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ABSTRACT

The purpose of this study is to discover natural products for the
anti—asthmatic activity using the solvent-extracts derived from native 100
plants in Jeju area. The extracts were tested for the ability to inhibit
Phosphodiesterase4(PDE4) (Target 1) and GSNO reductase (Target 2), which
are recently considered as therapeutic targets for asthma. The hits that
showed excellent efficacy against two targets were further characterized by
separation of leaves and branches, extraction and solvent (n-hexane, ethyl
acetate, and n-butanol) fractionation, and then testing the activity of each
extract against the targets in vitro. These efforts led to the identification of
C. macrophylla, D. racemosum, and P. villosa. ‘The efficacy of three natural
products was further evaluated in a mouse model of allergic asthma, and
chemical ingredients of each plant were analyzed using UHPLC-HR MS/MS
and LCQ Fleet Ion Trap MS.

In a mouse model of allergic asthma, D). racemosum extract was best
among the natural products with regards to the anti-inflammatory activity;
administration of 7). racemosum to a mouse model of allergic asthma
significantly reduced inflammatory response in the lung, as well as serum
immunoglobulin E levels. In addition, D). racemosum exhibited no detectable
toxicity in rats; at a dose of 2,000 mg/kg, D. racemosum did not cause any
changes in body weight and organs in male and female animals.

UHPLC-HR MS/MS and a dereplication method were applied to analyze the
compound ingredients in three excellent resources, and as a results, 13 and 5
types of compounds were identified in D). racemosum and P. villosa,
respectively. Eleven compounds among identified compounds were purchased
and the qualitative confirmation test was carried out using LCQ Fleet Ion Trap

MS for three natural products (C. macrophylla, D. racemosum, and P. villosa).
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The analyses identified 8 compounds in C. macrohylla and 11 compounds in
P. villosa. In addition, 14 compounds were identified in D. racemosum which
showed the best anti-inflammatory effects in an animal model of asthma. It
1s of interesting that catechin, hyproside, rutin, quercitrin, and quercetin were
indcluded in all three plant extracts.

In conclusion, our results suggest that the extract of ). racemosum
exhibits an excellent anti—asthmatic effect, and provide sufficient basis for the
extract of . racemosum to be used as an asthma medicine, although
mechanism of action and the active ingredients need to be further

investigated.

- XXil —



Kol
=

al

A

s

a3}

HA

°

e} ohok

A
CRER

oF
o)

T
T

~
;oo

1

oj

of €zt 7ilat ALl

7] oS

[e]
A

I:
=

&+

J

L
234

-
a

Zxofo A

[e] [e]
THES

] 6041 o]/}

5|

49

]

i e G

)
pul

oF7] gttt

KN
=

!
-

B

o

ol A

_ZMO

N

]

o

-
-

E
=

=

7
Ko

=

R

=
=

=

R

a471 Ao}

o 9]

AAAA 2 399

=0

pa—

FEA L SstEoba YA AR

W= s Abge] 245

2.5

3.0 31

} A tH(Table 1)."
2.8

9
2.7

28 31 30

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2.7

adults aged 19 years and over, 2007-20167.

Prevalence
Rate (%)

Year

ApEl A Bgo g trbe b

Table 1. Doctor’s diagnosis rate of asthma outbreaks among Korean

=
L

o)

ra

=

W

gl

7] Age Aqdan A o &

S R N P G

Lo

o)

vl olEy] FHE

o= o

]

il

W ow e = A&

—_
fie)



F GRol7INE wel AAAX A Aol A A
st MaAvleh el wheh e ARE mol: Adolw, H7) AF, Au

ho9l 2 obgiadl, At AREH Fol Aol7t gl 1o wWE

AL SFAAs BAAAF BEHoE Agotel tehbs HEA B
el QB CHTable 2). 1M 0z WAshs Aol Yor] ofEse A4
Ao vlg Fad asolth WA 144 due AN wARAE v

q
A, ol % A 72E ez 83 dx HHFAeRRE Holsl o

Al

frobE HEetes Zlo] Tastth 229 22 o A otstE WAsts Ao
S40e 2 ooz 3yt Fedt? F9 FqFY =E2e Y7 H2A 9
bl 1 2] &of] Buyst Ho 7ol AwWA Jev)y vy el e gL
wEo] ¥ Ag e 9go] w0

Table 2. Asthma development and symptom expression factor.

Host factor
Genetic factor
Atopy related gene
Airway hyperresponsiveness related gene
Obesity, Gender
Environmental factor
Allergen
Indoor: House dust mite, Animals(dog, cat, house mouse), Cockroach,

Mycelium, Yeast
Outdoor: Pollen, Fungus, Mycelium, Yeast
Infection(mostly, viral)
Occupational sensitizer
Smoking
Secondhand smoking, Tobacco smoking
Indoor/Outdoor air pollution
Food
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L Aler R 717

1-1. Al oF

1-1-1.

= &

4

Age FZFo AHF)] 18 L ¥9E Al2F methyl alcohol, ethyl alcohol,

n-hexane, ethly acetate, n-butanol &vjE A3}

1-1-2. Phosphodiesterase4 Assay(&4 =4)

g=7 Al°F Phosphodiesterase4i= BPS Bioscience Co.(San Diego, USA)9
A Fddoern, LANCE Ultra cAMP kiti= Perkin Elmer Co.(Waltham, MA,
USA) Al#=& AFE3F . LANCE Ultra cAMP kitoll+= cAMP standard (50
M), Eu-cAMP tracer, ULightIM-anti-cAMP, cAMP Detection Buffer, BSA
Stabilizer (7.5% solution)e] =3+= o] Uty 1 9]o] Hank's balanced salt
solution(HBSS, Invitrogen Co,, USA (14025-092)), HEPES Buffer Solution (1 M)
Invitrogen Co., USA (15630-080)), Forskolin (Sigma Co., USA (F6886)), IBMX (
Sigma Co., USA (I7018)), Dimethyl sulfoxide ((DMSO), Sigma Co., USA
(D8418)) 384-well plate (Greiner Bio-One Co., Germany (E151135F)), Tips (
12.5 pl, Thermo Scientific Co., USA))S AF-&3} th.

1-1-3. GSNO reductase Assay(ZHgd a4 =4)

cDNA 34 ES 3 Ao =2  Trizol (Invitrogen Co.), pET28a vector

(Novagen), Rosetta2 (DE3) (Stratagene), sopropyl-1-thio—3

_10_



-D-galactopyranosideE A}F-&3F

»

, AR FZS ¢3le] Platinum blue PCR
superMix (InvitrogenAh), o722~ A 28 7]E(GeneAlIXHE  AFE-3FA T}
GSNO reductase 97] AdS 2lst7] 93 Aoz T easy ™H (promega
A}), T4 DNA ] 7FobA] (enzynomicsAlh), DH5a Y EE A E(competent cell), <F
3] 21 & (Ampicilin) & AF&-3F5 T}

GSNO reductase A xg wwzo] Rz HAE $¢3Fe] Ni-Sepharose high
performance(GE healthcareA}), His6-tagged protein (Thermo Scientific Co.,
USA), Ni2+-nitrotriacetic acid Superflow column (Qiagen, Seoul, Korea),
imidazole (Sigma-Aldrich Co., USA (56750)), HEPES (Sigma-Aldrich Co.,
USA (H3375)), NaCl (Sigma-Aldrich Co., USA (S9888)), 10% glycerol
(Sigma-Aldrich Co., USA (G9012)E A}-g&3tsdt}.

U EA(GSNO reductase) =A== S-Nitrosoglutathione (Sigma-Aldrich
Co., USA (N4148)), NADH (Sigma-Aldrich Co., USA (606-68-8)), Dimethyl
sulfoxide (Sigma Co., USA (D8418)), 96-well plate (Greiner Bio-One Co.,

Germany (M0812)) 55 AF&3Fitth

FEEY EFEE v B4 Agd+= Catechin (Sigma-Aldrich Co., USA
(43412)), Quercitrin (Sigma-Aldrich Co., USA (Q3001)), Hyperoside (HWI
group Co., Germany (0018-05-85)), Nicotiflorin (Extrasynthese Co., France
(1053S)), Procyanidin Bl (Sigma-Aldrich Co., USA (50878)), Rutin
(Sigma-Aldrich Co., USA (R5143)), Baicalin (Sigma-Aldrich Co., USA
(572667)) Al oF& AR-&3ESt.

TR AHFREA7] o]ER AHFREAY] AE&d & 2 W3 = Acetonitrile

(Merck Co., USA, 4L (75-05-8)), Formic acid (Sigma-Aldrich Co., USA

_1‘]_



(64-18-6))5 AH-&3131

1-2. 717]

1-2-1. Phosphodiesterase4d A4 &% =4

Phosphodiesterased 94 S% A4S 93t #47]7]= Multilable Reader

(PerkinElmer Inc, USA)E A}-&3}3t}.

1-2-2. 39&4 94 &% =4

A& A(GSNO reductase) Al Be Flextation SoftMax Pro sofBRare
(Molecular Device, Sunnyvale, CA, USA)S A-&3to] =43}

Spectrometer (Thermo Fisher Scientific, Waltham, MA, USA) ©]-&3} it}
A-e ACQUITY BEH C18 (150x2.1 mm, 1.7 pm; Waters Corporation,
Milford, MA, USA)<} Hypersil GOLD (1.9um, 2.0x50 mm, Thermo LB Science

Co., USA)E Ab&staith
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AlmE E30x7]1(40°C)E o] &3to] HAxsigon, Axd AEE A4 &3
3ol 70% methyl alcohol (MeOH) H=+= ethyl alcohol (EtOH)Z 3&lo]S A5 9]
208 H-y 2 7tete] HESIGTR 24413 HbSHHA FES & ARG AE

A

ol g3te] o Tttt ol F 33 WEe] ol e AW, ojIe FF F F2
[e3]

Azxsle] FEES A}
S EIES FAAZESY 4 B FEFE2 AAS 1 Lo dAEsta, =E

Zu) 715 o] 83t  p-hexane (m-Hex), ethyl acetate (EtOAc), n-butanol
(-BuOH)& A&l = 22t 1 LY 33] 71319 n-exane fraction (;7-Hex fr.), ethyl
acetate fraction (EtOAc fr.), mbutanol (7-BuOH fr.)fraction % H,O fraction
(HO fr)te] &9 &5 dAth

1-2. Phosphodiesterase enzyme <A ¢

Phosphodiesterase (PDEs) enzyme <Al &3 A& 93] Azt d o
AUy x| Aol HAAFH (time resolved fluorescence resonance energy transfer
immunoassay)< ©]-&3to] cAMP9 +XE AHZsE 9tk TR-FRETHE oy XA
F7/0(donor)?]  FE2HF(Ew ZHHOE-ZAEH cAMP tracer?t oA wHI|
(acceptor)?]l Ulight-3% A ¥ cAMP 3HA] Aloleo] Ag7} Zolxd, oyx] F71<l
FRFOZEE oA hel Ulight® olyx7} Aojdt} o] W& Ulight-
F-cAMP2} free-cAMP Atole] QA A& o] &3 2O =24, PDE4e] <fs)
free cAMP7} Bo] Rafx o] Fx7F vopd Afele FFahodAdelrt =
7VstAl a1, vkt = PDE4A19] &Ado] As¥o] free cAMPY A7} Zobd
9ol = free cAMP$} Ulight-%41% cAMP Alole] A=A Ao o3 &4+
ol 2] ol 7t HAastA "k (Figure 4).
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In the absence of free cAMP In the presence of free cAMP

] Excitation
TR-FRET 320 or 340 nm

FRET Emission
Excitation S 665 nm < w No FRET
320 or 340 nm

Fluorescent

O-o-Q e ¢ @

Fluorescent Free cAMP
Emission
615nm

Figure 4. LANCE® Ulfra cAMP assay principle.

AL

rot

AleFe LANCE Ultra cAMP 7] E(PerkinElmer)e]™, PDE4 &4+
BPS BioscienceAtoll Al )8tk & Aaw-S- 943 9 (1xHBSS, 5 mM HEPES, pH
74, 3 mM MgCl, 0.1% BSA)el 3]4A]71 0.8 pg/ulL PDE4 25 uL¢} 4%
DMSO &9 25 pL& 5% &<t ¥&-A171 o, 12 nM9] cAMP 5 uLg £33t
of 1AZF Fk o WA o] w TV|E SFERA, AFTsE 20 uMe
Rolipram (SigmaAl)S A& o Stk (Figure 5). &4 HES o] Fof & Fof 14X
T A5 =AHs7] Yal stop/detection € ¥ (1 mM IBMX, Sigmaib)ol] 2zt
zF 1503 1/150% 32X A171 Eu-cAMP tracer®t Ulight-3-cAMPE Y11 W&

w
i
()

S Y3t o, 1A 39 Envision plate reader (PerkinElmerAh)E &3l
m ¢ 7](excitation), 665 nm Z(emission) FX& ZA3dle] PDE4e] A4S
S48 HE: F97F 20 plel HE& 3dste] 384 A small volume

microplate (GreinerAh)E AH-&3} 31 o).
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Figure 5. Control Structure (Roilpram) structure.

1-3. GSNO reductase A A

1-3-1. GSNO | YElolA| o] x4z S2Y

ol A3t 18¥ A 2] SD (Sprague-Dawley) #HE(rat)e] ufolollA A 32L&
2aste] 7€ A4 F(Neurosphere) 258 EglZ A 2k(InvitrogenAh) < o] &3}
o] RNAS FZ39 0. 9 dAE A& (Superscript reverse transcriptase, Invitrogen
AB) 2 oligo-d(T)20 xzlo|HE o] 83}o] 65T A 55, 50T A 50+, 85T
A 5 ERF WEEAA cDNAE Attt 371 cDNAS /el ARE3E Zeto]
e o2 2o 29 =(forward) Zekol® - GGA TCC GCG AAC CAG
GTG ATC AGG, ¥ X(reverse) Zgtoln - GCGGCCGC GAG TGC AGG
ATG GGC AGT ACT.

o]o] 4], Platinum blue PCR superMix (InvitrogenAh)Z o] &3] A7) ¢cDNA
25H F FAAE FFHAIAT. o] W PCRE 94TolA 5 &<k B4, 4T
o A 30 &<t WA, 55TCAlA 30x &<t A3, 72TCdA 1+ 302 &< #49
Atol 25 353] whEsto] Falstitt. oo wel FFHE cDNAE 1% op/te=
Aol 23 F oEF HEnolmz fdAstgon oirtzx A R JE
(GeneAllAHE ©]-&ste] 49 DNA @& FH| sl

29 cDNAS T easy ®™E (promegarh)E EP HFEo| ¥ T4 DNA ] 7}o}A
(enzynomicsAHE #7Fst & 18TolA 6417 &9t A3 wHe-S T35t o]

9} Zro] WESAIZl WHg-olS DH5a FHI|HE Al E(competent cel)oll ¥ Aol
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A 304 Bk HES A7l & 42Co| A 18 E<eF E% 7 (heatshock) ¥Hg-S 33}
Rom, olojA SOB HiAlE ¥l 37CelA 407 &<t vigstdth 1 &<k ¢y
A (Ampicilin)e] 3% LB ol7t2 24 ZgolEo| X-gallPTGE A~ =¥ 43t
AZAA FvElFATh 40 5t Wi Ecolis AAEAA 7hehekd &
UM wE FHlEE FYolEd 2z dsto] 16413 F<F 37T A Hlo] Bl ol A
HFAI AT Z22UEs SolA A =yt Mdsto] ik sjdA o, o
T AEAEE F3 GSNO gJgEtobAl o] A7 Es gkttt

A7 LEo] &AdH GSNO | YEloAE T easy WEHZHEEH N-Eoo] His7}
Bl ¥ pET-28a WE & o] F5A7]7] 913l, pET-28a WME ¢t GSNO & HElolAl
/T easy WEHE Z}7F A& A BamHI¥ NotlE Aws Zo] Ay Wy 5
sk W o2 GSNO Y EtobA] AF9) @A ¥ pET-28a WMH & A3 A H thH(Figure
3, A panel). BAHAES 98] A3 Ecoli+ Rosetta?2 (DE3) AIFHE A E
(NovagenAhH)ZA] 42TCoA 1# &< €54 T FdAE =Ysid e, 71
Urtolilg olgs ERUE A¥sty d74d B4s 3 A4d AHE &<

shaie.

O

i)

1-3-2. GSNO #|YetotA] A=g dde] e 4A

N-Zto] s ~Eld tagZ7b 25 o] 9= pET-28a WE e =Y ¥ GSNO #
HElolA] Zef~v] =5 Rosetta?2 (DE3) AIYHE Ao Ziste] A HASA| A
th. GSNO #YEfolAl Az dwds GAA717] 9, 47 FAdSAZ A
mM <]
2k

r

= LB Aol 243t E¢k 4gAzl F(0.D 600 nmelA 0.8), 05

IPTG(isopropyl-1-thio—B-D-galactopyranoside) & Y1 25TColA 6A17F &<
AFEsd . @A S Ni-Sepharose high performance(GE healthcareAl) ¢} ©]
|t (Sigmarh) = ol&ete] FElskith. Ao AM Y @i e 20 mM
HEPES, pH 74 €593 250 mM NaCl, 10% =&]A&, 0.1% Tween-20, 500

mM ©]u|thE, 1% Protein AAAE AL&3te] Faatgh 28w gL 100
mM QAMGES pH 74, 100 mM KCl, 10% A2 54 2= (dialysis
buffer)oll Y i, 4TCo|A 24A1ZF FoF WHHAIA ojn|tpE£ES A AL, FFHE
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100 mM CIMYEFOo 2 wEstth &2 Ay dmEe 10% SDS-PAGEY

A A7 EAD & Fep BEF2 GAste] #18 th(Figure 6, B panel).

)
m
Z,
o
Au)

in
o
o
2
e
ox
12

A woE FA57] 9stel, GSNO el e EhobAld
24T 574 PUS WA GSNO JH b GSNOE #4471, of

HAo A ZEA NADY 3 <Ql NADH7F 4bstxo] NAD'® gt

NADH+= F3% 340 nmelA Z4& & dom, GSNO #YEtobA|e] A8
2 FYE 340 nm(ABONA A A7 (HACE NADH #hg Z4Fozs o
& % ok AEE RE ASFEE 100 M @oteld e TS 100 mMe

AMUEF ghFofol] MAIA ALEstAT. 54 WS 96-9 EdlolEolA 800
nM<e] GSNO g YElolA| 25 pLo} 4% DMSO £ 25uLE &35t 30Tl A
10 &2t vkA 5 v Egts & 71d &40 mMé GSNO, 0.5 mM 9]
NADH) 50 pL& #7Fstth. 2 %, 340 nmolA e FFE=E 58 &<k 20x 3H
Ao ® ZFA3te], Vmax #<S g53Arh ol¢k o] 53 & Flexstation
SoftMax pro AZE o] (Molecular device)?] KineticsE ©]&3}9], Vmax #S
Al%ratsl

G T o2, GSNO glE oA o] 42 JAlsts Ao=m deAd de
N6022 3% 1 pMS AFE3FH 2L (Figure 6, C panel) &4 tE+(DMSO)Y
Vmax # @ vlaste], N6022e] 9lsl GSNO #gElolA|e] &do] A= A=

= =435 v (Figure 6, D panel).

96-4 Z#o]EA 800 nMe] GSNO glgElolAl 25 nlet 400 pg/mL(DMSO
4%)°] FE= 25 ulE Tt 30TAA 107 &<k vh3A1Z 5 mle] 398
T2 7148 &9 mMe GSNO, 0.5 mM<e NADH) 50 plE 7t o1 %,
340 nmoll A9l FFEE 58 BoF 20% AR =43t Vmax #g AU

AR goe dEFe 2B FUW FE9 DMSOEHE 19)% Agsde
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A B |=— c
= LK) oH
MW -
BamH1 Harl - NmH_)'E:_\*F W = X
1 i - e/ R I
T ' - C
1
pET-28a (5.360kk) - D"g“m{‘,
-
Ned22
D
 ————— —— - —— — - = — " ———" e ——% P —— . — kS . — - — -
.
E T =
§ 1 7 ]
o —-
=] 'y -
(=] e —
o = o - MR = et o = = e e o
Time (sech

Figure 6. GSNO reductase assay.

BB B8 FUY ATE FTYPIGATU JF ] APshgon,
T=43 52U KRIBB-AEC-14092(5<1E 4k 2014.06.11.) ©] .

g AFE st s=EATE2 6 TH A w2 SPEF (specific pathogen—
free) Balb/c A# (20 g, Samtako, Korea Co.)E& ©| &3}l w92 Rdof A
2 5E 234 Normal Contrale X2 FE5 sFA &om i x|

deto] A F=5 stdvt A4 =9 F=c diste] Table 33 #Zo] A&
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Table 3. The design of animal group in experiment for

anti—asthma with mouse model.

Type Treatment No. of mice
NC(Normal Control) No Treatment 4
OV A(Ovalbumin) Asthma induced 7
Dex(Dexamethason) Asthma induced + Dexamethason 4
C. 42-30 Asthma induced + 42(30mg/mL) 7
macrophylla 42-60 Asthma induced + 42(60mg/mL) 7
D. 71-30  Asthma induced + 71(30mg/mL) 7
racemosum 71-60  Asthma induced + 71(60mg/mL) 7
' 94-30  Asthma induced + 94(30mg/mL) 7
P. villosa
94-60 Asthma induced + 94(60mg/mL) 7

1-4-2. @i vl (Ovalbumin, OVA) F= 24 2d 2 Alg F9

1739 #37)17ks AR AFRNA 25 AR 2 mg FASAFuE
(A8222, Sigma-Aldrich, MO, USA)¥} Ovalbumin 20 ug (A5503,
Sigma-Aldrich)& #& 3 A4EE9 200 uLS 4ol Fdste] ZHEAIZATH
A WA Ovalbumin H74Fo £ 2145¥ 2397k 1% Ovalbuming Z 534t
F7] (NE-Ul2, Omron Corp., Japan)& ©¢|&3d}lo] 30 #3F SIA A w9t
Ovalbumin =% % 24A17F H, 7[R S SAFA L
2 (50 mg/kg, Entobal, Hanil, Korea)& &H7Folsle] v A7l & Eojgas
gstol e AR, 71HA HINE AAS] F 1.4 mLe PBSE 7] ¥A
HAE AHE AAete] HAE FASAT AP 4 dEz (NC, Ovalbumin
Fo 2 F98A @v o), AAFET (OVA, Ovalbumin 7o 2 FH3 ),
JFEY 2+ (DEX, Dexamethason, 30 mg/kg ¢ + Ovalbumin Fo] % &3
), AlRFAT (FEAUY, 25U, FxduUi FEES 27 30 meke
7% 60 mg/kg T + Ovalbumin Fo % FY3 H)o =2 HAGste] WAt
°of= 2 AlE+ 3 WA Ovalbumin 7o § 184 FH 23Y7H4] A-Fostd o

W 7t P 7 Fo] AHE A8 tH(Figure 7).

=
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Test Materials (30 mg/kg, 60 mg/kg) Oral Administration
|
o | ENEEEN
0 14 18 19 20 21 22 23 24 25
I S 1 % OVA Ainway
15t sensitization 2nd cansitization exXposure ,
(OVA/Alum i.p) ovA/Alum. i.p P m;‘;aa}rs.:?;?:tce
Autopsy

Figure 7. Diagram for the experiment.

