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Effects of Berberine on Adipose Tissues and Kidney Function in
Spontaneously Hypertensive Rats and 3T3-L1 Cells
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APLARY NE RO Y X YT e A RO 1ETHY (Fig. 1), FF
XAV LR EDHEIIZEENTWDIRD THD D, HLid, FLRIE. ILEIEARH Y |
FIZIEEEE LTHOWLATWS, £/, b, mER X O IEER T EH 2 ®E
SNTEY, AEEHBERTHICARTHL Z LRI TND 2.3,

TR, BAEROHCKALRPEEI RN E 2 8. A DT A T AL A )OI N, @il
JESE, MEERFIE, FERWE. BIREELAE, A X RV v 7 JEBRE R & OREE BN
L., MELR-oTND, ZHNODAEEEEFIL., EWIZEHF LT <, B, FFIZH
B IENG (PRIBEIENT) 2388 L7 B3 B o » T\ 5, AATEEER P EIT T 5 &g
fEECHLIEIRMEI R E LSS T NN TWD, iz, BIROBEIRIZ S H)
IREE(EDEE Z 570 & BEEFEORIE Y X 7 03Fm < 725, Cicero b DA 9 12 L,
NI 7 e FR R ARG D3 AETE BRI O SRR TR AR D UG AR SL O M REME AR
LT\ 5,

AWFFE T, miEZ N & & BICFAE L, BEEZFIET L miEERRBIE T »
 (Spontaneously Hypertensive Rat : SHR) 5 0 %z T, ~ LU N2 KA IMER
FOEEE~OEE T LT, TO/RE, ~ANY UFEIZED | MERT 2D
T BEEFELZBBIE L AEEMEL L2 D, E o, REBEMOIMGICNE R O
DISRO NI &0 D MR A = AL LB 5729, in vitro THATZ1T -
7o in vitro OfENTTIiL, BB OEERET L Th Y | RIS (L= R L F —
R OWFEITILE < FHW BTV D~ v ZHIBRIEN MO #K TH % 3T3-L1 Mifia 2
FANWTAARY OB ERF LTz, ZORER, ~_Y IRiBEIEIARR A & FE
HEREA~DAEINHNC BB 5 Z R s vz, £7o. IEfIR & b2 ~ L 2D
RPN ENMBATEY 89, AMFIETIT, ~Vb~U 28 3T3-L1 fE i Ok
fEA N U RZIHI L T2 aTREME 2 R L7z 10,

ARFmILOH 1 FETIE, mIiMEBRIEIET v NSHR)DAEi#AfkI L O IRIC k5
NN DR R LTCRE R b~ 5 2 ETIE, EEMIEEK TH 5 3T3-L1 #
BT 2 AN DB A R LI R 2R 5,

ARBFFENC TN T AR Y AT 3 RSB RS 2 8 2R 55
&L B RO A A & U AETE RN &2 TR L D rTREMED R S Tz,
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AR NZHDNT

ALY L, FUR T ZARA T L2 (Coptis japonica)<e S 7 B NA
(Phellodendeon amurense) Dftll, X XFt, V7 7 R VIR AT H X DA
VXV UTATeA RO—HETH D, BIFETIZ, UL R0 ATHRFIH S,
BRVNER AT 5, AU L AL, ONTFIRERS 2 FEN AW G AL, A 3K A 13 s
THY, IAFT, BEPHVL, ARATEHA"THD, HESCHEMIIEEND
AR AT EAET FURESHRRE, 2 U T ER ST L THEEAR & D 1112
NEPNIE R, IR E IR EE B IS E 2 A LT\ a7z, IbEEE LTHND
NTW5b, AARERFICIE, HAL~A_Y L LTEEINTEY, R LA
Rt L CERMEIE, A7 LT 4.2%8 b, AU N7 KT 1.2%0 L Ao Ty
5o, —MERAERML T, ¥ =B oL Y U E LT A R IR
FIZHWLIL TS,

SR Y AT, IREERE T T, T, IBER TERAHE ST
BO., xR ENTND,

AWFIETHW Iz~ i3, Sigma OO ZHEH L7,

CHs O«

Figurel. Structure of Berberine
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BILE BHRFRIET v FM(SHR)ZRW Iz )LRY DR

B ILE HSRFEIE 7 ~ - (Spontaneously Hypertensive Rat: SHR)IZ. 1963 £E(Z[i]
AR 512 & > T Wistar KyotoWKY) 7 v~ b X0 RZF0EES 1L, 2R OERAH T SHR
MYERE S 7=, SHR AR Z2 008 72 LIS & & bICiEREL 20 . b o
FEETVE LTSN TWD, 72, s & & bIZmEN EF L, ZomED L
&L BITOIBIE R, BEREE ORI RD i b (Fig. 2).
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Figure 2. SHR (left), kidney injury (middle), development of hypertension in SHR (right)

