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Fig. 2. Effect of piperine and resveratrol on wasting syndrome
induced by TCDD in C57BL/6J mice. The values represent the mean
+ SE of 5 mice. The initial body weights of mice in control,
piperine+resveratrol-treated, TCDD-treated and TCDD-+piperine+resveratrol-
treated groups were 22.08 £ 0.31,20.66 + 0.22, 22.08 * 0.36 and 21.88 =
0.13 g, respectively. Significant differences from TCDD-treated group: *,
p<0.05; **, p<0.01; *** p<0.001.
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Table 1. Effect of piperine and resveratrol on the tissue weight changes induced

by TCDD in C57BL/6J mice.
Liver Spleen Thymus
(% of body weight)
Control 5.68 £ 0.09 0.27 £ 0.00 0.19 £ 0.01
Piperine+Resveratrol 485+0.11*** 024 +0.01* 0.18 £ 0.01
TCDD 7.46+0.04*** 0.25+0.01 0.08 £ 0.01***
TCDD+ 6.85+0.12***  0.26 £ 0.01 0.08 £ 0.00%**

Piperine+Resveratrol

The values represent the mean £ S.E. of 5 mice. Significant difference from

control group: *, p<0.05; ***, p<0.001.
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Fig. 3. Plasma concentration of resveratrol after its subcutaneous

injection.
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Fig. 4. Effect of subcutaneous injection of resveratrol on wasting
syndrome induced by TCDD in C57BL/6J mice. The values represent
the mean = S.E. of 4 or 5 mice. The initial body weights of mice in control,
resveratrol-treated, TCDD-treated and TCDD-+resveratrol-treated groups were
2192 £ 024, 22.06 = 028, 20.90 = 0.51 and 21.08 £ 0.26 g, respectively.
Significant differences from TCDD-treated group: *, p<0.05; ** p<0.01; ***,
p<0.001.

Table 2. Effect of subcutaneous injection of resveratrol on changes of the tissue
weights induced by TCDD of CS7BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 5.90+0.11 0.324 + 0.01 0.232 + 0.01
Resveratrol 6.20+0.04 0.367 £ 0.01 0.214 £ 0.01
TCDD 7.11£0.07***  0.263 +0.01* 0.088 + 0.01***
TCDD + Resveratrol 6.78 £ 0.32 ** 0.294 + 0.03 0.080 £+ 0.01***

The values represent the mean + S.E. of 4 or 5 mice. Significant difference
from control group: *, p<0.05; **, p<0.01; ***, p<0.001.
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Fig. 5. EROD activity of hepatic 9,000xg supernatant from

C57BL/6J mice after exposure to resveratrol and TCDD. The values
represent the mean = S.E. of 4 or 5 mice. Significant difference from control group:
*ik, p<0.05. Significant difference from TCDD-treated group: T, p<0.05.
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Fig. 6. Hepatic TBARS contents of C57BL/6J mice after exposure

to piperine and TCDD. The values represent the mean + S.E. of 4 or 5 mice.
Significant different from control: *** p<0.001. Significant different from TCDD-
treated group: 717, p<0.001.
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Fig. 7. Effects of various basements on transdermal absorption of resveratrol.
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BWRSr piperine IC K374 4% U EEEBERORL

SEFFFEE  WWE R WIHRERFREFN RS FREERFERLE  #HiF

MEWNE BH ik IINKRFERERE AR S TR ERFER S5

MR
AH BE JUNKZERFEREENERS FEEEZERSH B

WREE BHEZETIE. XA AX T VEHOPEERICH T EHH2FIHIEDBS
BB ELT, EHMOEBRKD Th D piperine (2 B L .