Al & QAuk® n] 514 7 =4S methylcholine 7] #A F - AALE A

sttt 2] WAl o3k 7| =37l A (Airway hyperresponsiveness)

il
AN

2
o

7] 938l one chamber plethysmography (All Medicus, Korea)S ©]-&3}it}. 7]

H

Aol A X+ enhanced pause (Penh)S ZA3te] H 718t th Penh 9 =4
& B ZF A 7IARS A3 ¥ PBSE 2SFHETIIE o] &35t 3
Ath. o]  methylcholine  (A2251,
Sigma-Aldrich)& 10, 20, 30 mg/mL% =2 Hx} F7HA719HA4 &

ins
>,
N
o

Al ZH(Expitation time, Te), ©]A]7FH Relacation time, RT), & th3 7]-% (Peak
expiratory flow, PEF)¥} W& 7|4 (Peak inspiratory, PIF) S 2 5-E =& 4t

25 A goln AL Penh = (Te/RT-1) x PEF/PIFo]t}*
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S
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AR Bulstel EREE S5
NEASAL g 2 AARuE A A Ade gugel w3

28 A%g s Yk JlE ANAEES FAHs I 2447 F PBS9 FAE

’

o] &3to] zF A2l 7R HE Al F A (Bronchoalveolar lavage fluid, BALF)&

o

3] thE Cytospin (Hanil, Korea)S ©]-&3te] AEE SEfo]=d A
% Diff-Quik 92 (Sysmex, Switzerland)E A A&t TATE HE3 1
o]

FAZE AnAS Bl 24 F, 4000 &N 7 sampled 439 Aw

o

A AAEDE ST, ol W2 7} sample ¥ AFAE FE NSt

1-4-5. 713#A] #HxE AH Y U cytokine w4

SAT7E ZolA whEo A Ve Wz olsste] @A = AAHANME T
helper (Th) A3, 53] T helper 2 (Th2) Al3<e} Th2 Al3Xel|A #H]3= IL-3
(interleukin-3), IL-5 (interleukin—5), GM-CSF (granulocyte macrophage-colony
stimulating factor)o] &% 9a& 32 wd Th2 A¥EE IL-49 IL-13%

Brjste] B AZRYH 39 Sol [gEE AMstel A4e) WaAsdel w$ Fo

39S s e AL F gEAd d? J1#A HE AFHY W cytokine
TAS #sted A4 Al FEg Z1#A HE AHA(BALF) A ol A
Interleukin-5, Interleukin-13 ¢ 43 2 AHE ZAHYEA (Enzyme-linked
immunosorbent assay, ELISA) kit (R&D System, USA)E o] &3] A3
ok 7} cytokine A1 Al ZAFS] AFuHO we} HASESon, ELISA

il
off
%
DS
a1
(@)
=)
o
=
>,
E]oh
o
k1
il
B\
ol
ol
R

reader(Molecular Devices, USA) 7]
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1-4-6. &AW Ovalbumin £¢] Immunoglobulin-E (IgE) =74

immunoglobulin E (IgE) @A dA oz 7= FH]

ZNeHAAE 5 £ A Immunoglobulin E #4418 T A o 53
J AL Aol A 307 vHEAIZL B A4l E (3000 rpm, 15 min) 3] A S
oAk @3 W Ovalbumin 5°] Immunoglobulin-E¢] &4& $3lo] ELISAY
= o] &3ttt Ovalbumin Eo] Immunoglobulin-E+ Al = =

Immunoglobulin-E (Biolegend Ins., USA)E A}-&3le] =43} 21, Ovalbumin
£ o] Immunoglobulin-E&= 96-well flat bottom ELISA plate®] Ovalbumins 20
ug/mLe FE=2 01 M NAHCO3 ¢ (pH 83)°l =0°] 4TelA 1641t W&
A AT 1 % 1% bovine serum albumin ©] 3% PBSE H|5o] HkgS ¢4

AT EA AAE 1400 o2 g Aske] AoM 2A1F Fek wkgA

o~
o

0.05% BReen 20°] 3% PBSE AFsATE.  peroxidase’t AgH

A s S E AR A 9 A F Vs Wstel wdoe] vkar ¢

2 AAre #JE "ol S4] 10% formaldehyde & <)ol 1174
g 5 Adste] s2= =0l 8 AF FAIE v, epoxyel Evishar, o] A&
microtomeS. 2 HHS vrEo] FWH o gste] #HxzAY AT #EI] 4§
HEHE #AHET] 9181
periodic acid Schiff (PAS, IMEB Inc., USA) &4 43389
|sto] Hxzel B WstE fdAsdt. 249 dF 2 AN AFe
ol m X HA A Z E Qo] (IMT-i software, Vancuver, Canada)Z ©]-&3dto] =434

7.

3te] Hematoxylin & Eosin 92L, 7]3#A U

b

=

)
o
%
=)
o,
o
o
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1-4-8. A2 ¢

ofg] Woo] W Ji @y EFHA (meantSD)E ARz FHok 7Ho
HlaE SPSS 10.0% ©] 834 one-way ANOVAE AASG 1, AAFHAo=R
Dunnett’s multiple comparison testZ ©]&3}o], 2+ IZF3F FoAS AS3A

o EAIHSZ p ghol 0.05 mRkQl Aol frelA Aol 7k dvka AA s

1-5. Rat && 54 A7

RatE &8&3 54 A5 @ulo] &5~ (Biotoxtech Co., Ltd)ol <] 35}
GLP (Good Laboratory Practice) T AS =3t om, A FookEokz 2] 114]
Al 2014-675.(2014.2.12.) “Bl LA @] 71F70l whep M= A gt
SHAA 1991W5€31Y HEA4379%, dHNH2015W 19209 HE #]13023
S)ol 2A Eutol e E2d e FEATEFYALE A e FAHAH(SAH
<0 150146).

=
<)

e

=
=

’

=4 A2 93 552438 Sprague-Dawley (Crl:CD(SD)), SPF 75 9] Rat
= Ahgsbgla A4 2 914= ORIENTBIO INC., Korea ©|th.

NEEZA LS HAxA L (CP323S, Sartorius, Germany)= A #@alo] fibo] Wil
FEPAE dF do dgaFet. A ZAZES &7 F, FIAE et

FAEE (200 mg/mL)& ZA AT ZAEL T 459,
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1-5-3. A1EA

TAE 6578 1R 1225~1352 g ATWAE &8sl e 6519
109 2 1026~114.1 g ATHAE AT 5 AATHTable 4).

Hel-weke WA TEel 9@ AAE AAska, dAAAe (CP3202S,

=
jay)

=5
©)

&£
Ll
A
r o
o
o
£
td
rin
off
il
=
)
o
)
52
o
o
1
r o
o
25
22,
=
=
=3
¢}

&

Table 4. Individual body weights (g) during an acclimation period.

Male Female

Animal Temporary Group Animal Temporary Group

1D Animal ID Receipt Assignment ID Animal ID Receipt Assignment
1101 1010 133.7 202.2 2101 2011 102.6 134.2
1102 1002 132.7 201.6 2102 2002 108.9 144.4
1103 1007 127.5 182.6 2103 2001 108.4 141.6
1104 1003 125.0 183.8 2104 2012 104.9 135.5
1105 1006 122.5 192.6 2105 2006 112.3 148.0
1201 1008 1314 177.1 2201 2003 114.0 147.7
1202 1011 132.1 198.2 2202 2005 106.4 133.7
1203 1005 135.2 195.6 2203 2009 114.1 139.2
1204 1012 131.0 196.7 2204 2010 109.2 141.9
1205 1001 131.7 195.7 2205 2007 111.3 140.8
1004 133.8 212.2 2004 107.7 154.4
1009 133.5 175.0 2008 1134 155.6
Mean 130.8 192.8 Mean 109.4 143.1
S.D. 39 11.1 S.D. 3.7 7.3
N 12 12 N 12 12

MA D AR e 28717 Fol A4

WS ol&sto] JWAFAE shar, ARl = 29 -w3k 7E T ONAAET=
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e

N

o
o

1-5-4. A}

=
=

kel T W AV ZEHIlEE AR, 260W=350D>210H (mm)

21.6~23.8 °C(3]-&® 9l 19.0~25.0 °C)elw, i

%HJ

11 30.0~70.0%)°] ATt
H % 7A), 2+ 150~300 Lux

=

&

FE ASA = 42.2~61.8%(

e 12A3/ (L

sl

=

487

AL

=
=

)=
-

A

F T

5]

o

1-5-5. A=

2918C-100114MA, Harlan

No.

A= (Lot

At

3

A

=
=

Laboratories, Inc., U.S.A.)

1-5-6. 79

FS o, 70 Al

5|

10 mL/kg &

ke
LN

o, %ojolay

]_

L

ol 3k eh

tel fiel &3 A

o]-&3

38 FAIG mL)=

2 o

=]
5

Qi

|

g

1-5-7. 74 4 Fo &

ol u Al &

ERED

Folg ke
B15117P1) 2.2 2,000 mg/10 mL/kgS &5 7 1vtg] e

At (Table 5).

s 283

< 107He

7 sulel

(Biotoxtech Study No.:

ol
o
do

wH

el

fo

o wapa), A

ey

)

0

A3 AbgE7E B A

)
W

ﬁo

o
an

2,000 mg/kg®°l
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5 (2101 ~2105)
5 (2201 ~2205)

Females

No. of Animals (animal ID)

5 (1101 ~1105)
5 (1201 ~1205)

Males

bl o,
Dose
Volume
(ml/kg)
10
10

°

(mg/kg)

Dose

FAE Fo

T

)=]
studies in rat.
A%}

b ool

Table 5. The design of animal group in experiment for toxicity

G2 Test substance 2,000

G1 Control

Group

=)

O

30+,

1, 2, 4 2 62134

145 14L7H4= vid 13]

ey
T

o

7

14 (-

=]
=

ko3
T

7]

’

d)

&

o]

(

=

=

SAS (version 9.3, SAS Institute Inc., U.S.A.)

-

s

AF A
F3ich Folded-F A4 W& AHE

S

1, 3, 7

&t
1-5-9. A& ¢ FAAY

-

o

Aol 74
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T2 AE2 LC/MS ZyEAHo= 38 =S 48Ut £47171= Accela
UHPLC A]2~®l (Thermo Fisher Scientific, Waltham, MA, USA)o| dZ2% 13|
g LTQ-Orbitrap XL ZFEH7IE AR&stel £4sksith. ACQUITY BEH
C18 (150x2.1mm, 1.7um; Waters Corporation,Milford, MA, USA) Z & o]-&3j
ek AEsEs 2 S we et 5% SIS 247 04 mL/min,
2 uLelar €l A (0.1% Formic acide] ¥ dH.0) ¢ &wl B (0.1%
Formic acid®] $-f¥ Acetonitrile)E ©]-&3} %t}

gy FEES AT ol 21L& 0~20 ol 5~30% B(AE ),

20~24 ol 30~100% B (A& Ful), 24~27 <Foll 100% B (&™) F¥h)= &

Atk AE IEY ¥ 3FELS Photodiode Array2l 200~600 nmoll A
A=A Negative 7|50l 23t HEolx MSe =7 HAI}HJAL &5
Ak 40 kV, EM#AAG 35V, =% 300 °C. AAABAGFAHEHL Jo]& X
=04 100-10004 m/z el FA3AaL, MS/MS AFEHL FEFEEY

g o g2 HolHE 353l th(Table 6).

ZEUR FEES A4S ol 242 0~1 w9 5% B(eg&w ), 1~15
ol 5~55% B (A3 Ful), 15~16 & 100% B (&0 T2 43}
AMZ 3= X+ 3 E2 Photodiode Array?] 200~600 nmoll A 7<% Ao}
Positive A 7]#Fo]&3} R MSe o] HASEHI L =57} 40 kV,
BMFTAAR} 35V, 2% 300 °C. AAAAAHFAHNE

A

jaids)
rlo
o2
o,
rfo
=2
>
—
()
(@)
!

10009 m/z #1433 vH(Table 7).

MS/MS £=FEdL FEaRtddE&dor tolgE F4sslaL, Hole -
A 2 doly 49 = XCALIBUR A2E o] (Thermo Scientific, Waltham,
MA, USA)E ©]-&3tth
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Table 6. Instrumental conditions of positive electrospray

ionization mode for UHPLC LTQ-Orbitrap XL MS.

Control Factor Conditions
Injection volume 2 uL
Column ACQUITY BEH C18 (150x2.1 mm, 1.7 gm)

A: dH-0 with 0.196 formic acid

Mobile ph
OPHie bhase B: acetonitrile with 0.196 formic acid

Flow rate 0.4 mL/min
Spray voltage 40 kV
Capillary voltage 3BV

Mass resolving power 30,000 full

m/z rage 100~1,000
Time (min) A (%) B (%)
0 95 5
Gradient 20 70 30
24 0 100
27 0 100
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Table 7. Instrumental conditions of negative electrospray

ionization mode for UHPLC LTQ-Orbitrap XL MS.

Control Factor Conditions

Injection volume 2 uL
ACQUITY BEH C18

(150%2.1 mm, 1.7 zm)
A: dH20 with 0.1% formic acid

B: acetonitrile with 0.1% formic acid

Column

Mobile phase

Flow rate 0.4 mL/min
Spray voltage 4.0 kV
Capillary voltage 35V

Mass resolving power 30,000 full

m/z rage 100~ 1,000
Time (min) A (%) B (%)
0 95 5
Gradient 1 95 5
15 45 55
16 0 100
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X
i
ox
-
S
2
ot
i
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J 0
2

F& AR 33E X LCQ Fleet Ion Trap Mass Spectrometer(Thermo
Fisher Scientific, Waltham, MA, USA)E AF&3to] #2431t} Hypersil GOLD
(1.9 ¢m, 2.0 x 50 mm, Thermo LB Science Co., USA) Z#HS o] &3] HEES
3 FA4d wet FYed 5% FYFS 247 04 mL/min, 10 uLo] i &
) A (0.1% Formic acide] 3% dH09F &l B (Acetonitrile) & ©] &3ttt
ol s =2 0~1 &l 5% B(s-&m Tuf), 1~20 &l 5~55 % B (A&
), 20~25 ol 55~100 % B (5&w 7= EAs ATt AE SFdEH 1+
3}3t 5 & Photodiode Array e 200~600 nmoll A 7AZ3FA . Negative 7| &
=3t BREA MS =05 HAsteda EF A% 5.0 kV, &% 275°C. AA 2~
NAF2FHEHF L ol REoA 100~10002] m/z A SAHsHATH
MS/MS £2FE-HL F& = £A8HeR HolEHE 38U tHTable 8).

>

Table 8. Instrumental conditions for negative electrospray

1onization mode for LCQ Fleet Ion Trap MS.

Control Factor Conditions
Injection volume 10 pL
Columm Hypersil GOLD(1.9 yum, 2.0x50 mm)

A: dH20 with 0.196 formic acid

Mobile phase L
B: acetonitrile

Flow rate 0.4 mL/min

Spray voltage 5.0 kv

Capillary voltage 3BV

m/z range 100~10,000

Time (min) A (%) B (%)

0 95 5

Gradient 1 95 5
20 45 55
25 0 100
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1. 23 2

i

Aol AHEE ARES 20049 8EHEH 12¢ Apolo] AlFolA AL e
NEES THoR 57 HAdth AFERAGY FRAGE FHeR FE A
How, AFE A AE7E FHEHAA Ark 10050 AEES HH
ot R A% F 52FoR Us g AT st 9%, T3 8%, w3}
W o muRa BuRa Rl 247k 450 FAEAY ARE AEE F
UHEe (Leaf: LF), 7FA(Breach: BR) ##3dti, & FHE HZE(Whole
plant: WP)& Al&3l= 5 FHEE E7/ste FE3HAth 10059 A& s
=

747) Tags HFolston, 8(d=w), Ad +9, 5 $9E Table 99 4

Table 9. List of natural plants sampled in Jeju area.

Extracti

No.  Tag Korea Name Scientific Name Part Used . acon
Solvent

001  04-01 A2 - Rosa multiflora Thunb. LF&BR  70% MeOH

Ligustrum obtusifolium Sieb. et

002  04-03 7 EF LF&BR  70% EtOH

Zucc.

003  04-04 AEY= Lonicera japonica Thunb. WP 70% MeOH
004 04-12 <t Citrus grandis Osbecle LF 70% MeOH
- (0]

(ERhT)
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005  04-20

AR (KWET)  Citrus benikoji Hort. et Tanaka LF 70% MeOH
006 0421 A mUE Cudrania tricuspidata (Carr.) LF&BR  70% MeOH
Breau ex Lavallee
007 04-22 AHAAMIYHF Ficus erecta Thunb. LF&BR 70% MeOH
008  04-23 st Zingiber mioga (Thunb.) Rosc. WP 70% MeOH
009  04-25 T Abies koreana Wilson LF 70% MeOH
010 04-26 St Citrus natsudaidar Hayata LF 70% EtOH
Trachelospermum asiaticum
011  04-27 upakZ ) . WP 70% MeOH
e (Sieb. et Zucc.) Nakai ° e
012  04-28 A= Ficus oxyphylla Miq. Ex Zoll. WP 70% MeOH
013  04-29 A= Euphorbia jolkini Boissier WP 70% MeOH
014  04-30 A5 Lathirus japonicus Wildenow WP 70% MeOH
015 0432 Hwm AT a”fbe;ﬁﬁimca Mia) wp 709 MeoH
016  04-33 oz} Kadsula japonica (L.) Dunal WP 70% MeOH
017 0434  ARE Asparagus cochichinensis WP 70% MeOH
(Lour.) Merr.
018 04-35 o} s L Viburnum odoratissimum LF&BR  70% MeOMH
Ker-Gawler
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019 04-36 o= Dryopteris crassirhizoma Nakai WP 70% MeOH

020 04-37 e Matteuccia ;feezztahs (Hook) Wp 70% MeOM

021 04-39 LIges Castanea crenata Sieb. et Zucc. LF&BR 70% MeOH

022 04-44 ul A Veratrum oxysepalum Turcz. WP 70% MeOH

023  04-45 AR Morus bombycis Koidzumi LFEBR  70% MeOH

024 0446 mAwuy Daphuphyllum macropodum L pp 000 \eOH
Miquel

025 0448 e Tubocapsicum anomalum b g 7000 MeOH

= (Franch. Et Sav.) Makino ’ ?

026  04-51 H] E U5 Lindera erythrocarpa Makino LFBR 70% MeOH

027 04-52 ZA ALY Dryopteris Erythrosora WP 70% MeOH

028 04-57 S Lyeopodium clavatum Var. —yppp - g0 MeOH

nipponicum Nakai

029 04-60 T4t Sophora ﬂavens.cens Solander WP 70% MeOL
ex Aiton

030 0462 Ry Quereus ﬁﬁfa;rhunb' EX UEBR  70% MeOH

031 04-63 2 A Callicarpa japonica Thunb. LFEBR  70% MeOH

032 04-65 e Mallotus japonicus (Thunb.) LEBR  70% MeOH

Muller-Arg.
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033  04-68  FHIFA U Quercus salicina Blume LEBR  70% MeOH
034 0469 BB Ostericum practericumn WP 70% MeOH
Kitagawa
035 04-70 A o) Neolitsea a;g;cigiata (blume) WP 70% MeOH
036 04-74 Andd=F Smilax chiana L. WP 70% MeOH
037 04-78 Wl ZUF Syrax japonica Sieb. et Zucc. LFBR  70% MeOH
038  04-79 oy Idesia Policarpa Maxim. LFEBR  70% MeOH
Hydrangea macrophylla
039 04-80 ety var.acuminata WP 70% MeOH
(Sieb. et Zucc.) Makino
Sapium japonicum (Siebold
4 4-81 AU B % M
040 04-8 e & 7Zuce) Pax & Hoffm LF,BR 70% MeOH
041 04-82 e 2} Poncirus trifoliata Rafin. g4 70% MeOH
042 04-86 =LYUY F  Cornus macroPhylla Wall LF,BR 70% EtOH
043  04-87  7}EHAUH Viburnum dilatatum Thunb. LF BR 70% EtOH
Pteridium aquilinum var.
044  04-89 TALE latiusculum (Desv.) WP 70% MeOH
Underwoodex Heller
045 04-91 F=F }F Ulmus Parvifolia Jacguin LF BR 70% EtOH
046 04-92 w2l A L Symplocos chinensis for.Pilosa LF BR 70% MeOH

(Nakai) Ohwi
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1)

047 04-93 E7MAUYEHE Quercus glaucaThunb. LEBR  70% MeOH
048 04-96 A} L5 Albizzia julibrissin Durazz. LFBR  70% MeOH
§ A }
049 04-97 2% corus calamus Linnaeus WP 70% MeOM
var.angustatus Besser
050 04-98  ZH&A) quiselum ramostssimum WP 70% EtOH
Desfontaines
051 04-99 & Artemisia princeps Pampanini WP 70% MeOH
052 04-100 P Artemisia scopanaWaldstem & WP 70% ELOH
Kitabel
053 04-106 x5 Orobanche cerulescens Stephan WP 70% EtOH
054 04-107 Asj=Po]z Diathus japonicus Thunb. WP 70% EtOH
} Y/ Hook. E
055 04-109 Aanz Wedelia prostrata (Hoo t WP 709% EtOH
Arn.) Hemsley
056 04-118 e Sparganium japonicum Rothert WP 70% EtOH
Ampelopsis heterophylia
— 7 = [0)
057 04-121 e 5 (Thunb.) Siebold & Zucc. wr 0% EtOH
058 04-122 SR Geum aleppicum Jacquin WP 709 MeOH
059 04-125 "W=AYF Phytolacca americanal.. WP 70% EtOH
060 04-126 2248 ACornus controvgrsa Hensley WP 70% EtOH
ex Prain
— 85 —




Kalopanax septemlobus

_ o A= [o)
061 04-129 U (Thunb.) Koidz LF BR 70% EtOH
062 04-130 ANHYGHF Prunus buergeriana Miquel LF.BR 70% EtOH
063 04-131 ZH7MAUH llex cornuta Lindley et Paxton LF BR 70% EtOH
064 04-132 ANRAWTF Prunus maximowiczilRuprecht  LEBR  70% EtOH
Fatsia j. ca(Th .
065 04-133 o]} atsta japonicalThunb.) LEBR  70% EtOH
Decaisne et Planchon
066 04-134 gy Machlis ’Zﬁ Z’C]’C& Sieb-etyEBR 70% EtOH
067 04-135 ey Ilex integra Thunb. LF,BR 70% EtOH
068 04136  Fupyry  Madhilus tb;]:ffrg” Sieb- ety pBRR  70% EtOH
069 04-138 At~ 3y+ Eurya japonica Thunb. LF.BR 70% MeOH
070  04-139 % Aleurites fordii Hemsl. LF,BR 70% EtOH
071 04140 mmyy Dswlum faczezssum Sieb- U pBR 70% EtOn
072  04-142 5 Taxus cuspidata Sieb. Et Zucc. LF,BR 70% EtOH
073  04-143 B3 Ilex crenata Thunb. LFBR  70% EtOH
074 04144 ZuuE Maackia fauriei (H.Lév.) LFBR  70% MeOH

Takeda
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Teucrium viscidum var.

