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Adipocyte Differentiation Inhibitor Isolated
from the Barks of Phellodendron amurense

Kyung Hee Kim, Soon Cheol Ahn, Myung Sun Lee, Oh Song Kweon,
Won Keun Oh, Min Soo Kim, Cheon Bae Sohn' and Jong Seog Ahn*
Korea Research Institute of Bioscience and Biotechnology (KRIBB)
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For the development of the anti-obesity natural drug, the inhibitor of adipocyte differentiation was screened from
Korean traditional medicinal plants. Phellodendri Cortex was selected as a candidate of adipocyte differentiation
inhibitor. An inhibitory compound PC-4 was purified from the methanol (MeOH) extract of Phellodendri Cortex
using silica gel and ODS RP-18 column chromatography and HPLC. PC-4 was obtained as yellow powder; UV
Apox (MeOH): 230, 260, 340 and 430 nm. The chemical structure of PC-4 was determined as an isoquionoline
alkaloid, berberine, on the basis of various NMR experiments including 'H- and “C-NMR. The PC-4 inhibited
the differentiation of preadipocyte NIH-3T3 L.1 cells at a concentration of 1 pg/mL.
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(Phellodendri Cortex)>- 2 el ANFFE)NA T3
o SdEE 27 2 EY AFEE silica gel(Kiesegel 60,
particle size: 0.040~0.063 nm)= MerckAH(Darmstadt, Ger-
many) %8, ODS RP-18(ODS-A, 1204, S-150 um)<
YMC-GEL*KTokyo, Japan)ZH-E TYUHAIL, TLC o-8¥
precoated silica gel plates 60F,(0.25mm and 0.5mm in
thickness)®} ODS RP-18 F,,((25DC-Platten  5X10 cm)=
MerckAH(Darmstadt, Germany)Z%H TYstict. z+ 2w
Al o] gH Gr]8u= t—v\}okiloi(_f_)o] AEE AES
o] 43}, HPLC vl Burdick & Jackson(Muskegon,
USAWES AH&-5190t). NMRE DMSO: Norel*HLandis-
ville, USA)ZHE] £¢i3tsdr) Akt ASA S (fatty acid
synthase, FAS)&/d¢] F4o| AME-3 acetyl-CoA, malonyl-
CoA, NADPHE Sigma(St. Louis, USA)9|A], pancreatic
lipase assay®ll AF&3t tributyrin® Fluka(St. Gallen, Switzer-
land)°ll 4] gum arabice SigmaclA FLEATE A TafoFel
ALEE AlYF F Dulbecco’s modified Eagle’s medium
(DMEM), Oil red O, dexamethasone(DEXA), insulin, 3-
isobutyl- 1-methylxanthine(IBMX), phosphate buffered saline
(PBS)2  SigmadllAl, fetal bovine serum(FBS)-S Hyclone
(Logan, USA)°A, trypsin, penicillin, streptomycin< Gibco
(Grand Island, USA)ollA 7<}3t3ict.

KUM= 23t xS =22 ¥ F=2Y

2 dge] AM-E HPLCE SCL-6A system controller,
SDP-6A UV  spectrophotometric  detector, LC-6A liquid
chromatograph= € 3} SPD-MIOA photo diode array
detector, CTO-10A column oven, LC-10AD liquid chro-
matograph(Shimadzu Scientific Co., Tokyo, Japan)Z -4 ¥
AL AMgslanh. ASER-S Halshr] 218 silica gel column
chromatography, ODS RP-18 column chromatography,
HPLC(YMC-Pack  ODS-H80, 250X10mmlD., S-4um,
Tokyo, Japan) 5 AHgste] B3, :rLi"Ir"é? < 9%
'H-#+ “C-NMR spectrum-> Varian unity-300, Varian unity-
500 NMR spectrometerS ©]&ste] 439l on, Al&2
°of AFEMS

#8ll Navigator mass spectrometer(Finnigan,
Manchester, UK)E AH8-3t El-mass® &7 8131