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) HMEIIKT AR EZBRH LT-, ZDOREE.
piperine Bi&lX, MAEL ~ U ACEXT25A ., (REEMIMEH . IO EIECH AR
DHEHERERTIHNBELEIN, L, 2OL REENBENLVWHAETIL, TCDD 2
LD REBEMIMHE B L OB OFRERBTHZ ENHON Loz, F12,

piperine DIEREEIZ DOV TRETE1T - I2/ES. TCDD (2 & D #8md 2 E{k9 & |
LV ADERZE U TREIN TV D FREMNS R Sz, —J5, piperine & curcumin
ZHFMA LT curcumin D EMFRE, BIOFOHERMLZKELLZEAR.

curcumin (2 X DERLEYA b LV RERERE, B L OEBIEIEERBEEN BT 5 2 &
DAL E R ST, ABFFEL Y | piperine 13, A A F VEOPFEEWRICH LT
BN THDLEEZEZ DN, LAL, OB &R L2356, TOREEB

fesE oAb T E T,

A. FFEBHY

WMIFRE TIiE, LA A F U HHOEFMR
BWEBRE LT, ZICHENRERN R
IREMIRGICER U, BRI G DRE &%
DFHEIT->TE 7 (1) , ABFFETIL,
TDWFEO—ER L LT, BEIROFEWRK S
T D piperine ([ZEB LB 21T - 7=,
in vitro \ZBITDHHA A F
VEEUEANAAATT v EERWERY
V== T OfRERENL, FERRILAKES
Z5{& (aryl hydrocarbon receptor; AhR) 1zt
LTCT ¥ d=X MRERAZTRT Z L0
TEINTWDS (2) , BRFATIL, invivo

Piperine (X,

\ZF T % piperine DX A A% U EEME
WX T OB ERIE LB TR ST

W, Ll FA4F T VEOFEMED

ZLAED AR ZALTHEEIND L
EZ N TUWAZ &M b, piperine @ AhR
WX DERIE, A 4% o mEIC
LTERTHLETFTEIND, F7-,

piperine %, EARRNIZBITHRERIETH
D70 A RIGORE., TN %
AUCHE S £ a0 e sEA 2 & D
TELWMESATVS (G4) , FE U
ACDEERD TH D
piperine R L7HE. 7> hék M

curcumin &
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BT curcumin DYRI{EAE, I ONZ L H
BEOEAIHESNLTVD (5) .
curcumin (Z-DVNTiEX, LARAT., HSBFFZEIC
B AREND, F A 4% EHOBHED
— W ERB T HAEEEN TR EIN TV D

(1) o ZDZ &M, curcumin & piperine
ZHRATAHZEITL Y, curcumin DFHFE
DHEFRPIARF ST,

ULDX > 7EZDE &, RBFFETIE,
RO ERIET BT, ¥ A FF
HobhThLEBROAUEERE T
2,3,7 8-tetrachlorodibenzo-p-dioxin  (TCDD)
ZRAWT, FOEMIIXT S piperine H
B DZHR . WONT curcumin & piperine D
BERIC L DR E A LT,

B. 5 - R

Piperine D&% ICBd 585

$e4 . piperine B & DEE~DFE L W
LT B, BEtEiTok, 3 BFED
C57BL/6) ZEtE~v 2% 1 EEEIE L.
A8 5 PLE LT, piperine % 15, 30 B
XV 45 mg kg OHET 1 BH 1 BELERE
BOogsLiz, £, =2 hue—E# (0
mgkg ®ERE) L LT, BHTHD 05%
methylcellulose AR & OB & FE & 72
HE oS Lz, HEFHLVRIE
® piperine % 14 AfEOKE L., &
#5524 ERICEBSHELHE L TEES
BIE L7, Figlz oW TiE, 1L15%KCl T
BERL., 10% REVFR— b E2HRAB LD
b, TO—HEFEHAREE T -80 'C IZfRkiF
Lz, 2. BDIZOWTIE, 9,000xg T

20 pEIELLZDOL, €D EiFEZ -80 °C
THRGFLE, £ 2.
O-deethylase (EROD) &1, W RITF A
NEY —VEBRIGHEYE (TBARS) fED
BIEIX. Burke 5D FE (6) . WOUT
Ohkawa HDFE (7) IV, FhEN
9,000 x g kiE. WIZHFEYRX— M2 H
WTAT o7,