MG, ATEEEIS O R R OERIK T Th 5, BIRELMERBIZT TR, BEE
DFIEV A7 bW\ ERHE S TS, SHR (8 & PG A 2 feE % 12 B 5
THILBMONTERY, FEBREEEZRIET D2, T OEEE ORIEITIE MRS TE
MG LTS EWIHHE 1Y 23d 5, SHR TR Th 5 WKY & ik L TG
PERRRTEDNCHE L TV D Z e s ST g 19, Alald SHR 2 W72 R TH
AR AR AT X0 TEMERE SR TE OAR T 23580 b D & M HPHERE THET Lz, E7z,
TG PERR A TE & 42 (2 B9 2 fHik T & 2 MR IGHERk IS J ONE Mk 35 T & TG ITHER% o
HRYVEEEZTHEEZDNDBHIMIAR L, ~L~Y 3 SHR ORI & &

PEHEICE 2 DB OV TRET LTz,



B R R EICT 5 SHR ~0

[ 325 051%]
(1) FBrOERK

LAY T Sigma (RO S D E N, NARY U R A AFREKITIRE, 150
mg/kg O~V Y CEFEBBEKEIER LT, ZORGEOREIL. AT
Wan & 15 B X Chen 5 1 OSCERE Y 150 mg/kg L% E LT-,

(2)  FEErEY

5 W EME SHR10 IC% SHR & BE 7 VILEIFES (RH8) LuaohEEsir. 1
A O Tt B HIM AR T 2%, EREHA L, EREBOYA L0, REB LW
IfiE 2 JE U, EFRRE K Z #5392 #E(Control £, n=5) & ~ LV U &2 59 51
(BBR #f, n=5)D 2 BEIZ YT T, 7 v b~ EFEL, Y U T TRAFE G 21T,
— H—[a], 8 M FHE L7, B EREEIX 2 X v g LT URE 23+3°CL IR E 50-60%
DT THE L, £, FEHIEER & KEKE BBHERS 2, KRERICLED
BRI, B EEEAEST L, FEE LT,

(3) {AHE & M ERIE
(RE & MEORIE L, EBRBIAGRTO 6 i)~ 5 14 M £ T 2 BWFEIZ 1 B9k L7,
1 EE tail-cuff VAIZ X 0 B 8 ER7ERERE 2 HVCTRIE L7z,

(4) IR - Bifnds K OVgasi

EBRBIEH S 8 WH DK ICH T 24 BEDOREA X RY v 7 r— (F s
V) WX VERL, 1 HOHBITEI®R, 16 GRS, A Y 70T 10T K DI
T CHEREIRE O PRI U, =00 2170, 5572 iig, mEEEHIHIE £ T-80C
TIHHRAE LT,

F 7z, PNIBE VR M OV B2 2 i Bl s 2o i ) U AR R U 7o, BRI L 72 BN
DO—#IEA N~V > CHEE L HE(Hematoxylin-Eosin) e 8. %17 - 7=,



(5) AR - FARD L OHRORE
EERPAIAH 8 M H ORRICHE VT, AXRY v r—UTT v k% 24 BERISE L
AR, HOkTRES KO R & E L,

(6) MEEtEMT
KEEROT — 1%, VEE AR THEE L2, BB OREIL student's t-test
WX, BEERELIT T, BB SN RO EZAR THDL EHE LT,



[SBRRAR]

(1) ~_Y 2L S SHR ORE, 1024k

8 HIZB T HEHEIL, ~LXU »(BBR) 12.12+0.68 g, Control #f 12.11+2.53 g
EHARBERETIRO LN o7, £, HHEEEE CTH 5 Aspartate amino
transferase (AST)# X OY Alanine amino transaminase (ALT)iZ# %4 BBR #f
89.2+8.1 IU/L, 45.8+2.2 IU/L T& ¥ Control #£ Tl 94.0£10.1 IU/L, 42.8+1.9 IU/L
THRBREATRD Lo 7,

REIL Fig. 3 TRT LI, "V U85 4 H XY Control FEIZEL~ (KM
IR E 720 | 8 BICITA EITEVME(P=0.058) 2/~ L7z, 8 ML FHE T
[F DR EEHE N2 3 T BBR #$(164.72+8.46 g) Tl&, Control Bt (179.94+7.47 g
&bl U CH RIS LT 2(p<0.05), F7- Table 11273 X 5 ICMETIX, AE
RAITR bR T,

LAY 2 (150mg/kg) G- 4 HH X0 REOK FEAABIE I, 8EHICKITS
REHENEICOWVWTHRENRD L), S ICKIRESOERELOBIENNLE
LI,



(a) (b)

400 190 -
. p=0.058 185 -
350
/;/’ % 180
300 - " &
2 /‘ g 175
2 950 - J ® 170 p<0.05
5 / 2
g %00 5 165
ju] n § faa]
"t 160
' ==t==BBR
150 -
0 Control 155
100 ‘ . . : ‘ 150 - ;
6 8 10 12 14Wks BBR Control

Figure 3. The body weight in BBR (a), and the body weight gain during the
experiment (b). BBR: Berberine-treated SHR. Each bar and dot represents the

mean + SD, n=5.

