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Abstract

Identification of Anti-oxidative, skin whitening and Anti—-wrinkle
Constituents from the Leaves of Pinus densiflora and

Sargassum muticum

Seung Hyeob Kang
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

Phytochemical investigation of the 70 % ethanol extract from Pinus densiflora
leaves led to isolation of four compounds ; catechin (1), shikimic acid (2), icariside F4
(3), (+)-isolariciresinol (4). In addition, the investigation of Sargassum muticum resulted
in the isolation of three compounds ; mannitol (1), uracil (2), loliolide (3).

For the total phenolic contents for the extract and solvent layers of P. densiflora
were estimated as 114.6, 484, 1884, 102.1, 1084 ug (GAE/1 mg) respectively. And the
total polyphenolic contents for the extract and solvent layers of S muticum were
estimated as 20.9, 234, 246, 209, 184 ng (GAE/1 mg) respectively. The total
flavonoids contents for the extract and solvent layers of P. densiflora were
estimated as 16.8, 40.1, 826, 10.9, 10.9 ug (quercetin/l mg) respectively. In case of
S. muticum, the extract and solvent layers were estimated as 14.3, 109, 384, 84,
84 ng (quercetin/l mg) respectively.

The anti-oxidation tests, the ethanol extract, EtOAc, BuOH and H>O
fractions of P. densiflora showed good DPPH and ABTS  radical scavenging

activities. However extract and solvent layers of S. muticum showed not good

- viii =



activities.

On the elastase inhibition studies, the extract and solvent layers of P. densiflora
showed good elastase inhibition activities. But S muticum did not show good
elastase inhibition activities.

On the melanogenesis inhibition activity test using B16F10 cell, n~Hex layer
of P. densiflora and mHex, EtOAc layer of S muticum showed good
melanogenesis inhibition activities.

Based on these results, it is suggested that Pinus densiflora leaves and
Sargassum muticum extract could be potentially applicable in the cosmetical
and/or pharmaceutical industries, especially as anti-oxidant and anti-aging,

skin whitening ingredients.
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Figure 1. Anti—oxidative pathway.



55 Qo Aske] Aele] Bl 71 Aolehs o] Fa} AR
Aol wel AL 24T 5 At 24 PasAC] @ Bilo] FuHn

AR .

A0l BAS A5 7] 93 dHA3kA| 2= butylated hydroxyanisole (BHA)
¢} butylated hydroxytoluene (BHT)®9} 22 &4 d4FstA 9k tocopherold 722
A FAkstAI 7Y o (Figure 2).
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Figure 2. Chemical Structures of Anti—oxidants.
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Figure 4. Melanin synthetic pathway.
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II. A8 9 =

O+
i)

L Aok g 717

2 ATl A Az F& vl 2 E] AEE &vlES Merck, Junsei
o] AES AU Vacuum liquid chromatography (VLC)el:= silica gel
(2-25 pm, Sigma Co.), normal-phase column chromatography (CC)ol+ silica
gel (95-110 pm, Merk Co.ol AREHEALL, 2 o3} ARwEIHI =
Sephadex LH-20 (0.1-0.025 mm)o] AF&=Slt). 8] Ao A& % thin-layer
chromatography (TLC)+= precoated silica gel aluminium sheet (Silica gel 60
Foss, 2.0 mm, Merk Co.)E AF&3Fth TLC oA Eold EHAES dols)y]
#3te] UV lamp (254 nm)E AF&3SFAUY, visualizing agentoll HAAIZ +
heat-gung ©]&3to] AZXA AT Visualizing agent®Z+ KMnOs T8 <4(3%
KMnOy, 20% KoCOs, 0.25% NaOH) % 1% anisaldehyde-MeOHE & .o u}e}
A8t et

o =] Aggd A= 9

> R . T™
&34 =A== Sunrise - (Tecan

ol

TREA o]8&¥ MPLC (Medium pressure liquid chromatography)+s
NMR (nuclear magnetic resonance spectrometer)< JNM-ECX 400(FT-NMR
system, JEOL)2} AVANCE II 500 (FT-NMR system, Bruker)2 o]&3}%°
M, NMR =4 £vj+= CIL (Cambridge Isotope Laboratories, Inc.)] NMR H-&
L= NMR =4 &vl= Merke] NMR Hd&&vuj= CDsOD, CDCls,

y

DMSO-dE AH&319t).
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AZzHE 49 165 kg B3 T, o] 70% e 20 Lo Y1 A2 24
AZE wgksklth JAEA1Z A5 E 7Y A3 A E o] &5to] oJAnt HEH o
U:], O] = [e] 1l

2
™
s
12
rlo
AN
(e)
@)
o,
ol
ol
o
ol
do
ox
=2,
o
™
ot
O
AN
N

Lol detr7]a, v Zur]E ol &3 =4
A wEl FARF R B ESte]  n-hexane layer, ethyl acetate layer,

m-butanol layer, water layer 5 & 4719 &v] 8 & A HScheme 1).

