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Abstract

Identification of Anti-oxidative and Anti—inflammatory Constituents

from the Branches of Carpinus turczaninowii

Ha Na Ko
Department of Chemistry, Graduate School

Jeju National University, Korea
Supervised by Professor Nam Ho Lee

In this study, anti-oxidative and anti-inflammatory activities were examined
on the extract from Carpinus turczaninowii branches and their biologically
active constituents were identified.

The repeated column chromatography of ethyl acetate—soluble layer in this
ethanol extract led to isolation eight constituents such as B-sitosterol (1),
daucosterol (2), betulinic acid (3), pyracrenic acid (4), carpinontriol B (5),
carpinontriol A (6), afzelin (7) and quercitrin (8). The structures of these
compounds were identified by spectroscopic methods and by comparing their
data to those in the literature. As far as we know, all of the compounds
except quercitrin (8) were isolated for the first time from this plant.

To investigate the anti-oxidative and anti—inflammatory activities of the
compounds, DPPH radical scavenging activity, ABTS  radical scavenging
activity and nitric oxide production inhibitory activity in LPS-stimulated RAW
264.7 cell were examined.

The total phenolic contents for the extract and solvent layers (n-Hex,

= Vil -
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EtOAc, n-BuOH, water) were estimated as 20.3, 3.1, 43.7, 354 and 13.8 mg
(GAE/100 mg) respectively. In addition, the total flavonoid contents were
measures as 9.0, 29.4, 14.9 and 2.4 mg (quercetin/100 mg) respectively for the
extract and EtOAc, n-BuOH and water fractions.

For the anti-oxidation tests, the compounds 4 and 8 showed strong DPPH
radical scavenging activities with SCs of 55.2 and 624 uM respectively,
whose activities were comparable to a positive control vitamin C (SCsy 43.5
M). In addition, compounds 4, 5, 6 and 8 showed strong ABTS' radical
scavenging activities with SCsy of 34.1, 42.1 458 and 29.6 pM respectively,
showing comparable activity to vitamin C (SCs 31.6 puM).

On the screening of anti-inflammatory activities, the compounds 5 and 6
showed the considerable inhibition on the production of nitric oxide for the
RAW 264.7 cell without any cell toxicity.

Based on these results, C. turczaninowii branch extract could be potentially
applicable as anti-oxidant and anti-inflammatory agent in cosmeceutical

and/or pharmaceutical ingredient.

- viii -
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Figure 1. Oxidative and anti—oxidative systems in the cells
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== AAH(Scheme 1).

Dried branches of Carpinus turczaninowii (707.0 g)

70% EtOH 14 L, stirring, 24 hr., 3 times

Extract 89.0 g (12.6%)

Extract3l.1g

Suspend with 1 L water and add 1 L n-hexane, 3 times

4

‘
n-Hexane layer Add 1 L ethyl acetate, 3 times
0.37 g (1.2%) [
‘
Ethyl acetate layer Add 1L n-butanol, 3 times
4.1g (13.2%) |
' 4
n-Butanol layer Water layer
7.9 g (25.4%) 18.3 g (58.8%)

Scheme 1. Procedure of extraction and solvent fraction from

C. turczaninowii
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100%)= &m SA4S 2, 5, 10%% =ol= Wi ez 7 300 mLY &&F3t F
3078 €] fractions LATHFr. V1~V30)

VLC fractionE % Fr. V4(25% EtOAc in Hex) 824 mgg 7<%+

H
MeOHS #H7Fsll S w =% i vialel 7FetekE powder?t A E At o] =

MeOH=S o]&3] AZAA3] compound 1(13.3 mg)S AAow, & AAAHHO
2 Fr. V8(45% EtOAc in Hex) 79.9 mgoll Al compound 4(37.4 mg)E AUt}
Fr. V530% EtOAc in Hex) 520 mge n-Hexs o]&3 AZ2AHoR
compound 3(24.3 mg)S #3399 tHScheme 2).
Ethyl acetate layer (3.9 Q)
VLC
n-Hex/EtOAc(0-100%)
EtOAc/MeOH(0-100%)
Step gradient(2, 5, 10%), 300 mL each
v ‘ v v '
Fr. V1 Fr.v4 Fr.V5 Fr.v8 Fr.V30
(824 mg) (52.0 mg) (79.9 mg)
Insoluble in MeOH Insoluble in n-Hex Insoluble in MeOH
Compound1 Compound 3 Compound4
13.3mg 24 3mg 37.4mg

* Conditions of VLC eluents
- Fr. V4 : n-Hex/EtOAc = 75/25
- Fr. V5 : n-Hex/EtOAc = 70/30
- Fr. V8 : n-Hex/EtOAc = 55/45

Scheme 2. Procedure of isolation of compounds 1, 3, 4 from C. turczaninowii
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Fr. V13(70% EtOAc in Hex) 91.9 mg< CHCIl3:EtOAC:MeOH=2:3:12] &=
Aoz =4 silica gelS ©] €3 VLCE 4339 compound 5(269 mg)E LS
o TLCE Fdstde wW 22 spot A& YEtW= Fr. V173 Fr. VI8(90~
95% EtOAc in Hex)& &3 2599 mgs CHCl3EtOAc:MeOH=3:3:19] &ujzx
o2 A silica gel CCE #3339 compound 6(36.0 mg)S F2]3tt}. Fr.
V19(100% EtOAc) 163.7 mg= CHCI3EtOAc:MeOH=3:2:19] &ujxz1o =z F4

silica gel& ©]&3% VLCE a3 & A3 VIofrl 569 mgs & &0

BN
A

o 2 sephadex LH-20 CCE 33lo] compound 7(6.1 mg), compound 8(89
mg)e AUtk Fr. V21(4% MeOH in EtOAc) 205.1 mg& MeOH& o] &3] #)
A3l compound 2(8.1 mg)E +8lstil, MeOHd =2 F &5 CHCl3MeOH
=319 o2 FA silica gele o]l&3 VLCE s & Aozl V2lfrl
1084 mge & &) Ao 2 sephadex LH-20 CCE F33F°] compound

8(10.2 mg)< w8l 3FA tH(Scheme 3).