Table 1. The development of blood pressure (mmHg) in berberine treated SHR
Age (weeks) 6 8 10 12 14
BBR (n=5) 178+11  199+16  209+12 206+9  216+12

Control (n=5) 179+10 194+12 210+13 209+5 219+8

BBR: Berberine treated SHR. Each value represents the mean + SD



(2) LAY N2 XD SHR O WIS~ B

B L 7= NEBAB AR L, B S8 50 E PEAB NI (Ep) | 12 BENEAE ) (Ret) . B IR I (Mes)
Thod,

P lIE G A% B #1238 T Ret 1%, Control #£(4.46+0.54 g)lZxf L C BBR #f
(8.57+0.59 WA EIIIA L TE Y, Mes b [FIFEIZ Control #£(2.19+0.22 )2k} LT
BBR #£(1.80+0.28 g) 23 A B2 L T = (p<0.05), 7= Epi IZB W THE UL
11 & - 7= (Fig. 4a),

ENENDOENHREZ HE Y0 THEZE Lo/ R, Epi. Mes (23T BBR #D/fF
WikAA%IX. Control #f & i35 & BRSNS < 72> Tz, Ret THFEIEEZ:
1z & - 7= (Fig. 4b),

F 72 SHR 1B W TIRERIEE OFIE LT WK, D, BIREZZHE Lz, K,
DI TIEENRD bR o 7o hy BT, XY U EICR Y HERRED L Tn
7= (Table 2),
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Figure 4. Effect of berberine on epididymal, retroperitoneal and mesenteric
adipose tissues in berberine treated SHR. BBR: Berberine-treated SHR (a).
Representative hematoxylin and eosin staining of epididymal, retroperitoneal and
mesenteric adipose tissue histology after 8 weeks of BBR administration.
Original magnification, x40. (b) Significant values were calculated between BBR

and control. Epi.: Epididymal adipose tissue, Ret.:Retroperitoneal adipose tissue,

Mes.: mesenteric adipose tissue.

Table 2. Organ weight in berberine treated SHR

Brain(g) Heart(g) Kidneys(g)
BBR (n=5) 1.90+0.05 1.31+0.09 9.43+0.13*
Control (n=5) 1.93+0.03 1.39+0.02 2.57+0.13

BBR: Berberine treated SHR, *p<0.05 from Control. Each value represents

the mean + SD




ALY EEHAZ X0 ARERINA I S dv, PBRIERG C & D AN IR A
WO 580 BTz, AFFRICI T DIREORA L, BRI & ik LT
boiholoZ &0, FBEERIZEICBNTHLERRD -T2 b b, BROEKTR
PRI FIC X 2 _Y CORIERICE 2 b DO TE AWz LR S iz, £/,
SR Y AZE, EBERARGH L Z EnD, IBOEERES NN S D Z 2k,
B NEE. 2 N E R EDOREFORINOIET ARG SN2, BEOESAICE
WTKHRBE L I L TED LR o722 o0, ERICBWTHENRD -T2 &b,
NAARY B XD RERIIHNL, REOWIE TIZL 5 b DO TN EHER S
N5,

AREBRIZEBNTL, ~LR_Y UEEIZL Y SHR OREORD BRBO LT, 7
> MZBT 2R UG L DERERBD OREIISHES D —B L Ty, &iE
G T v b TIIERERDBRBO LN TWNWLN 118 ARV AT R Ry L@
PEDRI 7 » b TIEAERED DB D 5TV 19, F72 SHR IZEIL TV 23~
NRY A K DEIME, PR SEERSSICOWTIREREN H DA% 13 20 (KE~D R
HORRMAMARIZBE L CoMEIL A,

ABFFEIZEBWTSHR 2 AW T~ULY 2 (150mg/kg) D SRR D&% 512 XL v (K&
BNl S vz, WIBIENG C & 2 BISEFUR BHIENG . MRS WBRIEAE I O T
ZREREHERG . IBRIIERER 23 L 0 K& WD A2or U, Z ARSI IS /E A O K o
—OThHDEBERALND, 272, REMHIERIZAERIE L TWZRWA B TIRI A~
REbLHEREIND,
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%28 SHRIZET 5 -IL_Y ARG X 2 B RELER) R

[ 82 051E]
(1) #RkhEB L OFEREWY

RELOMERSCEREWIZ, F1E, F1H LA LOZHAN,
FERBHAA A 205 8 B ORF I WT 24 B DR Z A X R Y w7 ir— (F 7 )
WCEVEIRL, RPTATIVBLOMY o7& E LT, 1 HOHB{TENME,
16 FffifaE S, 4 Y 7T A X DB T CHREIRE O il L, =002 1T
AN R = i