NIH-3T3 L1 MzZe| 2sif=E

Aol A% NIH-3T3 LIAME(preadipocyte)= ATCCOIA]

Y3ted DMEMO| 10% FBS, 50 U/mL penicillin, 50 pg/
mL streptomycin® 87| 37°C, 5% CO, AL wjek7]o) ok
319t} NIH-3T3 LI X & phosphate buffered saline(PBS)
fdog HolFE & 5><104 cellsymLS 12 well-flat plateo]]
njFslaTh 48417F & 10% FBS7F A7FE medium®l] 0.5
mM DEXA, 10 mg/mL insulin, 1 uM IBMXE 4847+ g
ST 1 % 6 B]F o)Ed A 10% FBS7) H7HE
medium®] 10 pg/mL insulin®} A|RE Z ) FIri39,

NIH-3T3 L1 M=o 25k =3
NIH-3T3 L1 Al*%2] 3l Jalengoz zasied A
el greAle] zhe xatdlel Aol A Zog 3

3l ME2 23 At Ol red OF FAstd 245}
9t} Oil red O stock solution(60% triethyl-phosphate 100
mL °] 500mg Oil red Oy = g F &< 12mL&
3l o37]e] 8mLe] TFTE FAvistd APl o]-&sl3
o A 8d & RatE AEE AFS] S 10%
formaldehyde(Conc. 37%)* 2] & 1A17F &<k IZGAIZTh
PBSE F ¥ A&ste 71x2A71 = 1ml Oil red O solu-
tiong *elste] 3A17F 3t FAEkch PBSE F W AlA
3lod AZAIZE 3 isopropanolg AE|SRal AlA & ZZQ 4
o8 o} microplate reader(Beckman, USA) 510 nmol|A]

=
S = = O: 15,16
FHEE S SGT,

sHEtaio] =X

[ B — O — .l

AAF AR A Tracy 579 Wil met 2kl
ok =% 2509 47 SD(Sprague-Dewley)# & 247+ #31
- AlolE 37 AAsk & 718 B

L ARE W S ekeskE
gate] B4 F buffer® AW polyethylene glycerol
(PEG) %oﬂ_,,]. %_/1\3%;'4 E_Q_ o],Q_O]_o:] ;(]HP/\]— /\gb‘l-/ﬂ aAr
g B2gaqr) 2388 dbEoF 3mM acetyl-CoA, 02M
DTT, 2.8 mM NADPH ¥ HAAEE Eig z%%— 75 mM&] ¥
AFolE g 1 mLel 50uLe] AR ATY &4 F
P2 F7e | A2oA 3087 % IﬁP =,
malonyl-CoAZ WH3-&of] ¥ 7}‘:‘371] igé = 5, 308

3 mM9] malonyl CoA([malonyl 2-
14c1 CoA):‘::':— Fg-gollo] o i 7HEA EES £ ¥ 308
7+ 9hSsle vk $18k] 0.5N NaOH 100
uLE ¥ § #E Rl B B =) A
IN HCl 48 =5 38 5 1.4mLe
A Yol A MEe) WA E(radioactivity) & =

ST,

OFO

Pancreatic lipase Xsii&ye| &8

10 mM CaCl,, 200 mM NaCle #3838l 5% gum arabic®
ol 100mL F 9mLE tributyrin 1 mLe} 410 §3 A2 &
2% AR 2 AAFUY. Smm FAS] FEdEiA| ] A
2 6mme 7HE B g2 =2 AE9} lipase(Sigma,
St. Louis, USA)E ¥ % 1A Wold & 308wt FE8H(clear

zone)?] AAAEE AEE A3

< | 2t
XUMZ 23t Mallgdeg 2= 4 (Phellodendri Cor-
tex)_°.l A-|7t-|

200552 Ak A& £ NIH-3T3 L1 A5 A EAEe] F
slol] W&k AajEAe =AKE A3}, 3 (Phellodendri Cortex)
9] methylene chloride F&EolA A xEsld] gk 7t
AN S B HF TR Aeke R HAAEAT vy
efo] AP EQ] NIH-3T3 L1 A)329 ]HW};&EQJ 2
sloll WX 3 methylene chlorideFE=2] FFS 24K}
71 98 12-well plate®] ZF wello] 5X10* ceus/mLA Aﬂﬁf——
Y 2d 5 widsled confluent stage ol Z€AIZI F, 0.5
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Control

Fig. 1. Effect of Phellodendri Cortex on adipocyte differentiation.