Dried Leaves of P densiflora 1650.8 g

70% EtOH, stirring 24 hr. 3 times.

y

Extract 250 g

Suspended with 1 L water and add 1 L n-Hexane, 3 times

v
n-Hexane Layer .
21.9 g(8.8%) Add 1 L ethyl acetate, 3 times.
v
Ethyl acetate Layer Add 1 L n-butanol, 3 times.
27.3 g (10.9%)
Y.
2 v

n-BuOH Layer H,O Layer
51.7 g (20.7%) 146.1 g (58.4%)

Scheme 1. Procedure of extraction and solvent fraction from
P. densiflora.
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HEA 7|2, Bl Zur] S o

o] p-hexane layer, ethyl acetate layer,

180 g& =< 1 Lo
3}
4709 &uf 8 F& At Scheme 2).

ATEEAN 28
o uheh ¢AH O B
= = (@)

[¢) [¢)

n-butanol layer, water layer

Extract 180 g
Suspended with 1 L water and add 1 L n-Hexane, 3 times

N
v
rrHexane Add 1 L CH,Cl,, 3 times.
Layer
8.3 g (4.6%)
v
CH,Cl, Layer ’
386 g (21.4%) Add 1 L ethyl acetate, 3 times.
v
Ethyl acetate Layer Add 1 L n-butanol, 3 times.
86 g (4.7%)
A 4
v v
n-BuOH Layer H.O Layer
29.1 g (16.1 %) 84.2 g (46.8%)

Scheme 2. Procedure of extraction and solvent fraction from
S. muticum.

= =

3-2. Ethyl acetate layerol A <] &}
-

% ethyl acetate layer 50 g< ODS

edium pressure liquid chromatography (MPLC)E

122 10% MeOH ~ 90% MeOHZ= gradients}t

oo £
3

Tasta o H.O/MeOH
o] 7} 35 mLA &&3t] F 48719 fractions AT
MPLC fractionE % Fr. MPLC5 (91.6 mg)°l A compound 2 (91.6 mg)S +#

_14_



2] & At

Fr. MPLCI10 (53.7 mg)°ll A1+= compound 1 (53.7 mg)<S &ttt &3k Fr.
MPLC14 (118.7 mg)ell Al compound 3 (118.7 mg)< 2] sl4]th.

Fr. MPLCI8 °¢A]+= CHCl3:MeOH=3:19] &wjx71 S =2 silica gel CCE 3
3to] compound 4 (125 mg)S #23F tHScheme 3).

EtOAC
59
MPLC
MeOH/H,0
gradient
MPLC 1 MPLC 5 MPLC 10 MPLC 14 MPLC 18 MPLC 37 MPLC 42 MPLC 48
silica gel CC
CHClI3:MeOH 3:1
v
Compound2  Compound 1 Compound 3 Fr.2
v
Compound 4

Scheme 3. Procedure of isolation of compound 1~4 from

P. densifiora.
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o
il
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o
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A,
&2
K
o
K
s
rlr
pou

n-BuOH layer

v

Insoluble in MeOH

\4

Compound 1

Scheme 4. Procedure of isolation of compound 1 from

S. muticum.

=

SjiEE T dojx 7 BF FE T ethyl acetate layer 5 g celite®

i

2%k columns ©]&3t n-Hex/CHCls (0~100%), CHCls/EtOAc (0~100%),
EtOAc/MeOH (0~100%) & %71 o 2 step gradient dtAth. o] FAHo|A Z
1570 £8&S 43

oojzl 1579 EEE T Fr. C2 170 mg= Hex : EtOAc : MeOH : H0=1:2:0.3.0.1
o] A0 silica gel columns 7333+ compound 2 (2.1 mg)ES F&3AtHScheme

5.

_16_



EtOAcC fr.
(59)

Celite
n-Hex/CHCl3(0 ~ 100%), CHCl3/EtOAC(0 ~ 100%),
L EtOAc/MeOH(0 ~ 100%) step gradient
Fr.C1 Fr.C2 Fr.C3 Fr.C4 Fr.C5 Fr.C6 Fr.C7 Fr.C8 Fr.C9 Fr.C10 Fr.C11 Fr.C12 Fr.C13 Fr.C14 Fr.C15
(170 mg)

Silica gel

n-Hex: EtOAc : MeOH : H,0
(1:2:0.3:0.1)

Compound 2

Scheme 5. Procedure of isolation of compound 2 from

S. muticum

SRy 5 Ao 7+ EI FE T ethyl acetate layer 3.0 g& ODS
(C-18) columne ©]€3t9 medium pressure liquid chromatography (MPLC)E
gt HlO/MeOH &= 02 10% MeOH ~ 90% MeOH= gradients}
of 7} 36 mLY &FEste] F 46719 fractions AT

o] & MPLCI15 55.6 mgoll Al compound 3 (55.6 mg)< 2] 3 tHScheme 6).

