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ABSTRACT

Objective : This study was designed to evaluate the hypoglycemic effects of Helianthus tuberosi Rhizoma extracts and
its optimum Heat processing conditions

Methods : We investigated the Salivary a—amylase, pancreas a—amylase and a—glucosidase inhibitory activities of
extracts from Steam Heated Helianthus tuberosi Rhizoma Ext. The inhibitory activities of a 50% EtOH extract of Steam
Heated Helianthus tuberosi Rhizoma Ext against a—glucosidases were evaluated in this study. Inhibiting these enzymes
involved in the absorption of disaccharides significantly decreases the postprandial increase in blood glucose level
after a mixed carbohydrate diet, Furthermore, the postprandial blood glucose lowering effect of Steam Heated Helianthus
tuberosi Rhizoma Ext. was compared to a known type 2 diabetes drug(Acarbose®) in a mice model, Steam Heated
Helianthus tuberosus L. Ext significantly reduced the blood glucose increase after glucose loading,

Results | The results were confirmed by real—time PCR that after treated with Streptozotocin in L6 cells, induced
expression of GLUT4, after the steamed Helianthus tuberosus L. Ext. treated, observed its expression was increased,
Steam Heated Helianthus tuberosus L Ext treated 4 hours in L6 cells, cytotoxicity was measured in MTT assay. Its
toxicity were 5.7%, 9% and 11,3% at the treatment concentration 12 5ug/ml, 25ug/ml, the 50ug/m¢ respectively
Conclusions : Overall, the results of this study indicate that Hypoglycemic effect of Helianthus tuberosi Rhizoma caused
by the Steam heat treatment, the optimum Heat processing condition is steamming at 121TC for 30 min, and it will
provide the basis for developing a useful dietary supplement for controlling postprandial hyperglycemia,
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227} ke uet E2ejgE SEe] Ed 9 &80
Lol I g—Glucosidase A3 &7} Z7hg-e Buvel bt
ek, AAR QoA HAFA FE2EL FeFA7NA 1
=oj2 = olet wAMA HF p-AEJA HIT-T15 cell&
o|-gst HAJAZEZEY AR p-A2Y FE2&S Fol1L,
AZzRT ans 7o 24 el EH5 Z443 9 NAD+
ek 27H0A 87 280 7)ojgittn RuVg v ek,

ShE, kAo ¢ M2 A4 TeEloF AxT §olsty
B 91 A SHER)S &83to ZAIsH= F97t gt
o|¥ 7% WA esfofst= Aol vIE Wiznd F&
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aromatic hydrocarbons, PAHs)3I3tE £ shU=E W&Eu|F
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1. A=

DALY S=
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HDE A9Adsdds2dqNA Aed Aoz A7zt
(%% 100g< 7Hd7HE7](Autoclave)ol] L 121°Tol|A A
7He 2Egt 7hE7keket & 70T dryovenoll A 24A17F AR
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T S{AFAGEEFE) 100g0] 10819 SFFE 7Hste] 2 A)zF
B RS HAAS AR E ARgE F A1k AS Rotary
evaporator®2 H4EE% § F4AXE Bt &8 U=x
EIS Azt AxE B2 YARpstHA Aol A
3tk &, 121CoA 108, 308, 1A1ZE, 247 B¢t A
R AAHGKAF  Steamed HT)E 2H2F SHT10M, SHT30M,

SHT60M, SHT120M = ¥7|5te] Ado] Abgatdet. Up%]
Aleke Sigma—aldrich (St. Louis, MO, USA) A& A%
sttt Z1et Al 2 7]7]= M= ®7]5H5T 2 AdA =
AF 18+2g9 ICR mouse 45F8E FAZAL FotH|
(Gyeonggi—do,Korea)oll A A|gHqtol 2(22T+1T), I
(55% £ 3%) Tk 12X17F HAF7](24 8A] A5, &F 8A] &%F)
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SHLEEET Y Hxad SHS YA AFFENA
1A A 2009-135.2] Ajeko] wizuldl A|FHo utat A

