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Anti-diabetic and anti-inflammatory activities of 3f-hydroxy-urs-11-en-28,133-olide

Eon Ji Kim

Department of Food and Life science, The Graduate School,
PukyongNationalUniversity

Abstract

Ursolic acid (UA), 3B-hydroxy-urs-12-en-28-oic-acid, is a pentacyclic triterpenoid compound
that is widely distributed in higher plant kingdoms. UA belongs to the cyclosqualenoid family and
naturally occurs in leaves and-berries as medicinal plants and in the protective wax-like coatings
of apples, pears, prunes and other fruits. Medicinal plants containing ursolic acid has been used as
a folk medicine since ancient times. UA has been reported to have several pharmacological effects,
including antioxidant, anti-inflammatory, antitumor, anti-diabetic and neuroprotective properties.
Chemical modifications| of ursolic acid have been conducted to obtain new derivatives with
enhanced biological activities as mentioned above.

In this respect, we have initiated chemical modification of UA with peroxynitrite (ONOO"), a
reactive nitrogen species, which-afforded an oxidized derivative of UA. The oxidized derivative of
UA was identified as 3p-hydroxy-urs-11-en-28;13p-olide (UAL) by EI-MS, '"H-NMR, “C-NMR
as well as by comparisons with spectral published data. Although UAL has been known to exert
Ca’" antagonist activity, neurotrophic factor-potentiating activity and cytotoxic effect on C6 rat
glioma cell, A431 skin carcinoma cell, A2780 human ovarian cancer cell, however, its activity
regarding anti-diabetic and anti-inflammatory has not been elucidated yet.

Therefore, the present study was undertaken to investigate the pharmacological activities of



UAL related to anti-diabetic activity via protein tyrosine phosphatase (PTP1B), a-glucosidase
inhibition, anti-inflammatory activity through reduction of nitric oxide (NO) production, as well
as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) protein expression in
lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. UAL was also evaluated by ONOO™
scavenging activity assay and inhibitory activity against ONOO mediated tyrosine nitration for
anti-diabetic and anti-inflammatory activities, compared to UA.

UAL demonstrated high and moderate inhibitory activities for PTP1B and o-glucosidase with
ICs0 values of 5.11 + 0.25 uM and 20.68 + 0.11 uM, respectively. UAL was investigated using the
enzyme kinetic assay, Dixon plot and Linweaver-Burk plot. It exhibited non-competitive
inhibition against PTP1B with K; value of 4.45 pM and mixed inhibition against a-glucosidase
with K; value of 10.87 puM. Furthermeore, UAL did not exhibit cytotoxicity below 50 pM while
UA was cytotoxic above 12.5uM and reduced NO production with ICsp value of 39.78 + 0.54 uM
as well as iNOS and COX-2 protein inhibition in LPS-stimulated RAW 264.7 cells. Although
UAL showed less' ONOO 'scavenging activity than UA, it indicated inhibitory activity against 3-
nitrotyrosine as well as UA via western blot analysis. It was worthy that inhibitory activities of
UAL and UA on/formation of 3-nitrotyrosine were found for the first time.

These findings ‘indicate that UAL, an oxidized derivative of UA, exhibited potent biological
activities including anti-diabetic -and anti-inflammatory activities;  We estimated that carboxyl
group at C-28 of UA may be.responsible fot potent inhibitory activities against PTP1B and a-
glucosidase of UA when compared with UAL. Likewise, UAL exhibited less cytotoxicity than UA
due to epoxidation or condensation reaction taken place in between C-(12-13) and carboxyl group
at C-28 regarding structure-activity relationship. In addition, a double bond at C-(12-13) and
carboxyl group at C-28 of UA may be related to ONOO scavenging activity due to its electron
donating ability.

Taken together these result, UAL may be considered as a useful therapeutic and preventive



approach to prevent various diabetic and inflammatory diseases and a potential candidate as a

substitute for UA.




I. A&

Ursolic acid (3B-hydroxy-urs-12-en-28-oic-acid, UA)+< pentacyclic triterpenoid S}
S5 24 cyclosqualenoid familyol]l &3l 1% A EAA dg ExsH H
A kg AEY Ay dujdA FE DHAT UAE st e AEEe
Eriobotrya japonica (Jung et al., 1999), Prunus serrulata var. spontanea (Jung et al.,
2004), Crataegus pinnatifida (Jeong et al., 1999), Rosmarinus officinalis L. (Huang et al.,
1994; Ngo et al., 2011), Ocimum sanctum (Balanehru et al., 1991) 5-°] H.il%o] Q]
aL, o3k A& gk AT 7b AFE7] of ol W AlgEEo] WIZFR WMo
2 A3 9 Jung sol WEW Eriobotrya japonica®} Prunus serrulata var:
spontaneagl methanol T3 &9 ethyl acetate B3 EoA silica gel column® =
ethyl acetate : methanol 8" & A}-&3Fo] UAE E23FSI T (Jung et al., 1999; Jung
et al., 2004 ). B3+ UA= & 237} i cranberries, A2}, B, prunes®] =9
Sl triterpenoid®] 2L, 53], Adol o FFEO e Aoz duA 9l
(Kondo et al., 2011; Wang et al., 2012; Aggarwal and Shishodia, 2006; He ef al., 2012).

UA7F 3Hrd =52 Q7 A5 H RZe o=z g ARGHAL, A
UAl tisl A& s dgwal glor] @4kst (Tsai and Yin, 2008; Yin and
Chan, 2007), &% <5 (Tsai and Yin, 2008; Chen ef al., 2013) , &Y (Kassi et al.,
2007; Yan et al., 2010), 7+ M. (Jin et al., 2011), &3 3= (Lee ef al., 2010), 12| L
N7 H3% (Hong et al., 2012) 59 &7} Hi¥th UAE LPSE 5% np-$-
20l FA4 ¥ &4 ZFAA AL (Chen et al., 2013)y ZFHAI 3 HepG2, Hep3B,
Huh7 Z12] 31 HA22T cell®] cell viabilliy- 43 4~, DNA fragmentations 5 7}A] 7 &
™ (Yan et al., 2010) streptozotocin-nicotinamide = =3+ T vl-g-29] g
=5 NAAAT (Lee et al., 2010). =3 UAE B-amyloid= F%=%¥ PCI2 cell?]
27 HAde g AAERS a3%E B3 (Hong ef al., 2012), UAE PCI2 cell
o] *2]dl-& -9 hydrogen peroxide (H,O,)ol ©lgt cell viabilliy”} 5 7}= ATt
(Tsai and Yin, 2008).

UAT WA 248 FJe| 2 3}8h2] 25 C3Hyei0;01™ €39 hydroxyl group

1



(-OH), C12¢} C13 Afolof] o] %A%t C179 carboxyl group ((COOH)E 7}&I T} C3
9] hydroxyl group¥} C179] carboxyl group<- pentacyclic triterpenes®] °F2]% &
del 712l 2F8-7]o] 3l (Kashiwada et al., 2000), UAS] C33} €28l hydrogen
donor group®] A3k F-> UAS AxZ5AS UERH UAS C3 Aol Hf
°] B-OH 2% ¥+ o-OH A% o= Wadd Fejuv o A3 AESAHS
HRITH (Ma et al, 2005). ©]2]dt UAS] x4 5AS 7|02 3lo] UAY &
s FAbetE RS molAY o Ad &S 7H UA rRAE 2 st
7] 9138l Alternaria alternate (Wang et al., 2012), Syncephalastrum racemosum (Haung

et al., 2012), Huperzia serrata (Fu et al., 2011) & VA= o] &3t x4 W

ge ATE A5How Aaun Aok At UAS SH9H W] Qo) &
A RSt Aol gonm tad fEAE A ol §4 LA, v
B3 olgd 724 WL olel s FEAE AN 5+ A WHoR

UAS] F-2-8d & 37 (structure-activity relationship) -2 E-xo] 2 Ho]
c} (Fuetal, 2011).

3B-Hydroxy-urs-11-en-28,13B-olide (UAL)x= Eriobotrya japonica ' (Banno et al.,
2005), Eucalyptus globules (Pereira et al., 2004), Eucalyptus camaldulensis (Topcu et al.,
2011), Eucalyptus camaldulensis var. obtusa leaves (Begum et al., 2000)91 4 HA ==
2] 5 %A1, UAS] ‘Ru’-porphyrin®l] 9|3k s}ebzl W3 o2 UALS| Ao &+
dd Ao ®Wu¥ Al (Tanaka er al., 2012). UALS] A E-32) g4 0 2= Ca?'
43 283}, C6 rat glioma cells, A431 skin cateinoma ‘cells, A2780 human ovarian
cancer cellsoll A &t &7} HIALE AT (Begum et al., 2000; Tanaka et al., 2012;
Topcu et al., 2011), A7 G FA A} e st T3 A4S 7HA = Hoe=2 Hia HS)
T} (Li and Ohizumi, 2004).

e A A d3to® ey A o vEhba, Al 1
2% F7HA FHE ERdt 18 dRHS Jded g8 9 FFeE f

o

A Ee A9 pAEe Aww AY 2 ¥E



dad S 234 vk Aol A g (Wild er al, 2000). 53], 2@ &
=l AAAA R 2 THES Holil, T4 T TR o]ofX
A A7be dslow u¥al dvk (Groot ef al., 2001; Shaw et al., 2010). 2%
1Y 2d2 I 2 FETe dWstal A RSk Ho] FRstE® o
2] 7HAe] A mA AT el EAEIA, O 5 29 Yy ddd a4
e &53lE 4slel S5 AAA7]= a-glucosidase (Bhandari et al., 2008)9} <1
=9 849 AkstE Z4-3+ Protein tyrosine phosphatase 1B (PTP1B)= Ab
83t A o|t}h (Zhang and Zhang, 2007).

