YAKUGAKU ZASSHI 128(8) 1195—1201 (2008) © 2008 The Pharmaceutical Society of Japan 1195

—Regular Articles—
INERHET v b OREHBERICRETS rO 0nE

WEONLHE R RATRE Y W ORA,F &
AN T, « RHRIE, ¢ TR

Effects of Zingerone on Fat Storage in Ovariectomized Rats
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We reported that ginger prevented obesity in mice fed a high-fat diet in previous study. In this experiment, we exa-
mined the effects of zingerone, the major pungent component of ginger on fat storage in ovariectomized (Ovx) rats.
Oral administration of 170 mg/kg zingerone significantly reduced body weight and the final parametrail adipose tissue
weight in ovariectomized rats. Blood glucose levels after oral administration of glucose were lower in zingerone-treated
Ovx-rats than in the Ovx-rats (control) . Basal lipolysis in zingerone-treated Ovx-rats was increased compared with that
in the Ovx-rats. Zingerone significantly increased norepinephrine-induced lipolysis associated with the translocation of
hormone-sensitive lipase (HSL) from the cytosol to lipid droplets in adipocytes. These results indicate that zingerone

may prevent the fat storage through increasing norepinephrine-induced lipolysis in adipocytes.
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Fig. 1. Structural Formula of Zingerone, Raspberry Ketone
and Capsaicin
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Db, JNERHFM 2T WERICE L, 1THESE
DEH AT 3 FZNEH L DI EZREH U 1B
BFRMEL 7z, UNEFHIE 3 HREOBREEFT DD
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§110: 00, #7716 :00), 1ml % 72 HRA#E %5
U7=. #BFM (Sham-c) BEIZDWTIE, Ovx-c #f
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> 7% 0.025ml in A 37°C T1EMKEIELZDE,
Zapf O H#E) = W THEBELRZHEL 2. —
4, BEMEOEFERICHTLY > ro>oEEs
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Jh [ZZ2-E—+ T2 ZAW] 2NV TR

TOMEIZBVWT p<0.05 DEEZEZEH D & H|
WL 7=,
b S
1. RERFD BRRED LE#R oo oSN H

THA T KRIT AR =7 KL< PTNnS Z
EnS, HRIFMIRIC B DR i 28 %
Fb#z U7= (Fig. 1). Figure 2 1IZ;R9 &K D12, MENGH
flel & 0 BiEE U 7= ig BRI AR 12 0%&00“@Mﬂ@
JIWVIERTY CEERIE 2 SR MRNERHIC

JLEEL 7=, LaL, 0.01mg/ml TIZEL WSS
BEOTLEIZED S Naho7z. —HFZNEN 1 mm
oy rary, B7HA T KROTARY =7 k>
EHMTIELMRICERS 2L, AT K&
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Fig. 2. Effects of Zingerone, Raspberry Ketone and Capsai-
cin on Lipolysis in Rat Epididymal Fat Cells
Lipolysis was expressed as uEq FFA released per ml packed fat cells per
h. Values are means+S.E. in each group. a=p<0.05, vs. (—) nore-
pinephrine by student’s ¢ test. b=p<{0.05, vs. (—) norepinephrine by
student’s 7 test. c=p<0.05, vs. (—) 0.01 ug/ml norepinephrine by student’s
t test.

Table 1. Effects of Zingerone on Food Intake

Sham

Ovx Ovx-z62.5 Ovx-z170

Energy intake (kcal/d/rat)

48.92+2.05*

58.55+2.10 60.64+4.71 56.77+4.97

Results are expressed as mean+S.E. *p<{0.05, vs. Ovx-group by Dunnett test.
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Fig. 3. Effect of Zingerone on Body Weight [A] and Parametrial Adipose Tissue Weight [B] in Ovariectomized Rats
Values are means+S.E. in each group. *p<(0.05, vs. Ovx-group by Dunnett test.