Ethyl acetate layer (3.9 g)

VLC

n-Hex/EtOAc(0-100%)
EtOAc/MeOH(0-100%)

Step gradient(2,5, 10%), 300 mL each

v ! ' ! . '
Fr.V1 Fr.v13 Fr.V17+Fr.Vi8 Fr.V19 Fr.v21 Fr.vV30
(91.9 mg) (295.9mg) (163.7mg) (205.1 mg)
VLC(Silica gel) Silicagel CC il : :
CHCL EtOAcMeOH | CHCI,-EtOAc:MeOH gh%f.'ggi?mm Henoren ol
=2:31 =331 =331 '
Compound 5 Compound 6 I Vlnsoluble Soluble in MeOH
26.9mg 36.0mg V19fr1 Compound 2 VLC(Silica gel)
(56.9mg) 8.1mg C_Z)-:L’_C;IE:ME:OH
Sephadex LH-20 CC
CHCly:EtOAc-MeOH Vaifri
=321 (108.4 mg)
* Conditions of VLC eluents Sephadex LH-20 GG
- Fr.V13 : n-Hex/EtOAc=30/70 Compound7 CHCl;:MeOH
- Fr.V17 : n-Hex/EtOAc=10/90 6.1 mg =31
- Fr. V18 : n-Hex/EtOAc=5/95
- Fr. V19 : EtOAC= 100 Compound8 Compound8
- Fr.V21: EtOAc/MeOH =96/4 8.9mg 10.2mg

Scheme 3. Procedure of isolation of compounds 2, 5, 6, 7, 8 from C turczaninowii
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4-1-1. & Z99s & 4

99 = 3¢

= 15)
9] g2 Folin-Denis® 7S k7t
gallic acid X8 XS ALE35le] Zglds 3gE AHEFS 93 FF=40
Et

_ﬁ
g
ol
ofs
ol
0
1t
>,
o}
ol
R
ul
(2
2

ol &3ttt ZEaAS A5k 98l gallic acid 1 mge DMSO:
ol 1 mLol 9] stock solutions #|Z3taL, o= 0, 31.25, 625, 125, 250 2
500 pg/mL7}F ¥ %% &3 UV-Visible spectrophotometer® 750 nmol A &3 %
£ SAs =4S AR 4 ANEES 1 mg/mL s=2 & =9
o, o €9 100 pLE micro tubedl FHsta SHFF 900 pLE 7Fske] total
volume®] 1 mLe] HE%E 343t o 7]o] 100 pul Folin—ciocalteu’s phenol
reagentE F7tste] # E3ket & Ao 373F WA o] &Ho 7%
Na;COs &< 200 pL& 7Fsle] &3tsta, /5 700 pL& 7Fshe] total volume
°] 2 mLo] HXE 3Asle] Ao 1AIZF X H AT As FHsh 9o}

T4 WHer 750 nmolA FHEE SAs, Ede FHer IS
t}

4-1-2. & R o= 3 =4

F Zguwol= 3FFL Davisy'S Wds] A 4 ARES 1

mg/mL=Z £ujo] =< v+, micro tubed] A& & 15 puL¢} ethylene glycol

—
a1
(@)

=
-

i
2
N
N
ol

o

Q
flok

e
rob

% 2] 0.1 N NaOH 15 plLEs ¥ 11 37C %90 A
1A 7F5 ¢k ¥kg 3 UV-Visible spectrophotometerE ©]-83te] 420 nmol A &%
EE Ay EF4ES querceting o] £3to] #FAE A olmFEH F Zg
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4-1-3. DPPH radical 24 €4 23

DPPH(2,2-diphenyl-1-picrylhydrazyl) radical &7 &4 A3 A59] free
radical &7 sEolY F4& o TS Hristks WY ol sputoln) e
radical> WE-&A o] AA wl$ B3| 1k DPPH radical> ¢+ 3t free radical
= 7k 2424 515 nmollA A3 F5E detdl= B ggtEolt §hA]
9k free radicals 2AT F v FASAZFEH F4HE T wol 22-diphenyl-
1-picrylhydrazineDPPH-H)o] ¥ =g oz wsiso] 515 nmollA o FH4=

b Aader, ofHgt delE olgste] Al kst @Ade AL & Ud

(Figure 5).
s¥e sVl
[ ]
Ne AR NH
O,N NO, O,N NO,
NO, NO,
DPPH radical Diphenylpicrylhydrazine
(violet, 515 nm) (yellow)

Figure 5. Scavenging of the DPPH radical by an anti-oxidant.

DPPH radical 27 4 A& Blois #8'7S $83591, 2gdHe e
I} 2t} 96 well plateo] F=E = 343 sample €9 20 pL(in EtOH)¢ 0.2
mM DPPH(Gin EtOH) €9 180 plLZ &3gste] ALoA 1087 weA7

<
T

ﬂl

ELISA ReaderZ ©]£3}lo] 515 nmoll A &3 =S =AsIA ).
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O 2AE(%)2 3o Ao o3 AxEHANeH, 7 AR AASH 9
&0l 50% o W] Az FE(SCx)E T3t "= (positive control) &2 =

vitamin C& A}-&33 T}

Acontrol © 01D nmoﬂ /\‘] DPPHQ _E'%E

3}

j
o 1=

Asamplc 1 blb nmoﬂ /\‘] Samplejl]— DPPH li‘l_]—%glllg

E[o{t

Apank 515 nmoll 4] sample AHA 9] &3 %=

4-1-4. ABTS radical cation &7 &4 2%

ABTSI2,2' —azino-bis(3—-ethylbenzothiazoline-6-sulfonic acid)] radical &~ £
d 23S total antioxidant activity(TAC)] AW Fo 3 7[x 2 FA 9
s ABTS7F At 5449 545 = ABTS radicale]l 4% =
AL o] &3 Wolth o] HEAe ABTS radical> AtsteE & = 223wt
Sobd Eeo] ¥4 ABTSZE s 1 29F w83t 529 2kslrt dojuA =
o FHxe Aavt dojyA HH kst s8E& 4T 5 Joh(Figure 6).

