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Nitric Oxide Production and Elastase Inhibitory Activities of Extract and
Its Fraction from Phellodendri Cortex

Ji Na Um', Jin Woo Min, Kwang Sik Joo and Hee Cheol Kang
Life Science Research Institute, GFC Co., Ltd., Yongin 17095, Korea.

ABSTRACT

Background: To date, the anti-wrinkle efficacy of phellodendri cortex has not been defined. In this study, we investigated the nitric
oxide (NO) production and elastase inhibitory activities of 80% methanol extract of Phellodendri cortex and its ethyl acetate frac-
tion.

Methods and Results: We prepared 80% methanol extract, and its fractions from phellodendri cortex. The treatment of RAW 264.7
cell with 25 ug/ml 80% methanol extract and ethyl acetate fraction resulted in no toxicity. We conducted assays of nitric oxide (NO)
production and elastase inhibition. In the NO production assay, the ethyl acetate fraction showed an inhibitory effect approximately
17 times stronger than the 80% methanol extract. In elastase inhibitory assay, the ethyl acetate fraction also showed a stronger effect
than the 80% methanol extract. In order to standardize the extract and fraction, we used TLC to separate the extract and observed the
plate under UV light. We confirmed that the known pharmacological ingredients berberine, and palmatine in the 80% methanol
extract and the ethyl acetate fraction.

Conclusions: These results indicated that phellodendri cortex extract and its ethyl acetate fraction produced strong inhibitory effect
on elastase and NO production.
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Moo A (Kwak, 20040 that As) &z} Slg up ek, o

2] %O F berberine, palmatine, jatrorrhizine, phellodendrine,

1 (Phellodendron amurense Ruprechtye <-3F7} (Rutaceae) menisperine, candicine, magnoflorine 5 12 &F<2] alkaloid

o &als UelgowEol S AR ¥yl SnE ot 2 el 9o hEAQ FAHEL berberine® 2 o]} 7+

okgo AlgalE A0A, S W AN MY F o FEARESY Rl 0 ATE ofe Al olFola v}
=, B HExsto] AAYEIL ST} (Lee, 1993). -2 "Jﬂ- A+ (Kim ef al., 2013a, b).

Aol Mo 2 AMSE Zo=m BuEd lor d=o] HdF Berberine ¥t olug} 3= (Coptis rhizoma) = TF

AobEA d%, A9, 9, A, A 0 WY g9E, @ eadel dn FHEAE (Kuo e al, 2004), FIA B

23} who] B0 ZG51A| ARREo] gt Tl o] ATt £ (Kong et al, 2008) 52 <Fe|&A3} &t2HE (Creasey,
o&) FR-2] I8 melanin AT A E4 (Lee et al., 1979; lkram, 1975), D934 cytokines®] 434 A3 (Chung
2007), AHHEE] €4 (Kim et al, 2003)°] RAEloH, et al., 2010), NF-B, Bcl-2 ¥ ICAM-12] &4 <A (Affuso
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et al., 2010), SAIXE A AA| (Tan et al, 2011) 5
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monoamine oxidase A3l (Lee er al, 1999b), hyperglycemic
A3l (Semwal et al, 2010) 5°] B¥ B} ok
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HollA] ARg-gt 3 (Phellodendron amurense Ruprecht)
= 7 FEolA AFE =HAE s 20159 597300
A ghdefzol Fufstaict. Fujgk el DNAE FE3t
o] ITS (internal transcribed spacer) o] i3] PCR ¥,
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Center for Biotechnology Information, P|=F="HA &7 HAIE)
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2. 9P H Aok

FZ& 92 E3F o] &vl methanol, ethyl acetate
(Daejung Chemicals and Metals Co., Ltd., Siheung, Korea)
£ AME-SI9 S heating mantle (MS-IM609, Misung Scientific
Co., Ltd., Yangju, Korea), rotatory vacuum evaporator (400
series, Tokyo Rikakikai Co., Ltd., Tokyo, Japan)E ©]-&3}5]
om, 52 7%7] (Sam Won Industry, Seoul, Korea)Z 572
AzSATE B2 930 silica gel TLC plate (20 x 20 cm
silica gel 60 F254, Aluminium plate, Merck, Darmstadt,
Germany)2} UV lamp (Vilber Lourmat,
France)E AME3I9aL Al ¥lS 918l FBS, penicillin-
streptomycin, DMEM (Dulbecco’s modified Eagle’s medium)