(2) BIEA b L 2 DR
@ 1. d-ROM(The Diacron reactive oxygen metabolite test) Dl E
HEIZIE, 7V —T U hfigfrigE (Diacron SPF, Grosseto, Italy) 2 v 7=,
@ JRH 8-OHdAG(8-hydroxy-2-deoxyguanosine) D&
HIEIZIX, New 8-OHAG Check(H #F A L) & U=,
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[SBit A

(1) Y 5 SHR OB HERE S 20 3=

ALY U G% 8 AR HIZ 24 REH DR A2 A ZARY v 7 r—IZTERIL T2, R
LW b AREITRD bR o, EFIETH L WKY 7 v b TlE 24 FFiH
JRETIVT 2 v OHEIEEIL 227.7£14.6 pg/day THH A, ~L_ Y %5 SHR O
BBR #(437.4+£87.6 pg/day)id. Control #(713.5+136.3 pg/day) & ki L Tl LT
BO.RFTNAT I PRI IS S (p<0.01), JRF X 87 EH K T EINIC
& - 7= (Fig. 5),

(a) (b)

900 - .40

800 - T % 820
2 700 - 3 T
= 2 8.00
% 600 - =
=4 o
5 <0.01 2 780
2 500 - P 5 /
5 400 | 2 760
= g
E 300 - =
2 = 740
> 200 - =
£ 100 £ T

0 : . 7.00 :
BBR Confrol BBR Control

Figure 5. Twenty-four hour urinary albumin (a) and protein (b) excretion in BBR.
BBR: Berberine-treated SHR. *p<0.01 from Control. Each bar represents the

mean + SD, with n=5.
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(2) Y N2 LD SHR OF#EA R L A~
B b A b L AOFHIEIZIZ, d-ROM % V7=, d-ROM IFAEEANDOIEHEEEL 7 U

— I VANEVAECTLFTORIEA NV ADY—A—Thdt Fr A F s i
JE & 2SS TRIL, EERNOE{EA NV AEOREZREIZHET 525D TH
%, HALIZ Carratelli units (U.CARR) & L TR I 5, #EE% Fig. 6a -7,
N Y G TEMERFERORMEMITH 2 DA E R ITER O bhinoTz,

8-hydroxy-2’-deoxyguanosine(8-OHdG) (% DNA &k T 2 EDO—>T 4% 7/
T8 Rux i b ENTEEE RO DNABLEE ~— 1 —Th 5 2V,
TAXTT ) ATEMEBRRIC L DB EZ T T WD, Bk bIA< VSR
TWHBIA LAY =T —D—>2Tdh Y, BT LT IR 2 > THRARRL A
MAZFMTE S, £72. SHR OHRTH S SHRSP DR 8-OHAG 735 < E1b
ANV ADOTUERHE SN TS 72 2 ARERTH 24 KR Z VT 8-OHdG &
ZRIE Uiz, fERIE, R U I L0 EMENTTH o 7203, BRI TR
S o 7= (Fig. 6b),

(a) ()

325 1 UCARR 400 - ng/day
320 - 360 -
315 -
320 -
310 -
305 - =0
300 240
295 T ' 200
BBR Control BBR Control

Figure 6. Effect of reactive oxygen species prodution in blood(a) and urine(b).

BBR:berberine treated SHR. Each bar represents the mean + SD, with n= 5.
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SHR 3/ & & HICBRELZBIET S Z EAMEINTND, KERTIE, ~L
NY UEGICRVEREREDHRIETHORT T LT I PR ER D L Tne, Z o
RED . AU 2T BEFEOEREMNNH D LRE I,

%72, SHR OFEFIT(LA F LV AREG L THWLHRENRDH D, KERTEI, ~
NRY CEEIZ LY M OREA b L AR TEAICH 5 b DD, JRYPEE{EA b
VZERIRIIIAEREN AN T, AERECILZbDLEX BN D,
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[ 1% HREHELE

SHR (3Nl & & HITBREEEZFAE L, 2015 2 Guo & 29 [, ~L_ Y 5|
FOTUoXAT o I PMETT 52 EICKABEEER & & &I FEE ORUEH
ERELTHEY ., TOBREOBEMIERZEEFEAR—2DORRE LTV, Fix D
f R TIE, MEDIR T 72 LIRS OBEAEMA 2RO b vz, MER TERRRD L
NIRNT iR DR & LT, SR B 5Tl E BRI S LDEEOHEMA
BOLNRDST I ENOL LR TE DD, ORI, MELSNORK 7235 LT
WA REEMEZ R LTV D,

