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ENLOARTH-225 YavFxayTldiiizse
TS, Ay FayTEHPFEODDIZA VK L
FUARPEHENDL WS- £V s
7 T DEER S TH 5 gingerol FH. shogaol X
diarylheptanoid 3 7% £, BEEEZALBEIZ X 5
Ty ANVFAHE(SOH) D & 9 72 Ky 72 B3k 75
BAINDLZLITEY., ZoOMRDPREMED S K
BN EBImICZEIE L. ERNREREICBV TS
B a AT I EBEIfF s 5,

FIT. DL AR ALHEEAROREC
HH L. A Z MG Lok R, m i = I
DR R 2R T 2 MA» SNz Fo &
A, BRI & N DR R EW R & A3 H B R
T5Z R, BANFICL)MNRHEIESICE
BTAZ MO hoTELYY, 2k
ALRF BRI X ) MBEMESLE T 20 THN
. HHBE L TR O A R b B
ZHAHLEEZLN, COMGEHLMITEIL
CHUBE PRSI BT 2 B - il R A SR T &
0L,

ZICAMETIZ, YavFavlkA VK
LIFHEARDOREIRIFICN T 2 6 M2 RE T 5720
12 Ak UALHEEARD < 7 A2 BT bR
D IKE LA BHIER & in vitro DR 5B F
EEH &2 ER L 720 S SIS E B R AR, =
A 22 VILRER & D 2 RIBERFRERE 2T 5
KK-A" B2~ A% W T, AWk VLiFEARD

RO G X 2282 X OB OIEE
) & N ZEY E & & MBI O W TR
L7

2. RBEHIE

2-1. B OFH
1) a7 %3~ 80% MeOH fiHi =+ X
AWK AGEERERE Y a v Fa (V55

FEIE Lot. US242210)20g #. I VTH#EL.
80% MeOH 200 ml {2 CTZ i F T— &M
L. A# L7z, FREICH U 80% MeOH 200 ml
RMA72RAB LT COFELZ DD — R
DL, A2# L7, 2WELETHEDLETHE
T TR E L 72 b 0% 80% MeOH i o ¥
A(B2g) & L7

2) 6-Gingerol (6-G) * 6-Shogaol (6-S)

Yav¥avRAO0kg HEE v F FHIE

A S+, Lot. SU262730) = 80% MeOH (7
L) CHi L7zo A L7z % 2 % 2 Hiz
L. 80% MeOH it = % Z (64.1 g) % 1572,
H,0 THEE L EtL,O THI L T, Et,0 BATES
(394 g) & H,O BA7#6(25.0 g) 124 F 725 Et,0
#4788 (124 g) 1 Silica gel # 227 a< + 7
J 7 4 —(CC) & ODS CC % I\ THruk - #
BE#gY)EL, 6-G"P L 68 (2h2

N 967mg, 156 mg). hexahydrocurcumin'"'®

(49 mg) Z @t U720 DV T EIR,
MS % 5 W2 'H & PC NMR O fifi A3 SCHkAE &
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3) 6-Gingesulfonic acid (6-GS) + Shogasulfonic
acid A (SSA)
AREBTH 2 6GS 136G A HFE L2,
Thbb, 66G(198mg) XY ¥ (20ml) .
filtfit e LCp- PV ¥ AR v BAKHY
Omg) Mz, 70 CoOMWH L THIL S 872,
ERKFEF b)) 7 AKEW (3 ml) 2Nz TH
ML7-%, BERe— 7V % v CRBATES & B
B T F VBATIBICHI L 72 WEMR = F VR AT
#k % Silica gel 60 CC [Hexane-AcOEt(3:1) .
MeOH] T # L. 6-S(171 mg) % 1% 72o 6-S
(170 mg) £ 96% = ¥ / — K (1.03 ml)
WCHEN LTz, 22U, HfERAKEZEF MY 7 A
(64.5 mg) % 7K (0.69 m) |ZE M L 72 KB %2
Z+ 130 C OB TMEFEIE 21T - 720 RIS
WidkE Z7ouRVAEMZTHEL . K
BATHR 2~ 5 6-GS (203 mg) % fir 7z (PHAR, MS 7%
52 TH & BC NMR D43 Tkl © & —3k
L72)o
6-GS DA HEIZHE U T, hexahydrocurcumin
(49 mg) »* 5 gingernone A (38 mg) % #% T,
SSA (41 mg) # AL L7z
22. XEEBEEBY
TRTCOBWFERIZ. NEKFO [ FEREY O fi
B LOREL O CITER OB 5 2 |
B X O [R5 8 Wy 92 Bt i i BB E | 12hE >
THEMEL 720
ddY &HEPE~ 7 2 5 M (HAR T )L T2 ¥ —#f
X&) H5VId KK-A HEPE~ w7 2 5 8 (H
K7 LT HR&H) & o fFEEHERZER(Z
KMR ALy 27 HRRE)BLOKEZ 1 EKHA
HEN S & CPRfAE LI L7z, 5
M 2B CEim24 = 2C, WBEL = 7%, 12
B OWREY 4 2 VD 5 R THE L7z,
2-3. HWREORH
6-GS IZZA AT L CIREEREE L, 6-GS K