Marne-la-valee,

< Invitrogen (Carlsbad, CA, USA)IA FU3inom, A
A8 lipopolysaccharide (Sigma-Aldrich Co., St. Louls,
MO, USA), ez-cytox (Biomax Co., Ltd.,, Seoul, Korea),
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nitric oxide detection kit (iNtRON Biotechnology,
Sungnam, Koreays ARSI &4 HHS 913l pancreatic
elastase, oleanolic acid= Sigma-Aldrich (St. MO,
USAYIA F43KA T multi-plate reader (Paradigm, Houston,
TX, USA)E A}&-3}9 2™, berberine chloride hydrate,
palmatine chloride hydrate-> Sigma-Aldrich (St. Louis, MO,
USApIAM rfjste] AxEHZ ARSIt TLC #40) o
Zaro 2 A8-317] 913l berberine?} palmatines methanol®l]
o] 717} 1,000 ppme] FEE SmlA A SR A AY

218 Z2F methanolel] = 250 uMe] FE=Z 2ml 2 A

KR
=
zoer, ol5 12 ¥ sl T ARE Az B
A

Inc.,

Louis,

Aol ARt
3. 72 % =8¢
gl 500 goll 80% methanol 5 £ (1:10)3 ¥ 3o
2 FRYEAE F2A1Z1 heating mantleS ©]-8-31] 24
ZFE<t 80CelA 71 FEsIem, o] 4GS 4 3] wkEs)
Aot zt F2E2 93X Whatman No. 2 (Whatman Co.,

Maidstone, England)2 &J3-3t ThE- rotatory vacuum evaporator
2 eSS § 54 Axsle] YR Axsth wEske
FEES TAE 45 ol& %i Uehfo] F&=9 78
2 FAEA o] FEE FrE AGAA Sd
=S4 AfolE ©]8-3ted AA ]— 3T}, Ethyl acetate
oz FEE T 7t

ol

vacuum evaporator-
_Lo} it} o]= zhzt
ZE3} ethyl acetate £ &
84st] TLC £4] 2 A3
& flal ARg-siiTt

H~l
>

4. NI HHt

nh$-20] AN EF<¢ RAW264.7-S AN EF23
(Korean Cell Line Bank, KCLB, Seoul, Korea)ollA] <
worom, AEujFS f13 10% FBS® 1% penicillin-
streptomycins = DMEM ¥R & ARESIATH A=
37C, 5% CO, Z7A wjgatdr).

w35

5. Thin layer chromatography ZiJH

Silica gel TLC plate= F3E2o] =x=o] 9]
Ab Al ZdgE 38 Y AES ARSI B A %E
9] AJE= 0.5 14 (per spot)?] o=z Ao, As)gul
FEAt FH5E AN (Lee, 201205 FaLdto] n-
butanol, water, acetate acid (7:2:1v/iv/N)e] FHog A&

FN

L
.
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ZAMNs] Az F, TLC 2ol A70E spot
Q1A BelellE UV lampE 365 nme] zpgoila] &
Q13I3Tk olu] Bldt spotS Rf 4k AlLtsIth

6. MIXZ 4

M AZAZE-S water-soluble tetrazolium salt (WST-1) W
S ARESle] =4St (Ranke et al, 2004). RAW264.78
DMEMHIAE o]-8-3}e] 5x 10%cells/ml & Z2E s T 24 well
tissue culture plateo] FHE3I, 5% CO, incubatorolA]
2417F 0 wleFslATE. Mzl 1 pg/ml 9] lipopolysaccharide
(LPSYE A2l3tal 24717k Ho| ¢ sxe] ARE A3t
2477 wiFElGATh AlE M $ ez-cytox Aol & HIA|E
NAEI 2A17F B9 WESAIZ] F multi-plate readers ©]-8-3)
o] 450 nmollA FFEE STt S8 33 whE AY

o] Hages Yephie

=X
5o

7. Nitric Oxide M2 =3

Nitrite oxide (NO)2] T+ Green 5 (1982)2] WIHS
-3t nitric oxide detection kitE ©]-8&3F] ZA3IAU T RAW
264.7 celk> DMEM A& o]8-3}e] 5x 10%cells/md = =4
T 24 well tissue culture plate®] HE 3L, 5% CO,
incubatorell Al 24A17F 1 wiFaiaiTh. Al 1 pg/me & LPS
AL 2407F Hell 94 =] AEE A ste] 24

o]

