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ABSTRACT

Hypoglycemic Effect of 1-Deoxynojirimycin
Coated Rice Supplementation in db/db Mice

By, Joung Han Duck
Advisor : Prof. Lee, Myung—-Yul, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

This study was conducted to investigate the potential anti—diabetic
effects of 1-deoxynojirimycin (DN]) coated rice, in type 2 diabetic animal
models, C75BL/Ks] mice. After a 2-week adaptation period, the mice and
mice were used and the mice wer edivided into control, 5% 1-DN]J coated
rice powder and 10% 1-DNJ coated rice powder groups. The
supplementation of 1-DNJ coated rice powder for six weeks markedly
decreased the weight to mesenteric and epididymal adipose tissues,
retroperitoneal adipose tissues compared to the control group, although
there were not significant differences in the food intake and body weight
gain. The serum glucose and insulin, and blood HBAIc levels in mice
were higher in the mice, however these values were significantly lowered
by 10% 1-DN]J coated rice powder supplement. No differences among the
diabetic groups were found in the serum total protein and albumin levels.
The serum and liver triglyceride and total cholesterol contents were
significantly lower in the 5% and 10% 1-DN]J coated rice powder groups
than in the «control group, while LDL-cholesterol content higher.

Furthermore, maltase and sucrase activities in small intestine were



inhibited by 1-DN]J coated rice powder feeding. These results suggest that

1-DNJ coated rice could be effective on insulin-independent diabetes

mellitus type 2.
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Fig. 1. Structure of 1-deoxynojirimycin(DN]) and D-glucose.
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Fig. 2. DN]J coated rice.
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7}. Centrifuge : Eppendorf 5810R, Germany

v}, Fuji Dri-Chem 3500, Fujifilm, Japan

t}. accu—check, Germany

2}, insulin radiocimmunoassay kit(EIKEN Chemical Co., Ltd)

v}, Microplate enzyme immunoassay
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Table 1. Experimental design

Groups Diet composition

Lean"” Lean mice + normal diet
Control” db/db mice + normal diet
DNJ-Low db/db mice + 5% of DNJ coated rice
DNJ-High db/db mice + 10% of DN]J coated rice

U2 Modified AIN-93 diet(52).



Table 2. Composition of experimental diet(g/kg)

Groups1>
Ingredients
Lean Control DN]J-Low DN]J-High

Rice 545.0 545.0 490.5 436.0
DN]J coated rice 0.0 0.0 54.5 109.0
Casein 150.0 150.0 150.0 150.0
DL-methionine 3.0 3.0 3.0 3.0
Soybean oil 200.0 200.0 200.0 200.0
a-Cellulose 50.0 50.0 50.0 50.0
Mineral mix” 35.0 35.0 35.0 35.0
Vitamin mix” 10.0 10.0 10.0 10.0
Choline chloride 2.0 2.0 2.0 2.0
Cholesterol 5.0 5.0 5.0 5.0

UThe Experimental diet groups are as follow; Lean: Lean mice + normal
diet, Control: db/db mice + normal diet, DNJ-Low: db/db mice + 5% of
DNJ coated rice, DNJ-High: db/db mice + 10% of DN]J coated rice.

“Based on AIN-93-MX mineral mixture and AIN-93-VX vitamin

mixture(53).
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3. dolo] Aasta 714

d

g T FAX W (Triglyceride, TG), FZ# 28 S(Total cholesterol, TC),
HDL-Zd 28 & T#2 @"—ﬂ*ﬁi‘ri‘ﬂ AAE AEE47]1(Fuji Dri-Chem
3500, Fuyjifilm., Japan)& AR&ste] ZAstsith. LDL-Zd2HE 2
Friedwaldd {FZ#d2HE - (HDL-Zd2HE - TAAE/5)IGH 2ste
ALstA T HDL-2d 28 &9 FZd2H & dgh Hl&2 HDL-Z# 2 H
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| ~HlE - HDL-Z# 2H
&)/HDL-Zd 28 &} (G5 93ty T3 }M_U% ANEANEAF  (cardiac risk
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_11_



AgE 5 5000 rpmell
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oo 42 insulin radioimmunoassay°l £ 3%t

A 1083 A2k

g dEd T8 SAHSIALE

Ade A9 02 mLE HbAle

., Microplate enzyme immunoassay(MEIA,
Germany) 2 =748} t}.