£ APt Wxyd e o] 5V ure 2o
33 A=7]7F WA= HPLC (shiseido,Japan)E ©]-&3}9
E43t9nt, o] o ZrE-2 LC—-PAH column (25 em X 4.6 mm,
5 m)E, AT &, o7|ad, FFubge 47 294¢
404 nmo| A, o]FAZ oHIEUEZ L £9] &3 (8:2)%,
AFENE 10 W 2T F42 1.0 ml/min® 2 AT

2) Free radical A{EN=X

Z30 =zmo] gL Blois”o WS WEste =
A3ttt Methanol 4 mle] T=HEE ABE H71E &
0.15 mM 1, 1-diphenyl—2—picrylhydrazyl (DPPH) 1 m{&
Eatste]  AoA 3087 IAHTA o UV-vis
spectrophotometer 2 517molA FF=S =HstgT),
Sample H7Fet BH7MFY] SHE 2po|& HEE (BE E
A8ttt

- Free radical scarvenging effects(%)

= (1—ABSsample / ABScontrol) x 100
— ABSsample . Absorbance of the experimental sample
— ABScontrol : Absorbance of the control

3) EtpSkE A SAXE Mols S

Salivary a—amylase(SAA)®} pancreas a—amylase
(PAA) o] A AEE Shin T2H(0.5unit) 2 F9
Z=2Zo|l} SAA, PAA ¥ TRIFEEA acarbose (Bayer,
Leverkusen, German)2 50 mM-—phosphatel buffer(pH
6.8)o 21, 37ColA 2087t EF, ¥SAIZ F 0.5%
starchE 7}ste] 37CollA 5&1F ¥EEA17]a, DNSTAM A oF&
dol Bh3-& FXAH Y. ol 100TAA 1087 7185t
UGS A7), W2 & 540 nmollA ELES 24354

4) a—Glucosidase(AG) :

Ar7)199 0.75 unitd AG(Sigma)Q} £ 2&ED}
P ZFEZA acarboseE 7]Z <2l 5mM p-—nitrophenyl a—
D—glucopyranoside (Sigma)®?} 50mM phosphatel buffer
(pH 6.8)0ll &7sto], 37TA 2087 ¥ £, 0.1 M
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- Inhibition rate(%)

= [1—(ABSsample) / (ABScontrol)] x 100
— ABSsample : Absorbance of the experimental sample
— ABScontrol : Absorbance of the control

Aol ICR mouses GO R A Fo2 Uk 5, 5ES
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2 soluble starch(l g/kg)9t 50% EtOH = 9 S3-¢
F£+(100, 200 mg/kg)S FATFS stEth. 49 & 30, 60,
90, 12080l g Fulox HBste] S ZSHsIA. &
A EF S/ E A4ete] @957 kst

6) MIZHH

B Ao A3t Ml Z3FE= ATCC, (Rockville, MD, USA)
oA FUATE WA ZHAE(rat myoblast PIEE} LY A|E)
L62 ARSI A32= DMEM HJA] (10% fetal bovine
serum(FBS, Thermo Scientific, USA), 1% penicillin—
streptomycin (P/S) Z3HE AZsto 37C, 5% CO. viF
7](MCO—170AIC, Panasonic, Japan)ol|A] vjoFst &, A|3E7}
F 70% SAEHARS W vigAS ZBAE E3FE A
(0.5 mM 3—isobutyl-1-me thylxanthine (IBMX, Sigma
Aldrich, USA), 2 um Dexametasone (DEX, Sigma Aldrich,
USA), 2 ug/ml insulin (Sigma Aldrich, USA) / 10% FBS)
© 2 vHto] =9 FEES AT sty 297 Wit 29 &
2 ug/m¢ insulin/10% FBS #jX 2 m3sle, FES o]
gt WA 5§ Attt