—(}—l_

=

AIZE v st vl e] AEHe A T griess Ak
HkS- A]Z1 3 multi-plate readerS ©]-83}0] 540 nm oA %
TE ZA35d NO A4 AIE&S 1mM nitrite standard
solutiong 7|E=o=2 slo] ME-&= TS

8. Elastase Aol &d 54

Elastase A3l /4L Cannell 5 (1988)2] ®Hel wz}
3T} Elastase (EC 34470 52 A%
B Af dEQ elasting EE 5 A=
et al., 1999a) FF FEENA 25 EAHANSH (Yoon e
al, 2002) "JAE (Manach et al, 1998; Rice-Evans et al.,
1996)3 521E (Kraunsoe et al., 1996) Sl %= A3
t}. Elastases I F ©&EAJo] #HE elastine F3|A]| A
collagen¥} ©]Fojzl TFo] u|x2|o] a2 F2ANS &
oFog FEAYL FU 842 dEA Utk 1HER 5
Fiogte] 9191 F9] shel elastase?] BAS AsAFo R
A R3S AT & Tk (DeWitt et al, 1981). YH
L2 343 7 A& 0.5me o] 50mMe] Tris-HCl buffer
(pH 8.6)° =<1 2.5U/ml porcine pancrease elastase 0.5 mé
2} 50mM<] Tris-HCl buffere] 0.5 mg/mé N-succinyl-(L-
Ala)3-p-nitroanilide5 =<1 7189 1 mbE H7tste] 22TColA
5w7F W & 7|HE25E AE= ponitroanilide®] A3 FS

1T - O

24

410 nm of|A] ZSASATE. o]& A EE&H] HIrer T
9] FHEE AASS MES (%)ZE XA elastase 4 A
&= JeEplen, tix70 2= oleanolic acidE AR5
FZ2E 9 EZEF YU 2SIt) Elastase 24 1 unit
1 umol] p-nitroanilide A/J3l= elastase®] FA2]
stom Aal &S o] Aoz RY ALteitt.

Elastase inhibitory activity (%) = (1 - B/A) x 100
A: Elastase inhibitory activity without sample
B: Elastase inhibitory activity with sample

9. A X

RE A%k 33] oY AAG Aate] Hagkt
Wz} (means + SD)E FASIN AL, 2F A+ =

A windows8 SPSS (Statistical Pakage for Social
Science, version 12.0, SPSS Inc., Chicago, IL, USA)S ©]
&t 7k =+ 7F] SAX| H|al= One-way analysis of
variance (ANOVA)E A]3) 3t & Duncan’s Multiple Range
Test (DMRT)Z 24 p<0.050014 2Ju]E Fofsiich.
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1. DR 8

S-S 80% methanols ©]-8-3ld 71E &3 A3, )
TE 16.7%

500g 71 4 11X 8 TH 83.6 g0l
2 YeRth o] F ethyl acetateZ ¥-F3le]
B4 Ax B L 46.0g0% 92%° 84S YERAUG
(Table. 1).

2. Thin layer chromatography =44

(Rf ZHZ UV 365 nm 3ol §9F ¥
At FE2EY EYE 25 3%
ZAHQA, FEE] BT
o|Ron, Fg=9] A%

Table 1. Yield for extract and fraction of phellodendri cortex.

Solvent Total weight (g) Yield (%)
80% Methanol 83.6 + 2.0 16.7 +0.4%
extract
Fifyl acelate 460 +2.0 9.2+ 0.4
raction

*Mean values + SD from triplicate separated experiments are shown
(p < 0.05). Yield (%) = solid extract or fraction (g) / raw material (dry
weight) x 100.



Rf values
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Fig. 1. Berberine and palmatine of spots
by TLC analysis of extract and frac-
tion of phellodendri cortex. "berberine,
Zpalmatine, ¥80% methanol extract, “ethyl
acetate fraction.