W RR L7z, b FANELLT E LTHENT S
Yavudarid—HY40K2gTHY, Yav
FavhD6GS HEIFFEFH10mg/g THbH, ~
T ADEZEEE MO 1/10 FEREE L v mE
KL, 7 A=A —HIZENT % 6-GSDE%
HH35E 04mg/kg b b, Ia LS
ke A L4 G- 3Bk € 1X 04 mg & 0.8 mg/kg/day
ik L7ze H RT3 538 ¢ id 400 mg/kg
BIXOU80.0mg/kg DIEEZHZREL 2.
2-4. ®’EH=E
HPRE OG- RBE T, #552% 05ml/50 g
bw./PEE L. BV Y FIZTIERB T THRS L
720 MEBERE P 5B ClE, IKMkEEZ — LD
720 10 ml/day & L. #KHZ HWCHBERS
72,
5. AIE - BIWIER
1) — i K
—HIRRBI, BRBRSE IR SR M i
Too THBIRTE B 22 L2 Bl L7z R IL,
ARG AG R & SABRBLG 2 A 3 HHE.
MDA 1 AT 1 Il SEERE T IR L L 72,
EAEIZ, BRI TH 2 AR O IR %
FRIE b7z o TUE L7z WHEIEITH
FEEE) R Tl L7 T4bb, B3RS
BT I HIZ Open field #:12
& rearing O RIEE W E L7z
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MAEEIZ, ~7 ZAREIRE D ERILL., fi%
MR E S AT A (=T a7 — A8 )V A —
=) THE L7,
3) A R R AR
< REHGE R, M % BRI L B IS S
L7zo MBS O WIRBIZ 217 o 720 % fi
ML, WARERPTHESICHK S ¢,
4) BNz E Y E R O E
<Y AWOBURTHEB, . KRN E 0%
W oy W A BRI K 2 MR, AETFAX
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L 720 2100« M EDTA2Na % & & 02 M
PCAZMAH I EREYF A XL, 4C. 30 %
MEHE Lo, @0 L7z (4C, 12000 rpm X
20min), hFiEZ ML, 1M BEfRF ~ VU >
A TpH3 IR, 045um 7 4 V¥ —T
% # L. ECD-HPLC [ (RP-18 (46 x 250 mm,
KANTO Chemical) ; ECD-300 (EICOM) | & H \»
THE L7z NMREEEWEIZE ) 7 3
YL ZEORBEDE LT TOT7H:
Norepinephrine (NE), Normethanephrine
(NM), Dopamine (DA), Dihydroxyphenyl
acetic acid (DOPAC), Homovanillic acid
(HVA), Serotonin (5-HT), 5-Hydroxyindole
acetic acid (5-HIAA) Zill%E L 72,
26. 7TARYA MAHAVEOAE
MEFRDOT T4 KA T F VREF. T AT
N7 74 KA 7 F 2 ELISA ¥ v b (RFEHIE () .
L7 F VIREIEY AL T F VELISA® v (1
FRAKAERHFRZERT) 2 -V CTHllE L 72,
2-7. BEWEEREER YV ADMEE EFINHEIER
ddY SZHEE 6 B~ 2d, EBHRK LD
16 FEfH#E £ S &, xPHRRE & 6-GS BEICH T, iR
FEICIZ A K (Water) 285 L. 6-GS # 5- 12
X 6-GS [40mg/kg b.w. (GS-low); 80 mg/kg b.w.
(GS-high) | ZHW Y v T2 TRO&EG L7 30
GBRICTNVIA—A, TV =R, EIVE VEE(%
2g/kgbw.) ZHEM L., D 0, 15, 30, 60 B L O
120 R ICREIR 2 SR L, ZhENIIBIT 5
IS AE % 5 2 AR E > AT A (=T a7 — R
FANWRA—=F =) IZTHEL 720
F 7z, ddY SR HEYE 6 B i~ 7 X 12 6-GS(04
mg/kg bw./day) % 1 » A B BB X4, 16 K
MM %, Vv a—A, < b—A (% 2g/kg fk
H) 2 AL, ARG 2 e L 72,
2-8. MEESHEMBEEMHHR
2 a ¥ a7 80%MeOH il ! = & 2 (SK ext)
6-G, 6-S, 6-GS B & V' SSA @ % ¥ i.(0.1-100.0