075 04-145 (=i . . . WP 70% MeOH
miquelianum (Maxim) Hara
076 04146 wozw  Luscaphis japonica (Thunb) up g0 vy
Kanitz
077 04-147 H) %2 Lespedeza cuneata (Dumont d. WP 70% MeOH
Cours.) G. Don
- D 1
078 04-148 A endropanax morbllerum b pp 000 V1O
Leveille In Fedde
079 04-149 = Chrysanthemum frutescensl.. LF,BR 70% EtOH
080 04-152 Jol 2 Indigofera pseudo-tinctoria WP 70% MeOH
Matsum.
081 04-14 A Pueraria Lobata (Willd.) Ohwi WP 70% MeOH
082 04-155 o] 3 Potentilla chinensis Seringe WP 70% EtOH
083 04-156 NFE Mollugo pentaphylla L. WP 70% EtOH
084 04-157 <=H7|UYHF Vitex rotundiolia L. LFBR  70% MeOH
085 04-158 LHE A Suaeda gulauca (Bunge) Bunge WP 70% EtOH
086 04-160 oo}y Clematis mandshurica Ruprecht WP 709 MeOH
087 04-161  ©3F=}HF Acer palmatum Thunb. LF BR 70% EtOH
088 04-162 By H Illicium anisatum L. LF 70% MeOH
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4-162—
089 04-16 BEouUF Ilicium anisatum L. BR 70% EtOH

Pittosporum tobira(Thunb.)

090 04-164 =uE Aiton LF,BR 70% MeOH
091 04-166 T3] akipe Ternstroemia gymnanthera LEBR 70% EtOH
oter (Wight et Arn.) Sprague ’ ?
092 04-167 A Ligostrum japonicum Thunb. LF,BR 70% EtOH
093 04-168 HlZFo| U+ Cleyera japonica Thunb. LF,BR 70% EtOH
094 04-169 o]} Pourthiaca V]]{OS& (Thunb.) LEBR 70% FtOH
Decaisne
005 04170 aeup M rubra our) Sieb Bty ppp o g000 gion

Zucc.

096 04-172 F3AUYF  Sapindus mukorossi Gaetner LF.BR 70% EtOH

007 04-173 Hoppy TSP erBZtc:diLmaeusm LFBR  70% EtOH

Caesalpinia decapetala(Roth)

098 04-174 AAZUYHF LF,BR 70% EtOH

Alst.
099 04-176  FA =7 Rubus trifidus Thunb. WP 70% EtOH
100 04-178 AHAAYE Agrmonia pilosa Ledeb. WP 70% EtOH
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1-2. 24 oA &% 94 R 4Bd 44

10059 A& F=E°| thsle] PDE4 2 GSNO A4 A+E A3t A
A3} 80% ©]% inhibitions YER &= FEE9°] PDE4 A 6%, GSNO°|A 5% 9]
ol At PDE4Y A= o9y (No.32, 93.9%), A&y (No.d0. 83.7%),

FoBAUE (Nod2, 87.3%), Z=uF (No7l. 832%), S+

86.3%), &=l U (No.94, 91.7%) &= e (Table 10).

o

F7FA EHA(PDE4, GSNO)olAl 80% ol @A4s yellle F2Aiv

(No.87,
100.0%), s> yF (No.94, 91.1%)7F, GSNOA+= H&HFUHF (No.26, 84.8%),
Fol T (Nod2, 95.9%), Z=uvF (No.7l. 97.0%), HlFolu+F (No.93.

=]
T

(No.42), 25 (No.71), &x=2lvF (No.9d) 3Fe tiste] AF d+E5 13

3} tH(Figure 8).

Table 10. Screening of a plant extract library for PDE4 & GSNOR inhibitors.

PDE4 % GSNOR %

No. Tag  Korea Name Scientific Name inhibition  inhibition
001  04-01 CERS e Rosa multiflora Thunb. 46.4% 41.4%
002 04-03 AEe Ligustrum obtusifolium Sieb. et 18.5% 950
Zucc.

003 04-04 e = Lonicera japonica Thunb. 37.6% 2.9%
004 04-12 3 Citrus grandis Osbecle 30.6% 7.7%

- . (0) . (0}

(R ) o

005  04-20  FAYHET)  Citrus benikoji Hort. et Tanaka 31.7% 9.1%
006 04-21 S Cudrania tricuspidata (Carr.) 38,99 5704

Breau ex Lavallee
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007 04-22 HAAIYF Ficus erecta Thunb. 21.0% 4.9%
008  04-23 st zingiber mioga (Thunb.) Rosc.  24.5% 13.6%
009 04-25 T Abies koreana Wilson 50.5% 49.5%
010 04-26 st .Citrus natsudaidar Hayata 44.2% 9.8%
Trachelospermum asiaticum
_ nl A= 0 0
011 04-27 o= (Sich. et Zucc.) Nakai 17.7% 13.0%
012 04-28 et Ficus oxyphylla Miq. Ex Zoll. 40.7% 4.6%
013  04-29 o= Euphorbia jolkini Boissier 24.6% 10.5%
014 04-30 AT Lathirus japonicus Wildenow 28.4% 10.2%
Achi h I iq.
015 04-32 Hqrs chiyrant e;z{}fiomca (Miq.) 569 6.9%
016  04-33 o w2} Kadsula japonica (L.) Dunal 62.7% 76.1%
017 0434  RAEE Asparagus cochichinensts 37.2% 2.9%
(Lour.) Merr.
018 04-35  olojupw Viburium odoratissinum 271%  740%
Ker-Gawler
019 04-36 o= Dryopteris crassirhizoma Nakai  16.7% 37.2%
020 04-37 o Matteuccia orientalis (Hook) 98,59 16.8%

Trev.
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021 04-39 IR s Castanea crenata Sieb. et Zucc. 51.0% 63.4%
022 04-44 ahAy Veratrum oxysepalum Turcz. 57.5% -0.9%

023 04-45 EN R Morus bombycis Koidzumi 43.1% 20.3%

Daphniphyllum macropodum

024 04-46 =AZIHF )
Miquel

58.9% 25.4%

Tubocapsicum anomalum
_ o) 3 0 0,
025 04-48 27 (Franch. Et Sav.) Makino 25.7% 11.2%

026  04-51 H] &5 Lindera erythrocarpa Makino 68.1% 84.8%

027  04-52 EXdlALE Dryopteris Erythrosora 42.3% 38.6%
093 0457 P Lycopodium clavatum var. 35 19 500

nipponicum Nakai

Sophora flavenscens Solander

029  04-60 a4t . 40.5% 16.9%
ex Aiton
Th . E
030 04-62 AR Quercus acuta Thunb. Ex 68.29 5199
Murray
031 04-63 ZFA L Callicarpa japonica Thunb. 70.0% 16.7%

Mallotus japonicus (Thunb.)

- | =
032 04-65 AR Muller-Arg.

93.9% 47.4%

033 04-68  H7FAIUF Quercus salicina Blume 0.0% 16.4%

034 04-69 % Ostericum practericun B29%  82%
Kitagawa
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Neolitsea aciculata (blume)

035  04-70 Al g o] Koidz 54.3% 42.0%
036 04-74 AvlYdgd= Smilax chiana L. 49.2% 30.9%
037  04-78 ) = U Styrax japonica Sieb. et Zucc. 60.8% 23.4%
038 04-79 o] LH- Idesia Policarpa Maxim. 56.7% 10.9%
Hydrangea macrophylla
039  04-80 ey var.acuminata (Sieb. et Zucc.) 26.8% 19.9%
Makino
Sapium japonicum (Siebold
— Al 2k== = (o) (o)
040  04-81 P U & Zuce) Pax & Hoffm 83.7% 64.8%
041 04-82 B <} Poncirus trifoliata Rafin. 22.6% 49%
042  04-86 FoZAHF Cornus macroPhylla Wall 87.3% 95.9%
043  04-87  7}HAGUE Viburnum dilatatum Thunb. 28.1% 37.8%
Pteridium aquilinum var.
044  04-89 LAY latiusculum (Desv.) 40.6% 56.3%
Underwoodex Heller
045 04-91 FH=FYH Ulmus Parvifblia Jacguin 60.0%% 51.9%
046 04-92 R e Symplocos C]ll{]é’HSIS .for.leosa 50.5% 18.4%
(Nakai) Ohwi
047  04-93 =AY Quercus glaucadThunb. 55.6% 48.1%
048  04-96 A A U5 Albizzia julibrissin Durazz. 24.8% 4.4%
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049 04-97 2% Acorus calamus Linnaeus 99 504 10.4%
var.angustatus Besser
050 04-98 T Equisetum ra@051~551mum 17.49% 15.0%
Desfontaines
051 04-99 o Artemisia princeps Pampanini 38.7% 5.7%
Ar .. . | .
052 04-100 P temisia scoparzaWa dstein & 3950 179
Kitabel
053 04-106 xZ8 Orobanche cerulescens Stephan — 71.6% 25.5%
054 04-107 Adjzgolz Diathus japonicus Thunb. 48.3% 7.1%
055  04-109 PET Wedelia prostrata (Hook. Et 49.6% 107%
Arn.) Hemsley
056  04-118 A Sparganium japonicum Rothert — 49.7% 33.2%
Ampelopsis heterophylla
4-121 7)™ F 29.59 16.19
057 0 e (Thunb.) Siebold & Zucc. 9:5% 6.1%
058  04-122 SRR Geum aleppicum Jacquin 43.3% 52.5%
059 04-125 vl=rzEF Phytolacca americanal. 47.6% 0.1%
060 04-126  Zzupy O Comgzirja Hensley ex 70705 705%
Kalopanax septemlobus
-12 Sy . .82 2.99
061 04-129 L (Thunb.) Koidz 14.8% 9%
062 04-130 AR yE Prunus buergeriana Miquel 34.3% -2.0%
— 48 —




063 04-131 = "H7MAYS llex cornuta Lindley et Paxton  41.9% 1.0%
064 04-132 AHABIAYE Prunus maximowicziiRuprecht 47.9% 23.6%
L. T .
065 04-133 Lo}y Fatsia japonica(Thunb.) 95.7% 8.5%
Decaisne et Planchon
il J I ieb.
066 04134 mgygy  Machlus "Z (Ofca Sieboet s 697%
067 04-135 pagn R Ilex integra Thunb. 32.6% 8.1%
068 04-136 Fuppe Machilus th;lﬁfz’rgu Sieb. et 45.19% 50.89%
069 04-138 Al=#3yH FEurya japonica Thunb. 41.5% 25.2%
070  04-139 5 Aleurites fordii Hemsl. 60.8% 58.4%
071 04-140 PR Distylum raczefcyzsum Sieb. Et 83.99 97.0%
072 04-142 TE= Taxus cuspidata Sieb. Et Zucc.  30.7% 33.4%
073 04-143 Fu Ilex crenata Thunb. 36.1% 12.3%
074 04-144  ZHg¥% Maackia éfé; (HLév) 48.7% 13.3%
075 04-145 ©=3 Teucrium viscidum var. 549%  25.2%
miquelianum (Maxim) Hara
076 04146 wogw  Luscawhis jaonica (Thunb) o jor gg o,

Kanitz
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Lespedeza cuneata (Dumont d.

— H] 2= 0 0
077 04-147 15=¢] Cours.) G. Don 36.2% 10.7%
078 04-148  FAUE Dendropanax morbirurm 533%  236%

Leveille In Fedde
079  04-149 = Chrysanthemum frutescensl.. 43.9% 13.8%
Indivof . )

080 04-152  Fopz ndigo ef?vlz fj:’io anctoria: o) ooy 165%
081 04-154 Z Pueraria Lobata (Willd.) Ohwi 32.0% 10.4%
082 04-155 = e Potentilla chinensis Seringe 36.6% 42.2%
083 04-156 NFE Mollugo pentaphylla L. 33.5% 12.0%
084 04-157 <H]7|UHF Vitex rotundiolia L. 75.3% 18.1%
085 04-158 L A Suaeda gulauca (Bunge) Bunge  23.9% 15.8%
086 04-160 oo}y Clematis mandshurica Ruprecht  30.9% 16.4%
087 04-161 G-I U Acer palmatum Thunb. 100.0% 61.3%
088  04-162 By Ilicium anisatum L. 31.9% 52.2%
089 0471627 e Illicium anisatum L. 0.0% 34.5%
090 04-164 sun Pittosporum tobira(Thunb.) 91 3% 5 6%

Aiton
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Ternstroemia gymnanthera

_ < 3] Sk A= o) 0
091 04-166 Sy} (Wight et Arn.) Sprague 36.2% 50.1%
092  04-167 G Ligostrum japonicum Thunb. 49.7% 11.9%
093 04-168 HIFo|UH Cleyera japonica Thunb. 68.1% 86.3%
P hi. /] Th .
094 04-169 S} ourthiaea villosa (Thunb.) g |, 91.7%
Decaisne
Myri lour.) Sieb. E
095  04-170 23 Jriea r”br;uisur) Sieb. EU a0 g0 53.0%
096 04-172 FSAYUSF  Sapindus mukorossi Gaetner 39.8% 13.7%
007 04-173 Hgpoppr LTUMS P erBSaIf:C}iLln“aeuSO) 479%  531%
098 04174 AAZYE Caesalpinia Zfsctapeta]a(Roth) 61.3% 96.5%
099 04-176 T2 = 7] Rubus trifidus Thunb. 51.7% 44.0%
100  04-178 AAYE Agrmonia pilosa Ledeb. 30.3% 62.5%
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2. BATAYT AJES T4

id
o
m\:l

P Y- (Cornus macrophylla Wall.)= %345 3 (Cornaceae)oll &3t

-

&= Largeleaf Dogwoodm Chinese Dogwoodo]tl Y& guZo =z 3l

=
%, AR, FF 9, o, sueer] A4a fevy BEAE FRoy

T EAUYF=AA ALFy FHF M2, BAE gAY 715 A, 7HA,
ol AAE FAEFA), A AHI (M) sty k&
o7 AlgHEvt dHA Ak By Ba Hojz 33EEE Rengyoline, Ethyl

gallate, Catechin, micromerol, Quercitrin, Afzelin® At}
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Figure 9. The spectimen of Cornus macrophylla Wall.

Figure 10. Photograph of the leave of Cornus macrophyila Wall.
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TIPS 2 (42-1) AF AlE 200 g& 70% ethyl alcoholel FE3dle] F3
2 386 glyield : 193%)& A, FEFE 30 g& AAS 1 Lol dgA7)a, &
W Zhuf 71E 8-83}9] p-hexane fraction (1.7 g), ethyl acetate fraction (8.6 g),

n-butanol fraction (7.9 g) and H,O fraction (11.0 g)& o] Ao &-&3s3ct

(Scheme 1).

Dried leaves of C. macrophylla (200 g)

70% ag. EtOH extraction (24 hr, 3 times)

70% aq. EtOH extract (386 g)

n-hexane extraction (3 hr, 3 times)

| |

n-Hex fr.
(1.7 g) H.O fr.

EtOAc extraction (3 hr, 3 times)

ethyl acetate fr.
(86 g)

HzO fI‘.

n-butanol extraction
(3 hr, 3 times)

| |

nm~BuOH fr. H-O fr.
(79 g) (11.0 g)

Scheme 1. Procedure of extraction and various fraction from dried leaves

of C. macrophylia.
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3l A3E Table6 YEFHATE. n-hexane fractione #23F YA fraction(70%
aq. EtOH extract, ethyl acetate, n-butanol, H-O solvent fractions)ol A= PDE4

enzyme &4 A7l v oFE4 Uyt @48 o5y 22 so2 SIS

70% ethyl alcohol F=%E3 &

ot

555 o] 839 PDE4 enzyme A4S

B\

At} m-hexane fraction < H,O fraction < n-butanol fraction < ethyl acetate
fraction. Z1E <, ethyl acetate fraction(ICsy: 13.9 pg/mL) ©E fraction®] 4|3
M =2 g4 s B

2]

70% ethyl alcohol FE&&=3 FYEES ©]83t9] GSNO reductase &4& =4

3t A3E Table 69 YEFHA T GSNO reductase B4 T3+ np-hexane fractions

o

ALt YA fraction(70% ag. EtOH extract, ethyl acetate, m-butanol, H-O
solvent fractions)oll A= GSNO reductase &4 237} % o4 eyt &
Ao tpeut e o7 =718kt ¢ nhexane fraction < HyO fraction < ethyl
acetate fraction < m-butanol fraction. 215 <, mbutanol fraction (ICs: 13.1 ug

/mL) ©& fraction®] ®vl&] 7} w2 A4S Xt (Table 11, Figure 11-12).

Table 11. IC5) value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of C. macrophylla

(leaves).
Samples ICs (pg/mL)
PDEA4 GSNO

42 EtOH extract 12.6 155
42-1  n—Hex fraction NA NA
42-1  EtOAc fraction 13.9 36.1
42-1  n~BuOH fraction 20.1 13.1
42-1  HyO fraction 77.0 36.3
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Figure 11. Results of PDE4 enzyme

leaves of C. macrophylia.

inhibition assay for extraction from
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(A) N6022 (B) 42 EtOH extract
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Figure 12. Results of GSNO reductase inhibition assay for extraction from

leaves of C. macrophylia.
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2-4. F|EAUT A F=

T LA TFA(42-2) AZ A E 200 g2 70% ethyl alcoholdl FE3dle]
8223 glyield : 11.2%)s 43, F55 20 g& AAGT 1 Lo dEA 7],
£y Zu7|S &83le] n-hexane fraction (1.4 g), ethyl acetate fraction (5.3

g), n-butanol fraction (4.2 g) and H,O fraction (85 g)& o] Ao &85

}(Scheme 2).

Dried Branch of C. macrophylla (200 g)

70% ag. EtOH extraction (24 hr, 3 times)

70% aq. EtOH extract (22.3 g)

n-hexane extraction (3 hr, 3 times)

| |

n—Hex fr.
(14 g) HA fr.

EtOAc extraction (3 hr, 3 times)

EtOAc fr.

(53 g) H0 fr.

n-butanol extraction
(3 hr, 3 times)

|

nm~BuOH fr. H-O fr.
(4.2 g) (85 g)

Scheme 2. Procedure of extraction and various fraction from dried branches

of C. macrophylla.
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g

3l A¥E Table?7 YEFHATE. n-hexane fractione #23F Y] fraction(70%
aq. EtOH extract, ethyl acetate, n-butanol, H-O solvent fractions)ol A= PDE4

enzyme &4 A7l v oFE4 Uyt @48 o5y 22 so2 SIS

70% ethyl alcohol F=E3 FIEES o]8319] PDE4 enzyme A S

B\

At} m-hexane fraction < H,O fraction < n-butanol fraction < ethyl acetate

fraction. 715 %, ethyl acetate fraction(ICso: 5.3 pg/mL) TS fraction®] H]3|

7

Hir

= 48 BA
70% ethyl alcohol F& &3 #IEES o83t GSNO reductase &4 & =
AE Table 79 YEFHRATE 70% ag. EtOH extract, n-hexane, ethyl

acetate, n-butanol, H,O X+ fraction®llA] &% 9 &4 yelydt. &4 oL

al

rod

2o o7 ZF7HAT. ¢ nhexane fraction < H,O fraction < ethyl acetate
fraction < n-butanol fraction. ZLE <, n-butanol fraction (ICs: 11.4 pg/mL) t}

E fraction®l] H|&] 7} =& FAS B A (Table 12, Figure 13-14).

Table 12. ICs value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of C. macrophylla

(branches).

IC50 (ﬂg/ mL)
Samples

PDE4 GSNO
42 EtOH extract 12.6 155
42-2 n—Hex fraction NA 58.9
42-2 EtOAc fraction 5.3 55.3
42-2 nm~BuOH fraction 8.0 114
422 H>O fraction 170.5 324
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(A) Rolipram

(B) 42 EtOH extract

150
100
£ 5
o
£
0 i
.50
1.0000000
LogConcentration

150
_ 100
& 0] meeemeeemmmmieaaaaaad
& H
0 4
-1.0 -05 00 05 10 15 2.0
LogConcentration

(C) 42-2 n—Hex fraction

(D) 42-2 EtOAc fraction

150
4?:__100 - - l-l r A A ..—;
3 5
0
40 05 00 05 10 15 20

LogCancentration

50

YBACtivity

-10 -05 00 05 10 15 20
LogConcentration

(E) 42-2 n-BuOH fraction

(F) 42-2 H-O fraction

150

-
f=]
o

% Activity

00 05 10 15 20
LogCancentration

-1.0 -05

150

-
o
o

%Activity
o
=

00 05 10 15 20
LogConcentration

-1.0 -0.5

Figure 13. Results of PDE4 enzyme inhibition assay for extraction from

branches of C. macrophylla.
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(A) N6022 (B) 42 EtOH extract
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Figure 14. Results of GSNOR reductase inhibition assay for extraction from

branches of C. macrophylla.
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AiEor HiHol A e FEFED 1TSS TYs
LCQ Fleet Ion Trap Mass Spectrometer(Thermo Fisher Scientific, Waltham,
MA, USA)E o]&3to B4 1S gy th. Negative modeol A spray
voltage 4.0 kV, capillary voltage 35 V, mass resolving power 30,000 fullell A
A0 ¥4 Ao BAsQ, BEEA 1% @ 24 A% Table 13

3 o),

Table 13. Identification for standards by using LCQ Ion Trap MS/MS.

Standards MW R; (min) E\Ynax, ) 1[\1/\[/15711{], 1(\1/{/1582 NS)
Catechin 290 3.22 279 289 205, 245
4-O—-Caffeoylquinuc acid 354 4.08 326 353 173, 179
Pyocyanidin B2 578 5.15 279 577 407, 425
Pyocyanidin C1 866 8.18 279 865 577, 695
Epicatechin gallate 442 10.95 278 441 169, 289
Hyperoside 464 10.98 256, 354 463 301
Rutin 610 10.98 256, 353 609 301
Nicotiflorin 594 12.53 265, 347 593 285
Quercitrin 448 13.01 256, 349 447 301
Quercetin 302 16.95 255, 372 301 151, 179
Kaempferol 286 20.10 367, 265 285 243, 257
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2-6-1-1. Catechin E+E%

Catechin A+ ™3l total scan PDA chromatogram= <th #HE=7]9 =
gd3lE AIHHEE AI7HE 322 min® ® YEFYE S 1 photo diode array A7)
A2 UV Amaxe= 279.00 nmz &2l 4= AJ}(Figure 15). Primary mass
spectrum (MS1)ol A 2] total ion chromatogramol* W¥& A7+ 3.35 min,
primary ion® m/z <2 289 [M-HI & &A1& 4 At T3 secondary
mass spectrum (MS2)o A4 €] total ion chromatogramol A ™M¥& AJ7FS 3.40
min, fragments ion®] m/z #S 245 [M - H-35], 205 [M-H - &4] & &<2l3 <
A A} (Figure 16). === (Aniba parviflora) FZ%°l| 4 Catechin A&#o] ¥t
Hoj low A A 245 m/z9 205 m/z9 Hl7F 10049 50°.2 yERdtha
®asa gek(Figure 17).%

it | (A) s (8) e

Figure 15. Ion chromatogram of Ion-Trap MS for Catechin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 16. Result of Catechin in primary mass spectrum (MS1) and secondary
mass spectrum (MS2); (A) Total ion chromatogram (MS1). (B)
ESI-MS spectrum in negative ionization mode. (C) Total ion
chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 289 in

negative ionization mode.
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m/z 289 -CzH402

Figure 17. Proposed fragmentation of Catechin.