Fig. | IZ&BHICBIT2RBNKEEL
%59, Piperine 15 3 £ T30 mg/kg &5
BT, 2 b — AL ~_ETRO L
iz iz, ZHUTKE L. piperine 45 mg/kg
BERETIE, &5 10 HERIR LD, 22
kN a— VBRICHAF B R AR E SN ] 23
BEIN, £, &5 14 BHIZBTS
R EE % B E L 725 R . piperine 45
mg/kg BERETIL, BigE WEEEOFE
IR T ONBEER I (Table 1) , KIZ, ¥
AFX TV UHOFEERBEOETE#MIE L Z
ZHNTWA AR %I LT7CEERFE, I
NICBIEl A ML 2AERIZHT D
piperine B H DEEBLZBET DD,
EROD {&M£ & TBARS fEAHIE L7, €D
FESR. piperine 30 ¥ X145 mg/kg &5
[ZFBW\ T, EROD {EMEOF B 2R BMAE
£2xn7 (Fig. 2) , ZHizxt L, TBARS fE
WCETRO 2o (Fig 3) &

L EDREEA G piperine BT, 30
mg/kg LA LD E & T, FHIZK LT AhR
Wt o7 A=A MREAZTR L, 0
45 mgkg OHEE5ETIE. KEBINMH.

WO g RO EBEER T LI &
DR SN, UEOFBREELZREL,

TCDD HHEBOMRETTIX, piperine D
58% 20 mgkg & LTHETZITHI> 2 &

ethoxyresorufin
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&L,

=4

T

Piperine @ TCDD E#(zxd %

| RIZ., piperine {Z X5 TCDD ZEHME~D
HEEBIIOWVWTHHT 2D, 5§ BF0
C57BL/6] ZfftE~ 7 2|2 piperine % 20
mgkg BAKE L., £D 90 5k

TCDD % 100 pg/kg HEEREAOKES L7,

F 7=, piperine &5 DOXTBEEIZIZ. 0.5%
methylcellulose Bik%. ¥7- TCDD ¥ &
DOXFBEEIZ 1L, com oil & ZFNENEIER
517, &"i‘} HXY. [F&D piperine &
BUVNEIEEORZ % 1 B 1 [\, 28 HREh#
etk G L, iz G 24 BRI lEes
it L7, AT EROD {&#: & TBARS fE
&, AR D EER & BIRRICENE L7, PO
MY ZUEY REERIOEBEREES
BT FRECR—PRDA Y T r ) —
VT L0, filko*y b (MY
7V K ET7AMTVa— BIW
NEFA C-7 A + U =— Fafig TEEpREK

23 ZHWTHIE LT,
Fig. 4 12, BE5HMFTOKRELLZAIE
Ltﬁ%%m#oﬂ/bm~wﬁg

piperine & E#E TIL, FE AU E S KE
DWMBNBEIN7ZDIx L, TCDD A&
HEETIL, %5918 LV IREOMGINBIE
S, —F . piperine O ff H B

(TCDD+piperine) Tix., &5 17 BEE
T TCDD LEEEE & IFIFRER DO HER 2 =
LicbDbD, 2L, ETIEH 50
TCDD ALERREIZ Ho A~ R E 18 N o0 B2
WO BTz, 5T, BEBEERIZBT
Ligas EEZHIE LR, piperine Dff

MiZ. TCDD (T X % gD /e 2 8w
HZENRBALMNE R o7 (Table 2) , — .
FFRER & MR D ZEHE 1%t L Cik, piperine
R E RS> 72, KIZ, TCDD (Z
LTV ERINDIIEHFICHET 2R %K
RERAY N SIS R NN R R I
SRBICHMENBEEZAE L., £
DFEFR, WHEEIX TCDD #& 512Xk > T
N4 223, piperine (X2 D H B O FEBEASH
BEOHMEZARIZHHE Lz (Fig.5 BX
W 6) ., RIZ, piperine 12 &k AR FEE
ShHHEELHELE T 5728, EROD &
& TBARS fEZHIE L7z, ZTORE,
piperine (%, EROD &M#EIZHT L TIXE L
REMpH ooy, TBARS fEIZKT L Tik
TCDD (2 X 5ED LR ZET S 5 M
NEE SN (Fig.7 BXU8) ,