Table 2. Rf values for extract and fraction of phellodendri cortex
and reference compounds chromatographed on silica gel
TLC plate under UV,

Test Standard
80%
Methanol Ethylagetate Berberine  Palmatine
fraction
extract
Rivalues 061 0.61 0.61 -
0.57 0.56 - 0.57
Color yellow-yellowish green fluorescent spot

Determined visually under UV at 365 nm, other solvent systems were
not investigated. Developing solvent system; n-butanol, water,
acetate acid (7 : 2 : 1 VAA).

spot2] Rf 2 7+ 0.613) 0.5622 1=} tix A|E9]

A% B2 berberine?} palmatineS 3 g =213 u]
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Fig. 2. Effect of extract, fraction, berberine and palmatine on
the cell viability of RAW 264.7 cells. *Mean values £ SD
from triplicate separated experiments are shown (p <
0.05).

T OEREY A gERlEien, F A% EES &
methanol¥} ethyl acetate®]] J3l 8% 7Fsgh B2 o] ERIx]

At} (Table. 2).

3. MIE ME=

o2 A EQ RAW264.79 thdh M2 EAL dolr

7] 93t g =25 9 EIEF AFE EZ berberine,
palmatineS- ZFzb 5= (0-25 pg/ml, 0-250 uM)E %23k

%, WST assays a3ttt 3 F&5S5 AHz3 2%
25 pg/ml & FEOlA 103.25%2] ME AEES HYOoEH
AlzEAde] gle Zo2 SRIEUA (Fig 2A), #8ES A
S 749 25 pg/mle] FEONA 100.11%2] Al AEES 1Y
t} (Fig. 2B). A3 2 berberine 2|3 4% 125 uM<]
BT AE =40 1AL 250 uMe] FEolA 91.64%2]
Hoan MEBEES] nFo] At #F
AT} (Fig. 2C). Palmatines A28t 7% 250 uMe] 5%
N 99.57%2] ME AEES HIo2ZH AE FAo] gle
Aoz ALt} (Fig. 2D). o|9} 2-& Axz 3 355
B2 FHuf 25 pgml, X3EE-Z berberine 2 palmatine

FHd) 250 pMe] F=7A] BE 4 g3 A9S ek

A AEES

et}
=

AHAL OIR|

oo T

4. Nitric oxide

ghil 25 2 B3 E3} X% EF berberine, palmatine®]

74z} mp-2s A M 2] RAW264.7914] LPS A z]of <fgt

NO Aol PAe d3FS AESP] Sl 99 355 2 &
3 E3} XX EF berberine, palmatines Ztz FE=® (0-

25 g/l 0-250 pM)Z 23+ F, NO assayS a3l
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© 2]
o5,

NO= AA| Welld Eek=d, a4
285 she Zoem dEA
cytokine®]L} LPSE WA 3o
inducible nitric oxide synthase (iNOS)2]
AEE 57T H=g N0 A2 T HESl Hdol
em iINOS xdE Soto] WdTS ds] 9l
ez NO AgHd Al 7ol B2 A7t o] FofA|AL %
t} (Sharma et al, 2007; Korhonen et al., 2005). H|ZFo]
LPS 2] F A=<= Nool| sl & == 3 £8e4
A% =2 AR Aol o3k A &S EA 3k Fig. 30l
UFERRATE. RAW264.7 Al EF0] LPS T Xg= NO2| A
4 AAlEe] W2 Ae @]l AR, LPSol <3 F

7F5 NO7| 3 =

MG 5 st
9lom, &3] pro-inflammatory
218510 L-arginine S Z5-F
Z1-g-ell 2zl NO2|
u

° 5 2=
= T‘S——'_]_T

£ 9 RABY AR B4 AR Aol
e pashs e A F2E A AR BS

0.78 - 50 pg/md & =% WA NOL XA A3 E37F A
2 F7¥shs 2e BRI F odlom 17.88 pgme A Al
NO A& °F 50% Asishe o2 Uepdth (Fig 3A). ¥
2 A2 A8 Y 0.78-25 ug/ml 2] F= B4 NO
o] g A T} FEIt 1R wet Aschs A &
F Adgem, 1.04xgml A7 A NO AL oF 50%
Asfsle Ao® UEith (Fig 3B). ol &2 NO 44
A EF7} ZZERT o 1] Stk AL solst
212U}, Berberine 2] A2 7% 7.81-250 uM %5

