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ABSTRACT

Objectives : The purpose of this study was to evaluate boiled rice made from unpolished rice, Job's Tears, and
extract from medicinal herbs mixture (HGMCJE) for hypoglycemic effect on STZ—induced diabetic rats,

Methods : In the response of glucose tolerance, control and diabetic rats groups was intubated with glucose
and HGMCJE, Furthermore, boiled 100% polished rice (P rice), boiled unpolished rice mixed with white rice and
Job's tears (polished rice:unpolished rice:Job's tears=60:25:15, UPJ-rice), and UPJ rice made from HGMCJE
(HUPJ-rice) were intubated to control and diabetic rats groups, respectively, Then, blood glucose concentration,
incremental blood glucose, and area under the curve (AAUC) were analyzed in every experimental groups, and
these data were used to evaluate glycemic response,

Results : When glucose and p rice were intubated in control and diabetic rats, blood glucose concentration,
incremental blood glucose, and incremental response AAUC of diabetic groups were significantly increase than
control groups., But administraion of a single dose of extract from medicinal herbs mixture and HUPJ-rice in
control and diabetic rats inhibited the remarkable increase the level of postprandial blood and AAUC at 60, 90,
and 120 min
Conclusions These results indicate that when intubation of glucose and P rice were out of control on
postprandial glycemic response in diabetic rats, But postprandial glycemic response was well-modulated by
administrating a single oral dose of HGMCJE and HUPJ-rice. Therefore, HGMCJE can be developed as an
effective hypoglycemic agent.
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Table 1. Experimental design

Administration

Groups” of ST72 Rice Boiled rice of materials
CWR - Polished rice water
DWR + Polished rice water
CBR - UPJ rice” water
DBR + UPJ rice water
CHBR - HUPJ rice HGMCJE"
DHBR + HUPJ rice HGMCJE

U CWR : Intubation of polish rice made from water in the control rats

DWR : Intubation of polish rice made from water in the STZ-induced diabetic rats

CBR : Intubation of UPJ rice made from water in the control rats

DBR : Intubation of UPJ rice diet made from water in the STZ—induced diabetic
rats

CHBR : Intubation of HUPJ rice made from HGMCJ in the control rats

DHBR : Intubation of HUPJ rice made from HGMCJ in the STZ—induced diabetic
rats

STZ; streptozotocin® white rice: brown rice: Job' s Tears(60:25:15)%

HGMCUE : The combined extracts of Hwanggi, Gugiia, Meekmundong, Cheonmurmnong

and Jinpi
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AYS E3dlo] o AFEL SPSS 21, 0(statistical
package for social science)E ©]&€3}o] Duncan's multiple
range test® p<0.05 oA A AAS AAISHITE

3E, Yy, a1 sggdd 2
Table 29t Zch wimyl Ho]&Rer T2 SRREn &R
who] g=mFlEke 7kzb 60.4+1.14, 54.9+0.54
52.2+1.17%=2 p<0.05 ¢EoAA e dn| &FRte] =53
ol 7 ottt Wuy, @n]&RE, 183 eekfdne
kol 238 SRS ZkzE 0.17+0.04, 0.40+0.04, 181
0.421+0.03%22 p<0.05 FFoA dujdte] vlajs dul&
FutEk SteRRjdu)&Ryte] 2IE FEFo] Eokth wujut
AulgRet, 121 shekdn|gRute] AT Fere
Z+7Zk 3.11+40.10, 2.78+0.08, 2.65+0.05 mg/100go.2
wWujdbel wlsA] Ful&Futyl Stk n&Rete] 84
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Table 2. Moisture and crude ash contents in 3 test rice

Sample” Moisture(%) Crude ash(%) Water protein (mg/100g)
P rice 60.4+1,14* 0,1740.04° 3.11+0,10*

UPJ rice 54,9+0,54" 0,40%0,04* 2.78+0,08"