Protein tyrosine phosphatase (PTPs):= A9 A%, 521, &3}, Al 218, |
A Hbg T 2 Y Ax ZEE -t 9SS skt (Fisher et al,
2} Aol A

1991; Hunte., 1995). Protein tyrosine phosphatase 1B (PTP1B)<&= AFg =
dow =4

=
WA= 9 H9d 9] phosphotyrosine phosphatase®] 31, &

AT A 71d A F44 @422 def#] 9d} (Saltiel and Kahn, 2001).
o #As WG AT PTPIBE S14d S84 Asd Fo 24

N SR

A2t BaEa, FHE ATl leptin®] As AY 7)) PTPIBE X

o
rob

PTPsoll 2o]&f [oksl=l Zolgt AAlsFA T+ (Elchebly et al., 1999; Klaman et al., 2000;
Koren and Fantus, 2007). WelA PTPIB: 29 Qw7 tAbe] 9o 3=
d AgS ARshy] A8 FHIEAL ITh

W3k o-glucosidase= Aol §Eo EAst= a4, odF} &

A A% agRE b Eelshe 2



9, F2 W AT ARNL Faho] zAoR oEE AT A 9
S wAAEe] WEEH WA AIZHETE (Pan ef al., 2009; Medzhitov, 2008). 15
JWAFQ] nitric oxide (NO)S} PGE, &= &4 thA M e o3 AAPET I35 A3
&S ol NOE Afrd Wl 2d 45 o3, dof 24, 9

9%k A% #-AFo]t} (Napoli and Ignarro, 2001). &4 F,

71dE Welete] da9, #dd, A

=3
=74 a0l @ F ga, NoA A A 9F% wdd B A

N
g3t 7HAE 7HE A o|t} (Mulligan et al., 1992; Farrell ef al., 1992; Hamid et al.,

o213k NO= &4 At % sfuola Agle HAE 7 free radical =4
nitric oxide synthase (iNOS)oll-¢] 3]l [-arginine= 7] &2 3s}o] A5 a1, whgAd o]
A W7 7)o FS 5 S ZE=t} (Sawa er al., 2000; Balavoine and Geletii,

Sloj A The BAALEET ST 5

XN

1999). NO&= A 3ol H A &ikst

ar, 53], oA xd# A AE YolA superoxide (O,)2} AAl ZA3tsle
HEg-A o] uf§- =2 peroxynitrite (ONOO )= A/d 3}t (Chung et al, 1998;

Beckman et al., 1990). ONOO &= UJ3r A<l &= 4 F(reactive nitrogen species,
RNS)O.ZA Ae] Sole BAES AstA7]= Hez W kS| whola)
L o2 EAS 73 9= vhd ONOO 7t HEEA A EH ALY 24T

A

| 9 9ot A DNASE AR Tk AW Ty ARrES &4

ftlo
po—
-

c

N

A 71T} (Klotz et al., 2003). =, ONOO & free tyrosine2} T2 tyrosine %+7]2]
Wk a1E]el nitrations Y 27]al, AR A H A (Low-density lipoprotein,
LDL) Atstel A4 #4bs), DNA 7Fe W3 22 vt Absta] &4k o
Qo] ®th HE3 ONOO = FHeWdsts, d4aF5F4d, i 45 4=
H Aoz Baxo 3l (Ho et al., 2008; Darley-Usmar et al., 1995; Kooy et al.,

1995), 55 AQA A& E3AMA A7E AT AN FFE T (Negre-



Salvayre et al., 2008), F5xW Hgh AFst2] ~EH 2o o) WHEHEE Ynd
3 Fx T ONOO 9 22 RNS7F 7|A&= 4o e SAE] &
YUl At} (Rosen ef al., 2001). In vitro 2 &4 ONOO ¢ =7} HS5=
insulin® =2 A}=-% insulin recptor (IR)2] autophosphorylation®} tyrosine kinase
activity7} Soltt= HiE S8 ONOO 7t IRol|l s 714 FaWes 4
eh= o2 & 4 Ut (Zhou et al., 2009).

Tyrosine nitration®] Tt A FA] FUGle] AL QO™ tyrosine
nitration A]7]& UAE F FHE ONOO 7} #31t}. Tyrosines F= w9
x| =FF0o] o] ONOO & 233t o8 71X Q<2lE= Q13| nitrationy}
22 wWyo] dojubar, 1 AP, 3-nitrotyrosine (3-NT) HE tyrosine©] nitration
F ¥} (Souza et al., 1999; Ischiropoulos, 2003; Kyte and Doolittle,
1982). ONOO ©l 2]3%} tyrosine nitration> Wl & 753 AH o] QEd, L
o 2+ o] Zlo] glutamine synthetase, prostacyclin synthase, cytochrome P450, tyrosine
hydoxylase, sarcoplasmic reticulum Ca-APTase®} 42 @425 B4 3) A7t
Z o]t} (Zhou et al., 2009). S 3NTS izl ) post-translational modification
e 2 4] nitrating agentQ] Ao 93 -NO, group7]- A 71= o protein tyrosine
nitration®®l ! ©] T} (Abello et al., 2009). &2 WElst4 “JejolA 3-NTo] &4

e Havk wow 53], FeH st

kv
i
ox.
o,
&)
o
e
[N
ofr
o)
=
)
~y
(fx

—

ONOO™ 2AAlE 7Wdsh= o] Tosith. 453 ONOO™ 2AAE 7lwst
d

= dlell v W sl ol8Ha, ¥4

ONOO A AA|+= selenomethionine
7} selenocystine, ebselen”} T34 o]t} (Sies and Masunoto, 1997). H=3F X A&

2 A E ascorbic acid (Sandoval et al., 1997), flavonoids (Pollard e al., 2006),



isoflavonoids (Boersma et al., 1999), ergothioneine (Aruoma et al., 1999), ~1¥|il
polyhydroxyphenols (Tipoe et al., 2007)3} 22 3}3EE0°] 5 wa Qrh Attt
b A7AES Aol 227 =3 ONOO & WheAlA AAdd whe
BAEES Bgsta, 2 9hs AAEES 2 &9 AES4 245 4
sk ®H skt ONOO ¥ Hb-g AlA A ¥ $3E =& nitrocapsanthin}
nitro-fucoxanthin, nitroastaxanthin, nitrolutein 5 ©] X.31%¥| 13l (Makoto et al., 2011;
Takashi et al, 2012), ~L Zol| %= 15-nitroastaxanthin< astaxanthin®.T} Epstein-
Barr virus®} @t oA @37 ¢ Hojd Ao = u¥bs] AU} (Takashi er al.,
2012).

FH kst A S bl UAY 19 GEAE B3 UAY FR-g4
AT FA| (structure-activity relationship) w23 =359 Agdd 44 o
o AEo] RauHa, B dA7AEe] VA A2 =4 33 2
ZAEe ofEetA o) g ATl w2 A=
T Stk ool # A9 UAS MER fEAES 18] ¢ *P‘—}ﬂi’il,
UACA 2F8HA| ]l ONOO & A &fste] A& w=A= obYAIRE UAS
A 3B-Hydroxy-urs-11-en-28,13B-olides A4 = 233t 3B-Hydroxy-urs-11-
en-28,13f-olide®] Tk FAT DA il ofx HiwA wkoernw
PTP1B, a-glucosidase &} 4| &3} LPSE FE%¥ RAW 264.7 A E £ NO A4 <

o)

7HA AL Qv AS &

A4, ONOO aA A3 ONOO 2 =% nitrotyrosine ] Al &4 S 53
3B-Hydroxy-urs-11-en-28,13B-olide®] Ay =3o+4 a#= A7 sqly. weba] &g
o} d95 4SS 7HA| 3B-Hydroxy-urs-11-en-28,13B-olide= UAE t21g
U A FuATA SidH 9F AR odwn Azl o4

e 54 e AR sl

TN



2 A g oA ALt ursolic acidt Sigma-Aldrich Co. (St. Louis, MO, USA)°l| 4|
748t (Fig. 1).

2. Al E 7))

2-1. AJ¢F

Column packing materials-= Kieselgel 60 (Si gel, 70~230 mesh, Merck, Darmstadt,
Germany)= A}-83}%1 3%, Thin layer chromatography Kieselgel 60 Fs, plates (20 x
20 cm, 0.25 mm. Merck, Art.5715)5 AR&3sklow, MRl eEL 50% H,S0,<
AH8-3FS Y. =% 9 column chromatographyoll = 15 A] 9FS AF-&-3131 2™, NMR
Ao = CDCl; (Merck, deuterium degree 99.95%)5 AF-8-3}S) .

Yeast a-glucosidase, acarbose, p-nitrophenyl phosphate (pNPP), p-nitrophenyl a-D-
glucopyranoside (pNPG), L-ascorbic acid, Lipopolysaccharide (LPS) from Escherichia
coli, Griess reagent, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide
(MTT), fetal bovine serum (EBS), antibiotics (streptomycin, penicillin)< Sigma-
Aldrich Co. (St. Louis, MO, USA)sl| 4] 5913} T}, Protein tyrosine phosphatase 1B
(PTP1B, human recombinant)¥> Biomol”International LP (Plymouth Meeting, PA, USA)
of| A, peroxynitrite(ONOOi)E‘ Merck KGaA (Darmstadt, Germany)ol| 4] -3} a1,
polyvinylidenefluoride (PVDF) membrane (Immobilon-P)+= Millipore Co. (Billerica,
MA, USA)°l| A, Primary antibodies (iNOS, COX-2, B-actin monoclonal antibodies)™
Cell Signaling Technology, Inc. (Beverly, MA, USA)°l|4 G383 o™, anti-
nitrotyrosine (clone 1A6, mouse-monoclonal primary antibody, IgG2b)¥} horseradish
peroxide (HRP)-conjugated anti-rabbit, anti-mouse antibodiesi= Millipore Co.
(Temecula, MA, USA)INA TU3FA T X-ray filme GE Healthcare
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(Buckinghamshire, UK)l| 4], fetal bovine serum (FBS)<> Gibco BRL (Carlsbad, CA,
USA)° A, Dulbecco’s Modified Eagle’s Medium (DMEM)<> Lonza (Walkersville,
MD, USA)°l A 9] &3 o

2-2. 717]

EI-MSE JEOL JMS-700 specrometer® =743+, 'H-NMR¥} "“C-NMR-
JNM ECP-400 spectrometer (400 MHz for 'H-NMR and 100 MHz for “C-NMR, JEOL,
Japan)Z F43sI k. TLCH 9 33E2 9 (365 nm)ZF @37 (245 nm)
A4 UV lamp (Model ENF-240C, Spectroline, U.S.A)E A}F-&3Fo] M5}t
Protein tyrosine phosphatase 1B A€, a-glucosidase A4, RAW 264.7
MM 2] cell viability ~212]32 NO A4 microplate reader spectrophotometer

(Molecular Devices, VERSA max; CA, USA)Z. 5} S E}.