ABTS radical cation 27 &4& Re & Pellegrin 59 WH¥e 283191,
Ao oS3 2ok ABTS radical cations WHE7] 918t 7.0 mM ABTS
(in D.W) €93 245 mM potassium persulfate(in D.W) & HS 1112 E3}H319]
16A1 st Aol whSA|ZITh whS- A 71 ABTS €93} ethanolS 1:60°.%
slAste] 700 nmoll A EFF =7 0.78+0.0027F H =& 2ddte] Aol AME-3HS
.

96 well plateo] TE=HZ 3243k sample £ 20 pL(in EtOH)¢+ ABTS £
180 plLE £3%tsle] 1587F kbAoA wkg A7l & ELISA readerZ ©]-&3to] 700

nmol A FFEE =AY

o

ol
2

e

_13_

Collection @ jeju



g 2AE(%)S 9 Aol o] AAEHAoH, 7+ Alm
&0 50% ¥ W] AH FE(SCxn)E T3kttt tZE+(positive control) & 2=

vitamin C& A}-&3}31t}.

AQ

aAgg

Acontrol - 700 nmol A ABTSS &34 %=

ZAd

Asample © 700 nmoll A sample¥} ABTS R®E-g-<4 ¢

Apank 700 nmoll A sample AHA] o] &34 %=

E[o{t

ABTS" radical
(blue green, 700 nm)

N
—_ >=N _<S SO3H + Ae
) H

+

ABTS"
(colorless)

Figure 6. Scavenging of ABTS' radical by an anti-oxidant.
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4-2. RAW 264.7 cell& o] &3 a9 A 27
4-2-1. A )k

w9-2 A A ¥ Al E (Murine macrophage cell line)?l RAW 264.7 cell2 3=
M EF 23 (KCLB; Seoul, Korea) 2 2 5E #oF Hbol 19 antibiotic-antimycotic
I} 10% fetal bovine serum(FBS)e] $Ff¥ Dulbecco’s Modified Eagle
Medium(DMEM, GIBCO, Grand Island, NY, USA) #j|#| & A}&3}e] 37C, 5%

CO, incubator 27104 wjgstd e 3d kAo z A vjFS AP ).

4-2-2. Nitric oxide 4 <A {7}

24 Well plated] RAW 264.7 cellS 3x10° cells/mLZ ®33}3 37C, 5% CO
incubator Z73kol A 18AIF vlFEE 5 A del AREsidvr. A HiFAIR cells
1 pg/mL LPS7} ¥8% A2 w3k & sampleS LWz 77 H71sto] 244
b owjFstdt AAE NOY  %e Greiss A19F(1%  sulfanilamide, 0.1%
naphtylethylenediamine in 2.5% phosphoric acid)S ©]-83}o] A Enje] Fo
EAskE NO, o dHl= SAsedv. AlZu g s 100 pLet Griess A9

i}

100 pLE &35t 96 welll plateo] A 10% &<k wFAZ1 F 540 nmoll A &3
52 =A%t AAdE NO9 %& sodium nitrite(NaNOy) S o] &3t HA=F
A& A ske] vl usk T

4-2-3. A X544 H7}

MTTI[3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide] assay
= RAW 264.7 cell& 24 well plateol] 3x10° cells/mLZ 2331 37C, 5% CO,
ZA3F A 18417 vk 3 1 pg/mL LPS®} samples =Wz 7tz 3 71ého]

_15_
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24X 7F vkt tl. 2447 Wik 3 500 pg/mL FEE MTTE #H7lbste] 37C
o 4 AT Bk "k ARl & AE S A AT o] 7] DMSOE 7hshe] At

oldE AMES} WHE3to] A7l formazan HAES £3AIZ] thS, ©o]= 96 well

Ry

plated] &7 & 570 nmolA] F3EE =43 Cell viabilitys thg9] 2o

Acontrol = 570 nmoll A &uwjel LPSE A2 3k controle] &34 %=
Agmple - 570 nmol A A2} LPSE A& 3+ sample?] 3=

4-2-4. 954 cytokine IL-6(interleukin-6) A4 = H7}

_16_
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m 23 2 13

L gtz 7= 24

1-1. Compound 13} Compound 29 - Z3H4]

Compound 1€ 'H-NMR spectrum 241 Z3 § 536(1H, d, J = 52 Hz)
signal 2 HE spEA S ZEE olefin FZ 9 protons dAEA 1, § 355(1H, m)
9] signalZH-E Akao] 2143 9% 2] methine protong dldstAct § 2.37 ~
1.0091 4 th+¢ methylene® methine proton signals 22138+l aL, § 0.68(3H,
s), 6 1.01(3H, s), § 1.01(3H, s)°ll A 270 9] singlet, § 0.82(3H, d, J = 7.1 Hz), &
0.84(3H, d, J = 7.1 Hz), 6§ 0933H, d, J = 6.6 Hz)°lA 3714 doublet, §
0.85(3H, t, J = 76, 7.1 Hz)olA 1709 triplete® % 67019 methyl proton
signalS #2138ttt PC-NMR spectrum X437 A&7 297003 § 20.0,
19.6, 19.2, 19.0, 12.2, 12.0914 6719 methyl carbon®] U+= AL E3& sterol 7l
Fo FFEAS oAt § 1409, § 121.95 Edte] 'H-NMR spectrumol 4]
oA 43 olefin carbon}, § 72.091 4 AFZoll €173 methine carbons &¢13}] o
°]Z wlgo R compound 1& &3} wluste] tRE] A B FHuo 9
= sterol?] B-sitosterol® &4 st} tHFigure 7).