6. A~AF

ju)

Fvtel oG Ralas B4 34

27449k lactase, maltase, sucrase 742 Dahlqvist W (G6)e] 93] =
Aottt 5 HIATES 34T A% AT 2FE do fdA AYAd
T2 AFHst HolA FiEE AAZ & ZE Hol2 A st A4S
proximal, middle ¥ distal= F-&ste] AAgH = Z-2F & A FAFAZ Al
A2 A3sEA Ao TtelAlE FRE AASAT. 8§ WAHeAl A

98- microscopic glass® oA FAE € 4o FRIT A
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L35tk FAAAZ E4 AlE 01 mLe 712 EA(0056 M disaccharide



solution/0.1 M sodium malate buffer, pH 6.0) 0.1 mLE A& Y 2
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specific activity(units of activity/g protein) @41 WeEM™ 5 =]
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d ¥E+ bovine serum albuming S E AR AFE5l LowryH (57)]

o3 A @bt

b 24 1 g 49 %] 0.25 M sucrose buffer(pH 7.5)& 7}stal Wy st
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287F v stk whA S AT, 600 xgol A 1027 AR sle] & @ 1
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AL superoxide  dismutase(SOD),  catalase % glutathione
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(2) SOD &4 =4

Crapo 5(58)¢] B ¢Jste] xanthine, XO 2 cytochrome C& ©]-&35}¢]
SAsH T & Alg@ o] 100 mM phosphate buffer (pH 7.8) 2.3 mLe] 0.5
mM xanthine 0.3 mL¢ 0.1 mM cytochrome C 0.3 mLE 7}sta1 &35S
FEEY S7F HE7F wE 7 0020 HEE XO8He HIFRE F 550 nmd]

2282 A7l 24 2a4d

ot
flo

M1 HEkE s FEEE SAS T

d

= 7hete] SUtEE FHRE S48, cytochrome C 95k E

(3) Catalase &4 =4

Aebi(59)e] W gsle] AREE H0¥o = A3t 25 mM H0:
¥ 335k 50 mM phosphate buffer(pH 7.0) 3.0 mLol &4 10 uLE 7))

e F 240 nmellM 6027 MIEH= FHEE FAHSNLH, 2

v

il
ke

£
ye!

et
o,

Fokol 1 mM2] H0:5 ®3lA 715 &4 (decreased Hz02 m

Al

==1

ol/min/mg protein)-2- 1 unit® ¥ A3} t}.

(4) GSH-Px &84 =4

Flohe 5(60)e] wWwel olste] ZH3sl%tt. 10 mM phosphate buffer(pH

7.0) 25 mLel 3 mM GSH, 20 mM NaNs, glutathione reductase 0.72 U,
NADPH 045 mM3 &498 ¥l 045 mM H0.5 715be] 340 nmel 4] 3

o

B FEEe dstE ST vEAE w2 AU 22 A
@44 045 mM Ho0: & 7hebA] @il F3=9 WslE SAstdon, 2408

al
M Ead e oF FHE WS AT G T Ao oA A

o,
flo
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ol

2% (decreased NADPH gmol/min/mg protein)2 1 unit® %A 3}

2

A = 0.868( [NADPH] / [GSHlo t)(V; /V)
A EASAE
[INADPH] : NADPH 3} 3}
[GSH], : GSHY] A &3er

t o HESAIZE

Viowrgol g
Voo mael o

8. TARA

B Ago A Aozl Axb= SPSS(Statistical Package for Social Science)=

olgsliM SARA stden, EeE Ay ZIdE

Bt EFLAE
eI, FAAE AelE 2

Fol Tukey's test= Fo4d-& ASsHS T

7 O
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Table 3. Changes in body weight gain of db/db mice fed experimental diet

containing DNJ coated rice for 6 weeks.

Initial Final Total ) )

H ) ] ) ) Weight gain
Groups welght welght weight gain
(g/day)
(g) (g) ()

Lean 23.00+ 0.837%% 33925+ 0.75° 1025+ 0.65° 0.24+ 0.12°
Control 37.25+ 021° 5650+ 042° 1925+ 040° 0.46+ 0.12°
DNJ-Low  37.25+ 0.32° 5575+ 045° 1850+ 032° 0.44+ 0.33°
DNJ-High 37.25+ 0.12° 5550+ 0.36° 1825+ 0.12° 043+ 0.43°

USee the legend of Table 1.

“The results are mean+S.E. for 6 mice in each group.

YValues with different superscripts in the same column are significantly

different(p<0.05) between groups by Tukey's test.
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Fig. 3. Food intake in db/db mice fed experimental diet containing DNJ
coated rice for 6 weeks. Abbreviations: See the legend of Table 1. Values
are meantS.E. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey’s test.
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Fig. 4. Water consumption in db/db mice fed experimental diet containing
DNJ coated rice for 6 weeks. Abbreviations: See the legend of Table 1.
Values are meantS.E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test.
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Fig. 5. Effect of DN]J coated rice on the liver weight/body weight in
db/db mice. Table 1. Values are meantS.E. of 6 rats per each group and
different superscript letters indicate significant differences at p<0.05 by

Tukey’'s test. NS : no significantly different among groups.
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Table 4. Weight of Subcutaneous, Mesenteric, Epiididymal and
retroperitoneal adipose tissues of in db/db mice fed experimental diet

containing DNJ coated rice for 6 weeks.