HUPJ rice  52.2+1.17 0,42+0,03" 2,65+0,05°

VP rice: polished rice made from water, UPJ rice: unpolished rice mixed with
white rice and Job's Tears made from water, HUPJ rice: unpolished rice
mixed with white rice and Job's Tears made from HGMCJE
All value are expressed as mean=SD of triplicate determinations

9 Different superscripts within the column are significantly different at p<0.05 by
Duncan’ s multiple range test.
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=t SE AR ol 2,64 g, Avleo] 2.73
g, 273 Rl eTFol 2,42 go = R e
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IS En e 22 0.0, 0.23, 281 0.07 g2 £
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Table 3. Nutrition analysis of 3 test rice

Saple” Energy  Protein ~ Fat  Sodum CHOL?  Sugar Trams fat  SFA”

(keal/100g) (g/100g) (g/100g) (mg/100g) (mg/100g) (g/100g) (g/100g) (g/100g)
Prie 14615 264 010 281 0.0 0.0 0.0 0,30
UPJrice 13740 273 047 356 0.0 0,23 00 0,34
HUPJrice 15258 242 030 545 0.0 0.07 0.0 0.21

VP rice: polished rice made from water, UPJ rice: unpolished rice mixed with
white rice and Job's Tears and Job's Tears made from HGMCJE
2 CHOL: cholesterol ¥ SFA: saturated fatty acid
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R 3223 stepdnlerte] Shelg fRRe 42 25.6+1.02,
18.1+1.65, 123 151+1.60 mg /100g22 ZE 7t
p0.05 FEolA oA Aol HAT ZA{4E FFS
AFA 100g B #Huly, dulery 220 dopfdnl e
¥F 2z} 0,10+0.04, 0.47+0.01, 283 0.45+0,04 g&
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Table 4. Carbohydrate contents of 3 test rice

Sample” Total starch Reduced sugar  Total dietary fiber caj:k;](?l}lll;gzte
(g/100g dry wt) (mg/100g dry wet) (g/100g dry wt) (2/100g dry wi)

Price  332+1,03"" 95.6+1,02" 0.10+0,04° 31,2+1,02°

UPJ rice  31,0%0,48° 18,1+1,65" 0.47+0,01° 30,5+0,41°

HUPJ rice  35.0£0,57° 15.1+1,60c 0.45+0,04' 34,9+0,46"

) P—tice: polished rice made from water, UPJ—rice: unpolished rice mixed with
white rice and Job's Tears made from water, HUPJ—rice: unpolished rice
mixed with white rice and Job's Tears made from HGMCJE

2 Al value are expressed as mean+SD of triplicate determinations

9 Different superscripts within the column are significantly different at p¢0.05 by
Duncan’ s multiple range test.
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Fig. 1. Effect of the extract from medicinal herbs mixture on blood glucose
concentration after consuming glucose in STZ—induced diabetic rats.

Values are mean+SD.(N=6), C: control rats, D: STZ45 mg/kg
B.W.)—-induced diabetic rats, CG: control ratstglucose(2 g/kg BW.), DG:
STZ(45 mg/kg BW.)-induced diabetic ratstglucose(2 g/kg BW.), CGHE:
control rats+glucose(2 g/kg BW)HHGMCJE(200 mg/kg BW.), DGHE: STZ(45
mg/kg B.W.)—induced diabetic ratst+glucose(2 g/kg B.W.HHGMCJIE(200 mg/kg
B.W.). Values with different letters are significantly by Duncan's multiple range
test (p¢0.05)
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ZrgE AT1EY 3 GO0 XS FTEY
gt & AR EFFEES TS T (DGHE)S 83357t
1 vuger 30EdoME 22 74.0+£3.272 59.0+3.10
mg/dL, 60EolAE 132.0+0.687 57.0+1.81 mg/dL,
90EHoll= 164,040,907+ 50,0+3.65 mg/dL, L1 120
BErjoA 188.0+3.831 39.0+2.54mg/dLE ZETS
ATES g FduFHA IIAYEFEEES FARES o
p<0.05 FFofA Foldoz FFFIIA7F A H AoR
LEbgTt,

i
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Table 5. Effect of the extract from medicinal herbs mixture on
incremental blood glucose concentration after consuming glucose
in STZ—induced diabetic rats.