Compound 2% 'H¢} C NMR data® %218 A3 B-sitosterol@ A 7
FS el eH, § 50 ~ 3.09 signalS E3te] ©To] AFHS Flolet o4
stgdth. 2ol EF+E= YC-NMR spectrumel Al § 103.0, 78.9, 785, 75.8, 72.1, 63.3
N A 6719 signal® 'H-NMR spectrumol A § 507(1H, d, J = 7.6 Hz)2

|

anomeric proton® coupling constantE E3}¢] B-D-glucopyranoside < <4
39tk o2 ulg oz compound 2% 3P wlwEe]  sterol WA <l

sitosterol 3-O-B-D-glucopyranoside <, daucosterol® &% 3} th(Figure 8).

_17_
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HO

Figure 7. Chemical structure of compound 1

Figure 8. Chemical structure of compound 2
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Table 1. 'H and C NMR data of compounds 1 and 2 (100 and 400
MHz, CDCl; and CsDsN)

Compound 1 Compound 2
No. e Sulint, multi, J Hz) 8¢ Sulint, multi, J Hz)
1 37.4 379
2 29.9 30.7
3 72.0 3.55(1H, m) 79.0 4.01(1H, m)
4 42.5 39.8
5 140.9 141.3
6 121.9 5.36(1H, d, 5.2) 122.3 5.36(1H, brd, 4.3)
7 32.1 32.6
8 31.8 325
9 50.3 50.8
10 36.7 37.3
11 21.3 21.7
12 39.9 40.4
13 42.5 429
14 56.9 57.2
15 24.5 24.9
16 28.4 29.0
17 56.2 56.7
18 12.0 0.68(3H, s) 12.4 0.67(3H, s)
19 20.0 1.01(3H, s) 19.6 0.95(3H, s)
20 36.3 36.8
21 19.0 0.93(3H, d, 6.6) 19.4 1.00(3H, d, 6.4)
22 34.1 34.6
23 26.2 26.8
24 46.0 46.5
25 29.3 29.9
26 19.6 0.84(3H, d, 7.1) 20.4 0.92(1H, d, 7.8)
27 19.2 0.82(3H, d, 7.1) 19.8 0.90(1H, d, 8.4)
28 23.2 23.8
29 12.2 0.85(3H, t, 7.6, 7.1) 12.6 0.88(1H, d, 7.6)
1’ 103.0 5.07(1H, d, 7.6)
2’ 75.8 4.60-3.61(sugar H)
3’ 789
4 72.1
5' 785
6’ 63.3

—_ 19 —_
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Figure 9. "H-NMR spectrum of compound 1 in CDCl3
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Figure 10. BC-NMR spectrum of compound 1 in CDCl3
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Figure 11. "H-NMR spectrum of compound 2 in CsDsN
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Figure 12. BC-NMR spectrum of compound 2 in CsDsN
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1-2. Compound 33} Compound 492 Z3}4]

Compound 3% "“C-NMR spectrumel A 3071¢] carbon signal® 'H-NMR
spectrumol A 670¢] methyl groupd ©d IIAEZ E3Ele] HES WYY
aliphatic signal& Y% S =2 triterpene o 2 o =3} %3t}

BC-NMR spectrumol| 4] 6§ 180.2% carboxylic acid, § 152.1% § 110.39] signal
< vinyl carbon(4%x} carbong! § 152.1, CH»%l & 110.3)9<S & 4 AL, § 79.8
o] signal AbZ&el 13 g 1A 9] methine®] 54 FJA=Z 444 & F A
o] 5SS BB O 2 compound 3% betulinic acid® dldslgon, 2812V n)ws}
o] &4 st th(Figure 13).

Compound 4% 'H9} “C NMR data® ##st A7}, betulinic acid FEAH =
o 4= ™ "H-NMR spectrumel A § 4.47(1H, m)<] signal® .o} aromatic ester
7F 3W BhAo] A Ao o AEH AT

'"H-NMReI Al § 622(1H, d, J = 159 Hz)$} § 743(1H, d, J = 159 Hz)9]
signal< coupling constant #S E3%t9] trans-olefin FEZE AN EHT, §
6.74(1H, d, J = 82 Hz), 6§ 6.98(1H, dd, J = 82, 2.0 Hz), § 7.03(1H, d, J = 2.0
Hz)9l signal®& A2 ortho- 2 meta—couplings 3tal Y= 1, 3, 4 X171 X
3k% aromatic ring o2 o/FstRal F FETF 27 AZAHANE caffeateE g2l
Hoth o2 wE oz compound 45 33 w]wdte] betulinic acid 38

-O-caffeate =, pyracrenic acid® 5 % 3} th(Figure 14).
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Figure 14. Chemical structure of compound 4
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Table 2. 'H and C NMR data of compounds 3 and 4 (100 and 400 MHz,
CDs0OD and DMSO-ds)

Compound 3 Compound 4
No. Sc Sulint, multi, J Hz) Sc Sulint, multi, J Hz)
1 40.1 40.3
2 28.2 235
3 79.8 3.01(1H, t) 79.7 4.47(1H, m)
4 39.8 37.6
5 57.0 54.7
6 19.6 17.8
7 335 33.7
8 40.2 42.0
9 52.1 49.7
10 38.3 36.3
11 22.2 20.5
12 27.0 25.1
13 385 2.29(1H, m) 37.8
14 42.1 46.6
15 31.0 29.2
16 31.8 2.23(1H, m) 31.7
17 57.6 55.4
18 50.6 48.6
19 437 3.01(1H, m) 485 2.95(1H, m)
20 152.1 150.3
21 30.9 30.1
22 35.7 36.7
23 28.8 0.99(3H, s) 2717 0.81(3H, s)
24 16.3 0.85(3H, s) 15.7 0.87(3H, s)
25 16.9 0.74(3H, s) 16.5 0.83(3H, s)
26 16.8 0.94(3H, s) 15.9 0.88(3H, s)
27 15.2 0.95(3H, s) 14.3 0.95(3H, s)
28 180.2 177.2
29 110.3 458(1H, s), 4.69(1H, s) 109.6 456(1H, s), 4.69(1H, d, 2.1)
30 19.7 1.68(3H, s) 18.9 1.65(3H, s)
1’ 166.3
2’ 115.7 6.22(1H, d, 15.9)
3’ 145.6 743(1H, d, 15.9)
17 125.5
27 114.8 7.03(1H, d, 2.0)
37 144.8
47 148.3
5” 114.4 6.74(1H, d, 8.2)
6” 121.3 6.98(1H, dd, 8.2, 2.0)
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Figure 15. "H-NMR spectrum of compound 3 in CD30OD
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Figure 16. BC-NMR spectrum of compound 3 in CD30OD