_6‘]_

OH
m/z 245

m/z 205



2-6-1-2. 4-O-Caffeoylquinic acid %2

4-O-Caffeoylquinic acid A9 w3t total ion chromatogramg AU HAE
7o =EslE A ZH(HEE AI7HS 408 mine & UENS S photo diode array
AZ7]949 UV Amax+= 326.00 nm= &g = A A (Figure 18). Primary
mass spectrum (MS1)o] 42| total ion chromatogramol|A WHF& A7 4.21
min, primary ion® m/z IS 353 [M-HI S gJd = Jdrh =3
secondary mass spectrum (MS2)o 41 2] total ion chromatogramol 4] ™¥E& Al
7+ 4.24 min, fragments ion® m/z #2179 [M-H - 174] ¢} 173 [M-H - 180]
2 gos 4 dAH(Figure 19). Triple quadrupole linear ion trap mass
spectrometry chlorogenic acid ] @A dgt F2A oA 4-O-Caffeoylquinic
acid ¥4 23 m/z 3531 — 190.7 — 1726 %=+ m/z 353.1 — 1788 #< el

We e 5 At (Figure 20).%

o

(B)

;}W'ﬂa:;,{

g ¥
5

14
g8 8 8
Lovvadvinnbatiilin

§88¢8
f/
<\\
%
A\
\
Y

Figure 18. Ion chromatogram of Ion-Trap MS for Quercitrin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 19. Result of 4-O-Caffeoylquinic acid in primary mass spectrum
(MS1) and Secondary Mass Spectrum (MS2); (A) Total ion
chromatogram (MS1). (B) ESI-MS spectrum in negative ionization
mode. (C) Total ion chromatogram (MS2). (D) ESI-MS/MS

spectrum of m/z 353 in negative ionization mode.
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Figure 20. Proposed fragmentation of 4-O-Caffeoylquinic acid.
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2-6-1-3. Procyanidin B2 ¥+% 32

Procyanidin B2 3 +-o 3} total scan PDA chromatogram< ATt #H=7]
of EadtE AZHHFEE AIZHE 515 min®Z YEFYES 1 photo diode array
A=7]42 UV Amaxt 279.00 nm= A& 4= I At (Figure 21). Primary
mass spectrum (MS1)o] 42| total ion chromatogramol|A WHF& A7+ 5.34
min, primary ion® m/z #< 577 [M-HI & &g & AArh T3
secondary mass spectrum (MS2)o 41 2] total ion chromatogramol 4] ™¥E& Al
7+e 5.33 min, fragments ion® n/z < 257 [M-153], 407 [M-H-170]", 289
[M-H-288] & &°2ld 4 dJrHFigure 22). HPLC-qTOF-MS/MS o] &3+
Procyanidins B2A4 % 24 ZA¥ [M-H] 9lA (m/2)577.1225¢] fragments ion
m/z %< 109.0138, 121.0139, 123.0284, 125.0081, 137.0077, 151.0232, 159.0269,
161.0097, 163.0197, 179.0178, 189.0348, 203.0529, 221.0645, 245.0625, 271.0448,
287.0327, 289.0541, 299.0364, 315.0697, 321.0582, 339.0693, 407.0601, 425.0709 2

7} ®Baxo] 21 9 tH(Figure 23).5

PoomEna

1
EHEH Q83 dREEE2

.Sgfisgasgesaagaagags

saBBay

g

Figure 21. Ion chromatogram of Ion—-Trap MS for Procyanidin B2
standard material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 22. Result of Procyanidin B2 in primary mass spectrum (MS1) and

Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 577 in

negative ionization mode.
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m/z 425

-H,0

Figure 23. Proposed fragmentation of Procyanidin B2.
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2-6-1-4. Pyocyanidin C1 Z+=%

Pyocyanidin C1 3ol th3} total scan PDA chromatogram< {3 th H=7]
of EgslE A ZHHFEE AI7HE 818 minC ® UENS S Photo Diode Array
AZ7]942 UV Amax+= 279.00 nm= &A& = A A Figure 24). Primary
mass spectrum (MS1)o]4¢] total ion chromatogramol|A WHF& A7+ 837
min, primary ion® m/z #< 865 [M-H] & &g 4 At} E3F secondary
mass spectrum (MS2)o A4 €] total ion chromatogramol 4 ™M¥& AJ7FS 8.38
min, fragments ion® m/z @S 739 [M-H-126], 695 [M-H-170], 577
[M-H-288] & shelar 4= 9l At (Figure 25). iofol A ¢ Pyocyanidin Cl1 4]
A3} fragments ion® nv/z 695.1 (100), 577.1 (64), 739.1 (49), 713.1 (36), 407.2
(29), 575 (25), 425 (21)e. 2 #3lo] = 9tk (Figure 26).%

279.00

_—

..........

Figure 24. Ion chromatogram of Ion-Trap MS for Procyanidin C1

standard material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 25. Result of Pyocyanidin Cl in primary mass spectrum (MS1) and

Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 865 in

negative ionization mode.
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Figure 26. Proposed fragmentation of Pyocyanidin Cl.
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2-6-1-5. Epicatechin gallate 5% %

Epicatechin gallate Aol ™3} total scan PDA chromatogram< AAct. 7
=710 =gt AIZHHEFE AIZHS 1095 mineZ YEFS S ™, photo diode
array A=7]°14¢ UV Amaxe= 278.00 nm= A& 4 IR (Figure 27).
Primary mass spectrum (MS1)o|4]12] total ion chromatogramol|A ™%& A7t
< 11.11 min, primary ion® m/z < 441 [M-H]I & g8 4 gk &3l
secondary mass spectrum (MS2)o 41 2] total ion chromatogramol 4] ™¥E& Al
7+e 1112 min, fragments ion®| m/z #< 289 [M - H-153], 169 [M-H - 272]
S geolst = AJH(Figure 23). w2 FEEZHE 2] Thermo Scientific LTQ
XL Linear Ion Trap Mass Spectrometer 283t Epicatechin gallate #2794
primary ion®| m/z% 441 fragments ion m/z #%< 289, 16920 2 o|n] H 1% o]

2] a1 9l tH(Figure 29).5¢

(A)

Figure 27. Ion chromatogram of Ion-Trap MS for Epicatechin gallate
standard material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 28. Result of Epicatechin gallate in primary mass spectrum (MS1)
and Secondary Mass Spectrum (MS2); (A) Total ion
chromatogram (MS1). (B) ESI-MS spectrum in negative ionization
mode. (C) Total ion chromatogram (MS2). (D) ESI-MS/MS

spectrum of m/z 441 in negative ionization mode.
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Figure 29. Proposed fragmentation of Epicatechin gallate.
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2-6-1-6. Hyperoside ¥+% %

Hyperoside Ao 3l total scan PDA chromatograms At A E7]9l
TaatE A (HEE AIHE 1098 mine Z YEFE e photo diode array 7

=7l 9 UV Amaxe 256.00 nm®t 354.00 nm= &g 4 AR} (Figure
30). Primary mass spectrum (MS1)o|42] total ion chromatogramol A ™F&
AZF8 11.16 min, primary ion® m/z & 463 [M-H] & a3 4 A}
T3l secondary mass spectrum (MS2)o 4 €] total ion chromatogramol 4] ™ %
E A7 11.16 min, fragments ion® m/z #%< 301 [M-H-162] & &g 4

A A (Figure 31). LC MS/MS ©]|-§-3 Hyperoside 4 23 m/z 4631 —
300.1 fragmentation ®tt1 R 3% 3 9 tH(Figure 32).5

"
25500 (B) =

A

Figure 30. Ion chromatogram of Ion-Trap MS for Hyperoside standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 31. Result of Hyperoside in primary mass spectrum (MS1) and

Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 463 in

negative ionization mode.
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Figure 32. Proposed fragmentation of Hyperoside.
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2-6-1-7. Rutin ¥+&3
Rutin A &0 w3t total scan PDA chromatogram< Attt A&E7]o) =43}
= A ZHHEE A7HS 1098 mine 2 e o1 photo diode array 73 7]l
A9 UV Amaxi 25600 nmot 353.00nm=z &1d 4 A ch(Figure 33).
Primary mass spectrum (MS1)ol 41 9] total ion chromatogrameoll 4 ™¥+& Al7F

< 11.14 min, primary ion® m/z #< 609 [M-H] S &<2lst 4= A}t %3

A

secondary mass spectrum (MS2)o 41 2] total ion chromatogramol A HF& A

7F2 11.16 min, fragments ion® n/z = 301 [M-H-308] = &olsk 4 A

t}H(Figure 34). UPLC - MS-MS @& positive ionization mode®]A Rutin 4

A3t [M+HI+O A /z m/z Fkol 61091, MRMel A 302,98 g2 wEbfem® o
710 =35} 2=

+ negative ionization mode°|AX m/z &< 609, m/z #< 301 A= 4 9

(Figure 35).

L

boa
8

(A)

Soa mum

ié

5 b
6 oo

UYLy

EEEEEEEEEREEREEERE

1
3y

E

Figure 33. Ion chromatogram of Ion-Trap MS for Rutin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 34. Result of Rutin in primary mass spectrum (MS1) and Secondary

Mass Spectrum (MS2); (A) Total ion chromatogram (MS1). (B)
ESI-MS spectrum in negative ionization mode. (C) Total ion
chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 609 in

negative ionization mode.
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Figure 35. Proposed fragmentation of Rutin.
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2-6-1-8. Nicotiflorin Z5& 2
Nicotiflorin A %ol 3t total scan PDA chromatogram< < th HA=7]9
= A HFEE AI7HS 1253 mine 2 e 2™, photo diode array 7

Z7] ¢ UV Amax: 265.00 nm%} 347.00 nm= Zelgd 4= A A tH(Figure

ol

vy

36). Primary mass spectrum (MS1)o|4 2] total ion chromatogramol* ™ %<&
AZF2 1256 min, primary ion®| m/z 3k 593 [M-H] < &3 4 3ot &=
Sk secondary mass spectrum (MS2)ol] A4 2] total ion chromatogramo] A ™%&
Al 72 1270 min, fragments ion® m/z @2 285 [M-H-308] & &d& 4 A
A tH(Figure 37). 7hak# ¥l 7l (Rhamnaceae) 2 F-E] 2] Nicotiflorin g 2] ol A]
TOF MS/MS A#Zd3 MSlelA m/z 593151 MS/MSelX m/z 285.038,
255.029, 227.034 k& <139 th(Figure 38).%"

A)

*lootenn

12.53

Figure 36. Ion chromatogram of Ion-Trap MS for Nicotiflorin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 37. Result of Nicotiflorin in primary mass spectrum (MS1) and
Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 593 in

negative ionization mode.
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Figure 38. Proposed fragmentation of Nicotiflorin.
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2-6-1-9. Quercitrin ¥+ =32
Quercitrin A3

o o3t total scan PDA chromatogram= <t A=
e

=7 &=
A ZHHFEE A1 7HS 1301 mine 2 YEko ™| photo diode array 7%

71941 2] UV Amax+ 256.00 nmé} 349.00 nm= 3Helgr 4= ¢l At (Figure 39).

Primary mass spectrum (MS1)o|4]12] total ion chromatogramol|A ™%& A7t

< 13.14 min, primary ion® m/z < 447 [M-H] & &<l

[ai3
=

T AT T
secondary mass spectrum (MS2)o 41 2] total ion chromatogramol A HF& A

7+ 13.16 min, fragments ion® m/z #< 301 [M-H - 146] &

A

(Figure 40). 7BEE W= (Polygonum capitatum)ol A Quercitrin

positive ionization mode®| Al m/z 449.0 — 303.0 fragmentation ¥ ™% negative

ionization mode®l| 4] 447.0 — 301.0 ¥ A& & $ JH(Figure 41).

(A)

N (®) oo

Figure 39. Ion chromatogram of Ion-Trap MS for Quercitrin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 40. Result of Quercitrin in primary mass spectrum (MS1) and
Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 447 in

negative ionization mode.
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Figure 41. Proposed fragmentation of Quercitrin.

_88_



2-6-1-10. Quercetin X+=2
Quercetin Al #-o] w3l total scan PDA chromatograms {th AEF7]o =

2l E AIZHHEE AI7HS 1695 mine® YEFE 2™ photo diode array A
71941 2] UV Amax+ 255.00 nmé} 372.00 nmz Helgr 4= 9l At (Figure 42).
Primary mass spectrum (MS1)o|4]12] total ion chromatogramol|A ™%& A7t
< 1716 min, primary ion® m/z < 301 [M-H] & &<2lst 4= Ak T3k
secondary mass spectrum (MS2)o 41 2] total ion chromatogramol 4] ™¥E& Al
ke 1712 min, fragments ion® m/z #*< 179 [M-H-122] ¢+ 151 [M -
H-150] & @<9d& 4 AR (Figure 43). UFLC XR Ultra high performance
liquid chromatograph (Shimadzu, Kyoto, Japan) ©]-&3F Quercetin #4] 23}
negative ionization mode®l| 4l n7/z 301.0367, fragments ionization n/z 273.042,
243.028, 178.998, 151.004, 121.030 ztol &<l A th(Figure 44).%

e (A) 255.00 372.00 (B) z;j.-i‘;;;,
wid - | , o

=000
360000 16.95

aa 2
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299 34T 400 433 gan _
2000 R e oy
i
_ses
. T T T T T
3 2 1 z 3 0

Figure 42. Ion chromatogram of Ion-Trap MS for Quercetin standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 43. Result of Quercetin in primary mass spectrum (MS1) and
Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 301 in

negative ionization mode.
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Figure 44. Proposed fragmentation of Quercetin.
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2-6-1-11. Kaempferol T+ &4

Kaempferol %ol tf3dt total scan PDA chromatograms < th 7 E7]l
TaatE A (HEE AIHE 2010 mine Z e photo diode array 7

=7l 9 UV Amaxe 265.00 nm®t 367.00 nm= &3 4 AR (Figure
45). Primary mass spectrum (MS1)o4 2] total ion chromatogramol A ™F&
A ZF8 20.25 min, primary ion® m/z S 284 [M-H] S &g 4 At
T3l secondary mass spectrum (MS2)o 4 €] total ion chromatogramol 4] ™ %
E AlZF2 2027 min, fragments ion®] m/z = 257 [M-H - 28], 243 [M -
H-243] & &<2& 4 A H(Figure 46). B FUT(Syzygium aromaticum)ol A
Kaempferol®] primary ion2 m/z #2 285(negative mode)oll 4] fragments ion®ll
AN m/z Fkol 268, 257, 255, 243, 239, 227, 211, 187, 159, 143, 131, 117, 93, 83,
659 A7 7} ety BuEo] X1 ¢ tH(Figure 47)."

(G R— (B) D=

Figure 45. Ion chromatogram of Ion-Trap MS for Kaempferol standard

material; (A) Total scan PDA. (B) PDA spectrm.
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Figure 46. Result of Kaempferol in primary mass spectrum (MS1) and

Secondary Mass Spectrum (MS2); (A) Total ion chromatogram
(MS1). (B) ESI-MS spectrum in negative ionization mode. (C) Total
ion chromatogram (MS2). (D) ESI-MS/MS spectrum of m/z 285 in

negative ionization mode.
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Figure 47. Proposed fragmentation of Kaempferol.
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2-6-2. 3% A B4

2-6-2-1. + LAY 70% ethyl alcohol FEE(, 7FA))

FEAYF 70% ethyl alcohol FE &3 FFEZ(STD) 11FS vl E4S
Ee AA o A4S APy, FFE 4 Cateching ¥ w3 Z3} Primary
mass spectrum (MS1)oll 4] total ion chromatogramoll Al =2 ZxjvtH 70%
ethyl alcohol F&%&9 ®F& AlZF2 3.38 min (Catechin: 3.35 min)o] 2.1,
ESI-MS spectrum in negative ionization mode®l| X n/z#k2 283.94 (Catechin:
m/z 28882)2. 2 YE}yT} secondary mass spectrum (MS2)9] 4+ total ion
chromatogramol A H A5 70% ethyl alcohol FEE9 HEE A7HE
3.47 min (Catechin: 3.40 min)°]1 o™, ESI-MS/MS spectrum of m/z 289 in
negative ionization mode®l 4] fragments ion m/z#k< 244.88, 204.84 (Catechin:
m/z 244909, 204.87)°.= el FogEAYUF 70% ethyl alcohol F&E& <l
Catechino] 235l dSS Sl 22 W o= Pyocyanidin B2,
Hyperoside, Rutin, Quercetin, Kaempferol 5 652 A& &Qlstla, Fow
AUF FE55 B8 F 724 S T3 Quercetin, KaempferolS &1¥ #}F 2d

t}H(Table 14, Figure 48-54).""

Table 14. Identification of standards from of C. macrophyllal 70%

ethyl alcohol extract.

R; (min, MS1) MS1 [M-HJ MS2 (MS/MS) Identification
3.38 288.94 244.88, 204.84 Catechin
5.38 577.46 424.87, 406.98 Pyocyanidin B2
10.95 462.84 300.84 Hyperoside
10.98 608.89 300.90 Rutin
17.26 300.88 178.91, 150.86 Quercetin
20.29 284.97 256.84, 242.78 Kaempferol
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Figure 48. Total ion chromatogram (MS1) of C. macrophylla 70% ethyl alcohol

extract.
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Figure 49. Identification of Catechin from of C. macrophylial 70% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 50. Identification of Pyocyanidin B2 from C. macrophylla 70% ethyl

alcohol extract; ; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 51. Identification of Hyperoside from C. macrophylial 70% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 52. Identification of Rutin from C. macrophyllal 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 53. Identification of Quercetin from C. macrophylial 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 54. Identification of Kaempferol from C. macrophyllal 10% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.

2-6-2-2. & L&A LF 2 ethyl acetate fraction
Fo) L UYF 2 ethyl acetate fractione ZFEZ(STD) 1153 vl £A&
T3l A Bl HAS AYsAh FodAYUF A ethyl acetate fraction®] A
2o FodauH 70% ethyl alcohol FEE (2, 7FA)oA] Seld AHERED
FAFSFS 2| Pyocyanidin B2, HyperosideES A 2] gt Catechin, Rutin, Quercetin,

Kaempferol 5 4%2 A&S & F A (Table 15, Figure 55-59).

Table 15. Identification of standards from of C. macrophyllal (leaves)

ethyl acetate fraction.

R¢ (min, MS1) MS1 [M-HI MS2 (MS/MS) Identification
3.32 288.94 244.91, 204.91 Catechin
11.15 608.74 300.93 Rutin

17.20 300.86 178.91, 150.81 Quercetin
20.31 284.87 256.72 Kaempferol
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Figure 55. Total ion chromatogram (MS1) of C. macrophylla (leaves) ethyl

acetate fraction.
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Figure 56. Identification of Catechin from C. macrophylla (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 57. Identification of Rutin from C. macrophylla (leaves) ethyl acetate

fraction; (A) Total ion chromatogram. (B) MS spectrum.

MS1 (Base Peak m/z 301) () ~ MSLESIRUIMS ™ 30086 | (B)
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Figure 58. Identification of Quercetin from C. macrophylla (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 59. Identification of Kaempferl from C. macrophylia (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.

2-6-2-3. FEA U S p-butanol fraction
wo w2 p-butanol fractione EFEZ(STD) 115 vHlu ¥4 &
g4 g AAES APt FEA YT 70% ethyl alcohol F& &3
oI L 2 ethyl acetate fractionoll A &<1%l < Catechin,, Hyperoside©]
A= HAL, 5olstAl Quercitrine] Fo] @A 2 p-butanol fractionol A

¢lo] ¥l tH(Table 16, Figure 60-63).

Table 16. Identification of standards from of C. macrophylla (leaves)

n—butanol fraction.

R¢ (min, MS1) MS1 [M-HJ MS2 (MS/MS) Identification

3.37 288.96 24476, 204.94 Catechin
11.57 463.00 301.00 Hyperoside
13.11 446.94 300.99 Quercitrin
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RT:0.00-30.01
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§ 807
_g |
3 = 2899
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3 207 L tofs l 2400 24.80
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Figure 60. Total ion chromatogram (MS1) of C. macrophylla (leaves)

m—butanol fraction.

MS1 (Base Peak m/z 289) (A) MS1 ESI Full MS 386.73 (B)

244.76 M52 ESI Full MS

3.56

Time (min) mjz

Figure 61. Identification of Catechin from C. macrophylla (leaves) n—-butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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MS1 ESI Full MS 386.65
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Figure 62. Identification of Hyperoside from C. macrophylla (leaves)

n-butanol fraction; (A) Total ion chromatogram. (B) MS spectrum.

MS1 (Base Peak m/z 447) 13.11 (A) MS1 ESI Full MS (B)
13.16 38661
| 1330
514.56
10.55 1287 23291 316833074
1535 17.11 74.82 298__59--'] so6s | 17274 5842_2' I
LI N ﬂl_lu_lliuhhlll oLl e ||:\-- wall -||I|I] |I.l‘||u|. i, lll- ..JII Illlld|| || Jll‘ d
S MS2 ESI Full MS
& | 300.99 |
14 51
LI L N B N I I Iy sy e e A R RS AL AERIRAAE LAY (E23 Bamd 28 BART FUSAREE: baps BEiaa RN 1 REGA RLZADEZY:
4 6 12 200 300 400 500 B
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Figure 63. Identification of Quercitrin from C. macrophylla (leaves)

n-butanol fraction; (A) Total ion chromatogram. (B) MS spectrum.
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6-2-4. Fo] LA} 7}A] ethyl acetate fraction

2_
FHAYF 71A] ethyl acetate fractione ¥+=Z(STD) 11E3} Hlx &4

ftlo

—

& ethyl acetate fractionolA] Q1% A+ 5 Catechin¥t s¥3stgorn,

Pyocyanidin B2, Pyocyanidin C2, Hyperoside, Quercitrine 2] &2}

sl A & AAHS AP 55 AES s Fo gAY
)

ol

ST

ethyl acetate fractionolA:= A a FJWai}FE 714 ethyl acetate

fractiono| A1 EQI= At 28]a FoEAYUF 70% ethyl alcohol FEE(4,

ZDell A ™ Pyocyanidin C20] €15 I th(Table 17, Figure 64-69).

Table 17. Identification of standards from of C. macrophylla (Branch)

ethyl acetate fraction.