mg/ml) &, 2%~V b —ZAF I3 4% A7 0 —
AELB|BML, 3TCTTVLA Y Fax—Db L7,
7y MEETE N B RPOTMBE LR LM
7 CT30mMEA v FaX= M, BR2RES
HRIGZRT Lze RSP O7)Va—A7% 7
Va—ZCIL 7 A M7 22— FDEHE) 2 T
WaE L7z,
29, WRHRETINYIAZAWEZB-GS D
RERRORE(C K3 Mg =R R

6 M HETE KK-A" <7 2123 L, 6-GS [0.4 mg/
kg b.w./day (GS-low); 0.8 mg/kg b.w./day (GS-
high) ] % 1 » HR#KK L » BHEIS &, 2

DB Tz P RBEIZIZZE R K (Water) % #%
B L7z ERE25. & 26, OEHIZOWTHIZ -
L7z
2-10. #EETFAVNIE

T =8 ORAEIZ TR TPME + FEHERAETEL
720 DMLY IR Y | X HRAE & LERE & @
BTt MOEEEIC X D BE L7z fabRERAY 5% A
(p<005) DG EHEAED Y LHE L7,

3. & R

3-1. BIEWEERR YV ADMEE EFIMHEER

6-GS HL.Ia & ¥ 5. BREIRO&R G O whic
BT, BEREERSHIEIC~ Y 2D TIEFE
HDOHNT, IR RENORESLEETEH D
HoNZLdolz, BEHFROMIKICBVTIE. WIR
B LoRFIAONT, FEEREORET
H5 ALT & AST IZ2oWTH IEHMEDOHPAN T
»H o7,

6-GS OH NGB 7 Va—Z, ¥V b—
ZF T ENE VBAMIC X S MR E A
FIZOWWTHEN L7z B2 B8 L 72200 43)
DOIFEfE % 0mg/dl & L. Z® 15, 30, 60, 120 7
% o MRS A HE 2 % A (mg/dD) TR L 72 (Fig.
la~1c)o ZIVa—AxfAf LA, R
WA (Water) & 6-GS #¢ 5% T IMILBEAE O HE#2 1272
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Fig.2 MEEICKIDPMMELRICKT 2 6-GS HEIZSDIEM.
[MAEMERHR T ERE (AUC)