SE6T°08T

_25_

Collection @ jeju



\K [ _/
I
i =R
= ==
= =
< =
== =
i =
i =
=" =
1€ i .
50C — | T
& P |
<5 = -
660 =
S
258 = =
o Sl
/ .“/J L =

|

A

107 \\__ [
|
S~ < fe=<
101 t
Ls
3
'3 I —
oL = | =<
T — 2 —
G —
L=
I
L=
3
0T J[ .z
b e | ==
w01 3 [
— ] =<
201 w ~
W ===
— — =
07 3l
1 ”\J I “‘/

Figure 17. "H-NMR spectrum of compound 4 in DMSO-ds
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Figure 18. BC-NMR spectrum of compound 4 in DMSO-ds

_26_

@ Jeju

Collection



1-3. Compound 5%} Compound 62 =34

Compound 5% 'H-NMR spectrum %41 A3, § 7.04(1H, dd, J = 82, 2.0
Hz), 6§ 6.98(1H, dd, J = 82, 1.7 Hz), 6§ 6.79 (1H, d, J = 8.2 Hz), 6§ 6.75(1H, d,
J =82 Hz), § 6.63(1H, s), § 6.32(1H, s)9| signal& sp’&4 & ZHE protonE 2
o] 59| coupling constantE %3}9] protonE 7He ortho-, meta—coupling= 3}l
A+ 2709 aromatic ringe] J&= ST TS § 470(1H, dd, J = 11.7,
44 Hz), § 4.20(1H, d, J = 10.1 Hz), § 3.86(1H, d, J = 10.3 Hz)9] signal #
7S E 2 Axdd AAHT protonER g & AT

PC-NMR spectrum® DEPT #4] A3 &247} 197§0]3 1 & 4% g7}
7N, 3AF ©a7F 97N, 22 'ATF 3N deS AT § 21579 signal
carboxyl carbono.@ o A=m, § 1528 ~ 117.09] signal2 'H-NMR data®l] A
of| A3t aromatic ring®] carbonEE ©] F § 152.8% § 152.09] signalS #

71574 %7F 2 hydroxyl groupe]l 25l 9l& Ao ot Ik §
787, § 69.8, § 6869 signal®= A7FAHAE7F & A7 AFEo = methine

'H¥} “C NMR data® vlast 23, F 719 aromatic ring®l aliphatic chain
o] Astyo]l 9= %2 diarylheptanoid Al¥ e &&= A, HMBC spectrum
o] A aromatic ring®l § 6.63(1H, s)&] proton signal®] % UE aromatic ring 9
carbon®l & 126,63 <44 #AAZF Ueluds ez Hol 1y FH 9 daryl
heptanoid & FE2 og= et olefgd dag wor FAP3 vad A
compound 5= carpinontriol B2 &4 8¢ th(Figure 19).

Compound 62 'He} ¥C NMR datag ##3 A3, compound 58 f-AFSH
ZE 7MAI IS Aol oAel o™ aliphatic chain®] hydroxyl group®
A0 gk S Aolgt A5 5 AATH

'H-"H COSY spectrumel A § 4.02-3.992H, m)9] signal> 7} 7t § 2.84(1H,
dd, J = 14.8, 83 Hz), 6§ 293(1H, dd, J = 159, 3.1 Hz) ¥ § 271(1H, dd, J =
186, 85 Hz), 6§ 3.70(1H, d, J = 183 Hz)®} AZAH A&5S FAsATh
HMBC spectrumel A= & 4.39(1H, dd, J = 6.6, 2.0 Hz)9l signal®] carbonyl
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carbon?l & 218.8¢ signal? AZH USS FASFHTE T8 E =2 aliphatic

chain® hydroxyl group< compound 5¢= €8 C-8, C-9, C-12& o5 H,

=l

ol#]3t A3 = ulelo @ compound 6-& E3*¥ w]w3le] carpinontriol AR E
A& tH(Figure 20).
Carpinontriol A¢} BE 7H¥r@UF-(Carpinus cordata) 256 2] 5o Al5f

sete s Rag v gu®

OH HO

Figure 19. Chemical structure of compound 5

Figure 20. Chemical structure of compound 6
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Table 3. 'H and “C NMR data of compounds 5 and 6 (100 and 400 MHz,
CDs0D)