X Nosl A4 Asl Fah sEelEHew Frlehe
gelgt 4 gl9lem, 137.22uM AE Al NO AAS
50% Ak Aoz Yehgth (Fig 3C). Palmatine A2 A
F9] 79 250 pM 2] Al NO 42 °F 44.53% Aslsh=

o)3}k
=

=y
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Fig. 3. Nitric oxide inhibition of extract, fraction, berberine and

palmatine. *Mean values+SD from triplicate separated
experiments are shown (p < 0.05).
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Aoz EXMEo] NO A A= berberine®] T 73 A
°2 Yl (Fig 3D). 183 AF E2 berberine
palmatine®] 9% JA 3= Kipeli 5 (2002)14 E®
vh ik e g FEE5 E8ES AAs Al NO A
A A @37t Hoju, o] o] berberineZ} palmatine

2 F8 oY PROR PRI UCHE NO A4 A
HES EIE Ul Aow AeEh B9, 39 2R

FEEHT NO A oAl a3t Hold A2 berberine®] Lt
palmatine?} 72 §& EZo] &7 ethyl acetateS ©|-83+ &

g S Bl e US =2 FFoE TFE ]
Yo R AbsE™, olejdt AFHael 2 Ao AdE vt
gos o] gAZ 754 Al RS TFsAEE ERl &
T ST
5. Elastase Xloff &

JHo] 53 Aol J= elastase AT IS AR A
= Fig. 49} Table 33 72t} &% methanol FEE2] 75

0.78 - 25 pg/ml ] F% WA elastase A& EAlo] FE9]
EHo=2 Frlshe AS SR F ARNSH 17.09 pg/mlb A
2 Al oF 50% Asiske Aoz YERST (Fig. 4A). =3} <
Al #E AR 2245 AT AFME S methanol
FZ52] elastase A3 &7t By v} JOoH (Yu et al.,
2005), 7FE k& A& o8& F5 MM 71 AR
A7} A&H o7 o]FoJR| 3L Utk (Cho ef al, 2011; Jung
et al, 2014). & ethyl acetate ¥FES] ZH<$ 0.78-
25 pg/ml 2] 5% WS elastase A3 EAo] F7lslE A
o] RN 1.06 ug/ml ] Al F 50% AHlsh= Aoz
Uepton, o= F&Eut) oF 164 =3 A8 a9 3
QI=RATE (Fig. 4B). 53], )= oleanolic acidE 9.93 pg/mé
AHYES o oF 50% Asisks adETt FE=9] A &
7t oF o) =2 Aoz IRIHMY (Fig. 4E). Ax EZ
berberine?} palmatine> Z} 7.81-250 uM2] = WA
elastase A3l &4 AES 352, berberine®] 7%
250 uM9] FEOIA 14.61%°] A8l &A= w)$- @ 235
B9 OW, palmatine®] 73-% 250 uM2] FZolA 44.53%2]
elastase A3l &35 YEM O] berberineRth= H|wd &
aalo] FRlEAT} (Fig. 4C, D). 28U, o|9} 7+& Axpe=

g FE2= 28] $5T elastase A3l Bl Ha)
wfg- sh2 gz gwle] Fe ok AJE2 berberine}

palmatine®] ©] &5l et Fa3 o] opd o= itk
Ho, 7 AE B4 o]gol] FTHCRE clastase A3l S5
Zh= 8 Bdo] IS Ao Algdy &3 o] f8 &2
2 ethyl acetate &8 S T3 FYHAA = EL=Z I
ethyl acetate ¥-28]E°] methanol FZEH T} 53 elatase
Al Tog Y=t 71o8Es AR AR, o= &
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Fig. 4. Elastase inhibitions of extract, fraction, berberine,
palmatine and oleanolic acid. *Mean values + SD from
triplicate separated experiments are shown (p < 0.05).

8 B

.
S

Elastase inhibition (%)

Table 3. ICsy values of elastase inhibitions of extract, fraction,
berberine, palmatine and oleanolic acid.

Sample 1Cso Values (ug/mb)
80% Methanol extract 17.09 £ 0.3*
Ethyl acetate fraction 1.06+0.3
Berberine -
Palmatine -
Oleanolic acid 9.93+0.4

*Mean values + SD from triplicate separated experiments are shown
(p < 0.05).

wo] F8 AH 7154 2R FHEA TFsAel 9 ¥
g% 5 UUch
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