RO SN d o 72 (Fig. la)o ¥V b — AR
(2 & o T Water o MUBEfiE 1 30 731212 127.8 +
181 mg/dl. 60 43 # 12 1% 91.8 * 148 mg/dl % /R
L7ze THUZH L. 6-GS K EEHRE (GS-low) Tl
<V b= ZAEMHD 30 5. 60 O IMFEfEILZ
£ 940 = 219 mg/dl, 584 * 6.3 mg/dl Z/R L.
6-GS 5 i & # (GS-high) T 928 + 120 mg/dl,
666 + 112mg/dl 7/~ L. Water #f & lb# L T
I s E 5 2580H) & 7z (Fig. 1b)s €IV E VB
B Tld, 6-GS 52 X 2 F E R IHIR R 2R
b o7z (Fig 1c)o SPH-HE D MUBEfE B T T
f(AUC) # Fig. 212" L7ze ¥V b — AHIC
BT, GSlow # T? AUC X Water B & FL#g
L T 32% Dk & % 7~ L 72 (p<0.098) %, Z DAt
WCDOWTIIRELAETEDOENLD o 72

RIZ, 6-GS & 1 » H Mikkeiz 5 L 72 % ITHA
MR E T o720 Z VI — AR AM L2SE121E,
Water # O MAEfE X 30 51%1C 720 = 56 mg/dl.
60 7% 121X 558 = 63mg/dl Z/x L7z — .
6-GS #E Tl 30 47, 60 73 DILFEE I Z N 75.7
+ 125 mg/dl, 405 = 99 mg/dl /R L. 60 73
D IMLFEAE 1X Water #F & FiE L T 6-GS $ 5-#F T
W[ % 78 L7z (Fig. 3a)o ¥V b —AZHM L7z
Y21k, Water B o I B 1% 30 45 #212 65.2 *
164 mg/dl. 60 4 %121 33.8 = 195 mg/dl % /R
L72DIZxf L, 6-GSHEETIE, £ 420 =51
mg/dl, 246 = 49 mg/dl #/~ L. Water # & It
B L C B fiE b 5 23l & L7z (Fig. 3b)o Ik
il T RS (AUC) % Fig. 412R L7z v a—
ZHAMITB VT, 6-GSH TP AUC 1 Water #
LKL T16%DWAREE R LIZDITKH L, <
b — Zfaf Tl 36% A L 72
3-2. WEESEMAEEMEAR

In vitro FZ B % 12 B W T, SK ext, 6-G, 6-S,
6-GSBIUNSSADT NV —XE AT T —XITH
T 5 HEEEICOWTHE L7z, Fig. 5a I213,
0 mg/mliRIMEED< IV ¥ —¥HERZ 100% & L
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Fig.5 WEIREREECSIFDRIVKR/MLFEEEDOIER
*:p<0.05, **:p<0.01, significantly different from the 6-GS (t-test).

THAB OB EREZIRL 720 6-GS 13 10.0 mg/ml
D FE T 885%. 100.0 mg/ml TlX 61.3% F T
FEARTF IS~V & —E o # BHE L 72, Fig. 5b
WA 7 —XBIZRTHHERELZRLZ, 6-GS
1% 100 mg/ml @ i B < 831 %. 100.0 mg/ml T
(X 51.6%DHERZR L, IREKFHICA Y 7 —
oG % L7z, %72, diarylheptanoid ®
ANk ALFEARTH B SSA 1Z~ Ny — it
9 5 HEFRIX, 100 mg/ml i T 72.8%. 100.0
mg/ml #&JE T 437%, A7 I —XIZh§ 5 HE

ik, TNENT98% L 529% % /R L. 6-GS £ 1
S HITHWRI R DD b Tz,
—Jiv SK ext, 6-G 7% 5 UIZ6-SIZDW T,
HEMG IR DN hro 7z,
33. WREETFTINIIAZAWEB-GSD
REBROZREIC K S mEE EFHIER
2 BUBE PR E 7V KK-A" = %7 Z12%H9 5 6-GS
BH5OMPEERE Lz RE, Eika, EHEE,
HFSEB RSO W IR ZIZRED by, 5
B ELR N LD o7
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Fig.7 KK-AY ¥YOXDIMELRICKT D 6-GS #FRORSIC
K B1EH