Compound 5 Compound 6
ne. Sc Su(int, multi, J Hz) Sc Su(int, multi, J Hz)
1 126.6 128.1
2 127.6 1274
3 152.8 153.2
4 117.0 6.75(1H, d, 8.2) 1174 6.75(1H, d, 8.2)
5 130.8 6.98(1H, dd, 8.2, 1.7) 130.9 7.01(1H, dd, 8.2, 2.3)
6 130.7 1305
7 37.1 2.87(1H, dd, 15.5, 12.1) 39.5 2.84(1H, dd, 14.8, 8.3)
3.03(1H, dd, 16.0, 4.4) 2.93(1H, dd, 15.9, 3.1)
8 63.6 470(1H, dd, 11.7, 4.4) 69.3 4.02-3.99(m)
9 69.8 3.86(1H, d, 10.3) 73.7 4.02-3.99(m)
10 78.7 4.20(1H, d, 10.1) 46.9 2.71(1H, dd, 18.6, 8.5)
3.70(1H, d, 18.3)
11 215.7 218.8
12 37.6 2.92(1H, m) 78.2 4.39(1H, dd, 6.6, 2.0)
3.49(1H, ddd, 200, 126, 1.7)
13 25.3 2.81(1H, m) 39.5 2.82(1H, dd, 15.2, 6.5)
3.11(1H, dd, 17.1, 12.8) 3.48(1H, d, 15.6)
14 131.4 129.8
15 129.6 7.04(1H, dd, 8.2, 2.0) 1316 6.95(1H, dd, 8.2, 2.4)
16 117.0 6.79(1H, d, 8.2) 117.0 6.73(1H, d, 8.0)
17 152.0 1534
18 135.2 6.32(1H, brs) 135.2 6.51(1H, d, 2.3)
19 135.0 6.63(1H, brs) 135.7 6.60(1H, d, 2.3)
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Figure 21. "H-NMR spectrum of compound 5 in CDsOD
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Figure 22. BC-NMR spectrum of compound 5 in CDsOD
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Figure 23. DEPT-135 spectrum of compound 5 in CDs;0OD
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Figure 26. HMBC spectrum of compound 5 in CDsOD
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Figure 27. "H-NMR spectrum of compound 6 in CDsOD
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Figure 28. BC-NMR spectrum of compound 6 in CDsOD
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Figure 29. DEPT-135 spectrum of compound 6 in CD3;OD
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1-4. Compound 7% Compound 8¢ Z3j| 4

Compound 7¢] '"H-NMR spectrum 241 A3, § 692(2H, d, J = 9.0 H2)%} §
778(2H, d, J = 9.0 Hz)9 signal® aromatic ring® proton® = Z& Zky}
coupling constant < £39 ortho-couplingS &= A T+xAS oA 5
AR, § 618(1H, d, J = 21 Hz)3 6 635(1H, d, J = 2.1 Hz)9 signal<
coupling constant #S E3+9 meta-couplingS = sp” proton 2 o A3+
o} ®3F § 536(1H, d, J = 1.6 Hz) % & 421 ~ 4.06 9 E3 signal =%
H ol st x%kE Fx2dS & g A=, § 091(3H, d, J = 6.0 Hz)oll A
doublet®. 2 WEl}= E5A A2 methyl proton peaks E3dlo] x3d o
rhamnoseg! Aoz sttt "C-NMR spectrum 22723 197 o]4e]
carbon signal®} § 158.6(C-2), 136.2(C-3), 1795(C-4)e] carbon peak=4-H
flavone 3-ol¢] ZAAL & = dgom? 'Hi ¥C NMR datas wus Az
aglycone< kaempferolo]™ 3%¥ ¢ X rhamnose’} X 3tE o] A= Aoz o

™
2,

Atk X gE 3o signale § 103.5, 73.2, 72.1, 72.0, 17.7°]™ anomeric proton
9] coupling constant #(J = 16 Hz< E3te EadAPn ulwshd

o

-L-rhamnopyranosided <= &2lsttk.  o]E 4HES2  compound 72
kaempferol 3-O-a-L-rhamnopyranoside =, afzelin®. 2 SA3g 1 £3%37 o
S g13 A H(Figure 33).

Compound 8¢ 'HZ} ®C NMR dataZ ®]wd A3}, compound 73 v <=8+ 7
S Hol= Aoz Hol o] 9A] rhamnose’} X &% flavonoid® %3}t

A

ot

U
o

"H-NMR spectrumell Al § 6.14(1H, d, J = 2.1 Hz)% § 6.301H, d, J = 2.1 Hz)
9] signal® coupling constant #t< E3te] meta-couplingS & sp”® protonl.
2 At e, § 6.89(1H, d, J = 82 Hz), 6§ 7.27(1H, dd, J = 82, 2.1 Hz) ¥
§ 731(1H, d, J = 2.1 Hz)el signal2 aromatic ring® proton2 % coupling
constant #< E3t9] 2z Z} ortho- ¥ meta-couplingst= Ao = YUEEOH
flavonoid B-ring®] 3, 4" {IA7} X350 Q= A& & F AT o] & nigr
oz 23 v wste] compound 8 quercetin 3-O-a-L-rhamnopyranoside

=, quercitrin® = = A3} thH(Figure 34).
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Figure 34. Chemical structure of compound 8
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Table 4. '"H and “C NMR data of compounds 7 and 8 (100 and 400 MHz,
CDs0OD)

Compound 7 Compound 8

no- 8¢ Su(int, multi, J Hz) Sc Su(int, multi, J Hz)
2 158.6 158.8

3 136.2 136.2

4 179.5 179.6

5 163.2 159.2

6 100.1 6.18(1H, d, 2.1) 100.6 6.14(1H, d, 2.1)
7 166.7 168.0

8 94.9 6.35(1H, d, 2.1) 95.3 6.30(1H, d, 2.1)
9 159.2 163.3

10 105.7 105.5

1 122.6 123.1

2 131.9 7.75(1H, d, 9.0) 117.0 7.31(1H, d, 2.1)
3 116.5 6.92(1H, d, 9.0) 146.7

4 161.6 150.1

5 116.5 6.92(1H, d, 9.0) 116.5 6.89(1H, d, 8.2)
6 131.9 7.75(1H, d, 9.0) 123.0 7.27(1H, dd, 82, 2.1 )
17 103.5 5.36(1H, d, 1.6) 103.7 5.32(1H, d, 1.4)
2" 71.9 4.21-4.06(sugar H) 72.2 4.19-3.28(sugar H)
3" 72.0 72.3