Group” 30 min 60 min 90 min 120 min
C 41,044,547  5.00+0,58°  7.0040,82°  1,40+0,33°
D 132,0+4,88"  26,0+0,93°  36,0+1.73° —11.0+1.39f
CcG 113.0+£1.29" 58.0+1.59" 37.0+1.48  29.0+1.91°
DG 74.0+3.27°  132.0+0.68" 164.0+0,90" 188.0+3.83"

CGHE  47.0+£1.88° 27.0+1.34° 19.0+0.68" 14.0+1.29°

DGHE  59.0+3.10° 57.0+1.81" 50.0+3.65° 39.0+2 54

" See the group lengend of Fig. 2

% Values are means*SD., N=6

9 Values with different alphabet within the column indicate significant difference at
p¢0.05 by Duncan’ s multiple range test

HE( 4 AUC)

$5 sl TE ATFA @ 2x
& ATES U g BeNRRREEES AU ATE
T A% AAUCE Oigt Z3l= Table 63 2k, AATE
O Fed(D)e] FurgHAZ2 0EolA 1208 Z+
A E 25 ES] F7HstEen, ol 2E AZttolA
p<0.05 oAl BA(C)ell HIshA F(D)S] AAUCEHS
ooz F7HEQIL 2egdE AFe] 3 BAAHCE)H
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FE(DG)2 AAUCES 0—-30minthell= ZH2F 1695.0+19.4
9} 1110,04+49.02 p<0.05 424 Fx(D)Y AAUCH
o] p<0.05 ==X FejHoz Z4H wdo|, 0-60&
= 49260.0+44.29F 4200.0+107.82 5 Z A}oo p<0.05
Sl §9A”0 Zols fith 28y AARH0OT Dt
(DG)2] AAUCZES 0-908-) ZIz} 5685.0+80,02F 8640,0+128,2,
a3 0-1208 ol 22 6675.0+91.79F 13920.0+178.5
2 p0.05 FFollA FAE(CG)ol v FHDG)Y] 4
AUCREe] o8 ea 9t}

E3t 2ot A1EY 3 dRFH(DG)E XEYE 5
3 & SeERSEEES T3 F=F(DGHE)S] AAUCH:
0—-308doll= 2+ 1110.0+49.01} 885,0+46.6, 0—60
BEdols Z2 4200.0+107.87F 2625.0+115.1, 0—90&tH
ol zFzF 8640.0+128.13} 4230.0+183.5, &L 0-120
B 27+ 13920.0+178.59F 5565.0+219. 48 ZEte]
AAEARE goldl gF el AAUCHEHE p0.05 F=FollA
HYPEASFEES] TR FoFoR FE4 QT

zedd AT FA(CG) LARI RARY g Z4z
1.022 7|&& £ ¥uye o, T=PS FH3 Gt
(D@9 LARTF RARS] ZH2 Z+zF 0.65+0.073 2.57+0.07
2 AAZCG) HIBIA p0.05 $ZA JojHog G
(DG)9] LARS @2 whdo), RARS &4ttt 3 AA(C)
o] LART RARE ZHzZ} 0.36+0.099F 0.20+0,04, 12z
FeFD)E ZHF 1.1740.119F 0.74+0.0322 Yehgc},
2o Bt & AAERNSEEES FO5tES o FA
TCGHE)2] LART RARZF ZH2} 0.42+0.04%}F 0.46+0.01,
a8]3 Fe(DGHE)L Z+Z- 0.5240.07, 0.94+0.09%
LARZ} RARZE B% AAEL(CGHE)| H|A] p<0.05 ==l
A FoHer ot Iy on 2k FRoR2 —7PH
LARF} RARS AN EFFEES FH=2 p0.05 21X
FoHoa FEs st

mr[or

i

Table 6. Effect of the extract from medicinal herbs mixture on
area under the curve(AAUC) after consuming glucose in
STZ-induced diabetic rats.