2-3. A3 AlEF
up9-2~90] thA A EFQ RAW 264.7 Al E+ American Tissue Culture Collection

(ATCC, Rockville, MD, USA)oll A] #oFrkol AR89 T},



3. A¥9d

3-1. 3p-Hydroxy-urs-11-en-28,13p-olide®] A = £z

3-1-1. ¥+ A 2 &g

Ursolic acidS 10 mM©| ¥ =% methanol®l <5©] 3L, peroxynitrite (ONOO™, final
concentration, 6.8mM)E F 7}5Fo] 108-7F ¥H-SA It} WESA] 7] NS
aL, 150 ml =5 ¥ol &AX v e CHCLE Yol

organic phase®?} aqueous phase® =& A]ZTh Organic phaseE EFHA|# 312.8

TE5A7]

mgS ¥, o] Z S Si gel column chromatography (CH,Cl, : MeOH = 500:1 —
50:1, gradient)d}o] 1571¢] subfraction (Fr. 1-15)2.2 YU+At} o5 % Fr. 3

(80.3 mg)= HHE2 © 2 Si gel column chromatography. (Hexane : EtOAc = 15:1 —
1:1, gradient)3}¢] 3B-Hydroxy-urs-11-en-28,13B-olide (15 ~mg)= +2]3}%l T}
2234 e Scheme 1o] Uelgla, ¥ sgtge Bge4 77w Me) o)
TS E



Ursolic acid Peroxynitrite
(10 mM) (final concentration, 6.8mM)

Dissolved with H,O
Partitioned with CH,Cl,

Organic phase Aqueous phase
(312.8 mg)

«— Si gel c.c.

(CH,CI, : MeOH = 500:1 — 50:1, gradient)

Fr 1 Fr 2 Fr. 6 (803 mg) ... Fr 12

—Sigel cc.
(Hexane : EtOAc = 15:1.— 1:1, gradient)

Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5 Fr.6 Fr.7

|

3B-Hydroxy-urs-11-en-28,13p-olide
(15 mg)

Scheme 1. Isolation of 3B-hydroxy-urs-11-en-28,133-olide from reaction solution of

ursolic acid with ONOO'
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3-1-2. £ 9 35HE9 38ty A2
2w 3lgtEo sty Fx AA

Sl ole7bd Ry BAL Bihel T2E BRAAOM, TN w

ftlo
i
ol
£
82
<
«
T
Z
<
~
Z
<
~
—
=
0O

AT (Topeu et al., 2011).

3p-Hydroxy-urs-11-en-28,13p-olide: Positive EI-MS m/z:454 [M]"; "H-NMR (400
MHz, CDCls) &: 5.96 (1H, dd, J = 10.4, 1.3 Hz,H-12), 5.53 (1H, dd, J = 10.4, 3.2 Hz,H-
11), 3.22 (1H, dd, J = 11.4, 4.8 Hz,H-3), 2.13 (2H, ddd, J = 13.2, 13.2, 5.9 Hz,H-16),
1.95 (1H, s, H-9), 1.16 (3H, s, H-27), 1.05 (3H, s, H-26), 0.99 (3H, d, J = 5.9 Hz, H-29),
0.98 (3H, s, H-23), 0.94 3H, d, J = 6.2 Hz, H-30), 0.91 (3H, s, H-25), 0.78 (3H, s, H-24);
BC-NMR (100 MHz, CD;Cls) &: 179.9 (C-28), 133.4 (C-12), 128.8 (C-11), 89.7 (C-13),
78.8 (C-3), 60.5 (C-18), 54.7 (C-5), 53.0 (C-9), 45.1 (C-17), 42.0 (C-8), 41.6 (C-14),
40.2 (C-20), 38.9 (C-4), 38.2(C-1), 38.1 (C-19), 36.3 (C-10), 31.3 (C-22), 31.2 (C-7),
30.8 (C-21), 27.7 (C-24), 27.0 (C-2), 25.5 (C-15), 22.8 (C-16), 19.1 (C-30), 18.9 (C-26),
17.9 (C-25), 17.8 (C-29), 17.7 (C-6), 16.1 (C-27), 14.9 (C-23).

11



(A) Ursolic acid

(B) 3p-Hydroxy-urs-11-en-28,133-olide

Fig. 1. Chemical structures of

ursolic acid (A) and 3B-hydroxy-urs-11-en-28,133-olide (B)
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3-2. RAW 264.7 A EF9] 6%
RAW 264.7 M3EE 10% heat-inactivated FBS®} 100 Unit/ml streptomycin, 100
pg/ml penicilling 23}15l3l 1= DMEM= AF-83Fo] 37TC, 5% COy/air mixture

2ol A skl

33. 9% AF

3-3-1. Protein tyrosine phosphatase 1B A &4 49

3-3-1-1. Protein tyrosine phosphatase 1B A &4J o] W3t enzyme A3

Protein tyrosine phosphatase 1B (PTP 1B)2] A& & H 718l WHS Na &
(2006)°] WHE WPt AFsgth. PTPIB (human, recombinant) & AT
BIOMOL International LPZY-E Y&}ty &4 &4L2  ponitrophenyl
phosphate (pNPP)& 7] & 24 A}-8-38Fo] SA8ESITE 96 well microtiter plateol] ®F
S &Y F HYE 100 L= Stk WA g 59| sample 10 uLo} A4
10 uL, 2] 31 PTP1B buffer [50 mM citrate buffer (pH 6.0), 0.1 M NaCl, | mM EDTA
(ethylene diamine tetra acetic acid), 1 mM DTT (dithiothreitol)] 30 uLE 2 35T,
5~10%-7F preincubationS- A| 71 tF-Z18] 3L 7’4 (p-NPP) 50 pL= #7}she] 35T,
2037} incubationS Al 7L 10 M NaOHZ 10 pLE Hof W3S FAA 7t
©] ¥ microplate reader spectrophotometer (Molecular Devices, VERSA max, CA, USA)
2 405 nmol A FFE=E F5738}9 2™ positive control 2= ursolic acidE AFE-
St PTPIB A &2 obefo] 25 o] &3sto] -3k ¥, IG5 #ho= Abs}
Rt

Inhibition (%) =1-(Al293FF % — Y2FYITHE)/ 3T 5% 100

13



3-3-1-2. Protein tyrosine phosphatase 1Bo] T3t % 3]&4] kinetic 2§

Kinetic mechanism= 2% 3}7] 93| Dixon plot¥} Lineweaver-Burk plot ®H =
AF-8-3F T} (Lineweaver and Burk, 1934; Dixon, 1953). PTP1B & 42| A3 &/
gk FAAAE AAsH7] st ©hYEt sample 5% [3B-Hydroxy-urs-11-en-
28,13B-olide (50 uM, 10 uM, 2 uM)]9} 7] &<l p-nitrophenyl phosphateE 0.5 mM, 1
mM 12|31 2 mMe] FE2 U ST 7] F 9] sample®} p-nitrophenyl
phosphateE 19} FLT WHOZ 405 nmol A FFE=E ST AA 9

inhibition constant (Ki)i= Dixon plot>. = -5}t

14



Sample (inhibitors) 10 pL + PTP1B enzyme 10 uL + PTP1B buffer 30 pL

1

35C preincubation for 5~10 min

1

Substrate (p-NPP) 50 uL

1

35C incubation for 20 min

1

10M NaOH 10 pL

l

Measurement of absorbance at 405 nm

Scheme 2. Measurement of protein tyrosine phosphatase 1B inhibitory activity

15



3-3-2. a-Glucosidase A A A

3-3-2-1. a-Glucosidase A &/do] T3t enzyme A3

o-Glucosidase 42| A LS S543517] #1814 Lietal (2005) WHE 54
slo] AAIEFATE ZHzEe] wellel 100 mM phosphate buffer (pH 6.8) 20 unL<} 10%
DMSO®l 352l o]2] %9 sample 20 pLE YE=vh 2da 7122 AREE 100
mM phosphate buffer (pH6.8)°] 5?1 2.5 mM p-nitrophenyl o-D-glucopyranoside
(PNPG) 20 pL ¥ ¥, 421 0.2 unit/mL a-glucosidaseE 10 mM phosphate
buffer (pH6.8)9l o 20 uL= Yt} 37CoA 15552k incubations A 71 3
b3S T4 A7171918] 0.2 M sodium carbonate solution 80 pL& E=Th o] %
405 nm ©| A microplate reader spectrophotometer (Molecular Devices, VERSA max,
CA, USA)E A}&3le] FHLEE SHeR oM o] Ago|A acarbose™ positive
control2 AF-&% At} -a-Glucosidase A &2 ol o] -21& o] &3lo] A&

& T8 F,1C, fo? BABAL

Inhibition (%) =  {1-(Asam = Asamc) / Acont} x 100

L= = o' S
ASam~ :Xé}\]-‘EJ—E =] UHQ] %%E

_ 3 -
Asinc: SAANEE Wi pNPGE EA FohS T} FHF =

16



3-3-2-2. a-Glucosidase®l] 3+ A3 &A kinetic 2F

[e)

Kinetic mechanism= 2% 3}7] ¢35l Dixon plot?} Lineweaver-Burk plot *H S

A

AF-8-3F T} (Lineweaver and Burk, 1934; Dixon, 1953). a-Glucosidase &A2] A 3
2o tigk AAAAlE AAst7] fete] oSS sample 5% [3B-Hydroxy-
urs-11-en-28,13B-olide(50 uM, 10 uM, 2 uM)]2} 7]1&<Ql p-nitrophenyl o-D-
glucopyranoside® 0.625 mM, 1.25 mM 123l 2.5 mM9] FE& 0|3} o g
7FA] & %=9] sample®} p-nitrophenyl a-p-glucopyranosides ¢} U3 WHo =
405 nmoll A FHEE 543l A A9 inhibition constant (Ki)+ Dixon plot2-
= Tselth

17



100 mM phosphate buffer 20 pL + Sample 20 L

+ 2.5 mM pNPG 20 pL + a-glucosidase enzyme 20 pL

1

37C incubation for 15 min

1

0.2 M Na,CO; 80 pL

Measurement of absorbance at 405 nm

Scheme 3. Measurement of a-glucosidase inhibitory activity
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3-4. RAW 264.7 A| XA 9 3= AY

3-3-1. AlESAY SH

RAW 264.7 A Zo] )3t =4 ZHL MTT assay WP o2 243590 RAW
264.7 M EE 96-well platecl] well & 1.0 x 10* A E7} HEF B3 3 2447
W Fetal, FBS-free DMEM O & 1 8hsh & A5 wEEE A3ttt 2447k

r

Wk 100 ple] MTT €9 (0.5 mgml in PBS)S H7lsla 247+ &
HjFstA Tt vl & v S AASI 100 ule] DMSOE #H7iste] A+
AL 8321713 microplate reader spectrophotometer (Molecular Devices, VERSA
max, CA, USA)E o]&3to] 540 mmolA] FHEES =AHsPr. xS
100 %=3ste] A AESAS HrEstE o, Ad+= mean * standard

deviation (n=3)2. 2 U-E}Y AT},
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3-3-22.LPSE =% NO 574

