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i 7T~ =¥, REZCFA L (FR) 100
mg % M CT40CT 16 KL S &7z 20
WHIZ5% =% /= 5ml 22T, Akl
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73— J)b
P A BIAAET BT VR TV a—
Wi, 79 =F = VAT 05 ugkg H Sz, L
2L, AE—), Yhara—), 1JFua—)
BLWoa- 7VERFT = VI SN2 572,
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bR ENTWE, =X+ FH 1 Fidv o
A0 — V& B R & L CEBfilEE IC X B AR 2L
BAEH Y B & OB 09 22 35 < s L
WCEVAERTZ? LRGSR TwDE, 202
EG, FREEICHRE SN0 —-XFFH A F
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25 fFICHINL7zs LA L, A=, Y Fa—
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ABSTRACT

: Jun Maki”, Hiroshi Sekiya?, Tomotaka Tanabe?, Hidenori Sagara®, Tatsuya Funahashi®, Eiji

: Tamai”, and Hiroshi Sakagami ¥
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i University; ¥ Division of Pharmaceutical Information Service, Department of Center for Medical :
Pharmacy Education, College of Pharmaceutical Sciences, Matsuyama University, Ehime
Prefecture, JAPAN:; ) Division of Pharmacology, Department of Diagnostic and Therapeutic :
Sciences, Meikai University School of Dentistry:Food that needs precautionary awareness for
infection in human body (12) - :

In recent years, some Japanese people have been suffering from a parasitosis caused by a kind
of nematodes. The nematode in question is not the well-known anisakis but Spirurina sp so-called
“senbi-senchyu” (FeE#RER) in Japanese. The entire life cycle remains to be clarified still nowadays.
However, it is clear that man is infected with it following the ingestion of the raw firefly squid (& :

: B), Watasenia scintillans or other fresh seafoods presently being studied as a result of suffering

: from larval migration in the patient. Though the possible removal of the migrating larvae near the :

: pody surface is recommendable, it is hard to practice it completely. No chemotherapy has yet
been established . Its development is urgently needed. [key words: Spirurina sp(senbi-senchyu), :
nematodes, prevention]
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Dietary silkworm powder reduces blood glucose
and visceral fat in mice
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Abstract

Silkworm powder? prepared by us based on rheological studies of silkworm blood con-
tains a-glycosidase-inhibitory deoxynojirimycin (DNJ) at a 3-fold higher level than that in
mulberry leaves, and it is expected to be a superior health food material. In this study, we
investigated the influence of a silkworm powder diet on the blood glucose level and viscer-
al fat in mice. The blood glucose level showed a reduction in both 2 and 5% silkworm pow-
der diet groups on day 20 of ingestion, and the reduction was significant in both groups
on day 28. The blood glucose level elevation after glucose loading was also inhibited. At 4
weeks, the visceral fat rate was significantly reduced in the silkworm powder diet groups
compared to the control group, suggesting a lipid metabolism-improving effect.

1. Introduction (Background and Objective)

Silkworms are insects which grow through metamorphosis, with an approximately 50-day life
cycle. We have investigated the rheological characteristics of silkworm blood™ 3 and clarified that
the fluidity of silkworm blood changes with the development, and blood components and rheological
characteristics are closely related” . Blood fluidity was the highest and the nutritional condition was
favorable at day 3 of the 5th instar.

Since silkworms were eaten in China and Japan in olden times® and are rich in useful components"* o
we developed silkworm powder in consideration of the physiological condition of silkworms. The identi-
fication of a suitable timing is critical for its development as a food material.

A physiologically active substance contained in mulberry leaves, deoxynojirimycin (DNJ) , has re-
cently been reported. This substance inhibits -glucosidase, preventing elevation of the blood glucose
level”™ . We previously reported that DNJ is concentrated in the blood of silkworms which eat only
mulberry leaves to a level 3 times higher than that in mulberry leaves® 10
silkworms to mulberry leaves. Practical uses of mulberry leaves have been progressing, but studies

, showing the superiority of

on dietary silkworm powder in mice have been performed only in Korea, and so no study has been
performed in Japan.

To practically employ silkworm powder as a food material, we administered it to mice (2 and 5%)
and investigated changes in the blood glucose level and visceral fat.

2. Methods

* Preparation of silkworm powder :
Silkworms (Kinshu x Showa) at day 3 of the 5th instar grown by feeding mulberry leaves were
powdered by lyophilizing and grinding.