CH,Cl, extract of Phellodendri Cortex

NIH-3T3 L1 preadipocytes were cultured in DMEM supplemented with 10% fetal bovine serum and allowed to reach contluence and then
induced to differentiation by the exposure of IBMX, dexamethasone and insulin as described in Materials and Methods. Preadipocytes were
treated with no addition (control) or in the presence of 10 pg/mL CH,Cl, extract of phellodendri Cortex, and the accumulation of lipid

droplet were detected.

Dried tube of Phelodendri Cortex (2 Kg)

i
Methylene chloride extraction

!
Silica gel column chromatography

| eluted with ethylacetate/methanol(5/1,v/V)
ODS RP-18 column chromatography

| eluted with acetonitrile/water(4/6, 0.05% HsPQs)
Silica gel column chromatography

l eluted with methylene chloride/methanol/water
(6/3/1, lower phase)
HPLC

l YMC-Pack ODS H80 $250%10 mm, 1.5ml/min,
254nm eluted with acetonitrile/water(1/4, 0.05%TFA)
PC-4

Fig. 2. Isolation procedure of adipocyte differentiation
inhibitor from Phellodendri Cortex.

mM dexamethasone, 10 pg/mL insulin, 1uM 3-isobutyl-1-
methylxanthine® H &3t 2¢€7F wikst & AT 23}
Aol H7 glol Te H7t sl 647k wieFaisict. wl
FF W 2R Ao 98 JFL AT A% Fg |
oflA B=niel ol 10 ugmL FEoA thzetel] vlE) -9
3 A ALA L] BEE ofAlEkdch

o
10

HoZRE X|WM= Est Majlgze 22|
guio g HE A X Fo HsjEde | <13l

NS 7Y S miekEol] AR sl 33 FEEAL At EES
%, methylene chloride, &S o] &3to] Sujr2s A

3t sk AsE49S vehl= methylene chloride®& %
AFES F, silica gel column chromatography(Kiesegel 60,
particle size: 0.040~0.063 nm)E HAISIH 2 ethyl-acetate
:methanol(5 : 1, vv)2] Sz Ao =2 SAE2e 82319

RIS AdsE3 F, ODS RP-18 column chromatog-
raphy(ODS-A, 120A, S-150 um)S A1 40% aceto-

12

15.48

PC-4

12.96

1t

5.P9.888
19 .64

Fig. 3. HPLC chromatogram of PC-4 from Phellodendri
Cortex.

Column: YMC-Pack ODS-AM ¢ 250 X 10 mm, mobile phase:
25% CH,CN (0.05% TFA), flow rate: 1.5 mL/min, detector: UV
254 nm.

nitrile(0.05% H,PO)S] vzl g BAEES &8t o
A4&=217] & methylene chloride : methanol : H,O (6:3:1,

olgfZ)e] Sul=ACE silica gel column chromatography S
A skH T o]#st SRR dojF FHARIES Y
5%3}3. methanol®l] =< HPLC(YMC-Pack ODS-HS80, 250
X10mmLD., S-4 um)E WA 05 dAlste] Asfjeds &
28l thFig. 2). 2 23 Fig. 3914 Bi= nie} o] 1548
ool 5HE pC4E2 FE & ¢ ASdTh

oz 22|38t PC42| #XEEY

b A 23 AslEd pC49] =
& Table [oA] YERG Hke} 7ho] w=wha o)
o gy g weke, DMSO, Bollv F =gion; SRRy
&, dabolle As A edskrt vvkEg SR UV F
o 2 zAVE Aa 222, 265, 349, 429 nmel A 2o
UV &5 Bom Aoy dvte] xzolA AN 5+
o] W} PAEA ekt Ee BAHEE Sk 9%