Piperine & curcumin D A IZ & 3
TCDD HHE~NDEE

I, piperine (Z X DD EYIRL S DIE
HA~OEEBEZRIET 5729, piperine &
curcumin DHHIZ L D TCDD HE~D
EEERE LIz, 5 a0 C5TBL/6] Rl
<o X% 3 HREBI{ L. piperine 20
mg/kg & curcumin 100 mgkg % 5 47fE
DRI ZZT THRAKELIZDODL, 60 &
#1Z TCDD % 100 pgke EO#5 Ui,
a2 b — LRI, piperine B L W
curcumin D B #H T H B %
arabic/0.5% Tween 80/0.9% saline ¥&IE I &
O'TCDD D TH S com oil &, i
FNRERANKRE L7z, &EFVH LD, 1
B 1 [E], [RIE® piperine & curcumin %,

gum
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%7 piperine, curcumin DJEF &L 725 X5
2 28 AFROKRE L. BR¥EIRE 60 %
(ChEgs i L7z, M L7ZiBEs OALE .
I NZ B FRRE DRITE FHEIC DV T, Rl
DFEER L FRIZIT 27,

Fig. 9 (213, EBRHIFTICBITA2REM
REEETT, LETOYUFRE TOREER
&[R4, curcumin OFEAIZ LY . TCDD Z
X B REH MG ORBEm A EE I
72o L2 L. piperine & curcumin % {3 H
LT, FEEMIMEH OBREMEMIX.
curcumin O DILER & KRZE72Do 1=, [EER
(=, TCDD (T & D AFER & i D ZER I
st L C%. curcumin OPFFF LY piperine
& curcumin O PFAIZEIEDIRZ R I 722
Moz (Table 3) . KIZ. EROD {&f% &
TBARS fHIZD 0T b BE 21T - - R,
EROD &M OWTREIIR bR ho
7= H DD, TBARS {EIZF VT, curcumin
HE&7A, TCDD (2L TBARS fED EHF
Zarybhbo— LYW ETEHEIYED
ZEMHELMNEIRoTz, LA L., piperine
ZHHT A L. ZFD curcumin DOFHENH
S THBINLBEMARALNE -T2

(Fig. 10 BX O 11)

(fEE ~DELE)

ARFFTIC BT DB ERITE T, T
RFEBYEBRFA) 5 12 £5F 4 ZI0E
DX BHEREESIC L D EREE DK
BEZT-OLER LI,

C. Z8
AREE T, TCDD HEERICHT D5
T BIRRS DERZHRE LT, BYAk

4y CTdH B piperine IZHEB LR 21T o7z,
ZORER, ZOWHEIT TCDD IZX56E
AN, 3 ONZRERGRT DR ICRT L TR
Erxb LRSI N (Fig. 4,5 B
LT 6) ., Fric. TCDD FHEMERGHAITFIZ
LTI, REREPHIFTEDIbOL
FHREINTZ, £/, T D piperine 2L 5
EMHEBOBEIC OV TR 21T 12
2. piperine 1%, TCDD (Z & 2E{LAHIA K
VADERLERT DMEmBAHAL ML R
7= (Fig. 8) . LU, Z OBREIIHES
ThHY., TNET T piperine DENE %70
HT DDA+ oTHD B, 20
7%, piperine {245 TCDD i D#R
BB, BB LB R B U AOBREIIE 5T
D600, ZNLSNDERDEFENRRKE D
AIREME SRR X Tz, — 5. piperine &
curcumin % [FRFICHE G5 L723%4& . TCDD
W LA REEMIMAIX, curcumin BT
ARBRE S NWABEMIZH D Z &N L
L72o7 (Fig. 9) . LAL, TCDD IZ &
HEECEI A B L AOERICK L TiX,