NewFoodIndustry 2013 Vol.55 No.12 (35)
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3. Results
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The characteristics of the silkworm powder are as follows :

It contains amino acids, unsaturated fatty acids, sialic acids, trehalose, and deoxynojirimycin
(DNJ) . It has a mixed flavor resembling seaweed and dried sardine broth, and the powder is
storable and moist. It is safe, being prepared from edible silkworms bred in a clean environ-
ment (Farm of Kyoto Institute of Technology) .

» Animals : Healthy Std/ddy mice aged 9 weeks were used.

* Preparation of diets

Control group (commercial feed +2.5% casein) : Since the protein concentration of the silkworm
powder was 50%, casein was added to commercial feed.

Experimental groups : Two groups fed 2 and 5% silk powder diets were established (7 animals
each) . Animals were fed the diets from 76 through to 105 days of age. Animals were given
free access to the feed and drinking water and maintained at 20 == 2°C under a 12-hour light-
ing cycle. All groups consisted of 7 animals (7=7) .

* Measurement items : Body weight, food intake, blood glucose level, and body fat rate
* Blood glucose measurement :

The blood glucose level was measured on days 9, 19, and 29 of feeding in the 2 and 5% silk pow-

der diet groups. Blood was collected from the tail vein after fasting for 4 hours, and blood glu-

cose was measured using a GLUCOCARD G meter (Arkray Inc.) .

* Visceral fat measurement :
Visceral fat was measured using a CT imaging analysis system for animals.

Fig.1 shows changes in the food intake and body weight. All 2 and 5% silkworm powder diet and
control groups ingested 4-6 g per day. The body weight smoothly increased after mixed diet initia-
tion in all groups. The sharp decreases represent the body weights after 20-hour fasting.

Fig.2 presents changes in the blood glucose level in mice fed silkworm powder. On day 20 of in-
gestion, the blood glucose level was significantly lower compared to that before diet ingestion in the
2% silkworm powder diet group (p<0.05) and slightly lower in the 5% silkworm powder diet group.
On day 30, the blood glucose level was significantly lower in both 2 and 5% silkworm powder diet
groups (p<0.05) .

Fig.3 shows changes in the blood glucose level after oral glucose loading in mice fed silkworm
powder. Glucose solution was orally administered to the mice at 2 g/kg body weight after fasting for

Changes in body weight
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Figure 1. Changes in the food intake and body weight
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Figure 2. Dietary silkworm poeder-induced changes in the blood glucose level
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Figure 3. Time-of the blood glucose level after oral glucose Loading (2 g/kg) in mice fed silkworm
powder

12 hours. Fig. shows the blood glucose level 30, 60, and 120 minutes after administration. The blood
glucose level sharply rose at 30 minutes after glucose loading in the control group, but the rise was
moderate in the 2 and 5% silkworm powder diet groups compared to the control group, showing an
inhibitory effect on the elevation of the blood glucose level.

Fig.4 presents CT images of the mice fed silkworm powder. The images were acquired using an
X-ray CT system for experimental animals. The 39th of 80 slices acquired in each mouse is present-
ed. The pink- and yellow-colored regions represent visceral and subcutaneous fat, respectively.

Fig.5 shows the body fat rate in the mice fed silkworm powder. On analyses of the images shown
in Fig.4, the visceral fat rate was significantly reduced after 4 weeks of ingestion in the 2% silkworm
powder diet group, suggesting that dietary silkworm powder improves lipid metabolism. No signifi-
cant difference was noted in the 5% silkworm powder diet group.
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Figure 4. CT images of the mice fed silkworm powder
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Figure 5. Dietary silkworm powder-induced reduction of the body fat rate in mice

4. Summary and Discussion

The blood glucose level was significantly lower on day 20 of ingestion in the 2% silkworm powder

[] Subcutaneous fat

diet group (p<0.05) and on day 28 in both 2 and 5% silkworm powder diet groups (p<0.05) . The

blood glucose level elevation after glucose loading was most markedly inhibited at 30 minutes after

glucose loading in the 5% silkworm powder diet group, and the effect persisted for 120 minutes.

The visceral fat rate was significantly reduced after 4 weeks of ingestion in the 2% silkworm powder

diet group, compared to that in the control group, suggesting a lipid metabolism-improving effect.
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This short-term silkworm powder dietary experiment in mice suggested blood glucose level- and
body fat-reducing effects of silkworm powder, i.e., the suppression of the blood glucose level associ-
ated with inhibition of small intestinal -glucosidase by DNJ can be expected to improve diabetes and
obesity. We are planning to perform long-term studies using diabetic and obese mice to investigate
the inhibition of blood glucose level elevation and prevention of obesity by silkworm powder, and
then progress to safety confirmation studies.
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