7) MEZEA AI™

FLHH) ol N NZEEALS MTT assay= Al @A
96 well plateol] welld L6 AZ(1.8% 10"cells) S HE38}4
5% COs, 37TOlA 18AIZF vjekste] NZEHZTE ¥ 3+,
AZHEE AR 34T S FE2ES 100 @ FTT F
47 Bt sttt 5 mg/md MTT &4 10 wl 7}tk
2A1ZE o wigFeth ASdE 9H3s] AASE DMSOL
EtOHS E3l(1 : 1) ZF welle] 100 w¢ 7}8FAL rotomix
2 1587 &3t AAE formazan BAHAE &35t
ELISA plate reader2 570 mollA 3 =5 S433ct Al=E
A v g2 YA} S FE2ES AT 29 HER

ot 9] Ao whet Aibst .
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[RAAELS] FFE] X 100
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8) RT-PCR&
=3

A7)0 whdof| 23], 6 well plated] welld L6 Al
(2.3x10"cells)E HE3ta] 5% CO., 37TCOIA 18A1ZF vk
gt & Streptozotocing 2 ug/mf= A=gtct, 6417t v st =
iR S wA|stL 308 7FEAYE 5% #5552 50 ug/m9
TEE ZHEIT T2A7F iFT & AZE Seote] 229
RNAE fjAte & Mx3000 qPCR system(Agilent Tech.
CA, USA)Z o438l qRT-PCRZ 339 th &5 o7
RNAZE cDNAZ A% & 200ng? cDNAE Template2 2
3te] 10pmole?] Primer®}t 374 iTag™ Universal SYBR®
Green Supermix(Bio Rad, CA, USA)S AF&3}o] = Wt
SEZ 20 W HFSo, vk 24L& o2 A BE
AR FEZ A% Zefo|m HHE = of &} A

Initialdenaturation ; 95C, 10&, denaturation ; 95T,
30%, annealing ; 557, 1822 40 cycledt th2, Extension ;
72°C, 183}9 | postelongation bromide (EtBr ; Sigma
Chemical Co, St,Louis, MO, USA) 7} 23}t% 1% agarose
gel& AHESL] 75 voltoll Al 4087 71 FF 3] UVollA
s, p-actin 9o AR FE2E st Forward
primer : 5' CTGTATTCCCCTCCATCGT-3', Reverse primer :
5'—-CCATGTTCAATGGGGTACTT—-38'E AME3IE L Glut4 9
ZFES 959 5'~GCTTCTTCATCTTCACCTTCC—3' (Reverse)
2} 5'= CTGTACTGGGTTTCACCTCCT—3' (Forward)E AR
SHSATt.

0|25t STZ0ll =& L6MIZ2| GLUT4

0) SAIBHx] 24

EAA 2] (Student's t—test)= GraphPad Prism 5 program
(GraphPad Software, Inc., La Jolla, CA, USA)S A}&-3]
AL, thRAEZ e A HS2 p € 0.05 oA A

st

LA F azxd 9 288 E4
AH F el g3 4

3 Azxd" HAZAGEHF: HDE HAl
A AZHE gEste] 121T2 77 A st &
o3 WAYEA EE2+= Benzo(a)pyrened At FA

FFoz Az H AXLFE SHAL. AH T HI3F
o7 Ax7)d AZEH HFEMHT)E= Benzo(a)pyreneo] 1.22
gl vlE] 121CollA AFR7F B7]e] BA] g1 & =5
712 7td3t $HE AXHA 238 Benzo(a)pyrene©]
2" AL AT 4= A3l (Table 1), Benzo(a)pyrene 2|
F2 kA 7| mE BEetgon 7tgvtE s g2
BA T ME 1.22 ug/kg, 7H7HE 102 AT FolM=
0.19 ug/kg, 302 AT FAE 0.12 ug/kg, 1AZF AT
oM 0.21ug/kg 22 2] TA] 7]&21 5 ug/kgBETh 2A|
EXE Aoz Yeht 1217 oA 3087 B AJEF(SHT30M)
AN 71 AA AER AL T F = Ak AT
A 121TC oA 3083 A AFH(SHT30M)%F 6027 A
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Table 1. Contents of Benzo(a)pyrene and Dry weight loss of
Helianthus tuberosus with steam heat processing