El-mass spectrumoll ] 336.1914 molecular ion®. 2 o 745
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Table 1. Physico-chemical properties of PC-4

Characteristic Properties

Appearance Yellow powder

EI-MS (m/z) 336.1 ((M]")

UV AMeH my 222,265,349, 429

AN HCU (m)y 222,265, 349, 429
aM NGOH ) 208,222, 265, 349, 429

R;on TLC 0.7" (CH,CL/MeOH/H,0= 6/3/1, lower phase)
0.51" (CH,CL/MeOH= 5/1)
0.32 (80% CH,CN+0.05% H,PO,)

Soluble MeOH, DMSO, H,0O

Insoluble CHCI,, Hexane

USilica gel(Merck 5715), 0.25 mm thickness.
DRP-18(Merck 5685), 0.25 mm thickness.

Table 2. 'H- and “C-NMR assignment of PC-4

Carbon No. ‘H-NMR Chemical 13C—NI‘\/IR Chemical
shifts (ppm) shifts (ppm)
{ 779 (1H,s) 10542
ia 130.70
2 150.40
2a-O-CH,-O 6.17(2H, s) 102.09
3 149.83
4 TO8(AH, o) 108.43
4a 121.41
5 3.20 2H, t, J=6.3 Hz) 26.33
4.93 (2H, t, J=3.6 Hz) 55.18
8 9.88 (1H, s) 147.69
8a 143.66
9 149.83
9a-OCH, 407 (3H, s) 61.92
10 150.40
10a-OCH, 4.09 (3H, s) 57.04
11 8.20(1H,d, /=9.3 Hz) 126.77
12 8.00 (1H, d, /=9.3 Hz) 123.51
12a 13297
13 8.93 (14, s) 120.44
13a 137.51
 peak® RIS 4 ST,
PC4s) HAT2E $437) Yt @2 1A NMR

spectroscopy 71e-S ol €351t PC-4Z DMSO| =< 'H-
NMR  spectum(300 MH2)Z =43 23} 67§12 aromatic
methine(7~10 ppm), 27119] aromatic methylene(3.2,
2782] aromatic methoxyl groups(4.l ppm)= SQlEHA . PC-
Z4%t A3t 2719 methylene
carbon(26, 55ppm), 2701%) methoxy carbon(57, 62 ppm),
aromatic ringoX A E methine 2 49 H
150 ppm)©] B2l %th PC-42] NMR spectrum®] signal2-
A2 A= Table 29 29E0H o] Hipe o]u] B IH0
berberine?] NMR datast dA13l] EEl€ PC45

NMR  spectrum(50 MHz)<

o7 FAsATI(Fg. 4).

4.9 ppm),

signal(100~

berberine

Fig. 4. Chemical structure of PC-4.

PC-42| X|UMZ 2afof cHsH XsHeE
guiozHe HFHor Helst GA4EH PC49 niEst
) AT AP ES] NIH-3T3 L1 Ao AAjEze) &
stell tiet |WaES A A3, PC4 AEEE 1 ug/mLolA
AR AAlE 23 AedS JehlldokFig. 5). Lipid
droplet BRAREE 2337 9510, Oil red O A5k
xsopropanolfé LE2ANA FHEE S 43, pC4e Ux
ol wlal 10 pg/mLAiME 85% AL | pg/mLolA=
26% Jr-o] AFNGA-S HoJ(Table 3) PC-47} A YA X2 ¥
gol R u2 ALEE% lipid dropletd] 84L& Asists A&
2o Az 2E3ke Asishe A4S S1E 5 Usih
FASY] Wd PC-4¢] 9% o zre] B3 PC-49] H|
o Al 298 B4R A8EHE FAS) tiE A
e st AL =% 46‘}3 A oA A
Ao Kol BHEYZo| FE ikl W ZOE Hol
BasRon ZALE FAS 1 H%é o] % R R |
Moz ¢l 340 nmollA FFEE UEH £k goernz
Aeket FAS As|EAde st 1 13te] WAL 5AULE
23 FAS assayZ B35k} AN Table 4904 HE
uiol zho] sl FAESG HFSHH O R FAS Af2YE
243 A3 10ugmlolM s ofke] M@ S Kol o
3 AFHBRS FroEzon TS HEFY £ AU