Growp” 0-30min  0-60min  0-%0min  0-120min  LAR’ RAR?
O 615.0268 177 13050+ 142.8" 1485,0+1487 16110+ 1474 0.36+009° 0,20£0,0£
D 1980,0+73.9" 4350,0£138,2" 5280041245 5655.0+1165° 1.17+0,11° 0,74%0,08°

0G  1695,0+19.4° 426004442 5685.0+80.0° 6675.0491.7° 1.00+0.08" 1.00+0,04"
DG 1110,0449.0° 4200,0+107.8" 8640,0+128.2" 13920.0+178,5" 0.65+0.07c 2.57+0.07°

CGHE 705,0+28,2° 1815.0440.4° 2505.0£40.1° 3000,0432.2" 042+0.04e 0,46%0,01"
DGHE  885.0+46,6° 2625.0+115,1" 4230,0+183 5" 5565.0£219.4° 0,52+0,07° 0,94%0,09"

" See the group lengend of Fig. 2

? Values are means*S.D., N=6

9 Values with different alphabet within the column indicate significant difference at
p<0.05 by Duncan’ s multiple range test

9 Left area ratio : samples left area(0-30min)/glucose left area(0-30min)

9 Right area ratio : samples right area(30-60min)/glucose right area(30—60min)

3. A ER}FEER UE d

Aol nX= |F

1) Sehss

sk ST700 % ol ol AolgRa,
I3 PR ATERRE AR B P WYE 2
Lt Fig. 29 @t wWEpe AT AARZCWRTH G

ul.g o] gy

Ll

(DWR) 2% 60EdjolA g
Fadhe AYS 24 a8 E Aol A gt
(CWR)l| HlaA F(DWR)AIA p<0.05 F=EAA 94
02 &2 PP E Hrh E3 dmlerure gHs A
AF(CBR)2 90&d, 181 Yxw(DBR)2 60271A] I
£3 T7HE Bty 3 o)F #aAsiyeh 2E|a ZF Az
H2 JAHCBRY BF=(DBR)S EG5EE H|Is|A B
W 0Eol:= ZHzh 96.7+2.259F 344.8+39.4 mg/dL, 30
Edjols 22 127.7+2.807} 384.8+41.9 mg/dL, 605
o= 140.7+7.503} 418.8439.6 mg/dL, 0L
155,7+6.68% 387.8+39.1 mg/dL, g1 120ETol=
142.749.078+ 3876.8+39.5 mg/dLE =EE A]ﬂtHOM
p<0.05 F=FodlA Z4E(CBR) HI3|A F(DBR)Y &
=7t w9t

EgE SR An| g A FAYF(CHBR)E Gt
(DHBR)®| @35zt ZHzh 30&det 602 18T &5
=g dhe, 1 o|&RE IR fAE Bt o 2E
AlZtdellA AA4H(CHBR)Y @& =9 3] p<0.05 ==&
A P(DHBR)S @9s=7t =t 13y dnj&RR
< AT B DOBR)T A EFHE JH e Gt
(DHBR)®| EGs=E HluyPesw ZE AZIolA pd0.05
FEAA IR EEAuE AT TN EFeEst
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Fig. 2. Effect of the HUPJ rice on blood glucose concentration in
STZ-induced diabetic rats.