curcumin B HIZHERH -7 b DD,

piperine % [ 592 Z & T, curcumin
DORIBE I HEm RSz (Fig.
11) , £72, TDO%RIL, TCDD OF
Wb LTEEINZZ L5, piperine
L curcumin DEIBFEREGICL-TAEL S
BETHDH & TFREINT, —KIZ. BT
REELTOFERISIL., € OIVEH &3
T DD, HDREDIMFIREDHER
ENDHZVERHY, T, mOWIMHPREL
FRMMRET A Z LIk R LMY
HZEMTEBLEEBEZLND, SEEDLN
TRERIT, D XD RS & IR E
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THREL IR oTZ, T2 H, piperine X
g7 CBREOMmEIR E LT,
curcumine DREHFISZHNHIT D12 H 2>
P57 (3.4) . curcumine DLENE A HETRE
T LAH > THBIE2RE R LT,
DORRRFERDBHZE LN BHIZOWT, &
BRETTHLNZT DI LI TE otz
23, —OOFEEME E LT, curcumin (2 K
D PBREAY A b L A AR RO BERE A EE R
HHEEER I, curcumin B & Tt/ <,
ZTORBIIZ L > THERI IND =D,
piperine T X DRHME T2, £DFE FIEH
DOBWIHLICENR -T2 ERTFREEND, £
7z, piperine {Z & ¥ | curcumin DENSAR
B E L, curcumin DRFIEIZ BT 5
PEPMET LI-FREE DL B ETE 2R, L
L., ARFTCHLNT/ERIT. FheE
AONLBEMRTBELORLEDLEEE
25 LT MERERETLIZLERoT,
Bt < OBMEST Y 7Y A2 b D
B CHEE DOFIZFE-> TV 5, Piperine I
BLTH, TNHHOEEZME L CHIEK
DYFY A MELTHRESINTVD G
DR, MDEERKSFT D bioavailability % E
AIEDLHRTE LTEHES SN DONER
FTEINTND, BRSO RN G| piperine
FFAAF T EHBEEO IS LTH
MTHDLFREN IR INT, LIL, &
HAEOEBRMSAMRICH L CTEEZELRIT
TRREME BB DT o T & 3RIT, DRk
5y & DREIRFAEERN, 222 > TR E2EFL
SETLE I FEtEb RSN, ¥ A4
FUUBEPEOTHESL LTOMSEE
ZI2%E. %L, TNODOREEZER L
o E TR EED T MERH S L E

bz,
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Fig. 1. Effects of piperine on body weight gain in C57BL/6J
mice. The values represent the mean = S.E. of 5 mice. The initial body
weights of mice in control, 15 mg/kg piperine, 30 mg/kg piperine and 45
mg/kg piperine-treated mice were 14.72 * 1.53, 15.06 £ 0.84, 14.60 *
0.41 and 15.12 £ 027 g, respectively. Significant difference from the
control group; *, p<0.05.

Table 1. Effect of piperine on the tissue ‘weights of C57BL/6J mice.

Liver Spleen Thymus

(% of body weight)

Control A 5.71+£0.34 0.31+0.01 0.30 £ 0.02

15 mg/kg piperine 5.45+0.32 0.31+£0.02 0.25+0.01*
30 mg/kg piperine 5.72 £ 0.07 0.29+0.03 0.24 £ 0.02

45 mg/kg piperine 5.81+0.10 0.23+0.01***  0.19+ 0.01%**

The values represent the mean + S.E. of 5 mice. Significant difference from
control (0 mg/kg piperine): *, p<0.05; *** p<0.001.
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Fig. 2. EROD activity of liver microsomes for CS57BL/6J

mice after exposure to piperine.. The values represent the
mean * S.E. of 5 mice. Significant difference from control (0 mg/kg
piperine): **, p<0.01; *** p<0.001.
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Fig. 3. Hepatic TBARS contents of C57BL/6J mice

after exposure to piperine. The values represent the mean
£ S.E. of 5 mice.
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Fig. 4. Effect of piperine and TCDD on body weight gain in

C57BL/6J mice.