SHR OB FEEICEILA L AR LT DA 2420 25 1) | KRFERTHEEA
N L RZOWTRR LTz, R G Cidid, JRAEEREA b L AR OK S
MxHDbL0OD, FEZETRO bRRhoTz, L L, BRFEEBEEICB O THA
NRY ARBIZ LY (BBEA U ZABMET L BEREEOUGEN R IVR ST D 2628),
AREBRTIZ, ~ARY VEREIZE > TE{EA R L ZAOBBITA bR - 723, &
JER X OBERFIC L D BFEEIX, AR VR GICE VLA P L AZKT S, &
HRELEN RN B D LR STz,

T, RN ERG-0 SHR IZBWT, WA IR IEMERERRE O,
TTARRT FrOERT, SLICEBBENLET 2 EORENRH S 29, 22T, A
ZEICBN T, BREFEEINAIH S0 & 72 o 7o UL Y 5 K D NS ViR~
BARE LTz, REBROMELTIL, Y R0 RE EH 2 IH S h, Wi
&G C & 2 % BN IO R IR G W 235860 & Az, ARBFFEICE 1T 2 IRE A 1,
BREOBERTFERIKTICL 2R CORWERIZEZ2 DTN 2R L
TWo,
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~ 7 A 3T3-L1 MDA LBRRIC BT B _NARY v D E

51 EIZBWTLRY AT BV Z D S D1EAR B2 2 L SR ST,
ZOREREZ T T, RO E T LV Th 5~ v ARTERIEME 3T3-L1 2 v
T30 ALY AT KD RN~ F8R 2 Et L T,

3T3-L1 ik, IBMX, DEX 725 NCA A U v &RA LI b EA 2 /EH &
52 & TR I AR BRI b2 Z L3 mb T\ 5 3132,

3T3-L1 a4 bIX TSR I o HEsE A, misRAE A Aa 25 e G M~ & o1k
T o, NENGHIRRIZIENI 2SS L CRAT 2N 672 5, bz il 3 2 EE R
#:5. K 1Z, CCAAT-enhancer-binding proteins (C/EBP)~” 7 X U — & peroxisome
proliferator-activated receptor (PPAR) 7 7 S U —TH D Z EBHL N L7z 5T D
33,30 LA O —EPERIAR ISR 3Bl 5 C/EBP B, C/EBP & 1%, AW

LCIEM R L, bR EBL$ 5 PPARy X° C/EBPa ORBLZFHET 5 3630, =
» 9 b, PPARy 1, IEViME D5 GICBHDER SR T ToH Y | [F L < C/EBPea I3,
NGRS A > A U RN D EAFIC LA DR GR T T 5 3738, b _-DODHx
BRAE BMROSMEICB T 5~ A F — X a L—F — LB TN TEY,
ARIFETRIC B0 D RRNER & PkE% SR fatty acid synthase (FAS)<CAR 4 S AT IZ FEE
9% fatty acid binding protein (aP2)72 E ORI AL L. fEMROERIbE 725
T ERMOLN TS (Fig. 7)3%40, 6 OEEER FIZONTLRY AT X D%
bz ket Lz,

72, SAARY COREWI A IFIER 26152 T 2 BITT 7 4 WO A v LT D
VUAFrBLOVTF O mRNA BIHEIZG X DB OV TR LTz, 561,
NG TUXER LA B L A3 TTHE L 40 IGIa & SIEMRREME S EA SN D Z L
5. ALY PG K DTEVERERTE~ DB SN T H Rt LT,
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c-myd|

I

fat droplet formation
c-fos

adipocyte-specific gene expression
aP2

LPL cjun
— C/EBPS FAS
Day -2 Day 0 Day 2 Day3 Day 7
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Figure 7. Progression of 3T3-L1 preadipocyte differentiation. The major identified
events of preadipocyte differentiation are presented chronologically. Areas labeled
by gene names represent periods of gene expression during the differentiation
program. The distinct stages of differentiation (very early, early, intermediate and
late) are also provided. LPL, lipoprotein lipase; C/EBP, CCAAT/enhancer binding
protein, PPAR, peroxisome proliferatoractivated receptor; MIX,

methylisobutylxanthine; DEX, dexamethasone.
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[ SEBAT k]
<fifi A M fw >
~ 7 A WA AT 3T3-L1

<A YLRY DL >

~ L~ (Berberine chloride form, SIGMA-ALDRICH, Japan, )iZ. DMSO(fn
FEAEFENC BTC ORI T 40 S31afF LTz, MEERRIETT 4L b L—2 3 V21T,
-20C TPRAFE L7z, Kumar O 2D X 0 Ml mEOFRD LR WRETH D 5,
10 & T 20 uM THEA L 7=,

<A >

- FBS(Fetal Bovine Serum): FBS (Hyclone) % 56°C T 30 45 D IEEMLALEE 21T - 7=,

- FUAWE : Penisillin-Streptomysin Mided Solution, Stabilized(F % Z A 7 2 7)
ZEH LTz,