o gl AL E9I9I4E o83 FAS ASBYE S
2

F
e _l

_0,.\2

BTN
o

L8 = 0=
s, AeiAol AHbAE A g A AR ezl cerulemn
o] FAalA AsTAHS veERd B, PN SRS B
st wol A9 A del w5 HARle] tEA
7o} ¥5Re #e = el FASY digh 7‘1695”4 o e A
o2 FolE Rk mEpa o)A £ TS PC4=
AHRAE AR Rk ARl Bste XW”‘} A
Aaao] vig Asigde JeEA e AoR glsdn
Pancreatic lipase E739] W3t PC-49] 93 oz
gt @A pC4rt Al Agshe o8 &
M E AL BoleR] 3‘;}015}7] e AYTiAre] oE
#4 & 239 lumendlH FFE FAALE At
monoacylglycerolE £5 sF=dlf 43504 3= pancreatic lipase®]]
et Gk WolR T 5% gum arabic® oI TBN(tribu-
tyrinyS 4lo] F3AA agar vlR|o) @i wjAd] PHEE E
& 3 AEE AHeskd lipased Aoz AAHE FHE
9] AAARE AFslT) Table SO)A Hivlel o] FF
Sak 223 A lipase GAAY oristaty At A2
H3kclear zone)®] AAEHA 22wk lipaseWt X213 A

Y



Control

et s =4 507

| pg/mL of PC-4

S ug/mL of PC-4

Fig. 5. Effect of PC-4 on adipocyte differentiation.

10 ug/mL of PC-4

NIH-3T3 L1 preadipocytes were cultured as described in Fig. 1. Differentiated cells cultured under various concentrations of PC-4 [no
addition (control), I pug/mL, 5 pg/ml and 10 pg/mL]. Cells were then harvested, and accumulation of lipid droplet were observed by an

inverted microscope.

Table 3. Effect of PC-4 on adipocyte differentiation analyzed
by Oil red O staining and extraction method

Table 4. Inhibitory activity of PC-4 against FAS

) Absorbance" *H DPM?
Treatment Absorbance (510 nm)" Percent (%)% Samples (340 nm) (mean £ S.D)
Control” 247 100.00 (-)Control” (no enzyme) 0 34+22
PC-4 (1 pg/mL) 1815 7348 (+)Control® (enzyme only) 0.421 1356+ 100
PC-4 (5 ug/mL) 0.665 26.92 Cerulenin® (15 pg/mL) 0.628 2042
PC-4 (10 pg/mL) 0.037 14.98 PC-4 (100 pg/mL) 2.097 2170 £1207
UNIH-3T3 L1 was stained with Oil red O for 3 hr and the dye was PC-4 (50 pg/mL) 2.047 1514 £ 148
extracted with isopropanol and its absorbance was determined at 510 PC-4 (10 ug/mlL) 1.252 1321£52
am. PC-4 (5 pg/mL) 0.818 1311 £19

DPercent (%): absorbance ratio to control.
¥Control: no addition of PC-4.

158 A3 FAgore 549
3t 432 53, PC-4t
O

gle Zox AFHU

2 BBY A3k o)
o

pancreatic lipaseo] thgh #|8]874-2

rl

a

1]

3PN (Phellodendron amurense)?] 532 HAW =717
o] Ffd Aoz R AEOZE berberine 2ol %
palmatine, jateorrhizine,

magnoflorine, norcoralydine,

menispermine, guanidine, condicine, obacunone, limonin &
©] ST Isoquionoline alkaloid2] protoberberine class®]
3Pl berberine AR FMU) 0.6-25% FHH-E] Qo
Joray, grlolwA, ey, wud A Aslad, @

"FAS activity was measured by spectrophotometrically monitoring
oxidation of NADPH at 340 nm as described in Materials and
Methods.