7

-

R (min, MS1) MS1 [M-H]J MS2 (MS/MS) Identification
3.22 288.76 244.92, 205.26 Catechin
5.38 576.60 424.75, 406.90 Pyocyanidin B2
8.47 864.61 694.61, 576.70 Pyocyanidin C2
11.57 462.74 300.74 Hyperoside
13.25 446.71 300.86 Quercitrin

RT: 0.00-30.03

100 095

8 g0

g - Pyocyanidin B2 Quercitrin

3 7 Pyocyanidin B2 Hyperoside

2 407 Catechin

&

2 20 1 2323 A 23
] 1.51 512 551 660 %5 955 1150 1288 1378 1644 1877 2157
O3 i & & 10 1z 1a 16 18 20 22 24 26 28

Time (min)

Figure 64. Total ion chromatogram (MS1) of C. macrophylla (Branch) ethyl

acetate fraction.
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Figure 65. Identification of Catechin from C. macrophylla (Branch) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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(A)  MSLESIFull MS

386.71

%044 42475 476823

9.18 gg5 11.83 13923 i .
[RPY [RVRPRPTIN | LR | SYSTOUY LI 1 RN

MS2 (Base Peak m/z 425)

5.17

(@ ] ®

644 30 gg
54864 | o1 o7
g b e i

gl 1)

| 42475

w0 ]

MS2 ESI Full MS

1187 288.87 450.70 )
| 1208 9.16 11.67 _.°" 1346 | 329.17 38060 | 48888 5=3|-57
LI S T R R N RS T R R ) - N S O O 7 S A (L e I |ERRE CAR Rl BERE LARE Mtk BARN boAL LAEE LA LRad LA ERAE | RRLE A LT ERs REAS RS
2 4 g 8 10 12 14 300 400 500 500
Time (min) mjz

Figure 66. Identification of Pyocyanidin B2 from C. macrophylla (Branch)

ethyl acetate fraction; (A) Total ion chromatogram. (B) MS

spectrum.
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MS1 (Base Peak m/z 447) (&) MS1 ESI Full MS 864.61 (B)

8.47
s_l?
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Figure 67. Identification of Pyocyanidin C2 from C. macrophylla (Branch)
ethyl acetate fraction; (A) Total ion chromatogram. (B) MS

spectrum.

MS1 (Base Peak m/z 463) (A) MS1 ESI Full MS 386.76 (B)
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Figure 68. Identification of Hyperoside from C. macrophyilia (Branch) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 69. Identification of Quercitrin from C. macrophylla (Branch) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum..

2-6-2-2. ¥ Z U5 7}FA] n-butanol fraction

o

Fo) DU 7FA p-butanol fractionS FEFEZA(STD) 1123 vl A4

s g sl

T

NS 23549, 71 A3} Pyocyanidin B2, Pyocyanidin C2,
Rutin 5 3% AES edr}. o)j= FEvE 2 p-butanol fraction A&
S st Aafolm A&l 3 7hx Y xFE AEEC] Aol7F AdeS AAL

3} (Table 18, Figure 70-73).

Table 18. Identification of standards from of C. macrophylla (Branch)

n—butanol fraction.

R¢ (min, MS1) MS1 [M-HI MS2 (MS/MS) Identification

5.30 576.61 424.74, 406.78 Pyocyanidin B2
8.48 864.60 694.59, 576.72 Pyocyanidin C2
11.25 608.73 300.60 Rutin
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Figure 70. Total ion chromatogram (MS1) of C. macrophylla (Branch)

m—butanol fraction.

MS1 (Base Peak m/z577) ()  MSLESIFull Ms (B)
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Figure 71. Identification of Pyocyanidin B2 from C. macrophylla (Branch)

n-butanol fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 72. Identification of Pyocyanidin C2 from C. macrophylla (Branch)

n-butanol fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 73. Identification of Rutin from C. macrophylla (Branch) n-butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Table 19. Effects of test material-42 on airway

hyperresponsiveness and result of one-way ANOVA.

Airway Concentration (mg/mL)
Hyperresponsiveness
(Penh) 0 10 20 30
NC 0.31£0.04 0.43£0.03 0.64+0.14 1.30%0.10
OVA 0.69+£0.09 1.12£0.18 3.56+0.78 6.08+1057
DEX 047+0.04 057£0.07 0.86+x0.33 2.77x0.73
42-30 0.42+0.19 057£0.19 2.69+0.42 5.12+1.04
42-60 0.44+0.22 0.95£0.22 3.45+053 5.54+1.31
F-value 13.170 3.806 0.833
F-distribution 3.63 3.63 3.63
OVA/42-30 0.001 0.082
P-value
OVA/42-60 0.376 0.989

—4=NC =B—0VA =—a—DEX =—8—42-30 =4=42-60

=]

(<]

-1

(=,

L

£

s

(=]

Airway hyperresponyiveness (Penh value)

i

(—]

0 10 20 30

Methylcholine concentration (mg/mL

Figure 74. Effects of test material-42 on airway hyperresponsiveness.
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S
G259 gyel AANA Fastg

N
>,
Jo

T (OVA), A 554 30 mg/kg(42-30), N &&4 60 mg/kg(42-60) =&
A3E 8319 one-way ANOVAES AAgE A3 F-valuee: 85422 F
wEEA e 7)ZbA] 355(FHHE7H3)-1=2, FTu(21)-3=18) H TS s
UetgS a8 4 Atk Pvalues  #91d A3 OVA/42-3000 A
0.128=2(P>0.05) <ol g3, OVA/M42-60 =3+ 0.169=(P>0.05) 4
B2 A g tH(Table 20, Figure 75).

Table 20. Effects of test material-42 on reactive oxygen
species in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Type ROS Production (Fluorencence)
NC 2,798.56+961.86
OVA 11,794.76+1,385.53
DEX 6,137.66+1,240.87
42-30 9,757.91+1,966.33
42-60 13,436.45+1,600.79
F-value 8.542
F-distribution 3.95

OVA/42-30 0.128
P-value

OVA/42-60  0.169
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Figure 75. Effects of test material-42 on reactive oxygen

species in bronchoalveolar lavage fluid.
2-7-3. #Hxz AHY W dAx HE A 2

=
AR, HAAFE(OVAS 7134 #HE ARG o A5 H X3
deAlEe]l 7 AAHESNO  HlE dAAsA FrrskdTh vk,
o=t xw Q! Dexamethason 7ol (DEX)ol A= %2 f1d<to] Hlu sk
Az AHA Wl dSHAE 77 dA A sk
AAFEEOVA), A2E4 30 meke@2-30), AR22 60 me/ke(42-60)
Ay AyES 83 one-way ANOVAES AA3 Az} F-value:
Eosinophilel Al 2.246, Macrophageol <l 5590, Lymphocyteol| 4  2.554,
Neutrophiloll 4 1.413, Total cellel 4] 4.532=% 32elo] It}  Macrophage2}
Total cell®] P-values <13 Z3 OVA/M42-309 0.04(P<0.05)% 24 el

wREAL, YA Feojdol #FHA @okth Macrophage®
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AAFEZOVAL vls) Hastgion, ol2 op7lel 7[#A] A2 AHY i &
ASHE 7 E=g HAAFE=(OVA) B3] 30 mg/kg(42-30) Fo el A 17.6%,
60 mg/kg(42-60) Foftoll A 16.3% 74 = AtH(Table 21, Figure 76).

Table 21. Effects of test material-42 on inflammatory cell count in

bronchoalveolar lavage fluid and result of one-way ANOVA.

Inflammatory cell (perx400 magnification site)

Type
Eosinophil Macrophage Lymphocyte Neutrophil Total cell
NC 0 14.8+1.9 0.5+0.1 0 15.3%¥1.9
109.5+17.
OVA 4 136.1+23.2  2.4+1.1 7.9+2.3 255.9+38.6
DEX 24.0+25 285+3.9 35+0.7 1.9+05 57.845.3
42-30 9281226 106.2+12.3 2415 8.6+1.4 211.0+27.2
42-60 89.7+15.7 113.0+152 4.1+2.2 7.2+0.8 214.1+26.2
F-value 2.246 5.590 2.554 1.413 4532
F-distribution 3.55 3.55 3.55 3.55 3.55
OVA/2-30 0.040 0.080
Pvde
OVA/2-60 0.139 0.104
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Figure 76. Effects of test material-42 on inflammatory

cell count in bronchoalveolar lavage fluid.

(IL-13)= 2o o] glo] T a3t wi7fAloltt. o]21%k Cytokine ZA+-9
A& 2 BHS A F7HAA, A d3SEES "5 st &
Ao, HAFET(OVA)S 713A #Ax AFHA U Interleukin-5 <
Interleukin - 13¢] A o] AAHELINCol Hl&| FAAHA F7Fetaith. whd,
Dexamethason S (DEX)2 HAF2-(OVA)A Hl3] 9354 Cytokined
Aol A FHAaH A

AFET(OVA), A5EZ 30 mg/kg42-30), Al5EE" 60 mg/kg(42-60)
A As &8st one-way ANOVAE AHAg ZA¥,  F-valuexs

Interleukin-5914  1.604, Interleukin - 13°4] 097322 &<2lo] =YY F

o

O

FEETO A 7)Zbx] 355(HEZH3)-1=2, FHHH(21)-3=18) HT} EHF <&
oz Folo]  Hrk  wI  P-valueg Q3 A3 OVA/A42-309
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Interleukin—5¥} Interleukin - 13 Z}Z} 0.270%} 0.984(P>0.05) #o = oAl 9]
TR ekokar, OVA/42-602] Interleukin-53F Interleukin - 13 &2 0.492,
0.221(P>0.05)% 214 =}o]7} 1t (Table 22, Figure 77-78).

Table 22. Effects of test material-42 on IL-5 and IL-13
production in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Inflammatory Cytokine (pg/mL)

Type

IL-5 I.-13
NC 6.92+2.10 11.53+2.08
OVA 29.85+4.44 54.42+7.97
DEX 17.26+3.82 25.4315.66
42-30 25.40%5.04 52.36£15.26
42-60 26.52%5.00 46.61£7.56
F-value 1.604 0.973
F distribution 3.95 3.55
P-valu OVA/42-30 0.270 0.984
¢ OVA/42-60 0.492 0.221
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Figure 77. Effects of test material-42 on IL-5

production in bronchoalveolar lavage fluid.
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Figure 78. Effects of test material-42 on IL-13

production in bronchoalveolar lavage fluid.
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2-7-5. Immunoglobulin-E A4 &#| &3}

Immunoglobuline 29| ofg] AFT4E HdA7|=d 583 uj7iAl= <l
Ao Ao 2 AdedME, AAFEZ(OVA)NA  Ovalbumin - 5ol4
Immunoglobulin-E<] A4 o] AAANZH(NC)o vl& AAsA S7stg o, vk
M Dexamethason Fo7(DEX)2 A F27(OVA)el 43 Immunoglobulin-E
o Aol AA AT

HAAFE=7(OVA), A 524 30 mg/ke(42-30), A 54 60 mg/kg(42-60) =
A¥E 839 one-way ANOVAZS 2 A3 A3} F-valuewe 08912 F
wEE A 7]1ZbA] 355(FERH3)-1=2, F{Eul(21)-3=18) Rt} vre S
gae = AT P-values st A3 OVA/M42-302  0.617(P>0.05)=
froldel #AFHA ki, OVA/M42-60 F3F 0557(P>0.05) Fo4 Aol7t
A tH Table 23, Figure 79).

Table 23. Effects of test material-42 on
ovalbumin-specific IgE in serum and

result of one-way ANOVA.

Type OVA-specific 1gE (ng/mL)
NC 0
OVA 169.70+35.46
DEX 32.13%8.25
42-30 148.18+36.74
42-60 145.78+38.47
F-value 0.891
F distribution 3.55

OVA/42-30 0.617
P-value

OVA/42-60 0.557
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Figure 79. Effects of test material-42 on

OVA-specific IgE (ng/mL)
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A= (OVA), A 552 30 mg/ke(42-30), A 552 60 mg/kg(42-60) =]
z2o T 2 AL AFE Gedstr] fla owARAAZES Y] IMT-i
software, Vancuver, Canada)E ©¢]&3lo] S A3 F-value: 2583=Z F
REEEA A 7]7hA] 389(H T1H3)-1=2, FTU(15)-3=12) B} SA el
P-value#tS SQlst 23 OVA/M42-302> 0.402(P>0.05)= FrelAdeo]l $1%la,
OVA/42-60 3 0.130(P>0.05) o2 Apol7b 1 x] ZSkrh.  whebA,
ANREHE 42 FoAd F 60 mgkg FoAddA HAAFEF(OVA B

ASHE & wefst gart Bt (Table 24, Figure 80-81).
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Table 24. Effects of test material-42 on inflammatory
responses in lung tissue and result of

one-way ANOVA.

Type Inflammatory Responses (%)
NC 1.84+0.19
OVA 14.98+1.88
DEX 4.21+0.91
42-30 13.12+2.01
42-60 12.50+1.45
F-value 2.583
F-distribution 3.89
OVA/42-30 0.402
P-value
OVA/42-60 0.130
20 A
‘.;.S 16 1
o
=
S 12 -
B
-
g 8
:
T 4-
. 1

NC OVA DEX 42-30 42-60

Figure 80. Effects of test material-42 on inflammatory

responses in lung tissue.
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Figure 81. Effects of test material-42 on inflammatory responses in lung

tissue.
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2-7-7. AAZn oA &3

Ovalbumin® 2 ¥ HAFLH(OVA)S 7134 W A AEu]7F AA+(INC)
of vl dAstA F7Fetd . ¥FH FEWE a1 Dexamethason 7o 7 (DEX)
A2 (OVA)l Hlel A A En]7F 7483l

HAAFE=T(OVA), Al524 30 mg/kg(42-30), Al5E2 60 mg/kg(42-60) = 2l
2 945 2 AN AFE gl fla] oA R LAZEY Y (IMT-H
software, Vancuver, Canada)E ©¢]&3slo] SA43 A3y F-value: 09432 F
ExzolMel 7]7tx 389(HeH3)-1=2, HEW(15)-3=12) Kt} =2 AL
oQlg 4 ASTh P-valuegts &RIst A3 OVA/42-302 0.943(P>0.05)=
FolAel ellal, OVA/42-60L 0519(P>0.05) <% o]z itk whehA,
Aleg=d 42 FoAa2  HAAFIEHOVAR Aoz YeEUA  Zes
gtol 3} 4 tH(Table 25, Figure 82-83).

Table 25. Effects of test material-42 on mucus

production in lung tissue and result of

one-way ANOVA.

Type Mucus production (%)
NC 0.49+0.22
OVA 17.42+2.48
DEX 9.73+1.32
42-30 16.65+2.46
42-60 15.75%1.42
F-value 0.733
F-distribution 3.89

OVA/42-30 0.943
P-value

OVA/42-60 0.519
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Figure 82. Effects of test material-42 on mucus production

NC OVA

in lung tissue.
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-60
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Figure 83. Effects of test material-42 on mucus production in lung tissue.
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Figure 84. The spectimen of Distylium racemosum

Siebold. Et Zucc.

Figure 85. Photograph of the leave of Distylium racemosum

Siebold. Et Zucc.

- 122 -



HS,
A

=
=

w

2. BEU

ZEUE A((71-1) AZF AE 200 g& 70% ethyl alcoholo] F&3to] FEE
31.3 g(yield : 157%)& UYL, 5= 28 g& BAF 1 Lol dgA7|x, 24
2w 715 €83t p-hexane fraction (2.1 g), ethyl acetate fraction (8.0 g),
n-butanol fraction (7.7 g) and H,O fraction (9.9 g)& o] Ao &3}t

(Scheme 3).

Dried leaves of D. racemosum (200 g)

70% ag. EtOH extraction (24 hr, 3 times)

70% aq. EtOH extract (31.3 g)

n-hexane extraction (3 hr, 3 times)

| |

hexane fr.
21 g) HA fr.

EtOAc extraction (3 hr, 3 times)

EtOAc fr.

(80 g) HO fr.

n-butanol extraction

(3 hr, 3 times)

n—BuOH fr. H-O fr.
(7.7 g) (99 g)

Scheme 3. Procedure of extraction and various fraction from dried leaves of

D. racemosum.
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HS

3-3. ZEUF

= == =] S
FE= AR &4 g9

g

3t A¥E Tablelol YEFAUTE 70% ag. EtOH extract, mz-hexane, ethyl
acetate, n-butanol, HoO R fraction®lA %= o]&%4 vepbyr) g4 L3

70% ethyl alcohol FZ&&

_E

I EES o]83lo] PDE4 enzyme EA4 S

B\

22 o2 F7FekSTh ¢ mhexane fraction < HsO fraction < n-butanol
fraction < ethyl acetate fraction. -1& <%, ethyl acetate fraction (ICsy. 2.4 pg
/mL) ©& fractionel H|al 7Fg =2 S-S A

70% ethyl alcohol F S o] g3te] GSNO reductase FA4 & =

e A3= Table 89 YeEFHRATE GSNO reductase &4 T3+ 70% ag. EtOH

MN'
A;
M
et
o
il
i

extract, m—hexane, ethyl acetate, n-butanol, H)O X+ fractiono A &% 2oF&4
ekt @48 g2 e o7 FUsAY. ¢ nhexane fraction < HoO
fraction < mn-butanol fraction < ethyl acetate fraction. L& <, ethyl acetate
fraction (ICsy: 6.6 pg/mL) TS fraction®] H|&| 7F4 =& &84S HAT(Table

26, Figure 86-87).

Table 26. ICs value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of D). racemosum

(leaves).

IC50 (ﬂg/ mlL)
Samples

PDEA4 GSNO
71 EtOH extract 4.4 174
71-1 n—Hex fraction 108.9 103.0
71-1 EtOAc fraction 2.4 6.6
71-1 nm~BuOH fraction 49 14.1
71-1 H,O fraction 13.7 27.1
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(B) 71 EtOH extract
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Figure 86. Results of PDE4 enzyme inhibition assay for extraction from

branches of C. macrophylla.
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(B) 71 EtOH extract

(A) N6022

150 1A

100 &100
8 s
5 50 < 50
2 50 R

0 0

-3 -2 -1 0 -1.0 -05 00 05 10 15 20
LogCaoncentration LogConcentration

(C) 71-1 n—Hex fraction (D) 71-1 EtOAc fraction

150 150
_ 100 _ 100
< 50 ) Fr— X
# £ - :
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(E) 71-1 n~BuOH fraction (F) 71-1 H,O fraction
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Figure 87. Results of GSNOR reductase inhibition assay for extraction from

leaves of D. racemosum.
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3-4. BV 7P FF

ZEUSE 7FA(71-2) A% A5 200 g5 70% ethyl alcohol®l
216 g(yield : 108%)& ¥, +== 15 g= 4 1 Lol &
2w 715 €83t p-hexane fraction (1.2 g), ethyl acetate fraction (24 g),

n-butanol fraction (44 g) and HoO fraction (6.2 g)& o] Ao &3t
(Scheme 4).

Dried twigs of D. racemosum (200 g)

70% aq. EtOH extraction (24 hr, 3 times)

70% ag. EtOH extract (21.6 g)

n-hexane extraction (3 hr, 3 times)

hexane fr.
12 g) HO .

EtOAc extraction (3 hr, 3 times)

|

EtOAc fr.
(24 g) HO fr..

n-butanol extraction
(3 hr, 3 times)

m~BuOH fr. H-O fr.
(4.4¢g) 6.2 g)

Scheme 4. Procedure of extraction and various fraction from dried branches

of C. macrophylla.
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3-5. £EYUYF 7HA] FEF AR 24 <
70% ethyl alcohol FE=3 +3EE5S ©]83l9 PDE4 enzyme &4
3l A3 ZS Tableddoll EFWHATE 70% ag. EtOH extract, n-hexane, ethyl acetate,

n-butanol, HoO EE fractiono] A % &2 vehyth g4 ten 2o &

g

o
Ay

o2 F7FsFA T ¢ mhexane fraction < HyO fraction < n-butanol fraction <
ethyl acetate fraction. 15 %, ethyl acetate fraction (ICs: 1.6 pg/mL) T
fractionol] H]&f 71 =& SAS BA

70% ethyl alcohol F&=&3 HIEES o] &3t GSNO reductase &S =
s A3= Table 99 YeEFHRATE GSNO reductase &4 %3+ 70% ag. EtOH
extract, m—hexane, ethyl acetate, n-butanol, H)O X+ fractiono A &% 2oF&4
ekt @48 g2 e o7 FUsAY. ¢ nhexane fraction < HoO
fraction < mn-butanol fraction < ethyl acetate fraction. L& <, ethyl acetate
fraction(ICs: 6.0. pg/mL) TS fractionel ®la&l 714 %S A4S W THTable

27, Figure 883-89).

Table 27. ICs value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of D). racemosum

(Branches).

ICso (pg/mlL)
Samples

PDE4 GSNO
72 EtOH extract 44 174
71-2 n-Hex fraction 10.0 319
71-2 EtOAc fraction 16 6.0
71-2 m~BuOH fraction 55 9.6
71-2 H->O fraction 8.0 36.7
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Figure 88. Results of PDE4 enzyme inhibition assay for extraction from

branches of D. racemosum.
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(A) N6022 (B) 71 EtOH extract
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Figure 89. Results of GSNOR reductase inhibition assay for extraction from

branches of D. racemosum.
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Ethyl acetate fraction®] ©& FEEo|Y ZFZE H|8] 23 dAd &4
S YehE Ao® #A#HHQT o= ethyl acetate fractiono] &4 TAES #
g3l Wrlel €2 A=dS 9u gl Ethyl acetate fraction®] T4 &S <o}
w7] s HAARvED - FEA 7 (UHPLC-MS/MS)E o] &3] HA<

AFEAT B F ~AEY doly AL A Fu LHE 7 JEo
WA E AF ~AEPR MS/MS 27to] &g Leklor o475 d AA%H
2~

dlelg o] 2o WAE FeEF AFASU dolgwel~ AN A} catechin,
Chlorogenic acid, 4-O-Caffeoylquinic acid, Ethyl gallate, Myricitrin, Epicatechin
gallate, Hyperoside, Nicotiflorin, Astragalin, Quercitrin, Kaempferin, Quercetin,

Kaempferol 137019 34 A= AEES TA K Table 28, Figure 90-94).

Table 28. The 13 compounds identified in D. racemosum.

) mz Calculated MYMS .

Entry YAN

Romin) o ey Formia P Gogment ion Identification
a 411 2910861 CI5 HI5 O6  -0909  123.139.165 Catechin

429 3551021 Cl16 H19 09  -0.644 163 Chlorogenic acid

c 455 3551022 C16 H19 09  -0.362 163 4{}@;?1@”‘3
d 639 1990601 C9 HI11 05  -0.201 127171 Ethyl gallate
e 663 4651022 €21 H21 O12 -1.145 319 Myricitrin
f 669 4430968 €22 HI9 010 -1.158 273 Epicatechin gallate
g 682 4651022 €21 H21 O12 -1.145 303 Hyperoside
h 727 5951652 €27 H30 015 -1.002 287,449 Nicotiflorin
i 751 4491073 €21 H21 O11 -1.153 287 Astragalin
j 761 4491075 C21 H21 O11  -0.708 303 Quercitrin
K 84 4331125 (21 H21 O10 -0.885 287 Kaempferin
1 944 3030498 CI15 HI11 O7  -0525 165’%2%’257’ Quercetin
m 108 2870547 C15 HI1 06  -1.061 12;’11;;’;11165’ Kaempferol
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Figure 90. The photodiode array chromatogram of D). racemosum ethyl acetate

fraction and five flavonoid compounds is shown (UHPLC-HRMS).