- PBS(Phosphate-Buffered Saline):NaCl 8.0g. NasHPO,-12H:20 2.9g. KCI 0.2g.
KH2PO4 0.2g/L CIERL L, INEIRFEZIZAEH L7z,

« Trypsin : 0.25% Trypsin/1mM-EDTA Solution (74 7 A4 7 2 7)) & L=,

- MR E R H : Dulbecco's Modifed Eagle's Medium (DMEM) Low-Glucose(F 7
FATAY) ZEM L,

- LB EEEH : Dulbecco's Modifed Eagle's Medium (DMEM) 4.5g/L
High-Glucose( 5 7 A 7 A7) 12 10%FBS $ £ U 100 U/mL Penisillin, 100 pg/mL
Streptomysin % 1z 7= 551712 1mM Dexamethasone:DEX (Fnyt#fizk), 100mM
Isobutylmethylxanthine:IBMX (Fnytffi#), 10 pg/uL insulin (Fne#lis) 2 0 L 7=,

- RIPA Buffer : 7 74 7 A 740D EMFH LT,
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(85 7E]
(1) 3T3-L1 AHfa o> i 5548 0 Fi ik
Fig. 8a (27”9 XL ) (ZaiBRARR AR 8T3-L1 i, Dulbecco's Modifed Eagle's
Medium (DMEM) Low-Glucose D353 112 10%FBS, 100 U/mL Penisillin &
100pg/mL Streptomysin Z A1 L, 37C., 5% CO2 5/ F THi# L7,

(2) REWRTERHIAE D> S AE AR~ D53 bFHE

ASRAG DM E 3T3-L1 % 6 well plate |[Z#6fE L7z, NENMIa~DO3bEFEIL, Mg
23 confluent (272> 7= 2 H#IZ 10%FBS/DMEM(High-Glucose)(Z 500 pM IBMX, 1
uM DEX, 5pg/mL A > A U > & N2 72 S0 LEFERE I R 21T\ #5328 L 72 (Day 0),
ZD 3 B¥%., 5ug/mL A > AU &Mz T- 10%FBS/DMEM(High-Glucose) (Z 5.
10, 20 pM OSAARY &2 ZRENERIN L7Z(Day 3), S HIZZD 2 HE,
10%FBS/DMEM (High-Glucose)!Z EFICFe#E L 72 iBE D~ LY &L, 2 H
W53 217 - 7=(Dayb), & Dtk Dayb & [RARDR /Yy OEFEIRIZARH LT 3 HiiE%
1T - 7=(Day 8),

(3) Oil Red-O ¥e(aiEz X 2 HIRa N ARG O Yeta

150mg Oil Red(SIGMA) % 60%-1 7' 1 /% ) — VIZVEfE L T2, 60%I272 5 & 51Tk
FUKCHIN L, Aifd L7z, Day8 @4k L7=igifilE 2 PBS(-) ¢ DMEM {53 <
D E TN LI, 10% A0~ U > C 10 /3EE Lz, PBS T2 RIFEE#%. 60%1
VTanR ) =V L yER L, A Y TR ) = EETDH, £ D% 0il Red-O %4k
Nz CHEMIR O Yeta % 10-30 53T\, 60%-1 > 7 /%) —)LC 1 [myE, PBS T2
[EYES 4. BRI CRBEDO LI A1T > 72,

(4) MpANO TG(R Y 7 U & U R)EOHIE

Day8 @734k L 7= iR AR 2 37°C T TV 7= PBS T 2 [H[{Ei41% . 500ul @ RIPA
Buffer THIUR U7z, B U 72 MR I T4 SIS TR L Do BEA ATV, BTE 2 [EIY
L7, & EEEZHOWTHIRRNO TG 2 NV 7V &7 4 K E-7 A2 MU a—FDEiiss) z
FAWTHIE L=, &R U EEXV# 2 /37 &% Biorad Protein assay Kit (Bio-rad
Laboratories) & W THRIE L, #iEA1T 72,
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(5) REMIMIRE D53 IZ B 57 2 B AR 1 I BL & DT

/3{b35E4% Day8 o 3T3-L1 fil7 5 QIAGEN RNeasy Mini Kit %/ L C total
RNA Z4hH L7z, 2 ug @ total RNA % H\ T High Capacity cDNA Reverse
Transcription Kit (2T ¢cDNA Z &k LikEl & L7z, #El% Polymerase chain
reaction (PCR) (Z TR 24T - 7=, B R R 77 4 ~—13.C/EBPB .C/EBP « .,
PPARy . aP2, FAS ZH\\/=, PCR EMIL, 0.5 ug/ml =F v A7 m~A K&
AT 15% 7T W — A7 TELKVKEI L, UVIZ TR Lz, Th OB a1
lE, Sion-image |2 TEfE(L L, 57265 K13 GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) THiIE L7,