YFAS activity was measured by radioactivity of malonyl-
CoA([malonyl-2-14C]-CoA) as described in Materials and Methods.
YControls consisted of methanol vehicle without PC-4.

YCerulenin (an inhibitor of fatty acid synthesis) was used as a positive
control of FAS inhibitory activity.

. Qo] Fu,
A7F = Aoz LA, Berberine sulfate 25 mg/
kg® & miceol] E7HEAISAL 45 mykgl & Al FoiF)
2 o 5A40] gl Ao B HYoH.

il (Phellodendri Cortex) &2 FE 3t PCA4= X
thAafel] Folshe S8 §491 FAS®} pancreatic lipase®l]
St AsjEd e giglent viThe) Fagh 6l AAE 7

glol] thet AsjEe 1 ugmLe] v wrolME FEEA

A gazg, Ao

=

Hpo



508 =2 F3)3H8)R) A 35 WA 3 5 (2003)

Table 5. Inhibitory activity of PC-4 against pancreatic lipase

Samples Clear zone size (mm)?
Control" (no enzyme) 0
Control" (enzyme only) 2
Orlistat™ 0
PC-4 (10 mg/mL) 2

"Controls consisted of distilled water vehicle without PC-4.

“Hole size: 6 mm.

YOrlistat (an inhibitor of pancreatic lipase) was used as a positive
control.

ov] FHEYE AT 5 AATAET 4. A2 AR
4g Pyshe AP 2o 20 AP A4

e
513 A7t gl 1a=e]® CCAAT/enhancer binding
protein-c(C/EBPo), peroxisome proliferator activated recep-
tor-y(PPARy)/retinoid X receptor-oRXRat), adipocyte deter-
mination and differentiation factor-1{ADD1)2] A A}el =}
(transcription factor)’} A YA E R3lo| F232 o s}
= Aol & Utk k3 B3 34 F MR gE A7)
of Z}7] dso] AMAHIEZ Eo] 52 (leptin, leptin receptor,
pro-opiomelanocortin, pro-hormone convertase-1, melanocor-
tin-4 receptor genes )9 WA A WthAle] EA3E F

AYATLIE FEDCL 13150 gJrjero

£ AT 23 Pe4t AR Bolals Fao)
B As|Ee ol 9 AYAE B ANGAe 1
o PC47t A= Babol AR AR} AWAE S
o1F §ZUA, o AyzAel vrv] 1P dwd 5
22 5ol 2gste] AL 23 AANEHL Jehle 2

o= F4H0

Al = A A gtellA ARE-EE 200
of TFe A8 Ev FEAES tFow AUNEZ 23} A
HEF S HolE goEg AFsle gujFom BAo| o
== Aok Z 3 (Phellodendri Cortex)e HEZOZ IH
252 A3 o}i’it‘r. g weke2 53 F, silica gel
column chromatography, ODS RP-18 column chromatogra-
phy, HPLC & 33l A 23 Asgde 2=
3hgHe PC4E RE3ITE PC4= =Ale] Bagez o
S 82 UV HUFrAE AR A, 222, 265, 349,
429 nmell A Hhe] Uve] 28 Byow Jloy Ul
M H FX9] Wt #FEA @l El-mass
spectrumrs 5747 A3}, A1) 33613 o AE Ao
NMR, "C-NMR, DEPT, 'H-'H COSY, HMQC, HMBC
NMR spectrums 53ll, PC-4% isoquionoline alkaloide”] & ]
berberine® & FE AT} PC4= Ae) thalel) #AoJsie
037 3491 fatty acid synthase$} pancreatic lipaseo] thak
A B2 YehA] ko, AMAE B3 Al
1 pg/mLe] W FroMe #2EQdrt
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