RAW 264742 96-well plateol] welld 1.0 x10° A|E7} H =2 B33 &
24A)17F ekl gltl. FBS-free DMEMO. 2 w3kl thefst =wo A aE
2A1ZF Feb A Eldt 3 LPS (1.0 pgmhE A g ste] 18417 5ok vl g3ic)
NO+ Griess reagents ©]-83le] M wjgel Fo EA5= NOY FEHIZ
=45tk AE vl Al 100 plE FH3dko] 96-well plate® %71 5 Griess
reagent 100 ulE 77}k microplate reader spectrophotometer (Molecular Devices,

VERSA max, CA, USA)= 540 mmol| A THEE =A3 ). Sodium nitrite =

XEHAFTAE AASE itrite?] FE=E AXESEA, iINOS JAIAI] AMTE
202 AFES3 Y. A I mean + standard deviation (n=3)2. 2 YE T}

20



3-3-3. Western blotS 53 iNOS ¥ COX-2 & £

LPSol ¢33k iINOS$ COX-29 W S =AH3 7] Yala] RAW 264.7
Ao theFst s FES 2417 ok AAE % F, LPS (1.0 pg/ml)E
A glsto] 18A17F E<F wFslglth. 1 & X7} phosphate buffered saline
(PBS)S.= 23] A|H3tal Foldl F lysis buffers 4ColA 308 &< 713k

MEE lysis AlFT. 4TolA 14,000 x g2 2087 AR sl AE W

gl AS At WA HX = Bradford Y o2 A3 Ch
@A S gel buffer (Bio-Rad)$} &3ata 5E3F o WAAAL EF

<

T B
=
[}

2
S 10 % SDS-polyacrylamide gelS ©]-&3le] 7]

PRl 171 Al 7 T
7195 °] £ wet transfer system (Bio-Rad, Hercules, CA, USA)= ©]-&3}<

PVDF membrane®.2 7], A9 H|5o|2 ARS AA7]7] £I&A
membraneS blocking solution (5% (w/v) non-fat dry-milk in Tris-buffered saline
containing 0.1% Tween-20, pH 7.4 (TBST buffer))2= 1A]7F &2k A0 A
w sttt 71 % membraneol iNOS$}. COX-2 & %42 HRP7} -2 o

21 anti-rabbit IgG  (1:2000 in TBST buffer)= 2204 147k W& &

(o3

Supersignal West Pico Chemiluminescent SubstrateS ©]-8-3}%] X-ray filmoll
E=EAA GRS T FAES  full-range rainbow molecular  weight markers
(Amersham)S- ©]-§-3}o] 2H¢18E%I T}, Western blotting data’= 33] o] 4 &3}

TUT Aol o= AS FAsATh
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3-5.0NOO~ &7 EA
Peroxynitrite (ONOO )= NO-¢} -0, 7} ¥H-&-3lo] AAHE= Aoz NO-9

Abeh BR8-S JHAH, 8 AR A8 oRs I3 AT Alane ot

i S

A% £ A 2 guanyl cyclaseQ] A=, tyrosine nitrarion Q] 9 lysine, proteinQ]
methionine <712} b8} Bl A& 3pqbsh Frol o3 Al 254 Foll whof gt
Lok nEZ =g ol 9% $5 9A|, membrane pump A, GSHS| 11z, ADP
ribose synthase®] €A 3}=2 Q13 DNA &4 2 AM|EZ o =] 3112, mitochondrial
ATP synthase, aconitase < M¥XZA @49 A9} oef wbd Ao W)
A E o] BarEo] QIt} (Althaus ef al., 1994; Haenen et al., 1997; Lin et al., 1997).
ONOO = T2 free radicalol] W&l Aul& o=z kA3 Aw, A4 pHlA
Al protons} T o] HEG-Ado] g =2 peroxynitrous acid (ONOOH)Z Z13h% =
o, o] =42 w7 1.9 sy7F w§ #a, o AE=SdEE<] nitrogen
dioxide, nitronium ion- 2 hydroxyl radical®] %72 2}-8 35} oxidation, nitration,
hydroxylation RHE& S 93t} (Nonoyama et al., 1999). ZLeju} A EZ oA
ONOO~ 27 /Aol Boldh= aLA7) gloenzs O AASHELS Fe
Aol ¥L FQ3It} (Choi er al, 2002). A7kA B A wE= Ao

L

ONOO AA%TES 2zt =& =+ flavonoid (Choi ef al., 2002), catechin, polyphenol
(Van Dyke et al., 2000, Chung et al., 1998), ergothioneine (Auroma et al., 1999),
defroxamine, urate,.glutathione (Menconi ef al., 1998), melatonin (Cuzzocrea et al., 1999)

712] 31 D-(-)-penicillamine (Fici et al., 1997)°] - 3}t

[e]

ONOO & SA3st= ez ONOO @ <3t tyrosine 7+7]9] nitrations =
o] 91om, UV-vis spectroscopy, GC-MS spectroscopy, amino acid

Aok
analysis, HPLC analysis % nitrotyrosine®] 5©]%]<Ql polyclonal *=+= monoclonal
antibodyS ©]-&3F WH So| Uk o] ol FFF, sy, 3

EW Fo] S E A= ONOO = =% tyrosine nitration®] A<

S Western blot W'H o2 H 7|5}t
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3-5-1. ONOO~ &7 &4 43

ONOO 42715+ Kooy et al. (1994)¢] "HES <k w33to] DHR 1239
AHelE 543813 th (Fig 2). Dimethylformamide® <<% DHR 123 (5 mM)© 4
218k -80°C ol Al stock solution® 2 A 743} A T}, 90 mm sodium chloride, 50 mM
sodium phosphate, 5 mM potassium chloride® ZA|3F buffer (pH 7.4)%
diethylenetriaminepentaacetic acid (DTPA) 100 uM ¥} 419, DHR 1239] & & %=7}
5 mMe] X% 3t} o] working solution®] A5} authentic ONOO &
A7bshd 5% %, ¥ F 3449 DHR 123°] @34 °] rhodamine 12302 w7
Ho (Fig. 2). ©] ¥3E4 S microplate fluorescence reader (Bio-Tek Instruments
Inc., FLx 800, Winooski, UT, USA)= excitation?} emission 3}% Z}2} 4802} 530
mmol A SASAT. A RS HIbskA @2 54 tlEd} Hjaléte] DHR 123
sk As wiEEE Yeklal, 50% A8l = (1Cy)E Atesith. A=
mean + S.EM (n=3)& YER I

23



) \Oi
H/I\ Dihydrorhodamine 123
P ‘ (DHR-123)
N
- | OCHj

l Oxidation

o : __NH;
o
V4

Rhodamine 123

Fig. 2. ONOO —mediated ion of DHR. 123;
f (Kooy et al.
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3-5-2. ONOO °|| 2]3t tyrosine nitration <} #|&A]

3-Nitrotyrosine®] S A5t 522 Western blot W'H-S o] -&3lo] H7}
3t 10% DMSOON 591 A& 2.5 ulS BSA (0.5 mg of protein/ml) 95 pl$}
Ao 1087 wide F, 2.5 ule] ONOO™ (200 pM)S F7}sle] Ao A
1023 wigslgleh =rl8 A5 8995 gel buffer (Bio-Rad)2} =3tslal 53¢

2o dds WA & T oWlE S 10% SDS-polyacrylamide gelS-

o]-&ste] H7gE AT HA719Eo] EH wet transfer system (Bio-Rad,
Hercules, CA, USA)S ©]-&3}>] PVDF membrane® = 7|31, &2 H]50]4

As AAA717] 21314 membrane= blocking solution® =2 1A]FF &9
A 2o A 13T I ¥ membrane®l] 3-nitrotyrosine®l] e+ A (1:2000 in
TBST buffer)E 4ColA] ¥rAl WHS-A]ZITt}h. 3-Nitrotyrosine®] & %2> HRP7}
2% o] 9l& anti-mouse IgG (1:2500 in TBST buffer)@ A=A 1A ¥H5 &
Supersignal West Pico Chemiluminescent Substrates ©]-83}¢] X-ray filmol
=A1A Q153 T Western blotting datai= 33| o] Adsle] 5A3H 4 3ol

2o s,

£ i

O -
—1- -
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4. 2A1A3
RE AdE A Hoad EFHAE ARSI A, iR A e
=

AR o4& SPSSE o] -&35}9] Student r-test= 73 4 FA T}
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m. 23}

1. 3p-Hydroxy-urs-11-en-28,13p-olide®] T+% A7
Ursolic acid (UA)S methanol= 591 & ONOO & A sle] AAH
Ursolic acid®] F=AE &, AAst. a9 =L I

1}
NER dojda, Fx A4S 98] EILMS, 'H-NMR, “C-NMRE| 338}z

lo

=
EI-MS 24 A] Bxo]& M7} m/z 4545 eI on 212 CyHy050
335U 'TH-NMR spectrum©l 4] UAE 3 7] 9] olefinic protons 7}A]+=
Hbd ) 22 3gE-2 F719] cis-vinyl protons (8y 5.96, dd, J = 10.4, 1.3 Hz; &y
5.53, dd, J = 10.4, 3.2 Hz)S e, BC-NMR spectrumo] A 270 2] sp> methine
signals©] §128.8%} 513347 UEIH OB R UAS o]F Ao o]FHASS

ek EElE 8§ ES ELMS, 'H-NMR, "C-NMR Z7 data® 3
&l 3B-hydroxy-urs-11-en-28,13p-olide} &7 = At}

=

=

=
ot

(Topcu et al., 2011) H]
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Fig. 3. EI-MS spectrum of 3B-hydroxy-urs-11-en-28,133-olide
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Fig. 4. '"H-NMR spectrum of 3p-hydroxy-urs-11-en-28,13p-olide in CDCl;
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Fig. 5. "C-NMR spectrum of 3B-hydroxy-urs-11-en-28,13p-olide in CDCl;
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2. 3p-Hydroxy-urs-11-en-28,13p-olide2| 3= A

2-1. 3p-Hydroxy-urs-11-en-28,13p-olide®] PTPIB A& 3} a-glucosidase
AL

Ursolic acid (UA)2] =A<l 3p-hydroxy-urs-11-en-28,13B-olide (UAL)®l| t g+
PTPIB A&/ ¥ o-glucosidase A S SA3t] 2+ 50% PTPIBS} a-
glucosidase A2 S YUEM= 1Cs #F (M= YERew, 7 Ax+=
Table 1] L+EF ATt

UAL PTPIB%} a-glucosidase A&l A 1Cs, ko] 5.11 £ 025 uM <}
20.68 + 0.11 pMZ 77+ YEFSTE UALS] PTPIB A &A1& txa-3 UARTH
AW ICsp FhOl 5.11 + 025 yME 4] & FxolA 50% JATAAS B
gormz UALE PTPIB JAEAo] Erlal = 4= 9t} UALY a-glucosidase
AASd S SAS) AEA AEE Ol FEEE a-glicosidase JAAZ &
] 4 91 acarbose (Hui et al., 2011; Lin ef al., 2011; Lekshmi et al., 2011)= A}-&3}
. o-Glucosidase A g4 A & ol A UAL+ ICs #k©] 20.68 £ 0.11 pM= tf
Z i acarbose®] ICsy 7kl 138.78 + 4.15 pMET} =& X3 el vhd,
UAQ] ICso #k©l 9.49 + 0.05 pM= UAL®] a-glucosidase JA LW} o =&
Aoz Yl

k2l Al UALS]“PTP1BS} o-glucosidase®] ot & A€k o]
SAIRE, UAZE Zb2he) azeel| “dhal so), 28w w2 24

UA] 28-COOH group®l] ©]gkAlolg} 553 5=t

Hie

e Ao

e g

i
i
uf

o
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Table 1. Inhibitory effects of 3p-Hydroxy-urs-11-en-28,13B-olide on protein tyrosine

phosphatase 1B and a-glucosidase activity

PTP1B a-Glucosidase”
Samples 1Cso (LM) 1Cso (LM)
Mean + S.E.M. Mean = S.E.M.
3 BHyz‘é“l”;[ys‘éfdilen 5.11+0.25 20.68 +0.11
Ursolic acid’ 0.1 £0.01 9.49 +0.05
Acarbose’ 138.78 £ 4.15

PTPI1B : protein tyrosine phosphatase 1B.