(@) 291.0861 MS  (b) 355.1022 MsS
2199724
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Figure 91. The high-resolution mass spectra of D). racemosum ethyl acetate

fraction (a~d).
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Figure 92. The high-resolution mass spectra of D). racemosum ethyl acetate

fraction (e~j).
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Figure 93. The high-resolution mass spectra of D). racemosum ethyl acetate

fraction (k~m).
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Figure 94. Structures of the identified compound from D). racemosum ethyl

acetate fraction is shown (UHPLC-HRMS).
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L

3-6-2. & A& 4

3-6-2-1. ZFY+H 70% ethyl alcohol FE= (%, 7FA])

ZEUHF 70% ethyl alcohol FEES EFEZ(STD) 1153 vju 42 &
&) z3ystdt. 1 A3 Hyperoside, Rutin, Nicotiflorin, Quercitrin, Quercetin
Kaempferl 5 & 6F°] Z24UHF 2 70% ethyl alcohol FEE2 AFE o7 3ol
g = gdATt. 22U 70% ethyl alcohol %3 FF% 2 Nicotifloring H]
W3] ® ™ primary Mass Spectrum (MS1)9]A total ion chromatogramoll 4] %=
U 70% ethyl alcohol FE=2 #HFF AlZF2 1273 min (Nicotiflorin: 12.66
min)o] 1 2™, ESI-MS spectrum in negative ionization modeol A ny/z3k<
59297 (Nicotiflorin: m/z 9592.81)2. 2 WYEFYTE. Secondary mass spectrum
(MS2)°ll A= total ion chromatogramol A ZZW5F 70% ethyl alcohol FZ & 9]

5 AlZF2 1276 min  (Nicotiflorin: 1270 min)o] 1 o™, ESI-MS/MS
spectrum of m/z 593 in negative ionization mode®| A fragment ion n¥/z#k<
284.91 (Nicotiflorin: m/z 284.89) 2.2 UEIY} ZE=UF 70% ethyl alcohol F& &
o Nicotiflorin®] *3t&o] Sl st FEAUYF 55 2 fraction
oA FAHA gd Ao, ymA ARES FdEAUT FEE H
fractionol A= A= AT, Z2E5UF FE5E E ethyl acetate fractionol| A 2]

E2 23 Quercitrin®] 9&°] Bixo] 3 ¢JtH(Table 29, Figure 95-101).”

Table 29. Identification of standards from of D. racemosum

70% ethyl alcohol extract.

R; (min, MS1) MS1 [M-H] MS2 (MS/MS) Identification

11.45 462.82 300.80 Hyperoside
11.14 608.92 300.85 Rutin
12.73 592.97 284.91 Nicotiflorin
13.25 446.84 300.80 Quercitrin
17.18 300.83 178.91, 150.81 Quercetin
20.17 284.97 256.99, 242.88 Kaempferol
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Figure 95. Total ion chromatogram (MS1) of D. racemosum 70% ethyl alcohol

extract.
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Figure 96. Identification of Hyperoside from D. racemosum 70% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 97. Identification of Rutin from D). racemosum 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 98. Identification of Nicotiflorin from D. racemosum 70% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 99. Identification of Quercitrin from D. racemosum 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 100. Identification of Quercetin from D. racemosum 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 101. Identification of Kaempferol from D). racemosum 70% ethyl

alcohol extract; (A) Total ion chromatogram. (B) MS spectrum.

6-2-

N}

3- . 22U 9 ethyl acetate fraction

Z21U5 9l ethyl acetate fractiongs EFEZ(STD) 1153 vu ¥4 Az
F 6% Awo] FH o, Cateching A|¢lsla Hyperoside, Nicotiflorin,
Quercitrin, Quercetin Kaempferl= 54U+ 70% ethyl alcohol F&=3 &3}

A e tH(Table 30, Figure 102-108).

Table 30. Identification of standards from of D. racemosum (leaves)

ethyl acetate fraction.

R; (min, MS1) MS1 [M-HJ MS2 (MS/MS) Identification
3.41 288.91 244.83, 204.86 Catechin
11.47 462.81 300.80 Hyperoside
12.73 592.93 284.91 Nicotiflorin
13.19 446.84 300.83 Quercitrin
17.19 300.87 178.88, 150.92 Quercetin
20.23 284.84 257.00, 242.77 Kaempferol
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Figure 102. Total ion chromatogram (MS1) of D. racemosum (leaves) ethyl

acetate fraction.

MS1 (Base Peak m/z 289) (&) MS1 ESI Full MS (B)
1.00
109 341 11390 196.96
233.04 386.65
288.91
=789 | 42063
541 780 878 3gs 12.87 14, 158.88 J 479.71
PTIN I Y Y. | WO L PN A ALt ol g b oa b L
MS2 (Base Peak m/z 245) 24483 MS2 ESI Full MS
3.42
08 ZL 204.86
3N 356
313 178.90
1.56 1178
513 5.75 6.74 9_59_“10._8_3_ 1348 157£|
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Figure 103. Identification of Catechin from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 104. Identification of Hyperoside from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 105. Identification of Nicotiflorin from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Fiigure 106. Identification of Quercitrin from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.

MS1 (Base Peak m/z301) 17.19 (A)

MS1 ESI Full MS 300.87 ®)

10.21 368.57
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Fiigure 107. Identification of Quercetin from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.

- 143 -



MS1 (Base Peak m/z 285) 2027 A) MS1 ESI Full MS 284.84 (B)

386.75

1854 19.50 112.90 232 94
2081 2350 : 17481 35263 47045 524.f
Sk

1320 1312
o O

2024
M52 (Base Peak m/fz 257) 24277 | MS2 ESI Full MS
20.24
1976
i 16773
19.04
o 156,65 257.00
i Ji T U
“ M 134,39 ||
1 T 1 T T |||||| T LA RARN RAAN AR RAAE LAAR RALE RARE RARE RAL LARN AN RALR|
) 12 14 16 18 20 22 24 100 200 300 400 500
Time (min) mjz

Figure 108. Identification of Kaempferl from D. racemosum (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.

3-6-2-3. 5 ¢ p-butanol fraction
ZEYFYSF 9 pbutanol fractions EFEZD(STD) 11E3 vl A4S &
3] 4-O-Caffeoylquinuc acid, Hyperoside, Rutin, Nicotiflorin, Quercitrin 5 5%
o] 3}e&ES Felslgdtt. 4-O-Caffeoylquinuce acid®= 2 Aol A FA&A 2=
U 8l p-butanol fractiono A 9E glo] Qi UM A= ZFYUSF 70% ethyl

alcohol &&= fAFSHAl YEFS T (Table 31, Figure 109-114).

Table 31. Identification of standards from of D. racemosum (leaves)

n—butanol fraction.

R; (min, MS1) MS1 [M-H] MS2 (MS/MS) Identification

4.46 352.74 17892, 17290  4-O-Caffeoylquinuc acid
11.33 462751 300.81 Hyperoside

11.10 608.76 300.82 Rutin

12.59 592.86 284.97 Nicotiflorin

13.11 446.80 300.83 Quercitrin
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Figure 109. Total ion chromatogram (MS1) of D. racemosum (leaves)

n—butanol fraction.

MS1 (Base Peak m/z 353) (A) MS1 ESI Full MS 386.43 (B)
1.04
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Figure 110. Identification of 4-O-Caffeoylquinuc acid from D. racemosum
(leaves) m—butanol fraction; (A) Total ion chromatogram. (B) MS

spectrum.

- 145 -



MS1 (Base Peak m/z 463) (&)

11.33

11.36
11.01
7.38 1067
9.07
2.05 558 810 1169 1373 1644
4 6 ] 10 12 14 16
Time {min)

MS1 ESI Full MS

28079 34093

300.81

M52 ESI Full MS

& 41698
268.94 36559 ‘444.00
T T T T : T T T . III T T T II T T T T T T T T T
200 300 400 S00 600
mfz

Figure 111. Identification of Hyperoside from D. racemosum (leaves)

n-butanol fraction; (A) Total ion chromatogram. (B) MS

spectrum.
MS1 (Base Peak m/z 608) (A)
11.00
11.00
1090
32
~ 216 379 690 952 287 12.38 1500 1
Locord s arad g oA o boeaie N Aoralef
MS2 (Base Peak m/z 301) 11.07
g 11.02
1068
598 1127
648 786 g1 1161 4425
223 Jﬂ..\.‘m A I“I Sl A, Jll 1:;!'.4?
L L L N I O D B A B N
2 4 6 8 10 12 14 16

Time (min)

MS1 ESI Full MS

[ew7s ]®

Jg6.62

676.L

66668

MS2 ESI Full MS

270.82

59182
|I ||||

600

Figure 112. Identification of Rutin from D. racemosum (leaves) n-butanol

fraction; (A) Total ion chromatogram. (B) MS

spectrum.
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Figure 113. Identification of Nicotiflorin from

D. racemosum (leaves)

n-butanol fraction; (A) Total ion chromatogram. (B) MS

spectrum.

MS1 (Base Peak m/z 447) (&) MS1 ESI
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Figure 114. Identification of Quercitrin from

T T
400
mfz

300

D. racemosum (leaves)

n-butanol fraction; (A) Total ion chromatogram. (B) MS

spectrum.
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3-6-2-4. ZFY+ 7}A] ethyl acetate fraction
ZEUH 7}A] ethyl acetate fraction®] A+ Catechin, Epicatechin gallate 2%
o] g2lsl . Catechine FEUF 9 ethyl acetate fractiond A% &Qlo] ¥
A9 Epicatechin gallate:™= Z =45 7}A] ethyl acetate fractionol] 4] qF k<l o]

% ltH(Table 32, Figure 115-117).

Table 32. Identification of standards from of D. racemosum

(Branch) ethyl acetate fraction.

Ri (min, MS1)  MS1 [M-HI'  MS2 (MS/MS)  Identification

3.41 288.91 244.92, 204.88 Catechin
11.28 440.76 289.01, 168.88 Epicatechin gallate
RT: 0.00-2000
100 0.80
£ 0] -
§ ] Epicatechin gallate
5 60
g ] Catechin
£ 4 l 1287 2897
g aq |27 1410 4434
] 184 227 o7 664 802 897 11.02 12.54 . 16.29 1733 227_1__3_27393_ 2384 251&4__275,.69
I e T e Tt L L o LA S B B o o s

0 2 - 6 8 10 12 14 16 18 20 22 24 26 28
Time (min})

Figure 115. Total ion chromatogram (MS1) of D. racemosum (Branch) ethyl

acetate fraction.
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Figure 116. Identification of Catechin from D. racemosum (Branch) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 117. Identification of Epicatechin gallate from D. racemosum (Branch)

ethyl acetate fraction; (A) Total ion chromatogram. (B) MS

spectrum.

3-6-2-2. 2515 7}A] n-butanol fraction

ZEU5 7FA] p-butanol fractions %= Z(STD) 115 dlu &

o
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ot Aol FAHA Lokt
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3-7-1. 7= mA= 4F

A FET(OVA)S methylcholine &=7F F7Fskol] whe} AAo) Z+(NC)
Hlste] 7l =3r7do] A F7hsklth. ¥, Dexamethason 7o (DEX)2> #
"hitoll B8] methylcholine % %7} Z71&to] wet 71 =gl Ado] =LA 748}

AAFETF(OVA), AEEZ 30 mg/kg(71-30), AlEEZ 60 mg/kg(71-60) A

A3Z 83 one-way ANOVAES AAstgch. 7 23 F-value:®
methylcholine &% 10 mg/mLel4] 0.932, 20 mg/mLelA 6.249, 30 mg/mLol A
740602 YElAT. F BEEAAC 7ZA 363(]@H3)-1=2, JTW
(19)-3=16) ¥t} =2 g& detd= F 719 %20 mg/mL, 30 mg/mL)=
olo] Atk F 71Z1x Htup %& 20 mg/mLe P-valueg &<l3 ZAy}
OVA/71-30°14  0.015(P<0.0 frelde]l  AFEHJAL, OVA/TI-6090A4 =
0.096(P>0.05)= roldo] #E=A ¥kt %3 30 mg/mLe P-values <l
g A3 OVA/71-30°14 0.033(P<0.05)=2 2]/ do] #&= Ui, OVA/71-60°1 4]
%= 0.019(P<0.05) = frojde] #FHAJY, webd A g2 71 FoAa2 A2
T(OVA)el B8] 7=avligdo]l dAetA AashE g & AAH(Table 33,
Figure 118).
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Table 33. Effects of test material-71 on airway

hyperresponsiveness and result of one-way ANOVA.

Airway Concentration (mg/mL)
Hyperresponsiveness
(Penh) 0 10 20 30
NC 0.31£0.04  0.43+0.03 0.64+0.14 1.30+0.10
OVA 0.77+£0.17 1.46£0.53  452+1.21 6.68+1.77
DEX 0.51+0.10  0.59+0.18 1.44+0.39 2.84+0.90
71-30 0.55+0.12 1.19+0.51 240098  4.04+1.37
71-60 0.55+0.10 1.06£0.59 291+1.19  3.88+1.20
F-value 0.932 6.249 7.406
F distribution 3.63 3.63 3.63
OVA/71-30 0.015 0.033
P-value
OVA/71-60 0.096 0.019

—+—NC -2—0VA =—4—DEX -#-71-30 =—¢=71-60

(=2} e | [==] W
i i i '

Ln

Airway hyperresponsiveness (Penh value)
E =N

3 .
2
14 _____._-—""—J
. #

0 10 ‘ 20 ‘ 30

Methylcholine concentration (mg/mL)

Figure 118. Effects of test material-71 on airway hyperresponsiveness.
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AAFET(OVA) A2 (NC)oll vl&] 7]3A] HXE Az o w-g-dg
A Ao Aol AASHA FrFek Tk WA, kel Dexamethason

oA (DEX)2 HAFE=a(OVA)el Hls] vk FAAAFo AAdo] o 575%

T (OVA), A152E4 30 mg/kg(71-30), Al5=2 60 mg/kg(71-60) A €]
AtE &83to] one-way ANOVAE AAstth 71 2y, F-valuex 7.7700.%2
F #x 5o Ae] 7]7kA] 355(1 @7H3)-1=2, Jel(21)-3=18) Kt} =& & o
S g0 & ATk P-values g Ad OVA/71-3001A4  0.027=
(P<0.05) 214 A3, OVA/71-60 H3+ 0.0132(P<0.05) 244 &2} 30
mg/kg(71-30) FoA2 28.3%, 60 mg/kg(71-60) Fa"2 30.8%< wWHA &4
Aol Aol AAFET(OVA) vls] A=A (Table 34, Figure 119).

Table 34. Effects of test material-71 on reactive oxygen
species in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Type ROS Production (Fluorencence)
NC 4,676.72+492.04
OVA 10,461.09+1892.30
DEX 4,443.63+1,604.96
71-30 7,504.64+1,689.83
71-60 7,243.18+1,481.96
F-value 7.770
F-distribution 3.55

OVA/71-30 0.027
P-value

OVA/71-60 0.013
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Figure 119. Effects of test material-71 on reactive

oxygen species in bronchoalveolar lavage fluid.

7

fo

3-7-3. E AR U AZAE A& oA

el

3l o

s

ol\

AL (OVA) A= 7184 #HAE AHA ) SAE H Ao
F7F A2 (NCO) vls A AskAl S 7 th. §HA| Dexamethason 5o 7
(DEX)2 AA 72 (OVA)l B8] dSAE 7F A A 7Haskalth
HAAFE=T(OVA), AE5EF 30 mg/kg(71-30), Al 5252 60 mg/kg(71-60) =
g AxE 839 one-way ANOVAES AA&Adct. 2 A3, F-value:
Eosinophilell 4] 16569, Macrophageol A  50.449, Lymphocyteol A  26.934,
Neutrophiloll A 2.837, Total celloll A 42.353% &FQlo] H ATt F EEL A 2] 7]
Zkx] 355 (R e7H3)-1=2, T (21)-3=18) KBt} =2 S YERUE A5 A Lo
NeutrophilE #|¢] 3t Eosinophil, Macrophage, Lymphocyte % Total cell®
stolo]  HAT.  OVA/71-30°149  P-valued  FEosinophil 0.008(P<0.05),
Macrophage 0(P<0.05), Lymphocyte 0.02(P<0.05), Neutrophil 0.391(P>0.05),

s
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Total cell 0.01(P<0.05)2 Neutrophil A3t XEF Foido] A,
OVA/71-60 X3+ P-value Eosinophil 0.013(P<0.05), Macrophage 0(P<0.05),
Lymphocyte 0.03(P<0.05), Neutrophil 0.204(P>0.05), Total cell 0(P<0.05)%
Neutrophil A€t =5 fodel ASdrh 22l AgE24d 71 FoAx G54
o A (OVA)l Hl8] 30 mg/kg FoIwH(71-30) 52.3%, 60
mg/kg T (71-60) 54.9% A= At (Table 35, Figure 120).

e
e
P

Table 35. Effects of test material-71 on inflammatory cell count in

bronchoalveolar lavage fluid and result of one-way ANOVA.

Inflammatory Cell (perx400 magnification site)

Type
Eosinophil  Macrophage Lymphocyte Neutrophil Total cell

NC 0+0 11.1+1.65 0.35+0.14 0.25+0.18 11.7+1.72
OVA URIXHAH N.611096 9.82+2.95 7.54+6.56 20504419
DEX 15.65+458  26.05+258  4.45+0.97 2.85+1.04 49+6.12
71-30 56.50+9.03  44.79+#5/75  5.68£1.08 1.14+2.97 1R11+11.8
71-60 63.07+13.06  3793+£138  4.46+0.85 1.18+2.57 1021812314
F-value 16.569 50.449 26.934 2.837 42.353
F-distribution 3.55 3.55 3.552 3.55 3.55

OVA/71-30  0.008 0 0.02 0.391 0.01
Pvelue

OVA/71-60  0.013 0 0.03 0.204 0.00
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Figure 120. Effects of test material-71 on inflammatory

cell count in bronchoalveolar lavage fluid.

3-7-4. 954 Cytokine A A &3}

o

AT (OVA) A 713 HE AFd o Interleukin-5 ¢} Interleukin -
139] Aol AAadlz=a(NC)ol nla] dAstAl F7sk k. ¥hH, Dexamethason
Fo]H(DEX)> A2 2+ (OVA)ol Hl& Cytokine Aol A #Aa= Aok
HAAFE=T(OVA), AE5EF 30 mg/kg(71-30), Al 5252 60 mg/kg(71-60) =
2] A3E &83}9 one-way ANOVAE 2 A3 A3} F-value= Interleukin-5
ol A 11.498, Interleukin - 1391 4] 0.045=% 3F2lo] %At} Interleukin-5+= F #3E
LolAel 71ZbA 355(HeH3)-1=2, FHTHW(21)-3=18) Kot =A YERSIL,
Interleukin - 13> F X%l 7]ZbA] 355 BT} SHA vebwkth whebA
Interleukin-5¢] P-values =&<1g A3 OVA/71-302 0.010, OVA/71-60- 0.001
= ool BEEA HAT. = AR (OVA) M8l Interleukin-5= 30
mg/kg F77(71-30)2 33.8%, 60 mg/kg FoI(71-60)2 39.1% #HAH Ao,
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Interleukin-132 30 mg/kg 7o+ (71-30) 17.0%, 60 mg/kg o (71-60)->
26.4% 7} A= At (Table 36, Figure 121-122).

Table 36. Effects of test material-71 on IL-5 and IL-13
production in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Inflammatory Cytokine (pg/mL)

Type
IL-5 IL-13
NC 7.01+£2.41 13.51+2.13
OVA 34.91+4.85 78.89+14.58
DEX 25.37+7.58 34.07£9.58
71-30 23.10+6.87 65.44+15.28
71-60 21.28+5.43 58.05£13.70
F-value 11.498 0.045
F distribution 3.55 3.55
OVA/71-30 0.010 0.299
P-value
OVA/71-60 0.001 0.049
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Figure 121. Effects of test material-71 on IL-5

production in bronchoalveolar lavage fluid.
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Figure 122. Effects of test material-71 on IL-13

production in bronchoalveolar lavage fluid.
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3-7-5. Immunoglobulin-E A4 &#] &3}

A2 (OVA)ol A Ovalbumin £-°]4 Immunoglobulin-E2] A4 o] Aoy
ZT(NCO)l vl&] dAsA S7Fstd e, v oFE g Z3+¢ Dexamethason
o] F(DEX)2 H A9 (OVA)9l H]3] Ovalbumin 5°]4 Immunoglobulin-E¢]
Agol AABHA FHAsEA T

AAFET(OVA), AleEE2 30 mg/kg(71-30), AE=Z 60 mg/kg(71-60) #]
] 235 &83}9 one-way ANOVAE 2 A%k A3} F-values= 10.936% F +#
ELoA e 717bA] 355(FH1H3)-1=2, JFHW(21)-3=18) Kt} & AL <l
T AT P-valueatS &<21st 23 OVA/71-30-2 0.011(P<0.05)% 2]/ o]
A3, OVA/T1-60 E3F 0.002(P<0.05) 4 AFol7F AATE EH A5
71 FoTolA Ovalbumin 5°]4 Immunoglobulin-E¢] AAo] H 2
(OVA)el Hl3l], 30 mg/kg T (71-30)l A 37.0%, 60 mg/kg F o (71-60)=
456%7} 7+A% 2 tH(Table 37, Figure 123).

g

i
Moot

(i,

M

Table 37. Effects of test material-71 on
ovalbumin-specific IgE in serum and

result of one-way ANOVA.

Type OVA-specific 1gE (ng/mL)
NC 0
OVA 141.67+26.38
DEX 19.27+7.61
71-30 89.24+28.05
71-60 77.00£27.99
F-value 10.936
F distribution 3.55
P-valu OVA/71-30 0.011
€ OVA/71-60 0.002
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Figure 123. Effects of test material-71 on

ovalbumin-specific IgE in serum.
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3-7-6. A=A W AdSAE A& A &3

Ovalbumin® 2 fFo¥ HAFEH(OVA)S AATF(NO vls] 7132 9
AsHEe Hgo] AA FTIFsIATE W, FEd]ZTQ] Dexamethason ¥
(DEX)2 AAFZ(OVA)l Hlall dFTAEe] FH&ol HAaHATh

HAAFET(OVA), AleE=2 30 mg/kg(71-30), AE=2 60 mg/kg(71-60) #
g z2A9 dF 9 AAWL AFE gRlsr] fs om AR AZE
(IMT-i software, Vancuver, Canada)E ©|-&3}o] &3 A3 F-value 7.356
2 Ae7H(3)-1=2, G (15)-3=12) Ht} =2 A&
el = Sk P-valuestS &3 23} OVA/71-302 0.095(P>0.05)=2 -9
dol gldlal, OVA/7T1-60 0.012(P<0.05) o4 Akol7b At wepA, 71 Al
E=4d 60 mg/kgHeldt FoJa(71-60) & FAFLH(OVA) vl AFAxE F

+9 oA A #FATES gl tH(Table 38, Figure 124-125).

F X =olAM e 7123 389(H

Table 38. Effects of test material-71 on inflammatory
responses in lung tissue and result of

one-way ANOVA.

Type Inflammatory Responses (%)
NC 1.47+0.44
OVA 13.42+1.70
DEX 4.15+1.29
71-30 10.11+2.24
71-60 8.66+2.05
F-value '7.356
F-distribution 3.89

OVA/71-30 0.086
P-value

OVA/71-60 0.012
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, | I

NC OVA DEX 71-30 71-60

Figure 124. Effects of test material-71 on inflammatory

esponses in lung tissue.
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Figure 125. Effects of test material-71 on inflammatory responses in lung

tissue.
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3-7-7. A oA w3}

Ovalbumin®. 2 F23E AA¢EF(OVA)S 7131 ) AAEd 7 AAH(NC)
of Hla] dAAsA F7FstH . WA k&t 272 Dexamethason o] (DEX)<
A2 (OVA) el vl 2 o n]7F 3F 4 stsl .