4" 73.2 73.4

5" 72.1 72.1

6" 17.7 0.91(3H, d, 6.0) 17.8 0.92(3H, d, 6.2)
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Figure 36. BC-NMR spectrum of compound 7 in CDsOD
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A7) wjiEel @ g 7le A BAEd 2FS st AESs A g 3
kst gabel 2o ks QYA V)5S e Rew gy g
Gallic acid T8 NS AFE3sE A4 3 (Figure 39)S 2HAdste] LAY 7HA]
0% dEs FE5= 2 2959 T ZYvs FHFE SAHSAeH, FEE H
2385 T 100 mg T sHHota A= gallic acid ¢ Y(GAE; Gallic acid
equivalents) &2 2ksto] e SITH Ad A3 FEE A 20.3 mg GAE/100
mg, +85E T EtOAc % n-BuOH layerol A z}z} 437, 354 mg GAE/100 mg
=2 EY¥E e Uetl ok (Figure 40). o= tE dAkst A
A E o] S Aol oA

[o
fru
e
El
ax

Calibration Curve (Gallicacid)

0.5
. o4 P
g 03
E i y=0.0719x - 0.0086
B R?=0.9989
=

0 : - : .

0 1 2 3 4 5 6 7
Concentration (pg/mL)

Figure 39. Calibration curve for quantification of total phenolic compounds.
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Figure 40. Total polyphenolic compounds of extract and solvent layers.

2-2. & ZetR ol T

A\

g

et o= Hd7] 2707 CAlES wivlete] A e CoCs-Ce® EHa=7
TR Ho] glem, o]l oy Bl ofEH E(ether) 2Fe F3 A
(glycosides)®] FEIZ EAlste= 297 Boh W2 9njo SR o=+ UgE
A He F(anthoxanthins)2}  ¢FEA] o} F/(anthocyanins), 7}HH| 717 (catechins) &
Eet ARt F2 oujo M = MEAAREFRRS Dty gt 3ok 3nfo] g -
a7 B AT e AU, S4E A9 UEYA @e Jo® By
At}
Quercetin F+=8 NS AL83 HAAFH(Figure 41)& ZA3Fe] AU 7HA]
70% o&& F
2 FYEY F
it A4
layerol A 29.4 mg quercetin/100 mgl. & 714 & Zgp o= IS e
W A tH(Figure 42).

K

¥ n-Hex layerdl A& SHAHEA gkom
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Calibration Curve (Quercetin)

0.6

-

05
04 s -

Q
J
& - 4 y=-0.0066x+0.0194
- = Rt
- s R?=0.9993
T —
0:1
0 “" T T T T
0 20 40 60 30 100
Concentration (ug/mL)
Figure 41. Calibration curve for quantification of total flavonoids.
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Figure 42. Total flavonoids of extract and solvent layers.
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2-3. DPPH radical &7 &4

9 B3 29 DPPH radical &7 &4

il

2-3-1. =

DAPE 7HA] 70% A B FEE 2 £ ¥ =9 DPPH radical &4 &4& =
AstA . 1 % 100 pg/mLAA &4 o] gl ™ n-Hex layerg Al ¢3star,
I v R FE8 &l tiste] 313, 6.25, 125, 25, 50, 100 pg/mLe] w== 2
A A3F] SCs #ES AAFsLA tH(Figure 43-44).

100

co
[an]

(=]
(e ]

I
o

P2
[an ]
|

DPPH radical scavenging activity (%)

L ]
1

Extract EtOAc layer n-BuOH layer H,0 layer Vit.C

W3.13ug/mL MWE.25ug/mL W125pug/mL M25ug/mL M50ug/mL W 100 pg/ml

Figure 43. DPPH radical scavenging activities of extract and solvent layers.

I A, FEEA 288 ng/mL, EtOAc ¥ n-BuOH layerol A Z+2+ 13.7,
156 pg/mL&= %2 vitamin C(10.3 pg/mL) %FF9] =& DPPH radical &7
g8 e ST
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Figure 44. SCsy values of DPPH radical scavenging activities of extract and

solvent layers.

2-3-2. #2149 33+=¢ DPPH radical &~7 €4

Zzre] 3}gtEo] tisle] 25, 50, 100, 300, 500 pMe] FE== AFS 73]

SCs #= ALt (Table 5).

Table 5. SCs0 values of DPPH radical scavenging activities of isolated

compounds.
Conf\%) und Compound name SCso(uM)

1 B-sitosterol >500
2 daucosterol >500
3 betulinic acid >500
4 pyracrenic acid 55.2
5 carpinontriol B 244.3
6 carpinontriol A >500
7 afzelin >500
8 quercitrin 62.4

Positive . .

control vitamin C 43.5
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1 A3} compound 4, 82 SCx #kel Z+7} 55.2, 62.4 M= t) &2 vitamin
C(435 uM)¢} FAFSE gro & o5 3gE 50| 9473 radical 24 &4 8L

HHe Fag e

NE

20

DPPH radical scavenging activity (%)

U T T T
0 100 200 300 400 500

Concentration (LM)

=== Compound 4 ==ll=Compound 5 ====Compound 8  =====\/it.C

Figure 45. DPPH radical scavenging activities of compounds 4, 5, 8

and vitamin C.

2-4. ABTS radical cation 27 A

9] ABTS radical cation &7 A

[\)
&
iR
e
ri
i
N}
iz
o
i

DAPE 7HA] 70% oehE FEE E 28 E° ABTS radical cation &~7 &
100 pg/mLol A & o] §lA Y n-Hex layerg A< 3},
FE=2Y yHx Eg &4 diste] 313, 6.26, 125, 25, 50, 100 pg/mLe] FE=
AdS AAst] SCx #e AREAY. o Ad, FEEoA 107 pg/mlL,

o,
o
A\
ol
ol
;Pu
=
I
o
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EtOAc ¥ n-BuOH layeroll Al Z+Z} 45, 6.7 pg/mL= Wz ¢l vitamin C(11.6 n
g/mL)¥t}t © £& ABTS radical cation &4 45 e AT (Figure
46-47).