“The 50% inhibitory concentration (IC3) values were determined by regression analyses
and expressed as mean £ S.E.M of triplicate experiments.’Ursolic acid was used as a
positive control on thePTPIB inhibitory activity. “Acarbose“was used as a positive
control on the a-glucosidase inhibitory activity.
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2-2. 3p-Hydroxy-urs-11-en-28,13p-olide2] protein tyrosine phosphatase 1B A 3| &
49 Z#HHA
3B-Hydroxy-urs-11-en-28,13p-olide (UAL)2] PTPIB & Z4ol tfgt AajAl<} 714
7}o] 37 E Dixon plot¥} Lineweaver-Burk plotS &3} <ol H ko™ Fig,
6, 7°1 YEFITE
UAL-> Lineweaver-Burk plot #2415 &3l ¥ A4 A&l A] (noncompetitive)=
WEF AL, Dixon plot w41& S8l K @ 4.455 YERWTE (Table. 2). B4 A4

A e 2= Dixon plotoll A Zpzte] 71 g g zido] XFold M= A}
[e)

(B) = 84714 EFA ES)SE 28st, 7|22 ad B) £ a4-AA
=3+ (ED<} Lo} (Segel, 1976).

uwtglA] UAL+ PTPIB &9} 7] &<l p-nitrophenyl phosphate (pNPP)2] A5}
of 93-S FA i, PTPIB &4 W= PTPIB-pNPPO| EgAd ZAgsitl=
AL & F Ut g5Eo] gt K @2 ICs w7 Hlud F florn, 7]Hd
st A3 (binding constant)] K, oAl AsiA| g¥E Hudd
Utt. ©] parametere= 53] E S Rkg ol QoA FEHE X mAlmA L] A &
A e St T8 &St 22QME dnkA o g K, gho] wow
Sers Ad9e] g Aste] AsjAmA o gt elth

PTPIB &49 @459 (His214-Arg221)ll 7122 tyrosine©] 2 &-3+c}. Atk
7} =2 35 %= PTPIB catalytic site?] WDP loop (Thr 177-Pro185)%} o] x4

iIn)
ol
[-ll

aryl phosphate-binding site®ll tyrosine®] phenyl ring®] A3 3o =X LAJFELZ
Z2LE T} (Koren and Fantus, 2007; Comeau et al., 2010).
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Fig. 6. Dixon plot for inhibition of 3p-hydroxy-urs-11-en-28,133-olide on protein
tyrosine phosphatase 1B in the presence of different concentrations of substrate: 0.5 mM

(¥); 1 mM (O); and 2 mM (@).
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Fig. 7. Lineweaver-Burk plot for inhibition of 3B-hydroxy-urs-11-en-28,133-olide on
protein tyrosine phosphatase 1B in the presence of different concentrations of sample: 0

mM (V¥); 2 mM (O); and 10 mM (@).



2-3. 3p-Hydroxy-urs-11-en-28,13p-olide] o-glucosidase A 3]&4 2] A aA-#AA

3B-Hydroxy-urs-11-en-28,13B-olide (UAL)®] o-glucosidase & Aol thdk A 3| #|
o} 718 3}e] AJ#I3AE Dixon plot?} Lineweaver-Burk plot= ©]-8-3} |
Qom, o] th3k A= Fig 8,99 e

aaet A Aafjdd FuRHAE dotrr] #s) AEF Dixon plot
B-Aa A FAo] ek a4 A9t inhibitor constant (K;)2] A& 3 e [A )
Al FXo W 1/enzyme velocity (1/1)2] plot]E &olx 7] 93+ graphical %™
oW, fAA ‘A AelAle] BAE LokE o Uk BAA AAd AH-5
Vol UVme©l®W x59] 2 Kigks ovlsta vtz m g4 AsAd 45,
/7 0wl x32] ghol Kiaks YERHATE (Cornish-Bowden, 1974; Dixon, 1953).
Lineweaver-Burk plot<> [S]E& 7]Z9 %= 3t 1/VE 1/[S]el sl plotst
double reciprocal graphical Y8 o1 ™, 7] & 7|7} K,/Vyx©l 3L xAH 0] -1/K,, yAH
Ol 1/Vya™ YEFIT

o-Glucosidase®] Al A7 ol 1ojA] UAL> PTPIBY A3l “FaaA <}
+ oE A FEHE HEFRY. Table. 2 B UAL®S] o-Glucosidase A&l T

2

1%
ol

=]
RuN

g K #t2 10.81 pM= 29 E AsAl = Gt =3 A= W8 A A
A elet ZAA ANFE T EdEY Ae A wIoh ;A A
B Zav a7 A8 e BF dskepA v V] do) Agtel= &g Ate et
T2 Sl Agekrt. whebs 712 AR HlES ARV sACl g &
5 TAaAZ 4 AT (Segel, 1976; Abdulaziz; 1996).
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Fig. 8. Dixon plot for inhibition of 3B-Hydroxy-urs-11-en-28,13B-olidea-glucosidase in
the presence of different concentrations of substrate: 0.625 mM (¥); 1.25 mM (O); and

2.5 mM (@).
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glucosidase in the presence of different concentrations of sample: 0 mM ('¥); 2 mM (O);

and 10 mM (@).



Table 2. Dissociation constants and inhibition mode of 3B-Hydroxy-urs-11-en-28,13f-
olide for PTP1B and a-glucosidase based on kinetic plots

Enzyme type K; (uM)? Inhibition mode”
PTPIB 4.45 Noncompetitive
a-Glucosidase 10.87 Mixed

PTPI1B : protein tyrosine phosphatase 1B
* Determined by the Dixon plot.

® Determined by Lineweaver-Burk plots
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3. RAW 264.7 A XA 3p-Hydroxy-urs-11-en-28,13p-olides] 3= &7}

3-1. 3p-Hydroxy-urs-11-en-28,13p-olide®] RAW 264.7 A ¥o] t3t AXEA 37}

3B-Hydroxy-urs-11-en-28,13B-olide (UAL)9] A¥=52d-2 Fig. 109 YERATH
UAE 125 pMo FXolA 6718 = 1.89%2 AH¥E AEEE A ES5A
UEFSE O, UALE 50 uMe] FZoA % 96.57 + 4.84%9] Alx ALE&ES
HT UALS 50 uM o]she] FholA AEsAds JeiA o Aem

Brrerlal, =5 AdeM Alx AE dFe vAA e TR U=
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Fig. 10. Effects of compounds on LPS-induced NO production and cell viability in RAW
246.7 cells

RAW 264.7 cells were pretreated with indicated concentrations of (A) 3B-hydroxy-urs-
11-en-28,13B-olide, (B) ursolicracid for 2 h and LPS (1.0 ng/ml).-After 18 h incubation,
the amount of nitrite in the-culture-supernatants was measured by the Griess reaction
assay, as described in the materials and methods. Cell viability was determined using
MTT method. The data represent mean = STDEV of triplicate experiments. “P< 0.05
indicates significant differences from the unstimulated control group.*P< 0.05, **P<

0.01, ***P<(0.001 indicates significant differences from the LPS-treated group.
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3-2. 3p-Hydroxy-urs-11-en-28,13p-olide”’} RAW 264.7 A|¥oA LPSE HFLH
NOAAZel mA& &3

ageAAATY WE4LR 4R LPSE YA A FE] AgEH NO, PGs,
A5/ cytokines? > TYg =
thFE ety whgo] frrReth webA ATl A= in vio AE Al A
2 A E o] AE-2S =357 8] LPS (1.0 pg/m)E RAW 264.7 Al 30
H7vste]  olete] AFS XAslom, AAHE NOT  Griess reagents

o) g3te AE WFel Fo EASE NOo FElE FAsenh

A5 gyEel FFWee A

olide (UAL)S] A2l <ol3)x LPS W2 ol H|3] Z}z} 13.82 + 2.53,
32.42 £ 0.60, 62.26 + 1.51%%] = EH 0= AAE AT (Cs = 39.77 + 0.54
uM). UALS UA®S] NOAIA oAl &3 (ICs = 4.50 £ 0.05 uM)°ll H]3l] B4
S A4S HOAR UATE AE=AHS 7= FEAAN AEEAE glol

NOAAH S Al A4S FAT 5 Ale

d
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3-3. 3p-Hydroxy-urs-11-en-28,13p-olide”’} RAW 264.7 A|¥oA LPSE HLH
iNOS 2 COX-2 &3 vXE 9F

3B-Hydroxy-urs-11-en-28,13B-olide (UAL)S] RAW 264.7 A3Eo|A LPS=
FE® NO Al &Ado] oWl A=l o5 AN &ls7] #lske] iNOS H
COX-29] &S Western blot W 0.2 FALS}SI T}

RAW 264.7 A|3Zol LPS (1.0 pg/mh)E * 2| o 24 iNOSe COX-29] o]
S7FE9al, LPSE AHEdkA &S AT ot wwidoe] WX

@wokors UALE AXEAESE s mAA &= % otz 243t
5

o]

o A7)