Values are mean+S.D.(N=6), CWR: control rats+ P rice(2g/kg B.W.), DWR:
STZ(45 mg/kg B.W.)-induced diabetic rats+ P rice(2g/kg .B.W.), CBR:
control rats+UPJ rice(2g/kg BW.), DBR: STZ(45 mg/kg B.W.)—induced
diabetic rats+UPJ rice(2g/kg B.W.), CHBR: control rats+HUPJ rice(2g/kg
B.W.), DHBR: STZ(45 mg/kg B.W.)—induced diabetic rats+HUPJ rice(2g/kg
B.W.). Values with different letters are significantly by Duncan's multiple
range test (p¢0.05)
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T Fof et FFYERFEER

Eg SR An RS HRe ¢ JA4HCHBR)Z &
= (DHBR)Y @GS7HAE vl 3 BH A4+(CHBR)
Hn FFF7HE EQl 308d o]F, I ¥, Tkt
(DHBR)2 &1 E9357IxE K 60EY o|F E3kd ¥4
F7HXE Bt AL (CHBR)T Fx=w(DHBR)Y ZEE Al
oy EFS7HXE By HH 30Etiel= Zk
28.0+2.837+ 38.0+2.45 mg/dL, 60EoA= 20.3+6.31
T} 57.0+£2.53 mg/dL, 90Eholl= 15,045,483 32,0+7.46
mg/dL, g2 120894+ 4.00+1.417F 13.0+£7.80
mg/dLE2 A4 (CHBR)Y BlafiA G (DHBR)o|A p<0.05
FEA FoHoR g2 FFFIHAE B4

a8y dugRe FTEY @ ded(DBR)I )
Au SRS A5 3 Y (DHBR)Y AIZE 9%
7HE 3080l ME 22 40.0+5,55¢9F 38.0+£2.45 mg/dL
2 5 o Al 949l 2ol gtk 22y 60E e
e Z7F 74,041,413} 57.0+£2.53 mg/dL, 90EoA=
Z+7b 43,040,937 32.0+7.46 mg/dL, LI 12084
Me ZzF 32,0£2,199F 13.0+7.80 mg/dLE Hv|&FLS
AHe F=FOBR)A HIEIA p<0.05 FFollA grekAEn
7S AHS F(DHBR)AIA F2ZQl A4S BTt
Au SRS AT Fe(DBR)O| gt A dn|&
e A4Eog d(DHBR)wY 937 H4a vl
L 30EAE 5.06%, 60ET= 23.0%, 90ET =
25.6%, 22|31 1208d9= 50.4%9] A4S BT

Table 7. Effect of the HUPJ rice on incremental blood glucose
concentration in STZ—induced diabetic rats.

Groupl) 30 min 60 min 90 min 120 min
CWR  41,0+2.457 61,0+363 51.0£1.67° 31.0+290°
DWR  36.0+2.61" 112.0+7.59" 30.0+6.72' 12.0%2.53°
CBR 31.0£2.28°  44.0+7.59"  59.0+6.29°  46,0+817°
DBR 40.0+5.55"  74.0+1.41°  43.0£2.28°  32.0+2.19"
CHBR  28.0+283°  20.3+6.31° 150+548  4.00+1.41°
DHBR  38.0+245" 57.0+253  320+7.46"  13.0+7.80°

" See the group lengend of Table 1

2 Values are means+S.D., N=6

9 Values with different alphabet within the column indicate significant difference at
p¢0.05 by Duncan’ s multiple range test

3) s MHE(AAUC)

AAFe STZ = FeFolA Hulyt, dulgfy, 1z
I SR EN &S 22 AR & A2 AAUCE]
gt Z3k= Table 87 ot wWimhE FFEATE 4T
(CWR)T} Fx=(DWR)2] AAUCZHS 0EdjollA 12087}
Az AR BE RS ZUHE Btk od 0-30&
el e AAUCEEE ZH2t 615.0+36.73F 540.0+39.12
p<0.05 F=4A FAECWR)O HlEIA F(DWR)S] &+
gHoz AAUCH| FAEH I ¥ide|, 0-60&td=
Z+zb 2145.0487.59F  2760.0+£180.0, 0-90ETfol=
3825.0+129.73F 4890.0+291.0, 181 0-120ETjo=
5055.0+161.87F 5520.0+308.32.2 HAFL(CWR)] H|3|
FxF(DWR)2 AAUCHO] pc0.05 &4 0-60Ed o=
28.7%, 0—908thol|= 27.8%, 18)a 0—1208ols 9.2%
o] folzel F71E BHch

