There was no significant difference between Nagamiguwa (Chi-
na) and Nagamiguwa (India).

From these results， some varieties harvested in spring or sum- 
mer showed a difference in 

 
�

 
-glucosidase. Enashi (3x) was

strong among the field samples and Kuromiguwa (22x), Shima-
guwa (3x) and Nagamiguwa (3x) were strong among the green-
house samples. The seasonal changes of inhibition between May
and August differed among the varieties. 3x variety showed
strong inhibition within the same variety. Thus, the seasonal and
polyploidal differences in inhibition for some varieties were
observed, but seen within our observation, further observation on
more other kinds of mulberry varieties should be required. It is
assumed that the differences in inhibition activities in leaves is
caused by the differences in DNJ contents. We plan in the near
future to study the relation between the inhibitory activities and
DNJ contents in leaves of some mulberry varieties.   
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Fig. 1. �-Glucosidase inhibitory activity of mulberry leaves in the field
harvested in May and August. Fig. 2. �-Glucosidase inhibitory activity of mulberry leaves in the green-

house harvested in May.
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