Steam Heat Conditions Benzo(a)pyrene Dry weight

e Temp(C) Time(min) (ug/kg) loss(%)
HT - - 1.22 0
SHT10M 121 10 0.19 3
SHT30M 121 30 0.12 4
SHT60M 121 60 0.21 4

HT @ Helianthus tuberosus not steamed,

SHT10M : Helianthus tuberosus steamed on 121°C in 10min,
SHT30M : Helianthus tuberosus steamed on 121°C in 30min,
SHTBOM : Helianthus tuberosus steamed on 121°C in 60min.
Dry weight loss : Weight reduced rate after steaming HT
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Fig. 1. DPPH radical scavenging ability of 50% EtOH extract of
Helianthus tuberosus.

HT(®) : 50% ethanol extract of Helianthus tuberosus;

SHT1OM (M) : 50% ethanol extract of Steamed Helianthus
tuberosus on 121°C in 10min;

SHT30M (A) : 50% ethanol extract of Steamed Helianthus
tuberosus on 121°C in 30min;

SHT60M (@) : 50% ethanol extract of Steamed Helianthus
tuberosus on 121°C in 60min.
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Fig. 2 a—Amylase inhibitory activies of 50% EtOH extract of
Helianthus tuberosus.

(a) Pancrease a—amylase(PAA) (b) salivary a—amylase(SAA)
inhibiory activities of Helianthus tuberosus.

HT : Helianthus tuberosus not steamed,

SHT10M : Helianthus tuberosus steamed on 121°C in 10min,
SHT30M : Helianthus tuberosus steamed on 121°C in 30min,
SHTB0M : Helianthus tuberosus steamed on 121°C in 60min.,
The data was expressed as the mean = SD. (n=3) from three
independent experiements. *Concentration of acarbose and 50%
EtOH extract of Helianthus tuberosus. 2.5 ug/md.

4. a—Glucosidase(AG) A3& %5

3‘—‘%(%‘?)94 50% EtOH F&E92] a—Glucosidase(AG)
o= 4% A}, A7 3079 A% 99.7%% 7P =2

AGA A TS Bole AL R Ueith 3 FX5+, 10+
9 1A HL AGAB 0] BF 99%0|F 08 AlHEL
A= dEFQ EF3AIQ Acarbose 98.6% HTt =2 AG
Al as=




FL(F) FA7 BIAIA G WA 9% 43

1000 5. igs &
A7 e Azkell WE F(5F) 9 50% EOH F%
. 2o| AFEET WIS AN & AT, FE A 2T
£ AYF B A0~ 100 ng/d) 2 A2she] mw =
E o % 302 W) =2 205 mg/dl, HHLS 116~156 mg/dl =,
S
5 223 YT BE 1208 ofF thi gashs A0 Ue
. WehFig 4). AFFA 308 FoA LR 1202 Aboe]
- A PogS YA A3 7IAHD 302 AT 200 ng/kg
e SHTIOM SHTAM - SHT Gow FEOIM 71 B2 36.1%2) B 248 WA FLHT)
Fig. 3. a—glucosidase inhibiory activities of 50% EtOH extract of AP B AFES 31K &2 gz v E9 4E0]
Helianthus tuberosus. Concentration of acarbose and Helianthus Tha %2 202 UegtHFig 5).

tuberosus Ext. 2.5 ug/mj.

HT : Helianthus tuberosus not steamed,

SHT10M : Helianthus tuberosus steamed on 121°C in 10min,
SHT30M : Helianthus tuberosus steamed on 121°C in 30min,
SHTB0M : Helianthus tuberosus steamed on 121°C in 60min.
The data were expressed as the mean = SD. (n=3) from three
independent experiements.
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Fig. 4. Incremental blood glucose after administration of 50% EtOH extract of Helianthus tuberosus.

CTR (#) : Starch (1 g/kg) was administered orally to a rat after an overnight—fast.