100 7
BO -

60

40

20

ABTS radical cation scavenging activity (%)

Extract EtOAC layer A-BuOH layer H:0O layer Vit.C

m313pg/mL. WE2Spg/mlL MWM1Z25pg/mL  M25pgiml WSO pg/mb W100 pg/mb

Figure 46. ABTS' radical scavenging activities of extract and solvent layers.
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Figure 47. SCsy values of ABTS' radical scavenging activities

of extract and solvent layers.
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2-4-2. 2% 3329 ABTS radical cation &7 €4

i Th Zhzbe] et tisle] 125, 25, 50, 100 uM &) w22 A 3S 28 slo]
SCso @& AlLtst i tH(Table 6).

Table 6. SCso values of ABTS' radical scavenging activities of isolated

compounds.
Conf\%) und Compound name SCso(uM)

1 B-sitosterol >100
2 daucosterol >100
3 betulinic acid >100
4 pyracrenic acid 34.1
5 carpinontriol B 421
6 carpinontriol A 45.8
7 afzelin >100
8 quercitrin 29.6

Positive : :

control vitamin C 31.6
100

80 -+

60

40

20

ABTS radical scavenging activity {%})

o] 20 40 60 80 100
Concentration (uM)

== Compound 4 == Compound 5 === Compound 6 ==s==Compound 8 ====\/it.C

Figure 48. ABTS" radical scavenging activities of compounds 4, 5, 6, 8

and vitaminc C.
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21 A3 compound 4, 5, 6, 82 SCsy kol Z+2b 34.1, 421, 45.8, 29.6 uM= o
Z+¢l vitamin C(31.6 uM)$} A8 o & ol 3ggEE0] 9423 radical &

12 He A < UAdHh

N
o

L
H

o

44

w
oSt
jats
fic]
ox

|

B=)

et

= 8 &5 9] nitric oxide A A L ME A4 HI}

e

3-1. &+

RAW 264.7 celle ©]-&sto] AT 714 70% olgs F&5& % #9519
g8 nitric oxide(NO) A A 2 MyrsAdS S48t 4 sample 100
ng/mLe s AFS WAt &Ado] de=A FAedtt. 1 A3 LPSS &
kS A el gk LPS(+)¢F NO A &S Hlwstdls W, 70% o&s FE=olA
T 146 uM=Z 43.1%7} #A4std e EtOAc ¥ n-BuOH layerol|l A Z+7} 4.3
M, 162 uMZ 83.4%, 36.7%7} #4&3dt= AL &2ttt n-Hex layere 4%
of = cellel i3l F4deo] AAHFigure 49).

o

B NO product == Cell viability

120 120
100 100
£ 80 30 o
g s
9 =
B 60 s0 &
o =
£ 2
o L =
Q 40 40

) . )

LP5(-) LP5({+) Extract n-Hex layer  EtOAclaye  »-BuOHlayer  H:Olayer

* sample concentration : 100 pg/mL

Figure 49. NO production inhibitory activities and cytotoxicities of

extract and solvent layers.
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9 A¥E wge® 100 pg/ml sEolM AESAHS glom Ao

sampleE° tal] 25, 50, 100, 200 pg/mL2] v A3 ¢ st

s

MO product == Cell viability
120 120
100 + 100
® 80 80
T
3
i 60 - 60
=
3
@] |
= 40 40
20 - 20
o — . . ; : : -0
LPS(-) LPS(+) Extract Extract Extract Extract
25 pg/mL 50 pg/mL 100 pg/mL 200 pg/mlL
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100 “._.Ev— 100
g 80 80
L] u
3
T 60 60
153
o
Q 40 40
2
i-— . . . : . - o
LPS(-) LPS(+) EtOAclayer EtOAclayer EtOAclayer EtOAclayer
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100 100
- — i =)
® 80 80
g
E 60 60
o
[w] —
= 40 40
20 20
o0 — . : : _—
LPS(-) LPS(+) n-BuOHlayer n-BuOHlayer n-BuOHlayer n-BuOHlayer
25 pg/ml 50 pg/mL 100 pg/mlL 200 pg/mlL

(%) Auncena

(%) Aungen 20

(%) Aupgengao

Figure 50. NO production inhibitory activities and cytotoxicities of
extract, EtOAc layer and n-BuOH layer.
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a2 A 70% ¥ FEE3 n-BuOH layert 200 pug/mLe sEolA AE
54 glol NO AAdFS 9 Hol #aA7Ie AL &AsA L, EtOAc layer9
749 200 ng/mLe] FXollAl °Fte] AXSAS YEMAARE 70% dEe F&
53 n-BuOH layerel H]3] B £& NO A oA XS Hole= AL el

A tH(Figure 50).

3-2. Compound 5, 6¢] Nitric oxide 4 A 2 AL =4 H7}
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Figure 51. NO production inhibitory activities and cytotoxicities of

compounds 5 and 6.
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compound 5, 6 EF A =Ao] gldleon Fx ofEH o2 NO S AsSH
= AS gAa 4 YUt

3-3 954 cytokine IL-6 A A H7}

A5 cytokineo = &E Rl IL-65 %7] A5 Wg g FQsA Z&3h

th. 228 33E F compound 5, 62 IL-6 &S =43 Az, LPSe &ujt
& AP LPS()% LS W % JEAoR IL6 Ago] dAHE AL
ol st = A H(Figure 52).
120
100
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e 80
o
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e 40
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20
] T T T T T
LPS{-) LPS{+) Compound 5 Compound 5 Compound 5 Compound 5
50 uh 100 pM 300 puM 500 ph
120
100 .
=
e 80
e
t
£ 60
=
& 40
=
0 = T T T T T 1
LPSi(-) LPS{+) Compound 6 Compound & Compound 8 Compound 6
50 uM 100 pM 300 puM 500 pm

Figure 52. Inhibition of LPS-induced secretion of pro—inflammatory

cytokine IL-6 by compounds 5 and 6.
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