BB P G- B AG IR O ILBEE 2 0 mg/dL & L C.
S U] ] b oD OB Al 9 #2 % AR (mg/dL) TR
L7z (Fig. 6)o \» 3 ILORED MUBE M IZ RIS 1
7 L. EBBMO 5 AM#ZICIE. B (Water)
T3 1460 = 354 mg/dL ® L A= Z /R L7-DIZ
X L. 6-GS i (GS-low) Tld 102.3 = 30.0 mg/
dL. 7 B # (GS-high) TlX 57.0 = 540 mg/dL
R E D, HE EA 2T AERPRO 5N
720 HEIC. GS-high # I3t & el L€, W
VECTHER L TH Y, RIS BROBERRETIE
Water #f & FeB U C, BAZE 2 U0 A 30HI1EH 2
L 7zo #5357 oo MUopE A AR T T A& (AUC) %
Fig. 712/R L 72 GSHlow # T ®» AUC & Water
B & LT 27%9%4 L. GS-high # Tl 46 %3
4 (p<0.071) L7z,

F72, WBRAEHOMEE & b7 74 R4 7
F v &% Fig. 8 \T/R L7z WFIIZEOMHEHFE
DO, FFIERS &S 5 & kg BRI

Fig. 8 KK-A’ ¥YURDM#ELR(CHT D 6-GS RO SDEA.
HRERHOMBELMAT T KRXRIFVE
HIEHORIRD B RO ENIT T ATIR. T T4

KA F L RPELRINI(T—FRET)o
AR H OBXNE /7 3 V&% Table 11271
L7z RIBEEICB VT, 5-HT % 5 5-HIAA ~
OARH MR EE ) Water #F : 0.72 = 0.074 12k LT,
ZhZh GSlow #:049 + 0.042. GS-high #£:0.50
+ 0039 2R L. 6-GS HGAT X ) AEISWEA L 720
BIRFEIZB VT Water B:1.16 + 0.048 12xf Lo
GS-low #:0.82 + 0.043, GS-high #£::0.80 + 0.068 & .
6-GS H&HIC L W HREICHMA L7z KB
TH [AARIC 6-GS BETWA T 2 M A F0 b7z
(Water #:1.01 = 0.048. GS-low #£:0.97 = 0.098,
GS-high # : 095 £ 0.057), K TFHIZB W TIE,
6-GS 2 5-12 £ ) DOPAC % 5 DA ~ {3 0] iz
RBHPAEIWA L WS TIE DA 2584 L Twiz,

4. # K

AMETIE, Yavxay - A rFaurbid
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Table 1

KK-AY YD R[CHISF B 6-GS MFREOIRSEBOAMKE. 7K b BRERICSI2E/ 7IVEE !

dopamine (DA), 3,4-dithydroxypheny1 acetic acid (DOPAC), homovanillic acid (HVA), norepinephrine (NE),
normethanephrine (NM). serotonin (5-HT). 5-hydroxyindole acetic acid (5-HIAA)