HT 100 mg (M) : Starch (1 g/kg) with the 50% ethanol extract of Helianthus tuberosus (100 mg/kg) was administered orally to a mouse after

an overnight—fast.
HT 200 mg (A) : Starch (1 g/kg) with the 50% ethanol extract of Helianthus tuberosus (200 mg/kg) was administered orally to a mouse after
an overnight—fast.

SHT10M 100 mg (—m—) : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 10min (100 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHT10M 200 mg (—A—) : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 10min (200 mg/kg) was
administered orally to a mouse after an overnightfast.

SHT30M 100 mg (—O-): Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 30min (100 mg/kg) was
administered orally to a mouse after an overnight—fast

SHT30M 200 mg (—A—) : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianttius tuberosus on 121°C in 30min (200 mg/kg) was
administered orally to a mouse after an overnightfast.

SHT60M 100 mg (— — ® — —) : Starch (1 g/kg) with the 50% ethanol extract of Steamed Heliantfius tuberosus on 121°C in 60min (100 mg/kg)

was administered orally to a mouse after an overnight—fast.
SHTG0M 200 mg (— — A — —) : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 60min (200 mg/kg)
was administered orally to a mouse after an overnight—fast.
Each value represents the means= SE of three independent experiments and is expressed relative to a control.
*p(0.05, significant between the control.
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Fig. 5. Blood glucose decreasmg rate after administration of 50% EtOH extract of Helianthus tuberosus.

CTR : Starch (1 g/kg) was administered orally to a rat after an overnight—fast.

HT 100 mg : Starch (1 g/kg) with the 50% ethanol extract of Helianthus tuberosus (100 mg/kg) was administered orally to a mouse after an

overnight—fast.
HT 200 mg : Starch (1 g/kg) with the 50% ethanol extract of Helianthus tuberosus (200 mg/kg) was administered orally to a mouse after an
overnight—fast.

SHT10M 100 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 10min (100 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHT10M 200 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 10min (200 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHT30M 100 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 30min (100 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHT30M 200 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 30min (200 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHTB0M 100 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 60min (100 mg/kg) was
administered orally to a mouse after an overnight—fast.

SHT60M 200 mg : Starch (1 g/kg) with the 50% ethanol extract of Steamed Helianthus tuberosus on 121°C in 60min (200 mg/kg) was
administered orally to a mouse after an overnight—fast.

Each value represents the means £ SE of three independent experiments and is expressed relative to a control.

*1¢0.05, significant between the control.

6. AZ=A4 B8
MTT E4¥& olgslo] AZERS S4adct. F9H 100
F)9 121°C 7H47kE 302 A A= 50% AgE FEE9
AE B2 dopur] 918 16 ZEALN 0.0125~0.05 ng/nl 5 |
¥wo) 58S 717 At MTT 2AWS o] g3te] A=E 2 60 ]
=4S 245 AE $29 Ao Bol o451 e g & |
MTT assaye NXZ AL 539 in vitro £ AFHL= =
20 A

G854 AHgEHT Yk, olo] L6 A ZS o] 8% FEES
FEEE AEsto] AAZT wiFstEE o 5= 0.025 ng/mé 00 ;
74 88.7~94.3%9] & JEE0| Lhekitth(Fig, 6). Thebd . .
B AYIAE AE BEE FFL A4 P Sre B N

Fig. 6 Effect of 50% ethanol extract of Steamed Helianthus tuberosus

HE 0.025 mg/ml FEOA o]F AF=S APt on 121°C in 30min on cell cytotoxicity in L6 cells. The data were
expressed as the mean £ SD. (n=3) from three independent
experiements, *p{0.05, significant between the control.
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Fig. 7 Effect of 50% ethanol extract of Steamed Helianthus
tuberosus on 121°C in 30min on glucose transporter 4 (Glut—4)
expression in L6 cells. The data were expressed as the mean
+ SD. (n=3) from three independent experiements.

*p{0.05, significant between the control.
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