e Arjese) @9t m 65

T3 Aujgiake AR FAAT(CBR)Z Bixw(DBR)
o] AZHE AAUCES F & 2% 0&dolA 12084 Z+
AZHER 2R S7IEAE B24oH, A4(CBR)O HE
A Fe(DBR)Y AAUCEO] p0.05 S=&0lA EE A7
oA FoZFd F7HE Bk E3 dvj&Rue FALEAS
Fra(DBR)Z gtekdn| &R als 315t Fw(DHBR)
o] AZHE AAUCEEE 0-30Ediol= ZHzF 600.0+83. 33
570,0£36.7, 0—60&oll= 2310.0+173.17} 1995.0+71.0,
0—-90&doll= 4065.0 +180.3% 3330,0£102.6, I3
0-1208 o= 5190.0+173.99F 4005.0+123.72 Urepyt
ot mEtd BE AZFRolA dFeA dn&FHHDBR) ®E
ot SR En &R (DHBR)S ATEOSHES o e
FFEE dalA AAUCH] p0.05 FFAA0-30E
L 5.0%, 0—60EH A 13.6%, 0—90EHoNA 18.1%, 1T
I 0-120 BoA 22.8%2 ooz ZAELE Aoz
ERg T

Woaks AFHE JAFHCWR)S LART RARS e 247
1,022 7|8 Fo HugES o, WepEke e Gt
(DWR)Z Z1Z} 0.88+0.073} 1,12+0.062 LAR #S 523
Ql ztol7h figout RARGEO] pd0.05 EollA FoHoR &
Stk ESE dEveFE AHE F4(CBR)Y) LARI RAR
& 77+ 0.76+0.059F 0.96+0.05, 181 FeHDBR)L 2zt
Z} 0.98+0.149}F 1,03+0,022 YEdth sednefqke
ZATEAS AAZHCHBR)S LART RARZES ZH2F 0.68+0.07
T 0.35+0.07, 282 H=DHBRE ZZF 0.93+0.06,
0.774£0.072 LART} RARZF EF AARZ(CHBR)Y| H|EIA
p<0.05 FFoA FoHoa ESirh Iy dnE&Fs F
TEAE Fed(DBR)O] A gejdnEFEE 5
3t F(DHBR)2| LARZ F2&Ql Zfo|7F §l9lou, RARS
p<0.05 FENA FYHeR FE STt

Table 8. Effect of HUPJ rice on area under the curve(4AUC) in
STZ—induced diabetic rats.

Growp” 0-30min  0-60min  0-%0min  0-120 min LAR! RARY
CWR 615.0436,7 214504875 3825,0+129.7 5055.0+161.8" 1,00£0,06"  1,0040,04"
DWR  540,0+39,1° 2760,0+180,0° 4890,0+291,0° 5520,0£308,3" 0,88£0,07  1,12+0,06"

CBR  465.0£34% 1590,0+144,5' 313504271, 4710,04235.8 0,7620,05°
DBR  600.0+83.3™ 2310,0+173,1" 4065.0+180,8" 5190,0+173.9° 0,98+0,14°

0,96+0,05°
1,03+0,02°

CHBR 42004424 1146,0+92,8° 1675,0+2319" 1960,0£298,5 0.68+0.07  0,3520,07
DHBR 570,0+36.7" 1995.0+71.0° 3330,0+102,6° 4005.0£302.9" 0.93+0.06"  0.77+0.07"

" See the group lengend of Table 1

2 Values are means+S.D., N=6

9 Values with different alphabet within the column indicate significant difference at
p<0.05 by Duncan's multiple range test

Y Left area ratio : samples left area(0—30min)/white rice left area (0~30min)

% Right area ratio : samples right area(30—60min)/white right area (30-60min)
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