,  Subcutaneous Mesenteric retroperitoneal Epiididymal

G 1
roups wi(g) wi(g) wi(g) wi(g)

Lean 0461+ 0.022%% 0725+ 0.045* 0342+ 0.037° 1.350+ 0.13°
Control 1.607+ 0.12° 1.184+ 0.13° 0.637+ 0.042° 1784+ 0.21°
DNJ-Low 1544+ 0.15°  0.988+ 0.032™ 0.493+ 0.033™ 1682+ 0.15"

DNJ-High 1541+ 0.13°  0.868% 0.045 0.469+ 0.051™ 1664+ 0.13

USee the legend of Table 1.
“The results are mean+S.E. for 6 mice in each group.
YValues with different superscripts in the same column are significantly

different(p<0.05) between groups by Tukey's test.
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Fig. 6. Effect of DNJ coated rice on the total adipose tissue weight in
db/db mice. Table 1. Values are meantS.E. of 6 rats per each group and
different superscript letters indicate significant differences at p<0.05 by

Tukey's test
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Fig. 7. Change of fasting blood glucose content in db/db mice fed
experimental diet containing DN]J coated rice for 6 weeks. Abbreviations:
See the legend of Table 1. Values are meantS.E. of 6 rats per each group

and different superscript letters indicate significant differences at p<0.05

by Tukey's test
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Fig. 8. Content of serum glucose in db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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Fig. 9. Serum insulin level in db/db mice fed experimental diet containing
DNJ coated rice for 6 weeks. Abbreviations: See the legend of Table 1.
Values are meantS.E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test
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Fig. 10. Blood HB Alc level in db/db mice fed experimental diet containing
DNJ coated rice for 6 weeks. Abbreviations: See the legend of Table 1.
Values are meantS.E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test
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Fig. 11. Activity of ALT in serum of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test.
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Fig. 12. Activity of AST in serum of db/db mice fed normal diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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Fig. 13. Activity of ALP in serum of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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Fig. 14. Content of triglyceride in serum of db/db mice fed experimental
diet containing DN]J coated rice for 6 weeks. Abbreviations: See the
legend of Table 1. Values are meantS.E. of 6 rats per each group and

different superscript letters indicate significant differences at p<0.05 by

Tukey's test
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Fig. 15. Content of total cholesterol in serum of db/db mice fed
experimental diet containing DN]J coated rice for 6 weeks. Abbreviations:
See the legend of Table 1. Values are meantS.E. of 6 rats per each group
and different superscript letters indicate significant differences at p<0.05

by Tukey's test
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Fig. 16. Content of HDL-cholesterol in serum of db/db mice fed
experimental diet containing DN]J coated rice for 6 weeks. Abbreviations:
See the legend of Table 1. Values are meantS.E. of 6 rats per each group

and different superscript letters indicate significant differences at p<0.05
by Tukey's test
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Fig. 17. Content of LDL-cholesterol in serum of db/db mice fed
experimental diet containing DN]J coated rice for 6 weeks. Abbreviations:
See the legend of Table 1. Values are meantS.E. of 6 rats per each group

and different superscript letters indicate significant differences at p<0.05

by Tukey's test
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Fig. 18 HDL-C/TC in serum of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test.
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Fig. 19. Atherogenic index of db/db mice fed experimental diet containing
DNJ coated rice for 6 weeks. Abbreviations: See the legend of Table 1.
Al(atherogenic index) = (total cholesterol - HDL-cholesterol)/HDL-cholesterol.
Values are meantS.E. of 6 rats per each group and different superscript

letters indicate significant differences at p<0.05 by Tukey’s test.
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Fig. 20. Cardiac risk factor of db/db mice fed experimental dietcontaining
DNJ coated rice for 6 weeks. Abbreviations: See the legend of Table 1.
CRF(Cardiac risk factor) = total cholesterol/HDL-cholesterol. Values are
meantSE. of 6 rats per each group and different superscript letters

indicate significant differences at p<0.05 by Tukey’s test.
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Fig. 21. Content of albumin in serum of db/db mice fed experimental
dietcontaining DN]J coated rice for 6 weeks. Abbreviations: See the legend
of Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test.
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Fig. 22. Content of total protein in serum of db/db mice fed experimental
diet containing DN]J coated rice for 6 weeks. Abbreviations: See the

legend of Table 1. NS : no significantly different among groups.
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Fig. 23. Small intestinal maltase activity in db/db mice fed experimental
diet containing DN]J coated rice for 6 weeks. Abbreviations: See the
legend of Table 1. Values are meantS.E. of 6 rats per each group and
different superscript letters indicate significant differences at p<0.05 by

Tukey's test
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Fig. 24. Small intestinal sucrase activity in db/db mice fed experimental
diet containing DN]J coated rice for 6 weeks. Abbreviations: See the
legend of Table 1. Values are meantS.E. of 6 rats per each group and
different superscript letters indicate significant differences at p<0.05 by

Tukey's test
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Fig. 25. Small intestinal lactase activity in db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s
test
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Catalase activity (umol/min/mg protein)

Lean Control DNJ-Low DNJ-High

Groups

Fig. 26. Activity of catalase in liver of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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Fig. 27. Activity of SOD in liver of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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Fig. 28. Activity of GSH-Px in liver of db/db mice fed experimental diet
containing DN]J coated rice for 6 weeks. Abbreviations: See the legend of
Table 1. Values are meantS.E. of 6 rats per each group and different
superscript letters indicate significant differences at p<0.05 by Tukey’s

test
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