(6) RT-PCRIC L DT 7 1 WA A > OBAB T FEBL R DOFFEHT

ERR@D I E L FERRIC, 43 bk E#% Day8 @ 3T3-L1 #lfas5 QIAGEN RNeasy
Mini Kit Z T total RNA Z#iH L. 2 ug @ total RNA % f\»C High Capacity
cDNA Reverse Transcription Kit (2T cDNA 21k L7z, 7T 4RI A L ThHDH L
CAFUBROVTFrOT T A ~v—% T, PCRICTHIEZIT 72, PCR Y
X, 0.5 pg/ml =F YU AT~ A REMZTZ 1.5%T H e —RA 7 W CERKE L,
UVIZ TR LTz, ERZENOERF-FELEIL, Sion-image (2 THEL L, S72fER
< GAPDH THiiE L7z,

L 7*F 1%, Forward primer: AGAAGATCCCAGGGAGGAAA. Reverse
primer : TCATTGGCTATCTGCAGCAC, L ¥ A F %, TCATTTCCCCTCC TTTTCCT,
GGCTGCTGTCCAGTCTATCC T& v . GAPDH I% Table 3 127”77,

(7) BB A b L 2 DR
@ NBT 3% V7= 15V 36 R 0O FTAfh

TG VERR RO REM 21X Nitro Blue Tetrazolium (NBT) #:% v 7= SOD assay
Kit-WST(Dojindo, Tokyo, Japan)!Z T SOD D&Ml 2 & L7-, NBT 1%, I&MEE3E
FRICL > TRIILSINDZE THOAZET 572, Day8 O3k L 7= EHiHIAIC NBT
ZINZ CTROGH ., B U 7= flAE 2 835 0 T L. 50%MEFRIAIR I IRl S8, 20
WOCEEZRIEST D Z & THLA N L ZADFH &7 > 7=,
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@ BRALA L A= —H—IZ K DEIEA N L 2 OFH

FREE@ D ITE L R 53k LT= Day8 O IEAMIIE 2> & total RNA Z i L. cDNA
ZAER L2, 55472 ¢cDNA L0 | kA N L A~v—5—Th % GPx(Glutathione
peroxidase) D 77 A ~—% T PCR |2 CHElE L 7=, PCR EMIX. 0.5 ug/ml =5
LT uvwA REMATlz 1.6%7 Ha—A 7 M CERKE L, UVICTHRH LT,
GPx DFBLEIZB VT, Sion-image (2 TEiEfk L. H7-5E %< GAPDH THiE L
7z. ¥£7z. GPx OIEMEORIEICIX, 43bikE% Day8 Offiffaz EUL L, B &I Tl
L, mOSBEZITV, EEZRI L, 572 E3E %2 HVv T GPx assay kit (Northwest
Life Science Specialties)|Z CHIE L7z, LTy R 7 ETT-o7-,

GPx (£, Forward primer: GGGCAAGGTGCTGCTCATTG, Reverse

Primer: AGAGCGGGTGAGCCTTCTCA T& Y, GAPDH /% Table 3 (27”7,
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(1) ~IL_Y AT K 2 HEIG ARG Sy b~ D 5%

ATEEAE WM 20> B BCIE DA~ D AL FE B AR IR W TULR Y 2RI L -
MEMRBREIE, ~L_ Y o O PR FEARAF R AR 23 80 S 117-(Fig. 8a), b~ U R
NIZ X0 R EARAFRNC Qe ST ENRE 1 AD 72 < 72 0 L MIIEN O TG IZB W TH UL
NY COREIHE S THEITET LT 7z(Fig. 8b),
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Berberine 5 uM Berberine 10 uM Berberine 20 uM
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0.02
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+ Berberine

Figure 8. Berberine inhibited 3T3-L1 preadipocyte differentiation into adipocytes
and suppressed intercellular triglyceride accumulation. Berberine treatment
inhibited adipocyte differentiation markedly. When compared with mature
adipocytes, droplets observed in the cells were markedly fewer and smaller after
berberine treatment (a). Triglyceride content was measured by an ultraviolet
spectrophotometric method (b). Each bar represents the mean + SD, with n= 3. *P
<0.05, **P <0.01, ***P <0.001 vs. adipocyte group, using one-way ANOVA,
followed by the post-hoc test.
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(2) RENMIMIRRSEICBE T 2 BR F-HBL~ DR

Day8 T[HIX L7z 3T3-L1 Il 2 R IZAE M e o o3t~ — J —CHEN RS
B4 %5 C/IEBPa. C/EBPB. PPARy. aP2, FAS 2% L T 5-20 pM ~/LXY >
DRBEEREFT LT, ~AXU 2RI LUZIEN M T, C/EBPa. C/EBPB .
PPARy . aP2, FAS OZNEN OB FRIEN LY AREERFIICHED LT
7= (Fig. 9),
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Table 3. The primers for PCR
Primers Forward primer Reverse primer