Table 2. Effects of Zingerone on Sucrase and Maltase Activities in Rat Intestinal Mucosa at 72 Days after

Sham-operation or Ovariectomy

Sham Ovx Ovx-z62.5 Ovx-z170
Small intestine weight (g) 4.2440.62 4.88+0.88 4.10+0.60 4.371+0.87
Sucrase (umoles/h/mg protein) 4.14+0.22% 5.75+0.16 5.21+0.13 4.81+£0.34
Maltase (umoles/h/mg protein) 17.38+1.51* 29.62+1.25 27.98+2.69 25.31+3.83

Results are expressed as mean=+S.E. of 5 rats. *p<{0.05, vs. Ovx-group by Dunnett test.

Ovx-c BICHR TP >/ 0 OB 5 RIKENICTE
PENERA AR E &K N M Z /R L, Ovx-z 170 mg/
kg BETIE Ovx-c BEICH L THERK TR D 51
7=. It GOT KU GPT DEICDWTHIEL = &
Z %, GOT (IU/1) DfEIZDOWTIX, Sham-c £,
Ovx-c #, Ovx-z 62.5 mg/kg & TF Ovx-z 170 mg/kg
#EOD GOT OEMNENZH 105.0+11.8, 118.0£14,
121.0+16.5, 110+21.1 TH>7=. GPT (IU/1) @
flIZ DWW TIX, Sham-c #, Ovx-c #, Ovx-z 62.5
mg/kg O Ovx-z 170 mg/kg B D GPT OfENF i
i 16.5+1.1,17.5+3.4,18.1+£1.5,17.7+£2.3 TH
> 7z, Sham-c L TF Ovx-c iICbkRTY > O o #
Bz Xk 51 ® GOT, GPT I3 A B2 R
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3. NBERU/NGHIRBRBEREM  Table 2
WWRTEDIMNBERICOWTIE, #SROMICEN
THBERBENERD S NI o iz, /NG H sk B
FTHDHIAY T—BEMEKRORIVEY —EIEEITDN
Tl, Ovx-c #TlX Sham-c BEICHRTHEER LR/
MWD BN, Ovxz 62.5mg/kg & X Ovx-z 170
mg/kg BETIE, Ovx-c BEICHANTA Y S—EEMEK
ORIVEY —BEHRIZK T EANA S NN E B

{EIZFRD 5N ho Iz,

4. HPESEHYMREE  Table 3 ICHAENE NG/
e kL 7=. Sham-c BIZH T, Ovx-c HETIIH
WERG A 70 FRREDY L5 U 7= VB B7RZE DD 5 s
> 7=, —7J5 Ovx-z 62.5mg/kg & X Ovx-z 170 mg/
kg BT, o702 o0&k BKERICEBEE
SHIRAEE E 8Tz,

5. ABEHMESRSILO-X&REET v b OMmEE
DEL WAL ZSHD T v FZ 0.8 mg/ml
D7) A —AVEWR 1 ml 28R 0% 5 U 7 il o2&
ft.% Fig. 4 IZ/R L7z, 7))V 3 — A AFRE D b #E
1%, Ovx-c HIZB W TIE Sham-c FEIZ LT 5 fE 2
R~ LU=, Ovxz 62.5mg/kg J O Ovx-z 170 mg/kg
BIZHBWTIL, Sham-c # & AR/ MAE EHERS 2 7R
L7,

6. IEIAfARRICKITS/ILITEXRT) DEFS
RICRIFTHE Figure 5 IR LD, P24
O > BT 1076~104 M D JEE TN 20 R DAL
EIXEEAEHASNRN SN, 103MDREET
IIEM R ERE L=, JIIVIER T JFEERT
W, 1004M O 2o RmT /IR >~
DM RIER 2 B EICHER L 7=, £RIN%OK
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Table 3. Effects of Zingerone on Basal Lipolysis in Fat Cells Isolated from Ovariectomized Rats
Sham Ovx Ovx-262.5 Ovx-z170
Basal lipolysis (FFA umol/h/g) 0.095+0.021 0.102+£0.023  0.124+0.017  0.149+0.055*
Results are expressed as mean+S.E. of 5 rats. *p<(0.05, vs. Ovx-group by Dunnett test.
200 1 FNFN 100.5+£3.1, 97.2+5.7, 109.2+4.5, 103.5+
160 | 63 Tholz. WINBHERBRELNED SNiam
g o7z,
E?/ oo 7. BERMRRRIC KB / LT ERT ) > OIS
2 g0 Ovxez62.5 BEOKLECBREIN-—FORELCRETHE
§ ¢ Ovxz170 DEI, YO ORI RERER & RILVE
4 @ Sham ALY N—F (HSL) O REOBIRZE R L.
] Figure 6 \Z/;RT XD, Yo n/)VIERT
0 30 60 9 120 150 180 U > DRENi e 28R Y 512> T, HSL @
S M 5 IS~ OB 2RSS h. £72, &