The values represent the mean £ S.E. of 5 or 6 mice.

The initial body weights of mice in control, piperine-treated, TCDD-treated
and TCDD+piperine-treated groups were 19.92 * 0.29, 19.86 * 0.16, 19.70
X 0.24 and 19.74 £ 0.38 g, respectively.

Table 2. Effect of piperine and TCDD on the tissue weights of C57BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 517 +0.11 0.25+ 0.01 0.17 £ 0.02
Piperine 5.08 +0.10 0.25 + 0.01 0.13+0.01*
TCDD 7.90+0.36*** 0.21+0.01%* 0.03 + 0.01***
TCDD + Piperine 8.20+ 0.24***  0.23+0.02 0.04 £ 0.01%%*

The values represent the mean + S.E. of 5 or 6 mice.

control group: *, p<0.05; ** p<0.01; ***  p<0.001.
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Fig. 5. Hepatic triglyceride contents of C57BL/6J mice

after exposure to piperine and TCDD. The values
represent the mean * S.E. of 3 mice. Significant difference from
control group: **, p<0.01; *** p<0.001.
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Fig. 6. Hepatic non-esterified fatty acid (NEFA)
contents of C57BL/6J mice after exposure to piperine

and TCDD. The values represent the mean £ S.E. of 3 mice.
Significant difference from control group: **, p<0.01; from TCDD-
treated group: T, p<0.05.

— 128 —



kkk
E 1 0 i Fkk
g " I
29
E o 80 -
"o
o g 60 -
8 £
¥ £ 40 -
wo
E 20 .
0
Control Piperine TCDD TCDD
+
Piperine

Fig. 7. EROD activity of liver microsomes for C57BL/6J mice

after exposure to piperine and TCDD. The values represent the mean
* S.E. of 5 or 6 mice. Significant difference from control group: *** p<0.05.
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Fig. 8. Hepatic TBARS contents of C57BL/6J mice after

exposure to piperine and TCDD. The values represent the mean
* S.E. of 5 or 6 mice. Significant different from control: *, p<0.05.
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Fig. 9. Effects of curcumin, piperine and TCDD on body weight

gain in C57Bl/6J mice. The values represent the mean + S.E. of 5 or 6 mice.
The initial body weights of mice in control, TCDD-treated, curcumin-treated,
TCDD+curcumin-treated,
TCDD-+piperine+curcumin-treated group were 19.4 * 0.23,18.8 = 0.33, 18.8 =
0.29,19.7 £ 0.51, 199 £ 0.47 and 18.7 * 0.44 g, respectively.

piperine+curcumin-treated and
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Table 3. Effect of curcumin, piperine and TCDD on the tissue weights of

C57BL/6J mice.
Liver Spleen Thymus
(% of body weight)
Control 490+0.16 0.26 £ 0.01 0.19+0.01
TCDD 6.80 £ 0.25** 0.26 £ 0.02 0.05+0.01**
Curcumin 5.07+£0.07 0.24 £ 0.01 0.18 £0.01
TCDD + Curcumin 6.40+0.28** 0.24 £ 0.02 0.06 + 0.00**
Piperine + Curcumin 455+0.12 0.24 + 0.01 0.15+0.02
TCDD + 6.52+0.26""  0.25+0.02 0.06 + 0.01%**

Piperine + Curcumin

The values represent the mean + S.E. of 5 or 6 mice. Significant difference from

control group: **, p<0.01.
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Fig. 10. EROD activity in liver microsomes of CS57BL/6J mice after

exposure to curcumin, piperine and TCDD. The values represent the mean *+ S.E.
of 5 or 6 mice. Significant differences from control group: *, p<0.05.
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Fig. 11. Hepatic TBARS contents of CS7BL/6J mice after exposure to

curcumin, piperine and TCDD. The values represent the mean & S.E. of 5 or

6 mice. Significant differences from control group: *, p<0.05. Significant differences
from TCDD-treated group: 1, p<0.05; 17, p<0.01.
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