A

RN

HAAFET(OVA), AleE=2 30 mg/kg(71-30), AE=2 60 mg/kg(71-60) #
g z2A9 dF 9 AAWL AFE gRlsr] fs om AR AZE
(IMT-i software, Vancuver, Canada)E ©|-&3}o] 43 A3 F-value 6.592
2 F BExZoA 9 7]Zh A 389(F ©@3H(3)-1=2, JT(15)-3=12) Kt} =& AS
el = STk P-valuegtS &3 23} OVA/71-302 0.196(P>0.05)=2 -9
dol §laL, OVA/71-60 0.019(P<0.05) 1% o]zt At wheba, 71 Al
FEA 60 mg/kgA s FoIT(71-60) & HAFLT(OVA)Ol vls| ASAHE A

o T4 UA FATE FRlstA tH(Table 39, Figure 126-127).

Table39. Effects of test material-71 on mucus
production in lung tissue and result of

one-way ANOVA.

Type Mucus Production (%)
NC 0.52+0.21
OVA 17.09£2.07
DEX 9.27+1.60
71-30 14.48+1.99
71-60 12.56£1.87
F-value 6.592
F-distribution 3.89

OVA/71-30 0.196
P-value
OVA/71-60 0.019
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126. Effects of test material-71 on mucus

71-30

production in lung tissue.
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Figure 127. Effects of test material-71 on mucus production in lung tissue.
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S =B UF(Pourthiaca villosa (Thunb.) Decne.)©= “&4] Z}(Rosaceae)oll &3h=
WO 2= Brown Oriental Photinia ©]th. 94 €% #Ho0=2 o S, &
of zAgL, gy BEAE Aetd®, AdEE,
gt Eo] 5 mell E3tth A ofXuriety AEdZdFgolar AT, oA ol
Aol= 3~8 cm & 2~5 cmolil, YAF+= Aol 1~5 mmE

718l QoA o TR el ol o U o 2L dHxAdE AE

Ursolic acid, Arjunolic acid, Daucosterol, Myricanol, Gallic acid, Myricetin,

Myricitrin, Quercitrin™ o] lt}.
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CHID!

Figure 128. The spectimen of Pourthiaca villosa

(Thunb.) Decne.

Figure 129. Photograph of the leave of Pourthiaca villosa
(Thunb.) Decne.
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4-2.

o

e

2
Ay

=
=

TPy Ad(94-1) AF A& 200 g= 70% ethyl alcohole] F&3dle] F&E
354 g(yield : yield : 17.7%)& AQ3L, FEE 28 g= AASF 1 Lol dEA 7],
=]

W Zu 7|5 &850 np-hexane fraction (2.6 g), ethyl acetate fraction (8.3

g), n-butanol fraction (7.5 g) and H-O fraction (10.8 g)& o] Ao &3}
A tHScheme 5).

Dried leaves of P. villosa (200 g)

70% ag. EtOH extraction (24 hr, 3 times)

70% aq. EtOH extract (354 g)

n-hexane extraction (3 hr, 3 times)

| |

hexane fr.
(26 g) HA fr.

EtOAc extraction (3 hr, 3 times)

EtOAc fr.
(83 g) HO fr.

n-butanol extraction
(3 hr, 3 times)

| |

m~BuOH fr. H-O fr.
(75 g) (10.8 g)

Scheme 5. Procedure of extraction and various fraction from dried leaves of
P. villosa.
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4-3. gy = AE 24 g

o
e
i
J

g

70% ethyl alcohol F& =3 #¥EES o] &3t PDE4 enzyme &4

o
Ay

3l A3E Tablelle]l WAtk 70% ag. EtOH extract, m-hexane, ethyl acetate,
n-butanol, HoO EE fractiono] A % &2 vehyth g4 ten 2o &
o2 F7FeFA T ¢ mhexane fraction < HsO fraction < ethyl acetate fraction
< np-butanol fraction. ZLE <, n-butanol fraction (ICs: 24.9 pg/mL) tE

fraction®l W3l 7} =2 A4S B

mlo

70% ethyl alcohol F&=&3 HIEES o] &3t GSNO reductase &S =
A3t A3Z Table 119 YEFWHATE ethyl acetate fractions A3+ 1} %
fraction (70% aqg. EtOH extract, m—hexane, n—butanol, H,O solvent fractions)

o 5= GSNO reductase &4 Z¥7F % o|&4 Yeiut. @42 b3 2

i

& o7 F71sFAtT}E ¢ ethyl acetate fraction < H,O fraction < n-hexane

fraction < n-butanol fraction. ZLE <, n-butanol fraction (ICs: 19.8 pg/mL) t}

£ fraction®l] H|3] 7} =& A4S B tH(Table 40, Figure 130-131).

Table 40. ICsy value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of P. villosa

(leaves).

ICso (pg/mlL)
Samples

PDE4 GSNO
94 EtOH extract 26.3 16.4
94-1 n—Hex fraction 326.6 166
94-1 EtOAc fraction 295 NA
94-1 n~BuOH fraction 24.9 19.8
94-1 H>O fraction 114.9 235.4
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(A) Rolipram

(B) 94 EtOH extract

150 150

100

£ 50 <

o by

& #

0 '

.50 .50
1.0000000 00 05 10 15 20 25
LogConcentration LogConcentration

(C) 94-1 n—Hex fraction

(D) 94-1 EtOAc fraction

150
100
£ 50
- d
+*
0
-50
00 05 10 15 20 25
LogConcentration

YACtivity

00 05 10 15 20 25

LogCaoncentration

(E) 94-1 n~BuOH fraction

(F) 94-1 H-,O fraction

150 150
100
£ 50 g
< <
£ £
0
-0 -0
00 05 10 15 20 25 00 05 10 15 20 25
LogConcentration LogConcentration
Figure 130. Results of PDE4 enzyme inhibition assay for extraction from

leaves of P. villosa.
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(A) N6022 (B) 94 EtOH extract

150 150
x 100 y 100 ®
E £ \
a1l
; FNL
0
- - 0 2
h L':-- f"nnrﬁn-t:auc-n ' L 1 it 24
cadls LogConcentration
(C) 94-1 n—Hex fraction (D) 94-1 EtOAc fraction
150 150
e ®
» 100 = 100 o -
m (1]
= £ -
> ;_-' = ;'
£ 501 £ 50
0 0
05 1.0 1.5 2.0 ns 1.0 15 2.0
LogConcentration LogConcentration
(E) 94-1 n~BuOH fraction (F) 94-1 H-O fraction
150 150
100 ® 100
e =
& \ 2 .
_"' IR iy el _
i I\ }
0 - 0
05 1.0 1.5 2.0 0.5 1.0 1.5 2.0
LogCancentration LogConcentration

Figure 131. Results of GSNOR reductase inhibition assay from leaves of P.

villosa.
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4-4, FxEui 7HA FE

Sy 7HA(94-2) AF Alm 200 g2 70% ethyl alcoholdl] F=3le] =
5 239 glyield : 12.0%)& AQa, FEFE 15 g& AAS 1 Lol dEA7 2, &
W Zhuf 71E 8-83}9] p-hexane fraction (1.4 g), ethyl acetate fraction (4.7 g),

n-butanol fraction (5.0 g) and H,O fraction (6.7 g)& o] Ao &3t

(Scheme 6).

Dried branches of P. villosa (200 g)

70% aqg. EtOH extraction (24 hr, 3 times)

70% aqg. EtOH extract (239 g)

n-hexane extraction (3 hr, 3 times)

hexane fr.
HZO fr.
(14 ¢g)

EtOAc extraction (3 hr, 3 times)

EtOAc fr.
Hzo fr.
4.7 g)
n-butanol extraction
(3 hr, 3 times)
n~BuOH fr. H-O fr.
(5.0 g) 6.7 g)

Scheme 6. Procedure of extraction and various fraction from dried branches

of P. villosa.
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70% ethyl alcohol F=E3 I EES o]83t9] PDE4 enzyme A S =4

B\

3t A3E Tablel2o]l YERAATE 70% ag. EtOH extract, n-hexane, ethyl
acetate, m-butanol, H.O == fractiono 4] PDE4 enzyme &4 Z¥7} 5% 9
&4 ety 848 g5y 2& o= ST ¢ nhexane fraction <
H>O fraction < ethyl acetate fraction < n-butanol fraction. Z1& <%, n-butanol
fraction (ICsy: 56.3 pg/mL) T2 fraction®l] W& 714 =2 A S HA

70% ethyl alcohol F&=&3 HIEES o] &3t GSNO reductase &S =
gt A3E Table 129 YEFHATE. n-hexane fractions A €s vm A
fraction (70% aqg. EtOH extract, ethyl acetate, mbutanol, H-O solvent
fractions)ol A1 GSNO reductase &4 Z3}7F % &4 Yetyth @42 ts
¥ 2o o7 ZF74Etl ¢ n-hexane fraction < ethyl acetate fraction <
H-O fraction < mbutanol fraction. Z1& <%, n-butanol fraction (ICsy: 24.4 ug

/mL) t& fraction®o] W3] 7} =& &4 S H AT (Table 41, Figure 132-133).

Table 41. ICsy value of Phosphodiesterase enzyme & GSNO
reductase inhibition activity for 70% ag. EtOH

extract and its solvent fractions of P. villosa

(branches).

ICso (pg/mlL)
Samples

PDE4 GSNO
94 EtOH extract 26.3 16.4
94-2 n—Hex fraction 365.2 NA
94-2 EtOAc fraction 57.7 101.4
94-2 n~BuOH fraction 56.3 13.7
94-2 H>0 fraction 236.8 24.4
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(A) Rolipram

(B) 94 EtOH extract

150 150

100

£ 50 <

o by

& #

0 '

.50 .50
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Figure 132. Results of PDE4 enzyme inhibition assay for extraction from

branches of P. villosa.
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(A) N6022 (B) 94 EtOH extract
130 150
g _100] e
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Figure 133. Results of GSNOR reductase inhibition assay from branches of

P. villosa.
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g yF EFE T pbutanol fraction®] ©E FEEo|Y ZFEE A
af g A 24S Ul Aeg #FEAT o= n-butanole] &4
AES 23] Wrldd £ A5dS o v gt} Ethyl acetate fractione] 74 43
e YotrR7] 98 A A=vwiE 3] -H A 7] (Ultra-high-performance
liquid chromatography coupled to high-resolution mass spectrometry,
UHPLC-MS/MS)E ©]-&3ate] &S Aldstgivt. 4 § 23Eq oy 2
Hdy Adae deEdd e 1IdE MSe MS/MS ~#HEH EXES &
AR ZF SFEY 54 vugomm ¥ dok(Figure 51). MFFAIZE
(retention time)©| 5.16, 6.45, 8.35, 12.20, 14.70%<1 3}g&EL Z+Zt Procyanidin
B2, Procyanidin C1, Rutin, Baicalin, Wogonoside 2¢1% 21 tH(Table 42, Figure
134-136).

14,
Jm

Table 42. Identification of five flavonoid compounds from P. villosa extract.

Calculated
Rr (min) [MH™ (m72) 4 Appm  MS/MS (m/z) Idenrification
Formula
5.14 577.1339 CyHos012 —0.183  289,407,425,451 Procyanidin B2
6.45 865.1964 CsH3018 1249 287,407,577,695,739  Procyanidin C2
8.35 609.1449 CoyHogO1  -0.182 301 Rutin
12.20 445.0765 CyH7O1; 0.005 269,175 Baicalin
14.70 459.0924 CxHigO1n 0440 283,175 Wogonoside
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Figure 134. The photodiode array chromatogram of P. villosa leaf nbutanol
fraction and five flavonoid compounds is shown (UHPLC-HRMS);
(A) P. villosa leaf n-butanol fraction. (B) Procyanidin B2. (C)
Procyanidin C2, (D) Rutin, (E) Baicalin, (F) Wogonoside.

50 50
0 0
100~ 865.1964 100+ 865.1963
. 50 I 50
g 0 1 i ll L A 0
'12 100~ 609.1449 100+ 609.1444
Z s0- | 50-
g D i 1 l L U
= 100~ 445.0765 100- 445.0765
“ 50 50 |
10%" - I 10%_ 459.0921
50 459.?923 I 50
0L111111|f1:L1l[1rT|0||||||r|||-|||L|;
200 400 600 800 100 200 400 600 800 1000
m/z m/z

Figure 135. The high-resolution mass spectra of BuOH fraction (A) are

compared with those of five standard compounds (B).
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Procyanidin B2 Procyanidin C2

OH O
HO O\ OH HO
O X
O (@)

OH O

HO,, OH
(0]
O HO_ y
OH H O \”\\ /OH
OH -
HO" ™" “HO O OH
OH
Rutin Baicalin
OH OH
HO OH
Ho N ° o O
(6] O
N
I
OH O
Wogonoside

Figure 136. Structures of the identified compound from P. willosa leaf

n-butanol fraction is shown (UHPLC-HRMS).
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4-6-2. % A BH

4-6-2-1. =8 U 70% ethyl alcohol F&E(, 71A)
v ol 70% ethyl alcohol &8-S XFEH(STD) 1153 vlal &£4
A3} Quercitrin, Quercetin 232 A3 o] F AELS FEAUYF L =

2UHo|qE solg AEEo|t}(Table 43, Figure 137-139).

Table 43. Identification of standards from of P. villosa 70% ethyl

alcohol extract.

R¢ (min, MS1) MS1 [M-HI" MS2 (MS/MS) Identification
13.19 446.81 300.82 Quercitrin
17.20 300.80 178.88, 150.85 Quercetin
RT: 0.00-29.99
1067

100

8 i
530 Quercitrin
550 l Quercetin
2 40 2354
g 13.63 19.55 LE202 94 07
2641
% 20 2641 2807
R T T o e T S e e I e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time {min)

Figure 137. Total ion chromatogram (MS1) of P. willosa 70% ethyl alcohol extract.

- 179 -



MS1 (Base Peak m/z 447) 13.22 (A) MS1 ESI Full MS @ (B

13.17
396.73 50843

15 516 a01 9.97 1021 1154 1388 4568 1 3 17895 26114 31699 432—-531L 56033

— i - o " bl L, s tbal. T | WA

13 15
MS2 (Base Peak m/z301) 300.82 M52 ESI Full MS
13.19
31 522 597 783 981 11.89 1411 1513 17 17893 25477 343 02 42854
T1 111 111t rrrrrr..rrro. 111 111 UL R LA R LU LA LN A AL RS MR MR RN MRS AL I IR R AR
4 8 g 10 12 14 16 200 300 400 500
Time {min) mjz

Figure 138. Identification of Quercitrin from P. villosa 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.

MS1 (Base Peak m/z 301) (A MS1 ESI Full MS [ 30080 | (B)
17.20 1720
470.82
438 68
89 932 11,72 13.19 1436 1881 207 12484 17862 233 91 388335 4p3a27 [T
A, ) M Ang = L P PR vl bt bl I |||.h I_ Jluuh:j .iLnn
MS2 (Base Peak m/z 179) | 178.88 MS2 ESI Full MS
17.20 150.85
27277
’ 17.53
1036 1139 131% 4531 1626 |7 7 1924 106.87 228~|-921 l
L Pl B W R S B e i o W e B i e i P e v L |r|"||I J||"|||||||||||||||
8 10 12 14 16 18 20 100 200 300 400 500
Tire (min) m{z

Figure 139. Identification of Quercetin from P. wvillosa 70% ethyl alcohol

extract; (A) Total ion chromatogram. (B) MS spectrum.
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4-6-2-2. =Y+ < ethyl acetate fraction
T 9 ethyl acetate fractions E+= 2 (STD) 1153 vlu A4 213
stk 1 A3 Fr=gluE 70% ethyl alcohol FEE 4 ¢ & A g Hyperoside,

Quercitrin, Quercetin 3F < EZ3stal A tH(Table 44, Figure 140-143).

Table 44. Identification of standards from of P. villosa

(leaves)ethyl acetate fraction.

R¢ (min, MS1) MS1 [M-H] MS2 (MS/MS)  Identification

10.60 462.72 300.91 Hyperoside
13.09 446.80 300.80 Quercitrin
17.04 300.86 178.97, 151.02 Quercetin
RT: 0.00-29.99
100 098
g 80 N
-g 605 Quercitrin vt
2 7 Hyperoside
A 1281 1305 l
g 207 ’ 4
¢ ] A 9 T 2230 2307 2284 2478 2611
o 34 e & 1o 42 4k 4 48 'z0 22 24 28 | zZ8
Time (min)

Figure 140. Total ion chromatogram (MS1) of P. villosa (leaves) ethyl acetate

fraction.
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MS1 (Base Peak m/z 463) (&) MS1 ESI Full MS

(B

10.60 -~

\“‘*i%

3g2.85 44676

M g
MS2 (Base Peak m/z 301 1150 300.91 MS2 ESI Full MS

10.91
Thao
1091
10.62
175 325 ggp 7.13 936 1391 4178 32 283.98 | 315.85
"I s e 3 L ey | ARy Iy it ] I |I
i B B O A s R e e[ e G K B i [y e | | EEC BARA ELA R LR T T T e e T e T e T T
8 10 12 14 16 200 300 400 500 600
Time (min) myz

Figure 141. Identification of Hyperoside from P. villosa (leaves) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.

MS1 (Base Peak m/z 447) 13.08 (A) MS1 ESI Full MS 446.80 B)

514.57
5 441 647 812 940 1083 __ 13, 707 T 23307 30094 34565 430.88 lJanlL 56042

MS2 (Base Peak m/z 301) 300.80 MS2 ESI Full MS

13.11

5 9. 1344 1486 168 178.79 256.95 32096 428.91

S S Do EET N 0 B o BO S B D30 R G D0 BT N W 25T S 0s INT | | L T l. T ey T

4 5 ] o0 12 14 16 200 300 400 500 ¢
Time {min) m/z

Figure 142. Identification of Quercitrin from P. villosa (leaves) ethyl acetate

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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MS1 (Base Peak m/z301) (&) MS1 ESI Full MS (B)

T3 4

300.86
233.05 386.80
11286 28491 48252
194.87 34081 | 43690 (=128
178.97 MS2 ESI Full MS
12.91 1718
15.02
10.84 13 15 e
2 JLEC
1046 | 1224 17.48 151.02 .09 272.76
13495 | | i ‘
T I
| ARLAALIARS RAAS AL INAAS RARS ARS INARY IAAN RAAS AN RAR) RAR) AN AL RAE AN LAAR MAAS MAMS|
g 10 12 18 16 18 20 100 200 300 400 500
Time (min) m{z

Figure 143. Identification of Quercetin from P. villosa (leaves) ethyl acetate

fraction; (A) Total ion chromatogram. (B) MS spectrum.

2-6-2-3. &= vF % n-butanol fraction
Sx=gdy4F ¢ pg-butanol fractiongd FEFEZ(STD) 1153 Hlnl EA A=
gl ¢ ethyl acetate fractiono| 4] Q1% Hyperoside, Quercitring 33}

3to] Rutin, Nicotifloring &<1& 4 13l th(Table 45, Figure 144-143).

Table 45. Identification of standards from of P. villosa (leaves)

n—butanol fraction.

R: (min, MS1) MS1 [M-H] MS2 (MS/MS) Identification

11.38 462.90 300.83 Hyperoside
11.15 608.84 300.77 Rutin
12.59 592.85 284.79 Nicotiflorin
13.06 446.76 300.92 Quercitrin
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Figure 144. Total ion chromatogram (MS1) of P. willosa (leaves) n—butanol

fraction.

MS1 (Base Peak m/z 463) (A) MS1 ESI Full MS (B)

233.1
508.70

54316 584.74

300.83 MSZ ESI Full MS

1440
T2 8 1552 27123

4 & 3 10 12 14 16 200 200 100 500 600
Time {min) mjfz

Figure 145. Identification of Hyperoside from P. villosa (leaves) n—butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 146. Identification of Rutin from P. villosa (leaves) n—-butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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Figure 147. Identification of Nicotiflorin from P. villosa (leaves) n—butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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1667
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Figure 148. Identification of Quercitrin from P. villosa (leaves) n-butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.

4-6-2-4. =8 YF 7}A] ethyl acetate fraction
=g UF 7FA ethyl acetate fractions X+ Z(STD) 1153 vluw B4 4
¥} Catechin, Epicatechin gallate, Hyperoside %5 3%°] #<213}%th(Table 46,
Figure 149-152).

Table 46. Identification of standards from of P. villosa (Branch)

ethyl acetate fraction.

Ri (min, MS1)  MS1 [M-H]I" MS2 (MS/MS) Identification

341 288.83 244.93, 204.61 Catechin
11.14 440.65 288.90, 16899 Epicatechin gallate
11.43 462.86 300.90 Hyperoside
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Figure 149. Total ion chromatogram (MS1) of P. villosa (Branch) ethyl

acetate fraction.

MS1 (Base Peak m/z 289) (A MS1 ESI Full MS B)
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Figure 150. Identification of Catechin from P. villosa (Branch) ethyl acetate

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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MS1 (Base Peak m/z 441) (&) MS1 ESI Full MS (B)

11254 440.65
233.068
454.33 94
14693 334 81
206.64 | ” 19436
il lld ||I.I i .I|.|J|||.|“|| i
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414
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Figure 151. Identification of Epicatechin gallate from P. villosa (Branch)
ethyl acetate fraction; (A) Total ion chromatogram. (B) MS

spectrum.
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57636
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Figure 152. Identification of Hyperoside from P. villosa (Branch) ethyl

acetate fraction; (A) Total ion chromatogram. (B) MS spectrum.
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4-6-2-2. &=8Y4+ 74 n-butanol fraction

=g 7FA p-butanol fractions ZFEZ(STD) 1153 vlw 4 Ay}
-1

Rutin 1&°] g<21s}stH(Table 47, Figure 153

54).

Table 47. Identification of standards from of P. villosa (Branch)

n—butanol fraction.

R; (min, MS1) MS1 [M-H] MS2 (MS/MS) Identification
11.15 608.77 300.80 Rutin
RT: 0.00-29.99
100 0.94
8 a0-
4 7
5 807
2 7
2 404 Rutin
% - l 2902
r 207
3 177 236 443 685 823 902 1¥34 1375 1584 16.04 1717 4775 21gp 2349 23.89 2478 5557 K
e e A T
2 AI GI 8 10 12 14 16 18 20 22 24 26 2‘3

Time (min)

Figure 153. Total ion chromatogram (MS1) of P. villosa (Branch) n-butanol

fraction.