N A Water GS low GS high
DA (pmol/mg) 1322 £ 11.74 229 = 0.70 1322 = 948
DOPAC (pmol/mg) 320 = 264 059 = 0.09 232 = 150
HVA (pmol/mg) 165 = 1.08 064 = 0.1 155 = 085
DOPAC/DA ratio 040 = 0.08 0.39 = 0.10 0.26 = 0.04
NE (pmol/mg) 8.85 = 0.41 8.19 = 0.33 1245 = 236
NM (pmol/mg) 020 = 0.04 023 = 0.03 032 = 0.08
5-HT (pmol/mg) 458 = 0.92 408 = 0.27 7.58 = 222
5-HIAA (pmol/mg) 323 = 0.65 197 £ 0.19 3.59 = 0.89
5-HIAA/5-HT ratio 0.72 = 0.07 049 += 0.04 * 0.50 = 0.04 x*
HHERTER Water GS low GS high
DA (pmol/mg) 538 £ 1.16 837 = 1.12 561 = 0.60
DOPAC (pmol/mg) 235 = 043 270 = 0.33 1.83 = 0.09
HVA (pmol/mg) 1.76 = 0.31 1.94 £ 0.25 142 = 0.10
DOPAC/DA ratio 045 = 0.03 033 = 0.02 *x 034 = 0.03 =*
NE (pmol/mg) 4443 £+ 755 5824 + 6.78 43.68 = 3.31
NM (pmol/mg) 017 *= 0.04 026 = 0.04 0.22 = 0.02
5-HT (pmol/mg) 7.83 = 0.91 1112 £ 1.44 966 = 1.56
5-HIAA (pmol/mg) 914 = 1.16 8.87 = 0.80 729 = 045
5-HIAA/5-HT ratio 116 + 0.05 082 + 0.04 *x 0.80 =+ 0.07 **
B OB Water GS low GS high
DA (pmol/mg) 0.79 £ 0.06 048 £ 0.03 *x 057 = 0.03 *x
DOPAC (pmol/mg) 0.60 = 0.08 048 = 0.06 048 += 0.01
HVA (pmol/mg) 055 = 0.10 050 = 0.13 048 £+ 0.08
DOPAC/DA ratio 0.76 = 0.03 1.02 = 0.13 084 £+ 0.02
NE (pmol/mg) 961 = 0.64 9.40 = 093 8.44 + 0.51
NM (pmol/mg) 0.20 = 0.01 0.21 = 0.02 0.21 £ 0.03
5-HT (pmol/mg) 6.00 = 0.62 524 = 0.33 518 = 0.32
5-HIAA (pmol/mg) 593 £ 0.29 497 = 0.35 489 = 0.23 *
5-HIAA/5-HT ratio 1.01 + 0.08 0.97 + 0.10 0.95 + 0.06

Values are mean + SEM n=4-6, when compared with control, *:p<0.05, **: p<0.01
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Hypoglycemic Effects of Compounds from Crude Drugs :
Focused on the Contribution of Brain Monoamines
in Blood Glucose Regulation
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Shokyo and Kankyo (Japanese names for Zingiberis rhizome and Zingiberis
processum rhizome, respectively) are important traditional Kampo medicines prepared
from ginger, the rhizomes of Zingiber officinale ROSCOE (Zingiberaceae), by different
process. And they have been used for different clinical purposes in Kampo medicine. The
sulfonated derivatives: 4-, 6-gingesulfonic acids (6-GS), shogasulfonic acids A (SSA), B, C
and D, isolated from Shokyo and Kankyo, were found to be artifacts formed by bleaching
with sulfur in their preparation processes. These sulfonated derivatives were yielded by
replacement of the hydroxyl group of gingerols and diarylheptanoids with the sulfo group.
Consequently, these sulfonated derivatives may produce various bioactivities, because of
their water-soluble properties.

The present studies examined suppressive effects of 6-GS on the elevation of blood
glucose levels after its oral administration to healthy mice, in vitro effects of these
compounds on q-amylase activity and the antidiabetic effect of 6-GS in spontaneously
diabetic KK-A” mice, which are a model of type 2 diabetes. Beside, we aimed to examine
the relationship between blood glucose and brain monoamine levels. 6-GS had suppressive
effects on postprandial blood glucose elevation using sugar tolerance tests in mice. Oral
administration of 6-GS, which did not alter the fasting blood glucose, suppressed the
increase of blood glucose level after loading of maltose compared with the control mice.
In vitro study showed that sulfonated compounds: 6-GS and SSA inhibited maltase and
sucrase activities in concentration-dependent manner, whereas major compounds of ginger:
6-gingerol and 6-shogaol did not show any effect on these enzyme activities. These results
suggest that sulfonated derivatives have a glucose-lowering effect on loading sugar, which
may be based on inhibition of the activity of saccharide hydrolyzing enzyme. Also, the
repeated administration of 6-GS (0.8 mg/kg body weight/day) for five weeks showed
continuous hypoglycemic effects throughout the experimental periods in KK-A" mice.
Concomitantly, the hypoglycemic effects of 6-GS were correlated with the increased
serum adiponectin and brain serotonin (5-HT, 5-hydroxytryptamine) levels. These
findings suggest that serum glucose concentrations influence on the brain monoamine
neurotransmitters metabolism in KK-A" mice, yet unknown manner.