A

3 F LPSE iNOSS} COX-29] AAFS fFEste] oE wdo|
2= gEs AEET. 1 A3 Fig. 11914 UALE 50 uMollA] iNOS9]
S A ek, 259 50 uMol A COX-29] HHS Assts AL B 5 3l
=, UALS LPSE %l RAW 264.7 Aol A] iNOS2} COX-2 wd RE5F A3
FoEH NO oA &4& 7HAl+= Folgt dddh
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Fig. 11. Effects of 3B-hydroxy-urs-11-en-28,13B-olide (UAL) on LPS-induced iNOS and
COX-2 expression in RAW-264.7 cells

RAW 264.7 cells were pretreated with the indicated concentration (12.5, 25 and 50 uM)
of 3B-hydroxy-urs-11-en-28,133-olide (UAL) for 2 hours and LPS (1.0 pg/ml) for 18
hours. Cytosolic lysates were separated on SDS-PAGE. iNOS, COX-2, and B-actin were

detected by western blot analysis.
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4. 3p-Hydroxy-urs-11-en-28,13p-olide2] ONOO 4A &4

4-1. 3p-Hydroxy-urs-11-en-28,13p-olide] ONOO™ A=A &4

Ursolic acid (UA)2] ONOO™ 4A &AL 50% ONOO AA A4S vl
ICso %k 140.00 £ 4.39= e, WHH, 3B-hydroxy-urs-11-en-28,13B-olide
(UAL)E= 625 pMolA 2360 £ 139 % A2AERE ¥& ONOO 4A &

o s
Uetlith 2 A3k Fig 1201 AA 8T

44



~ 100
g
E.
> A
g (65.30%)
% (59.16%) .
3 T
-
4 50 }
-
2 > IC ’s0
: "‘% 0 ~50 ~ 39 <
£ (23.60%) 140.00+4.39 fxoRsel-00
= -
e
i
S
)
&

0

A B C

A3p-Hydroxy-urs-11-en-28,13p-olide, 625 pM
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Fig. 12. Peroxynitrite scavenging activity (%).of 3f-hydroxy-urs-11-en-28,133-olide
Peroxynitrite scavenging activity (%) of 3p-hydroxy-urs-11-en-28,13B-olide (A) at 625
UM, ursolic acid (B) at 156.25 pM, and L-penicillamine (C) at 13.40 uM. The data

represent mean * ‘S.E.M of triplicate experiments.
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4-2. 3p-Hydroxy-urs-11-en-28,13p-olide2] ONOO ©| <£]3} tyrosine nitration
A &4

ONOO  A7H+= electron donation¥} nitration & Aol &8k F 7}X] w7 Y S|
Ath. weba]  3p-hydroxy-urs-11-en-28,13p-olide (UAL)2] ONOO™ 47 &4 o]
o" wAYSF o3 b AJAA Eletr] $1+S] tyrosine nitration®ll Th FF
AA &E Western blot HS Eall 718U TE Protein (BSA)¥ ONOO 9
Hh-&- O & 3-nitrotyrosine®| A4/ ¥ 1™, UAL®] 312.5, 625, 1250, 2500 uM &%=
Z 2500 uM ©l] 2]3)] 3-nitrotyrosine®] Ay/do] AAst= A= YERW AL, UAE
312.5, 625, 1250, 2500 pM &% A FA 3125 yMF-H F% oE4 FEH=
AAst= A& e (Fig. 13).
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Fig. 13. Effects of 3p-hydroxy-urs-11-en-28,133-olide and ursolic acidon the nitration of

BAS by ONOO™

A mixture of compound and BSA was incubated at 25 C for 10 min. After ONOO was

incubated at 25 C. for 10 min; this reactant was resolved by electrophoresis in 10% SDS-

polyacrylamide gel.
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V. a7

Ursolic acid (UA)+ @&4F3} (Tsai and Yin, 2008; Yin and Chan, 2007), &% <
(Tsai and Yin, 2008; Chen ef al., 2013) , 3& % (Kassi ef al., 2007; Yan et al., 2010),
v B3% (Jinetal,2011), &3 (Lee et al., 2010), 12]3. 27X S (Hong et al.,
2012)9F 22 wge AYgAS 7HAL i, B2 ATAEC] UAY w2
Sl =4 et UAE AR vhek A2 =4 7] F535ta
Utk UAS A2 FRAE sk, 1 FEAY AeddS Hrte]
el 2 A= A=FEAT UAC AEstAIl ONOO & A glate] HEg-A17 UA

FEAZS AASYI, I F ELMS, 'HNMR, “C-NMR¥} 2 B33z
WS Fal A4 748 39199 3B-hydroxy-urs-11-en-28,13B-olideE 2],

3B-Hydroxy-urs-11-en-28,13B-olide (UAL)i= A EZEX4| Eriobotrya japonica
(Banno et al, 2005), Eucalyptus globules (Pereira et al, 2004), Eucalyptus
camaldulensis (Topcu et al., 2011), Eucalyptus camaldulensis var. obtusa leaves (Begum
et al., 2000)° 4 2] ¥ W7k QAL ‘Ru’-porphyrin®l] ] 3F UAS] 3182 W
ola) Aol B8] Wik AT} (Tanaka ef al, 2012). A A7FA] Ha1¥ UAL
o] &AL Ca* Ad 283} C6 rat glioma cells, A431 skin carcinoma cells, A2780
human ovarian cancer cellsol| A 8tet g 3}7} 9la1 (Begum ef al., 2000; Tanaka et al.,
2012; Topeu er al;2011), 2 9] The AABA o] tha) mauslA erokey. wgeba
2 AFol A= ONOO o & Ha ¥l UASl < =9l 3B-hydroxy-urs-11-en-
28,13p-olide (UAL)Z PTPIB, a-glucosidase &AE T3] 9w 7=, LPSE
i RAW 264.7 AlZolA ] NOAE AlE S8 FA5s B e,
ONOO 47153 Western blots &3 ONOO = =% nitrotyrosine & A &4
= Brtste] Fdmer AT SAE= HUHsksi

3B-Hydroxy-urs-11-en-28,13B-olide (UAL):= PTPIB A& -E 511 + 0.25 uM
o] ICs # 2=, a-glucosidase A4S 20.68 £ 0.11 pM2] ICs) L2 H AT
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w3, UALE  kinetic #2412 F3) PTPIB  &Aol diste]  HIFAH
(noncompetitive) A& H Il K, 7k 4455 YEFW S ™ a-glucosidase & A~0f
ste] &34 (mixed) A= K; &k 10.87= YEFWTE UALS] PTPIBS} a-

glucosidase & Aol thgk A o] X7, UAZl H =& @45 Hol=

N

2 FRA0Z UAY C-289 U= carboxyl (-COOH) group®] 1 S¢S ot
Aow FEHH

LPSE FE% RAW 264.7 AXoA2 NOAA dAZAHS =43 Ao

-
)

|

o
RAW 264.7 A|XZo) A UALY A FEEAS MTT assayS =8l 2Helated i, UA
125 uM FEol A HEH SAo] gl ¥hd, UALS 50 uM7HA] SA4o] gle AL
ol = gtk o] ARE Fale] FRHORE UA 28-COOH groupd} C-
12, 13°] lactonel. = W3 Ho2H UALS HA4L2 UAXT ¢ w2 FHolzt
AZtE Y UALE 5400 gl Ao® Fold 125,25 50 uM ol 4 LPSE
Fri=® RAW 264.7 Ao A &) NOAE A ZA S B7FslqlaL, 39.77 + 0.54
uMe] 1Csp #4S UERSATE o 1o}z UALS] NO A &g o] o 7=
ofgh AR FQlet7] 913k iNOS 2 COX-2 '#& A4S Western blot 3
o7 ol 1 A3, UALS iNOS E COX-2 2dS 77} 50 pMI} 25
Mol Al 25 A3 8 whgkA] UALLS iNOS 2 COoX-2 2d <oAls 53
S RISk, INOS B COX-29F Z& Fd2 FEAAM dF5= A

z
o
0
oX.
1

ONOO = H=sHA A HAY: =4 HA 4e dFol= Ax ll 74 4
TEe S8NA A5 dortaL Ao peells T4310] dadd A=
ot G5 24 FTrel AREEol UALSl ONOO™ &7 &

AAleA T T I A ] nitration AFSHA AEF 2of tfgh A}
B34 wpARA F83% 9SS Sl 3-nitrotyrosine WA (BSA)I}
ONOO 9] HEgo| 93] AAE7] wFel], ONOO = wj7|% tyrosine nitration®l]
st UALS] A Z/dS 3-nitrotyrosine LA E ©]-83] Western blot WHOZ
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Hr7Fekiet. 1 A3 UALS 625 pMeoll A 23.60 £ 1.39 %= WS ONOO A&7
245 B3l Wb, UAS] ONOO™ 471 &2 50 % ONOO™ 47 #7445 et
W ICs #F 140.00 + 439% UALEU A %2 &7 @45 vebuilth
Western blot= ©]-83} tyrosine nitration & A &S A3 A3} UA7F 5% ¢
£ O 7 nitrotyrosines 2 AFHE Ao ® UEYIL, UAL 3 2500 pMell A
UA®t FAFSHA nitrotyrosines ¢ AletE Ao ®  YERsth webq UALE
tyrosine nitrations ¢ A S A RF electron donation 4] = WA UAT
electron donation¥} tyrosine nitratione J#| S =24 ONOO & A7stt= A
S YEA Y. =, UAQ electron donations C12, 132] o]Z 233} 28-COOH
groupoll A doAwkS Aolgt {52 4 9l

wEbA, 2 A A3E F3) UALS] 3-OH group®] PTPIB, a-glucosidase &
A A2, LPSE FRAW 264.7 Al2Eo A9 NOAA oA &4, ONOO™

=
2 %% nitrotyrosine A A TR S g Ao R ARG FA
=
[e)

o

o] UA9 3-OH group2 F9 iz, A5, ONOO 2AFed F83 2871
skl st = Q%A UAC] 340H group@t 28-COOH group®] 37| =430 =4

ALFAHe FolA AR F 4870 o3 UAZ s delay s vehls

Z3gtato], B = ursolic acid®] F%=A|S) 3p-hydroxy-urs-11-en-28,13p-olide
o et dFF A4S Aoz Hs|wla, olef{gt A= 3B-hydroxy-urs-
11-en-28,13B-olide”} ursolic “acidE A& vhek EAQYS THsiglon T

=
3 9% ARG AYsn AmS] A oW = At s AN

it

50



=
g}l_l,
Kl
i
[-ll

Abdulaziz, A. A. ]., Fareeda, A. K., Mohammad, A. K., and Abdullah,S. A., Kinetics for
Camel (Camelus dromedaries) retina acetylcholinesterase inhibition by
methotrexate in vitro, Jpn. J. Pharmacol., 72, 49-55 (1996).

Ali, M. S., Jahangir, M., Hussan, S. S., and Choudhary, M. I., Inhibition of a-
glucosidase by oleanolic acid and its synthetic derivatives, Phytochemistry, 60, 295-
299 (2002).