MS1 (Base Peak m/z 609) (&)

MS1 ESI Full MS ¢ g2

B
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11.15
l 648.03
X 468 621 553 578 hub L 1382 1470 4
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| e
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Figure 154. Identification of Catechin from P. villosa (Branch) n—butanol

fraction; (A) Total ion chromatogram. (B) MS spectrum.
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= 243

4-8.

o,
M

=W FF Y F

o

i

4-8-1. 71=RAg vA = FF

o

A FE7(OVA)S methylcholine %7} =718 wet AAZE(NC)e
Hlglo]  7|=3RlIdo]  AA F7hekTh W, eFEdix ] Dexamethason
Fo H(DEX)> A F X (OVA)el Hl3] methylcholine %7} 7ol whet
7| EaRIA o] A FHAsEATh

A FE=7(0OVA), A1552 30 mg/keg(94-30), A5E2 60 mg/kg(94-60) #
2] 2435 #8349 one-way ANOVAE A A]gk 23} F-valuet methylcholine
F% 10 mg/mLolA 1.873, 20 mg/mLolA] 0527, 30 mg/mLolA 21772 % L}EF
Wtk F B2 Ao 7] 2kA 363(He3H3)-1=2, JH19)-3=16) Bt} &

=
o ztom ghelo] Hth wakd AlEEZA 94 Fold oA HARERT

(OVA)el H]3ll methylcholine FX%7F S7Fgel mel 7|2yl o] A4S o
olfgt Tav HAdETH dHuste] FASA FoAd oS ST F A

tHTable 48, Figure 155).
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Table 48. Effects of test material-94 on airway

hyperresponsiveness and result of one-way ANOVA.

Airway Concentration (mg/mL)
Hyperresponsiveness
(Penh) 0 10 20 30
NC 0.31£0.04  0.43+0.03 0.64+0.14 1.30+0.10
OVA 0.77+0.17 1.46+053  4.52+1.21 6.68+1.77
DEX 0.51+0.10  0.59+0.18 1.44+0.39 2.84+0.90
94-30 0.60+0.12 1.16x0.66  3.12£1.32  5.99+2.98
94-60 0.65+0.18 1.35+0.40 357122  513#1.31
F-value 0.527 2.177 0.862
F-distribution 3.63 3.63 3.63
OVA/94-30 0.744 0.199 0.941
P-value
OVA/94-60 0.961 0.431 0.260
=N =Ee=(VA =de=]DEX =8=043() ==p=04 60

_ 10 -

LR

£ 81

2 6

£ s

z S

2 44

£ 3.

(=1

=

? 1 4 ‘___—_—___——'

2 ‘

0 10 | 20 |
Methylcholine concentration (mg/mL)

Figure 155. Effects of test material-94 on airway hyperresponsiveness.
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AAFE=T(OVAE Add=(NCOl  vlal 71dx] dAx Al U
HEgAd gy AbAaRSFe Adol dAsAl Srbskd T HbdH) SkE ROl
Dexamethason T (DEX)S H2AH=7(OVA)o] Hl&] w34 SEAAZ9

Aol oF 575% 7HAstAT
AAFET(OVA), AlE=4 30 mg/kg(94-30), AlE=2 60 mg/kg(94-60) A &
A= #8319 one-way ANOVAE AA3 A3 F-value: 44252 F
Bymol e 717bx] 355(He7H3)-1=2, HAU(21)-3=18) By =& s
HERYS g3 4 Aotk a1#yY Povalueg A= OVA/94-30°0 A4
0.879=(P>0.05) o4 1AL, OVA/94-60014+=  0.042=(P<0.05) 24
#HzEHAT AEEE M4 FoAd F, 60 mgkg  Fo9H(94-60)
AAFE=(OVA)l H3] wkgAd ST Aol 23.0% A= ATH Table

49, Figure 156).

Table 49. Effects of test material-94 on reactive oxygen
species in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Type ROS Production (Fluorencence)
NC 4,676.72+492.04
OVA 10,461.09+1,892.30
DEX 4,443.63+1,604.96
94-30 9,825.37+1,695.79
94-60 8,053.88+963.62
F-value 4.425
F-distribution 3.55

OVA/94-30 0.879
P-value

OVA/94-60 0.042
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Figure 156. Effects of test material-94 on reactive
oxygen species in bronchoalveolar lavage

fluid.

4-8-3. AX AHY W ASAE A& A 523

AAFEF(OVA)NA  713=x "HE AF¥A g dA=AxEY  F7}
A g 2= (NC) el H] &) A 51 Z7}slgdtr. WbH Dexamethason
FdF(DEX) oAM= AL (OVA) Hl&] dFAXE 57 2A A3 Ar.

AAFE=T(OVA), A5EZ 30 mg/kg(94-30), AlZ=2 60 mg/kg(94-60)
el A3E 83t one-way ANOVAES A&t 2 A3}, F-values
Eosinophilel 4] 6.721, Macrophageol A  14.054, Lymphocyteol A  24.741,
Neutrophiloll 5] 1.951, Total cellol 4] 16539= &<lo] %A, Neutrophil=
Aelsta F ExE9 717hx]Q1 355(FH @7H3)-1=2, JEW(21)-3=18) HT} =4
e T Eosinophil®] P-value® OVA/94-302] 0.09(P>0.05)% 24l 9]
AR o™ OVA/9-60= 0.39(P<0.05)= F2A At Macrophage?] P-values=
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OVA/94-30°14  0.021(P<0.05), OVA/94-604 0(P<0.059)= 4 A,
Lymphocyte2] OVA/94-30°14 0.002(P<0.05), OVA/94-604 0.003(P<0.05)=
94 At Total cello A2l T3 P-value:= OVA/94-30° 4 0.014(P<0.05),
OVA/94-604 0.002(P<0.05)= #9744 AAtt. 18il AE=4d 94 FoALH
AAFEL(OVA)Y] ASAE 5 ¥us] B 30 mgkg FoIw(94-30)2
29.3%, 60 mg/kg FoAT(94-60)> 408%7F HAEHAT. 53, A9
AAEZE AAFE(OVA H& Al5E52 719 30 mg/kg Fo]w-(94-30)
Zy7y 30.8%, 24.6% AR oHW, 60 mg/kg FoIT(94-60)2> 7+ 38.6%,
38.9%7F 4% A (Table 50, Figure 157).

Table 50. Effects of test material-94 on inflammatory cell count in

bronchoalveolar lavage fluid and result of one-way ANOVA.

Inflammatory Cell (perx400 magnification site)

T
e Eosinophil  Macrophage Lynphocyte Neutrophil — Total cell
NC 0 11.1£1.65 035014  025+0.18  11.7+1.72
OVA NRZHAD  NIH106  9.82+2.95 7.54+6.56 2650419
DEX 156 26061258 4454097 2.85+1.04 612
94-30 L4  6346+1450  8.46+1.31 1.36+4.71 1600182163
94-60 261#032 5HBH0t1216 4.86+0.81 1.21+2.38 1AL
F-value 6.721 14.054 24141 1.951 16.539
F-distribution 3.55 3.55 3.55 3.55 3.55
OVAY-30  0.090 0.021 0.002 0.958 0.014
Pvae
OVAY-60  0.039 0.000 0.003 0.247 0.002
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Figure 157. Effects of test material-94 on inflammatory

cell count in bronchoalveolar lavage fluid.

4-8-4. 9454 Cytokine A A 53

A2 (OVA) N A 7133 H¥x  AxEA W Interleukin-5 ¢
Interleukin - 139] Aol AN EZT(NCO)l vl dAASA S7Fskich. whA

Dexamethason Fo]+(DEX)2 HAF2(OVA)l H]& Immunoglobulin-E¢]
Aol A FaHATH

AAFE=T(OVA), A5EZ 30 mg/kg(94-30), AlZ=2 60 mg/kg(94-60)
Ay AydE 839 one-way ANOVAE AAg Az F-value:s
Interleukin-5914 13.678, Interleukin - 13° 4] 4.968°0.% F ®X oAl 2] 7]ZHX]
355(HEIH3)-1=2, HEW(21)-3=18) Ru EF =A o=z Flo] At
P-values <21t A3} Interleukin-5¢ OVA/94-302 0(P<0.05)% <]/ o]
A3, OVA/94-60-2> 0.085(P>0.05) #o=Z fFoide] #EHA &dr. =3
Interleukin-13¢] OVA/94-30-2 0.044(P<0.05)= o] A3, OVA/94-60->
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0.335(P>0.05) #to= ojido] #&EX LUty e AlgEd 94 Folat
AAFEH(OVA)# Y] Interleukin® 5%E Hlw3dt A3 Interleukin-5%= 30
mg/kg F77(94-30)2 46.8%, 60 mg/kg FoI7(94-60)2 23.2% #HAH Ao,
Interleukin-13-> 30 mg/kg Fo1(94-30)2 34.7%, 60 mg/kg oI (94-60)-=
14.8%7} 7+ A tH(Table 51, Figure 158-159).

Table 51. Effects of test material-94 on IL-5 and IL-13
production in bronchoalveolar lavage fluid and

result of one-way ANOVA.

Inflammatory Cytokine (pg/mL)

Type
IL-5 1L.-13

NC 7.01£2.41 13.51+£2.13
OVA 34.91+4.85 78.89£14.58
DEX 25.37+7.58 34.07+9.58
94-30 18.57+5.35 51.55+20.60
94-60 26.83+7.10 67.19+12.57
F-value 13.678 4.968
F distribution 3.55 3.55

OVA/94-30 0.000 0.044
P-value

OVA/94-60 0.085 0.335
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Figure 158. Effects of test material-94 on IL-5

production in bronchoalveolar lavage fluid.

100 -

80 -
E

!‘-' 60 i
z

g 40 -
[or]

= 20

0 - : : : :
NC OovA DEX 94.30 94-60

Figure 159. Effects of test material-94 on IL-13

production in bronchoalveolar lavage fluid.
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4-8-5. Immunoglobulin-E A4 A &3}

A2 (OVA)l A Ovalbumin 5°]4  Immunoglobulin-E2] A4 o]
Addizatel nldl @Ak S7eks o, ¥HH Dexamethason o] a5 (DEX)<

A2 5 2F(OVA)ol ¥ &) Immunoglobulin-E¢] Aol =LA #A% A

AAFE=T(OVA), AE=E 30 mg/kg(94-30), A= 60 mg/kg(94-60) A 2]
AiE 8319 one-way ANOVAE Attt 1 23, F-values 6.354%
F RBx=olAe 7]z4x  355(J&1H3)-1=2, FT(21)-3=18) Ht} =7
Ve AL, P-values 13 23 OVA/94-302> 0.966(P>0.05)o.2 2]/ 9]
TEE R oy OVA/94-602  0.037(P<0.05) <el%  zkol7F Ul
Alg=d 94 T 5 60 mg/kg F1(94-60)o1 A A FLd-(OVA) H 3|
31.0% Ovalbumin 59¢]4 Immunoglobulin-E2] AAo] A AtHTable 52,
Figure 160).

Table 52. Effects of test material-94 on
ovalbumin-specific IgE in serum and

result of one-way ANOVA.

Type OV A-specific 1gE (ng/mL)
NC 0
OVA 141.67+26.38
DEX 19.27+7.61
42-30 147.83+29.69
42-60 97.78+29.74
F-value 6.354
F distribution 3.55

OVA/42-30 0.966
P-value

OVA/42-60 0.037
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160. Effects of test material-94 on

ovalbumin-specific IgE in serum.
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4-8-6. #Hx2 U AFA

ke
et
o
12
2
fol
=)

Ovalbumin®. 2 2% H2AF94A(OVA)S AAF(NC)ol =& 7]3x F9

AZA xS HFo] AA ZF7sA Y. ¥vbA ) FE o £+ Dexamethason o]+

g
fes|
~
rlo
>
b
Ho
i3
M
@)
<
I
o
)
:Oé
2
o|N
=,
24
o,
el
(o
o,
oy
[N
i,
32
v

AAFE=T(OVA), AE=E 30 mg/kg(94-30), A= 60 mg/kg(94-60) A 2]
2 945 2 AN AFE gl fla] oA R LAZEY Y (IMT-H
software, Vancuver, Canada)E ©¢]&3slo] FA43 A3  F-value: 3536= F
FymolAe 717k 389(HezH3)-1=2, HU(15)-3=12) Rt} $A eyt
P-valuezt-S& ¢ A3 OVA/94-302 0.694(P>000)2 foldol sl
OVA/94-60 =3  0.075(P>0.05) % xfol7b Q1= =] eFgkrh, wheba], 94

Al2E52 60 mg/kgxglst Fo]75(94-60)2 A2+ (OVA)l| w3 dASAxE
o] mefst 74 7F #EE 9t (Table 53, Figure 161-162).

Table 53. Effects of test material-94 on inflammatory

responses in lung tissue and result of

one-way ANOVA.

Type Inflammatory Responses (%)
NC 0.52+0.21
OVA 17.09£2.07
DEX 9.27+1.60
94-30 15.79+£2.07
94-60 13.77+1.82
F-value 3.536
F-distribution 3.89

OVA/94-30 0.694
P-value

OVA/94-60 0.075
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Figure 161. Effects of test material-94 on inflammatory

responses in lung tissue.
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Figure 162. Effects of test material-94 on inflammatory responses in lung tissue.
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4-8-7. ] A &3

Ovalbumin® 2 ¥ HAFLH(OVA)S 7134 W A AEu]7F AA+(INC)
of vl dAstA F7Fetd . ¥FH FEWE a1 Dexamethason 7o 7 (DEX)
A2 (OVA)l Hlel A A En]7F 7483l

AAFE=T(OVA), AE=E 30 mg/kg(94-30), A= 60 mg/kg(94-60) A 2]
2 945 2 AN AFE gl fla] oA R LAZEY Y (IMT-H
software, Vancuver, Canada)E ©¢]&3slo] FA43 A3  F-value: 3536= F
FymolAe 717k 389(HezH3)-1=2, HU(15)-3=12) Rt} $A eyt
P-valuezt-S& ¢ A3 OVA/94-302 0.694(P>000)2 foldol sl
OVA/94-602 0.075(P>0.05) o217k HolA gt webA, 94 A 5E4 60
mg/kgA 2] g FoJH(94-60) & HAFE(OVAN Hl& AFHE
n] ekl 71471 #EE It (Table 54, Figure 163-164).

o]

o

Table 54. Effects of test material-94 on mucus
production in lung tissue and result of

one-way ANOVA.

Type Inflammatory responses (%)
NC 0.52+0.21

OVA 17.09+2.07

DEX 9.27+1.60

94-30 15.79+£2.07

94-60 13.77£1.82

F-value 3.536

F-distribution 3.89

OVA/94-30 0.694
P-value
OVA/94-60 0.075
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Figure 163. Effects of test material-94 on mucus

production in lung tissue.
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Figure 164. Effects of test material-94 on mucus production in lung tissue.
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54 AFE 8l o, 7HA 29 2EUF 0% dEE FEES U g1
3} egulations (GLP) AlddA 54 A+E 23

a1, Good Laboratory Practice R
shth T 2EUY 70% dEE FEESUS FEE Sprague-Dawley Al &

6% Acol B3 ATFIA EhbE S48 Brksha, A AAFS

FZl(Male)?] HZH(GHH AFEZ FA97(G2), dZ (Female)?] o Z=(G1)
I} ANFED TGS 497 AT 1 A3 o5 thEra 2 2,000
mg/kg Foltol A AbdAE = ¢l TH(Table 55).

Table 55. Summary of mortality.

Grow’ o, of Days after Dosing
Sex Dose ' Mortality
Anmals (1 2 3 456 7 8 9 1C111212 14
(mg/kg)
Gl
0 5 00000000000000O00O0 05
Male
G2
5 00000000000O0O00O0O0 05
2,000
Gl
5 0000000000O0O0O0OO0O 05
Female @
5 00000000000000O0 05
2,000
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7 (Male)¢] tz=a(GDH A& Fo(G2), 42 (Female)] wizw (G
|d=2 FoAT(G2)e 1447 #2223} 2000 mg/kg FolaolAd F

5 1o Al EZ M (compound-colored stool)o] ¢+ A do A BFE o
, ol 3 2URE dukzato] oS AAHE A ot} o= AFEZA Foq

Table 56. Individual clinical signs for male.

Group/  ppimal Hours(Day 0) after Dosing
Dose Clinical Sign
(mg/kg) 1D 0.5 1 2 4 6
Gl 1101 - - - - - -
0 1oz - - - - - -
103 - - - - - -
104 - - - - - -
105 - - - - - -
G2 1200 - - - - - -
2,000 1202 - - - - - -
1208 - - - - - -
1204 - - - - - -
1206 - - - - - -
Group/  Apimal Days after Dosing
Dose Clinical Sign
(mg/kg) ID 1 23 456 7 8 9 10111213 14
Gl 101 - -
0 102 - S
1103 - S
1104 - S
1105 - S
G2 1201 compound-colored stodl  + - - - - - - - - - - - - -

2000 1202  compomdcdoed stod ¢ - - - - - - - - = - - - -
1203 compound-cdored stod  + - - - - - - - = - = = o
1204 compound-ored sl + - - - - - - - = - = = o
1206 compounddomed st + - - - - - - - = - = = - -

—-:No observable abnormality +: observable abnormality
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Table 57. Individual clinical signs for female.

Group/  ppimal Hours(Day 0) after Dosing
Dose Clinical Sign
(mg/kg) ID 05 1 2 4
Gl 2101 - - - - -
0 2102 - - - - -
2103 - : - - -
2104 - - - - -
2105 - - - - -
G2 2201 - - - - -
2,000 2202 - - - - -
2203 - - - - -
224 - : - - -
2205 - - - - -
Group/  Apimal Days after Dosing
Dose Clinical Sign
(mg/kg) 1D 1 23456 7189
Gl 2101 - - - - - - - - - -
0 2102 - - - - - - - -
2103 - - - - - - - - - -
2104 - e
2105 - - - - - - - - - -
G2 2201 conpound-colored stodd  + - - - - - - - -

2,000 2202 compound-colored stodd  + - - - - - - - -
2203 compound-colored st + - - - - - - - -
2204 compound-colored stodd  + - - - - - - - -
2205 compound-colored stod  + - - - - - - - -

—:No observable abnormality +: observable abnormality
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5-3. Az w3}

T (Male)®] x=H(GHH A= FAT(G2), A (Female)® thxw(Gl)
I AFEL T (G2)S 1497 #FsAY. 1 A FHA(Male) 2 (Gl)
A 5ubg] FHr 1669 gollA 149 ¥ 3338 go = 1669 g Ss7Fetsla, F
(Male) Ald&2 Fo3H(G2) Hir 1675 gollA 14¢ + 3188 g = 151.3 g9l
MA 8l FrbetATE LYy Foldel A tiEad Al Fo4 e AlsHste
o1 Q= A ekt (Table 58, Figure 165).

l

A (Female) x&217(Gl) A 5vkg] H 1217 goll A 149 % 1934 go=
7.7 g s7FstR 3, S (Female) Al@ =2 Fo(G2) M1 1216 gollA 14¢¥
5 1877 g& = 66.1 go] AA3 Frketd o, 2 (Male) A2 mFk7EA]
2 F9A d= AT dAEHA EdtH(Table 59, Figure 166).

400

) 1
E
S, 200 ("F-—
g ¢
—a— Gl - O meke
100 —
—— G2 - 2,000 mpke
i} 1 1 1 1 1 i 1 1 i Il 1 1 1 i
0 2 4 6 3 10 12 14

Days after dosing (day)

Figure 165. Body weights in male SD rats.
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Figure 166. Body weights in female SD rats.

Table 58. Individual body weights for male.

Group/Dose Animal  Days after Dosing (g) Gain

(mg/kg) ID 0 1 3 7 14 0~14

Gl 1101 1745 202.6 221.2 273.7 351.9 1774

0 1102 173.9 203.9 227.2 274.3 345.0 171.1
1103 156.7 181.7 208.0 256.6 315.5 158.8
1104 161.2 185.9 210.6 258.1 325.0 163.8
1105 168.4 192.0 210.3 257.5 331.5 163.1
Mean 166.9 193.2 216.7 264.0 333.8 166.8
SD 7.8 9.9 9.7 9.1 14.8 7.4
N 5 5 5 5 5 5

G2 1201 155.1 177.0 195.0 231.8 273.6 1185

2000 1202 168.6 187.2 217.0 261.2 331.2 162.6

’ 1203 174.2 193.1 213.1 254.5 320.9 146.7
1204 171.0 193.1 219.9 265.1 335.2 164.2
1205 168.8 197.2 220.8 270.4 333.2 164.4
Mean 1675 1895 213.2 256.6 318.8 151.3
SD 7.3 7.9 10.6 15.0 25.9 19.8
N 5 5 5 5 5 5
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Table 59. Individual body weights for female.

Group/Dose  Animal _Days after Dosing (g) Gain
(mg/kg) 1D 0 1 3 7 14 0~14
Gl 2101 1199 1363 1469 1658 1874 675
0 2102 1246 1431 1579 1738 2003 757

2103 122.0 137.1 152.1 173.6 199.2 7.2
2104 116.6 131.3 147.2 171.3 191.5 74.9
2105 125.6 145.3 153.8 163.5 188.6 63.0

Mean 121.7 138.6 151.6 169.6 193.4 7.7

SD 36 56 46 47 6.0 6.1

N 5 5 5 5 5 5
G2 2201 1267 1450 1588 1712 1977 710
2,000 2202 1164 1324 1444 1528 1657 493

2203 124.2 140.7 153.3 170.0 195.8 71.6
2204 118.1 134.4 149.6 163.3 184.9 66.8
2205 122.4 141.4 156.9 170.0 194.4 72.0

Mean 1216 138.8 152.6 165.5 187.7 66.1
S.D 4.3 5.2 5.8 77 13.3 9.6
N 5 o) 5 5) 5 5)

HA7 7 FE (149 F) FAMale) WE2T(GHT AFEE FoJ7(G2),
Zl(Female) 2T (G AlFEd FATF(G2) tste] FAS AAA T
A3 4 dlEza 2 2000 mg/kg FowolA FobH ol A #EE XA

LTt

Table 60. Summary of necropsy findings.

Sex Male Female
Group Gl G2 Gl G2
Dose (mg/kg) 0 2,000 0 2,000
No. of animals 5 5 5 5
Unremarkable findings 5 5 5 5
No. of examined 5 5 5 5

External surface and all organs in body cavity were unremarkable.
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Table 61. Individual necropsy findings for male.

Group/ Animal Organs* Necropsy Findings Type of Day of

Dose(mg/kg) 1D Sacrifice  Sacfrifice

G1 1101 All Unremarkable findings S 14

0 1102 All Unremarkable findings S 14
1103 All Unremarkable findings S 14
1104 All Unremarkable findings S 14
1105 All Unremarkable findings S 14

G2 1201 All Unremarkable findings S 14

2,000 1202 All Unremarkable findings S 14
1203 All Unremarkable findings S 14
1204 All Unremarkable findings S 14
1205 All Unremarkable findings S 14

*External surface and organ in body cavity
S: Scheduled

Table 62. Individual necropsy findings for female.

Group/ imal Organs* Necropsy Findings Type of Day of
Dose(mg/kg) 1D & psy & Sacrifice Sacfrifice

Gl 2101 All Unremarkable findings S 14
2102 All Unremarkable findings S 14
0 2103 All Unremarkable findings S 14
2104 All Unremarkable findings S 14
2105 All Unremarkable findings S 14
o 2201 All Unremarkable findings S 14
2,000 2202 All Unremarkable findings S 14
2203 All Unremarkable findings S 14
2204 All Unremarkable findings S 14
2205 All Unremarkable findings S 14

*External surface and organ in body cavity
St Scheduled
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