Fig. 4. Effect of Zingerone on Blood Glucose after Oral Ad-
ministration of Glucose in Ovariectomized Rats
Values are means+S.E. in each group.
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Fig. 5. Effect of Various Concentrations of Zingerone on
Lipolysis in Rat Epididymal Fat Cells
Lipolysis was expressed as uEq FFA released per ml packed fat cells per
h. Values are means+S.E. in each group. a=p<0.05, vs. zingerone (0 M)
by student’s ¢ test. b=p<0.05, vs. 0.01 ug/ml norepinephrine by student’s ¢
test.

ISR Z R L CLDH EM#HIE L= 25, R
ANk LDH &% 100% & L, 1076, 1075, 1074 K&
vy >rarERinL 7z &EZ0O LDH fEl

RITIR L TWang, &)VE D S —EiE
KORSY >N BITI3 < HEE KT S aho T

% £

SEOKERIE, DorornBRIRIVF 2K
TSR TICEN S RIEEERZ®EDS 2@
T, YHEFH T v b OERE RN HEE SO M
EMIHIL, MEmEREMUEZEERLUE. IR EHE
HT5Z&ICEoT, RURAKU Ty FOEBRED
EmS-HBEH OB N ZGIESEIT I ENHmESIN
TW5. D £ T, IREREHZ v Mz T
1, NSRRI R B SRTE PRSI S T & S
NTVWD Y RIFFETIE, IREME T v HOFEIE
BT F—DERITHEML = 2 L0 sk,
£o, NEHRERBEZEOEENAERICENI LD
BOHoN, —F, Yoo kb TE, FEER
TV F — R /NGRS FH R R DTEPE I L Tng
NHERREENED NN, LENST,
AWZETIRD 5N/=Y 27 0O > ORE KOG L%k
HEOBWMAHIEL, BRI xIVF—KTIERK
O/ INBG KL L R SR B 218 1 0 01 1 F LASY O 1 F B
ZHEUTHELZZEMWRBINE. &I, GRS
B ERICBWTY 70> O FE OB

IO N ICH L TREROIRZR DI L%
CE RSP RO Al WA o RSy i w Il =N =7 )
ZREEL, FARFICZRIVF—HEZ &m0 SEHZR
DI EERLTVND.Y ZEIOERTIE, ¥>r0



Vol. 128 (2008)

1200
Al =
@
§1.0 a
$038 L
S
(]
g§ms
£
%go.d.
pmininil
[
g0
2> " Control NE NE NE NE
K] (NE) + + + +
10¢ 108 104 102
Zingerone (M)
[B] supl — e |<-84 kDa
fat layer | = s | =84 kDa
0 10€10510% 10
Zingerone (M)
[] sup [ fat layer
[C] 100
a
75}

(% control))
[44]
(=]

HSL immunoreactive protein
N
]

0 Gontrol NE_NE NE NE
{NE) + + + +

10% 105 104 103
Zingerone (M)

Fig. 6. Effect of Various Concentrations of Zingerone on
Lipolysis [A] and Localization of Hormone-sensitive Lipase
(HSL) [B], [C] in Rat Epididymal Fat Cells

Values are means+ S.E. in each group. [A]: Lipolysis was expressed as
umol glycerol released per ml packed fat cells per h. a=p<(0.05, vs. control

(NE) by student’s ¢ test. [B]: A representative immunoblot showing the

HSL protein levels of norepinephrine- and zingerone-treated cells. [C]: HSL

immunoreactive protein levels of the supernatant and fat layer tabulated as

the percentage fraction of the density detected by enhanced chemifluores-
cence determined using a FluorImager, Fluorescence Imaging Analyzer

(Amersham Pharmacia Biotech UK Ltd. Bucks UK) . a=p<(0.05, vs.control

(NE) by student’s ¢ test.
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