Althaus, J. S., Oien, T. T., Fici, G. J., Scherch, H. M., Sethy, V. H., and Von Voigtlander,
P. F., Structure activity relationships of peroxynitrite scavengers an approach to
nitric oxide neurotoxicity, Res. Commun. Chem. Pathol. Pharmacol., 83, 243-254
(1994).

Aruoma, O. L., Spencer, J. P., and Mahmood, N., Protection-against oxidative damage
andcell death by the natural antioxidant ergothioneine, Food-Chem. Toxicol., 37,
1043-1053 (1999).

Balanehru, S. and Nagarajan, B., Protective effect of oleanolic acid and ursolic acid
against lipid peroxidation, Biochem. Int., 24, 981-990 (1991).

Balavoine, G. G. and Genleti, Y. V., Peroxynitrite scavenging by different antioxidants,
Part [ : convenient assay, Nitric oxide, 3, 40-54 (1999).

Banno, N., Akihisa, T., Tokuda, H., Yasukawa, K., Taguchi, Y., Akazawa, H., Ukiya, M.,
Kimura, Y., Suzuki, T. and Nishino, H., Anti-inflammatory and antitumor-
promoting effects of the. triterpene acids from the leaves of Eriobotrya japonica,
Biol. Pharm. Bull., 28, 1995-1999 (2005).

Beckman, J. S., Beckman, T. W., Chen, J.,, Marshell, P. A., and Freeman, B. A.,
Apparent hydroxyl radical production by peroxynitrite: implications for endothelial
injury from nitric oxide and superoxide, Proc. Natl. Acad. Sci., 87, 1620-1624
(1990).

Begum, S., Farhat, Sultana, 1., Siddiqui, B. S., Shaheen, F., and Gilani, A. H.,
Spasmolytic constituents from Eucalyptus camaldulensis var. obtuse leaves, J. Nat.

51



Prod., 63, 1265-1268 (2000).

Bhandari, M. R., Anurakkun, N. J., Hong, G., and Kawabata, J., a-Glucosidase and
aamylaseinhibitory activities of Nepalese medicinal herb Pakhanbhed (Bergenia
ciliata, Haw.), Food Chem., 106, 247-252 (2008).

Bischoff, H., Pharmacology of a-glucosidase inhibition, Eur. J. Clin. Invest., 24, 3-10
(1994).

Boersma, B. J., Patel, R. P., Kirk, M., Jackson, P. L., Muccio, D., Darley-Usmar, V. M.,
and Barnes, S., Chlorination and nitration of soy isoflavones, Arch. Biochem.
Biophys., 368, 265-275 (1999).

Choi, J. S., Chung, H. Y., Kang, S. S., Jung, M. J., Kim, J. W., No, J. K., Jung, H. A., The
structure-activity relationship of flavonoid as scavenging of peroxinitrite, Phytother.
Res., 16, 232-235 (2002).

Chung, H. Y., Yokozawa, T., Seung, D. Y., Kye, LS., No, J. K., and Baek, B. S.,
Peroxynitrite-scavenging acitivity of green tea tannin, J-Agric. Food Chem., 46,
4484-4486 (1998).

Comeau, A. B., Critton, D. A., Paqe, R., and Seto, C.T., A focused library of protein
tyrosine phosphatase inhibitors, J. Med. Chem., 53, 6768-6772 (2010).

Cornish-Bowden, A., Statistical considerations in the estimation of enzyme kinetic
parameters by the direct linear plot and other methods, Biochem. Ji, 137, 143-144
(1974).

Dixon, M., The determination of enzyme inhibitor constants, Biochem. J., 55, 170-171
(1953).

Elchebly, M., Payette, P.;- Michaliszyn, E., -Cromlish, W., Collins, S., Loy,
A.L.,Normandin, D., Cheng, A., Himms-Hagen, J., Chan, C.C., Ramachandran, C.,
Gresser, M. J., Tremblay, M. L., and Kennedy, B.P., Increased insulin sensitivity
and obesity resistance in mice lacking the protein tyrosine phosphatase-1B gene,
Science, 283, 1544—1548 (1999).

Farrell, A. J., Blake, D. R., Palmer, R. M., and Moncada, S., Increased concentrations of
nitrite in synovial fluid and serum samples suggest increased nitric oxide synthesis
in rheumatic disease, Annals of the Rheumatic Diseases, 51, 1219—1222 (1992).

52



Fici, G. J., Althaus, J. S. and Von Voigtlander, P. F., Effects of lazaroids and a
peroxynitrite scavenger in a cell model of peroxynitrite toxicity, Free Radic. Biol.
Med., 22,223-228 (1997).

Fisher, E. H., Charbonneau, H., Tonks, N. K., Protein tyrosine phosphatases: A diverse
family of intracellular and transmembrane enzymes, Science, 253, 401-406 (1991).

Groot, M., Anderson, R., Freedland, K. E., Clouse, R. E., and Lustman, P. J., Association
of depression and diabetes complications: a meta-analysis, Psychosom. Med., 63,
619-630 (2001).

Haenen, G. R., Paquay, J. B., Korthouwer, R. E., and Bast, A., Peroxynitrite scavenging
by flavonoids, Biochem. Biophys. Res. Commun., 236, 591-593 (1997).

Hamid, Q., Springall, D. R., Riveros-Moreno, V., Chanez, P., Howarth, P., Redington, A.,
Bousquet, J., Godard, P., Holgate, S., and Polak, J.M., Induction of nitric oxide
synthase in asthma, Lancet, 342, 1510-1513 (1993).

Henderson, B., Poole, S.;;and Wilson, M., Bacterial modulins:-a novel class ofvirulence
factors which cause host tissue pathology by inducing cytokinesynthesis, Microbiol.
Rev., 60, 316-341 (1996).

Hong, S. Y., Jeong, W.'S., and Jun, M., Protective effects of the key compounds isolated
from Corni fructus against B-amyloid-induced neurotoxicity in PC12 cells,
Molecules, 17, 10831-10845 (2012).

Ho, S. C., Tsai, T. H., Tsai, P. J.,.and Lin, C. C., Protective capacities /of certain spices
against peroxynitrite-mediated biomolecular damage, Food Chem. Toxicol., 46,
920-928 (2008).

Huang, M. T., Ho, C. T., Wang, Z. Y., Ferraro, T., Lou, Y. R., Stauber, K., Ma, W.,
Georgiadis, C., Laskin, J. D., and Conney, A. H., Inhibition of skin tumorigenesis
by rosemary and its constituents carnosol and ursolic acid, Cancer Res., 54, 701-708
(1994).

Hui, Z., Junpeng, X., Shu, L., Fengrui, S., Zongwei, C., Zifeng, P., Zhigiang, L., and
Shuying, L., Screening and determination for potential a-glucosidase Inhibitors

from leaves of Acanthopanax senticosus Harms by using UF-LC/MS and ESI-MSn,

53



Phytochem. Anal., 23, 315-323 (2011).

Hunter, T., Protein kinases and phosphatases: The yin and yang of protein
phosphorylation and signaling, Cell, 80, 225-236 (1995).

Jeong, T. S., Hwang, E. I, Lee, H. B, Lee, E. S., Kim, Y. K., Min, B. S., Bae, K. H,,
Bok, S. H., and Kim, S. U., Chitin synthase II inhibitory activity of ursolic acid,
isolated from Crataegus pinnatifida, Planta Med., 65, 261-263 (1999).

Jun, Z., Xingmu, H., and Kaixun, H., Bidirectional regulation of insulin receptor
autophosphorylation and kinase activity by peroxynitrite, Arch. Biochem.Biophys.,
488, 1-8 (2009).

Jung, H. A., Chung, H. Y., Jung, J. H., and Choi, J. S., A new pentacyclic triterpenoid
glucoside from Prunus serrulata var. spontanea, Chem. Pharm. Bull., 52, 157-159
(2004).

Jung, H. A., Park, J. C., Chung, H.-Y:, Kim, J., and-Choi, J. S., Antioxidant flavonoids
and chlorogenic acid-from the leaves of Eriobotrya japonica, Arch. Pharm. Res., 22,
213-218 (1999).

Kassi, E., Papoutsi, Z., Pratsinis, H:; Aligiannis;-N., Manoussakis, M.; and Moutsatsou,
P., Ursolic/acid, a naturally occurring triterpenoid, demonstrates anticancer activity
on human prostate cancer cells, J. Cancer Res. Clin. Oncol., 133, 293-500 (2007).

Klaman, L. D.; Boss, O., Peroni, O. D., Kim, J. K., Martino, J. L., Zabolotny, J. M.,
Moghal, N., Lubkin, M., Kim, Y. B., Sharpe, A. H.,Stricker-Krongrad, A., Shulman,
G. I, Neel, 'B. G., and Kahn, B. B., Increased energy expenditure, decreased
adiposity, and tissue-specific insulin sensitivity.in protein-tyrosine phosphatase 1B-
deficient mice, Mol. Cell. Biol.;-20, 5479-5489(2000).

Klotz, L. O. and Sies, H., Defenses against peroxynitrite: selenocompounds and
flavonoids, Toxicol. Lett., 140, 125-132 (2003).

Kooy, N. W., Royall, J. A., Ye, Y. Z., Kelly, D. R., and Beckman, J. S., Evidence for in
vivo peroxynitrite production in human acute lung injury, Am. J. Respir. Crit. Care
Med., 151, 1250-1254 (1995).

Koren, S. and Fantus, I. G., Inhibition of the protein tyrosine phosphatase PTP1B:
Potential therapy for obesity, insulin resistance and type-2 diabetes mellitus, Best

54



Pract. Res. Clin. Endocrinol. Metab., 21, 621-640 (2007).

Lee, J., Yee, S. T., Kim, J. J., Choi, M. S., Kwon, E. Y., Seo, K. I., and Lee, M. K.,
Ursolic acid ameliorates thymic atrophy and hyperglycemia in streptozotocin-
nicotinamide-induced diabetic mice, Chem. Biol. Interact., 188, 635-642 (2010).

Lekshmi, P. C., Ranjith, A., Raghu, K. G., and Menon, N. A., Turmerin, the antioxidant
protein from turmeric (Curcuma longa) exhibits anti-hyperglycemic effects, Natural
Product Research, 1, 1-5 (2011).

Li, Y., Ohizumi, Y., Search for constituents with neurotrophic factor-potentiating activity
from the medicinal plants of paraguay and Thailand, The Pharmaceutical Society of
Japan, 124, 417-424 (2004).

Lin, K. T., Xue, J. Y., Sun, F. F., and Wong, P. Y., Reactive oxygen species participate
in peroxynitrite-induced apoptosis in HL-60 cells, Biochem. Biophys. Res. Commun.,
230, 115-119 (1997).