C/IEBPa ATCCCAGAGGGACTGGAGTT AAGTCTTAGCCGGAGGAAGC
C/EBPB GTTTCGGGACTTGATGCAAT ATGCTCGAAACGGAAAAGG

PPARy TTCAGAAGTGCCTGGCTGTG TCTTTCCTGTCAAGATCGCC
aP2 AAATCACCGCAGACGACAG AAATTTCCATCCAGGCCTCT
FAS CAGTATAAGCCCAAGGCC  TAGCCCTCCCGTACACTCAC

GAPDH GAGGACCAGGTTGTCTCCTG TGTGAGGGAGATGCTCAGTG

1-2: Preadipocyte 3-5: Adipocyte

C/EBPa ’ ’ .
6-8: Berberine 5 yM  9-11: Berberine 10 pM  12-14: Berberine 20 pM
3 b C
C/EBPB i L6
@ g 1.4
PPARY = = 12
21.0
% 0.8
= 0.6
aP2 N o4 |
= ©02 =
— = ’ D 0.0 =
Preadipocyte Adipocyte  5pM 10uM 20puM Preadipocyte Adipocyte 5uM 10puM 20uM
+Berberine +Berberine

Ml 2 3 45 6 7 8 910111213 14

d

1.6
o 14
<12
2 10
2
508
= 0.6
o4
étc 0.4
0.2
0.0

I

Preadipocyte Adipocyte S5pM 10pM 20pM Preadipocyte Adipocyte ~ 5uM 10uM 20puM Preadipocyte Adipocyte ~ 5uM 10uM 20uM

+Berberine +Berberine +Berberine

Figure 9. The effect of berberine on gene expression of transcription factors and
PPAR target genes during 3T3-L1 cell differentiation. Transcription factors
including C/EBPB(b), C/EBPa(c), and PPARy(d) , and PPAR target genes, such as
adipocyte-specific aP2(e) and FAS(f) mRNA gene expression, were tested by the
RT-PCR method using GAPDH as an internal control. Each bar represents the
mean = SEM, with n= 3. *P <0.05, **P <0.01, ***P <0.001 vs. adipocyte group.
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Q) 7F 4RI A > DIBIBT D 5T
3T3-L1 JENFHIIICBNWT T T ARIA L THAL I AF U BIRLTFF o OIH
X, & BITLRY RERAFIIIE T L7=(Fig. 10),

(a) (b)
2.4 4
2.5
g’ -
: 2 7
% 1.6 - %
@] 1.5
< o
=z 1.2 =
% il E 1
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o SuM 1 O0pM 2 OpM o Suhl 1 OupM 2 OuM
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Figure 10. Effect of Berberine on the expressions of resistin(a) and leptin(b) in
3T3-L1 adipocytes. Each bar represents the mean + SD, with n= 3. **P<0.01 vs.
adipocyte group, using one-way ANOVA, followed by the post-hoc test.
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(3) ML A b L 2 DFTA
ALY RIS X0 TEERR SRR R AR AFIICAR T L= (Fig. 11), £72. #it
fe (b5 T o 5 glutathione peroxidase (GPx)® mRNA FELE L OVEMHEIZAEIC L

U 7-(Fig. 12),
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Figure 11. Reactive oxygen species production was detected by NBT assay. Each
bar represents the mean + SD, with n= 3. * P<0.05, **P<0.01, vs. adipocyte group,

using one-way ANOVA, followed by the post-hoc test.
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Figure 12. Effect of berberine on GPx in 3T3-L1 adipocytes. (a) GPx gene
expressions were measured by RT-PCR using GAPDH as an internal control. Each
bar represents the mean + SEM, n=3. (b) GPx activity. Each bar represents the
mean + SD, n= 4-5. * P<0.05 vs. adipocyte group, using one-way ANOVA followed
by the post-hoc test.
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ALY AREE 5uM K Y BB O TG OIR T8RO bivle, £/o, ~AY
CINEWGE O ER L OV PPAR y OFBLA ) S IENa~D /b 2 I L7z &
WO HE S H D 42, AR TIE, XY IEMlRO b~ — I —ThH D
C/EBPa. C/EBPB. PPARy ¥ L OMEN MR R HRELT 28I Th 5 aP2,
FAS ORBZIHT 5 Z LI12 X0 | IR~ Mfld 2 2 & 2RI 7z,

NNV RY N L DIEEBREFEOMHIER RO b, #F & L THtiEETh 5
GPx DEENNZ LB Z R ENTz, £12. TT A BRI A L THDH LU AF U BIW
L7 F O mRNA BBE LT LTEY .~ ORI 72 A5 5L
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