Lin, S. D., Wang, J. S., Hsu, S. R., Sheu, W. H., Tu, S. T., Lee; 1. T., Su, S. L., Lin, S. Y.,
Wang, S. Y., and Hsieh, M. C., The beneficial effect of a-glucosidase inhibitor on
glucose variability compared-with sulfonylurea in Taiwanese type 2 diabetic
patients inadequately controlled with metformin: preliminary data, Journal of
Diabetes and Its Complications, 25, 332-338 (2011).

Lineweaver, H., and Burk, D., The determination of enzyme dissociation constants,
Journal of the American Chemical Society, 56, 658-666 (1934).

Makoto, T., Hideo, E., Kyuki, K., Hiroki, N., Hideki, K., Yasunori, M., Gaku, M.,
Hironobu, M., Masashi, H:, Kazuo, M., Harukuni, T.; Nebukuni, S., and Takashi M.,
Nitrocapsanthin and nitrofucoxanthin reaction with peroxynitrite, J. Agric. Food
Chem., 59, 10572-10578 (2011).

Medzhitov, R., Origin and physiological roles of inflammation, Nature, 454, 428-435
(2008).

Menconi, M. J., Unno, N., Smith, M., Aguirre, D. E., and Fink, M. P., Nitric oxide donor-
induced hyperpermeability of cultured intestinal epithelial monolayers: role of
superoxide radical, hydroxyl radical, and peroxynitrite, Biochim. Biophys. Acta.,
1425, 189-203 (1998).

55



Mulligan, M. S., Warren, J. S., Smith, C. W., Anderson, D. C., Yeh, C. G., Rudolph, A.
R., and Ward, P. A., Lung injury after deposition of IgA immune complexes.
Requirements for CD18 and L-arginine, Journal of Immunology, 148, 3086-3092
(1992).

Na, M. K., Jang, J. P., Dieudonne, N., Joseph, T. M., Zacharias, T. F., Kim, B. Y., Oh, W.
K., and Ahn, J. S., Protein Tyrosine Phosphatase-1B inhitory Activity of
isoprenylated flavonoids isolated from Erythrina mildraedii, J. Nat. Prod., 69,
1572-1576 (2006).

Napoli, C. and Ignarro, L.J., Nitric oxide and atherosclerosis, Nitric Oxide, 5, 88-97
(2001).

Ngo, S. N., Williams, D. B., and Head, R. J., Rosemary and cancer prevention:
preclinical perspectives, Crit. Rev. Food Sci. Nutr., 51, 946-954 (2011).

Nonoyama, N., Chibaa, K., Hisatomea, K., Suzuki,-H., and Shintani, F., Nitration and
hydroxylation of substituted phenols by peroxynitrite:- Kinetic feature and an
alternative mechanistic view, Tetrahedron Lett., 40,6933—6937.(1999).

Pan, M. H., Lai,;’C. S., Dushenkov, S., and Ho, C. T., Modulation, of inflammatory
genesby dietary flavonoids, J. Agric. Food Chem., 57, 4467-4477 (2009).

Pereira, S. 1., Freire, C. S. R., Neto, C. P., Silvestre, A. J. D., and Silva, A. M. S.,
Chemical composition 'of the epicuticular wax from the fruits of Eucalyptus
globules, Phytochem. Anal., 16, 364-369 (2005).

Pollard, S. E., Kuhnle, G. G., Vauzour, D., Vafeiadou, K., Tzounis, X., Whiteman, M.,
Rice-Evans, C.,and “Spencer, J. P., The reaction of .flavonoid metabolites with
peroxynitrite, Biochem:-Biophys: Res. Commun:,-350, 960-968 (2006).

Saltiel, A. R., and Kahn, C. R., Insulin signalling and the regulation of glucose and lipid
metabolism, Nature, 414, 799-806 (2001).

Sandoval, M., Zhang, X. J., Liu, X., Mannick, E. E., Clark, D. A., and Miller, M. J.,
Peroxynitrite-induced apoptosis in T84 and RAW 264.7 cells: attenuation by L-
ascorbic acid, Free Radic. Biol. Med., 22, 489-495 (1997).

Sawa, T., Akaike, T., and Maeda, H., Tyrosine nitration by peroxynitrite formed nitric
oxide and superoxide generated by xanthine oxidase, J. Biol. Chem., 275, 32467-

56



32474 (2000).

Shaw, J. E., Sicree, R. A., and Zimmet, P. Z., Global estimates of the prevalence of
diabetes for 2030, Diabetes Res. Clin. Pract., 87, 4-14 (2010).

Segel, 1. H., Enzymes.In Biochemical calculations 2™ ed.; John Wiley & Sons Inc.; New
York, pp.246-260 (1976).

Sies, H. and Masumoto, H., Ebselen as a glutathione peroxidase mimic and as a
scavengerof peroxynitrite, Adv. Pharmacol., 38, 229-246 (1997).

Takashi, M., Harukuni, T., Nobutaka, S., Hideaki, K., and Hideo, E., Anti-oxidative,
anti-tumor-promoting, and anti-carcinogensis activities of nitroastaxanthin and
nitrolutein, the reaction products of astaxanthin and lutein with peroxynitrite, Mar.
Drugs, 10, 1391-1399 (2012).

Tanaka, K., Mazumder, K., Siwu, E. R. O., Nozaki, S., Watanabe, Y., and Fukase, K.,
Auxiliary-directed oxidation—of wursolic. acid-.by ‘Ru’-porphyrins: chemical
modulation of cytotoxicity against tumor cell lines, Tetrahedron Letters, 53, 1756-
1759 (2012).

Tipoe, G. L., Leung, T. M., Hung; M. W., and Fung, M. L., Green tea polyphenols as an
antioxidantand anti-inflammatory agent for cardiovascular protection, Cardiovasc.
Hematol. Disord. Drug Targets., 7, 135-144 (2007).

Topcu, G., Yapar, G.; Turkmen, Z., Goren, A. C., Oksuz, S., Schilling, J. K., and
Kingston, 'D. G. "I, Ovarian antiproliferative activity directed isolation of
triterpenoids ‘from fruits of Eucalyptus camaldulensis Dehnh, Phytochemistry
Letters, 4, 421-425 (2011).

Tsai, S. J. and Yin, M. C., Anti-oxidative and anti-inflammatory protection of oleanolic
acid and ursolic acid in PC12 cells, J. Food Sci., 73, 174-178 (2008).

Van Dyke, K., McConnell, P., and Marquardt, L., Green tea extract and it polyphenols
markedly inhibit luminal-dependent chemiluminescense activated by peroxynitrite
or SIN-1, Luminescence, 15, 37-43 (2000).

Wild, S., Roglic, G., Green, A., Sicree, R., and King, H., Global prevalence of diabetes:
estimates for the year, and projections for 2030, Diabetes Care, 27, 1047-1053

57



(2004).

Yan, S. L., Huang, C. Y., Wu, S. T., and Yin, M. C., Oleanolic acid and ursolic acid
induce apoptosis in four human liver cancer cell lines, Toxicol. In Vitro, 24, 842-848
(2010).

Yin, M. C. and Chan, K. C., Nonenzymatic antioxidative and antiglycative effects of
oleanolic acid and ursolic acid, J. Agric. Food Chem., 55, 7177-7181 (2007).

Zhang, S. and Zhang, Z. Y., PTP1B as a drug target: recent developments in PTP1B
inhibitor discovery, Drug Discov. Today, 12, 373—381 (2007).

58



	Ⅰ. 서론
	Ⅱ. 재료 및 실험방법
	1. 재료
	2. 시약 및 기기
	2-1. 시약
	2-2. 기기
	2-3. 실험 세포주

	3. 실험방법
	3-1. 3β-Hydroxy-urs-11-en-28,13β-olide의 생성 및 분리
	3-1-1. 반응 조건 및 분리
	3-1-2. 3β-Hydroxy-urs-11-en-28,13β-olide의 분광학적 성질

	3-2. RAW 264.7 세포주의 배양
	3-3. 항당뇨 실험
	3-3-1. Protein tyrosine phosphatase 1B 억제활성 실험
	3-3-1-1. Protein tyrosine phosphatase 1B 억제활성에 대한 enzyme 실험
	3-3-1-2. Protein tyrosine phosphatase 1B에 대한 저해활성 kinetic 실험

	3-3-2. α-glucosidase 억제활성 실험
	3-3-2-1. α-glucosidase 억제활성 실험에 대한 enzyme 실험
	3-2-2-2. α-glucosidase에 대한 저해활성 kinetic 실험


	3-4. RAW 264.7 세포에서의 항염증 실험
	3-3-1. 세포독성 측정
	3-2-2. LPS로 유도된 NO 측정
	3-2-3. Western blot을 통한 iNOS 및 COX-2 발현 분석

	3-5. ONOO 소거 활성
	3-5-1. ONOO 소거 활성 실험
	3-5-2. ONOO에 의한 tyrosine nitration 억제활성


	4. 통계처리

	Ⅲ. 결과
	1. 3β-Hydroxy-urs-11-en-28,13β-olide의 구조 결정
	2. 3β-Hydroxy-urs-11-en-28,13β-olide의 항당뇨 활성
	2-1. 3β-Hydroxy-urs-11-en-28,13β-olide의 PTP1B 억제활성과 α-glucosidase 억제활성
	2-2. 3β-Hydroxy-urs-11-en-28,13β-olide의 protein tyrosine phosphatase 1B 저해활성의 상관관계
	2-3. 3β-Hydroxy-urs-11-en-28,13β-olide의 α-glucosidase 저해활성의 상관관계

	3. RAW 264.7 세포에서 3β-Hydroxy-urs-11-en-28,13β-olide의 항염증 효과
	3-1. 3β-Hydroxy-urs-11-en-28,13β-olide의 RAW 264.7 세포에 대한 세포독성 평가
	3-2. 3β-Hydroxy-urs-11-en-28,13β-olide가 RAW 264.7 세포에서 LPS로 유도된 NO 생성에 미치는 효과
	3-3. 3β-Hydroxy-urs-11-en-28,13β-olide가 RAW 264.7 세포에서 LPS로 유도된 iNOS 및 COX-2 발현에 미치는 영향

	4. 3β-Hydroxy-urs-11-en-28,13β-olide의 ONOO 소거활성
	4-1. 3β-Hydroxy-urs-11-en-28,13β-olide의 ONOO 소거활성
	4-2. 3β-Hydroxy-urs-11-en-28,13β-olide의 ONOO에 의한 tyrosine nitration 억제활성


	Ⅳ. 고찰
	Ⅵ. 참고문헌