EtOAc
39
MPLC
MeQH/H.0
WV gradient
MPLC 1 MPLC 5 MPLC 15 MPLC 22 MPLC 29 MPLC 36 MPLC 42 MPLC 46
Compound 3

Scheme 6. Procedure of isolation of compound 3 from

S. muticum.
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4-1-1. & E9dl= & 574

Za)¥s 3}eEo] LS Folin-Denis®S ozt wWaslo] A &}
gallic acid % &94S& AF&3lo] ZoldE 3gE AFHS Y3 5 AR
ol g3ttt ¥+ FAS FAAsr] 98 gallic acid 1 mge DMSO:EtOH =1:1

S 1 mLol =9 stock solutione A|Z3taL, o]= 0, 31.25 625, 125, 250 2
=

el o, o] &4 100 p

volume®] 1 mL7} ¥ %=

=
Ll
S,
o
=
o
-
c
o
D
=2
R
ol
ok
k]
o|\
=il
N
do}
()
(@)
=
—
ft
N
X
_O‘L
s
-
@)
S
=3

Ju

335k th. o 7)o 100 puL Folin-ciocalteu’s phenol
reagentE F7bsto] & &3k $ Ao 333 WAEATE o] LA 7%

NaxCO3; &9 200 pL& 7}sto] &gstal, S5/ 700 pLs 7Fshe] total volume

off

A3 oz 700 nmolA FREE A

oy

o

1

off

% Zgnwos FHFe Davis®?S wsto AAEALt 7 A2E

5 uL¢} ethylene glycol

—

mg/mL%E Eujo] =<2 v micro tubed] A& £

150 pL& #H7bste] &3s % thA] 0.1 N NaOH 15 pLE 931 37T 3F2F0 A

1A 7F B¢t wk8 & UV-Visible spectrometerE ©]83o] 420 nmol A FF ==
SAsAT 2T FAL querceting o] &3te] FAdsta o|2HEYH F EHH k-

o= FHg T
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4-1-3. DPPH radical &7 &4 A%

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical &~H &4 2AdLS Al5<2 free
radical 227 sHolu 4 3o THE& Hrlste WH Foll shvtolth. e

radical 52 Hb-gAdo]l AA wlg EMASHA|NH DPPH radical> <F4 3t free

2,2-diphenyl-1-picrylhydrazine (DPPH-H)©] %™ »=gAl o g w3l % o] 515 nm
o o] FHEVF AAHER ojHgt HYE o]t Alme itst EHE S

e 4 Aok (Figure 7).

AL Swe

e + AH —— NH + A°
O,N NO, O,N NO,
N02 NOZ
DPPH radical Diphenylpicrylhydrazine
(Violet, 515 nm) (Yellow)

Figure 7. Scavenging of the DPPH radical by an anti—oxidant.

o

flo
dlo

DPPH radical 27 &4 2%d& Blois #47S $839xw, Aaw
L g

96 well plateo] TE®E=E 343 sample £ 20 uL (in EtOH)¢F 0.2 mM
DPPH (in EtOH) &9 180 uLE <3ste] AolA 25&3F §9h&A7l 5
ELISA readerE ©]-&3}o] 515 nmolA 3 =S =A st

g 2AE00 vl Aol o&f AxtEden, 74 A5 &

3

ml
=
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BEo] 50% 4 wo] AR FE(SCs)E T3ttt %At % (positive control)
© 2+ vitamin C9F BHTZE AF-&35F9itt.

A -A

sample

blank )X 1 OO

Radical scavenging activity (%) =(1—-

control

Acontrol © 515 nmoll 4 DPPHY| 3%
Asample - 515 nmoll 4] sample®} DPPH HF-$-<) 2]

Apank 515 nmoll 4] sample #}A 9] 3=

]Iloll

B

4-1-4. ABTS radical cation 27 A4 A%

ABTS [2,2'-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid)] radical 4~7
g A& total antioxidant activity (TAC)S] SAWH T2 3 7IA =2 FA1
o] g€ ABTS7F Abstsd 5440 =4S #= ABTS (ABTS radical
&3k Weltt o] AEMe] ABTS' = Atstd = 9l

E 249 wkgatd 2ol 74 ABTS® 3w 9 v Edo) 4tshrt
doAuAl Hof FFme] #avh dejus v Fatst vHE 4T+ 3in
(Figure 8).

ABTS radical cation 227 4-& Re, Pellegrin 59 #HVe ¢854, 2
e o 2k

ABTS radical cations E7] 918te] 7.0 mM ABTS (in D.W) 843} 2.45
mM potassium persulfate (in D.W)& 4 S 1112 &35Fo] 16475 hael A
HES- A 71T}, WS- A7 ABTS 8§92 ethanol® 3]43Fe] 700 nmoll A &3 =7}
0.78+0.0027} =& xdslo] Agol AL&35}%

96 well plated] =4 =2 343 sample € 20 pl (in EtOH)2} ABTS &
A 180 uLE Egste] 1583 Aol A WEAlZl $ ELISA readergs ©]-8 3}
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700 nmoll A FHFE=E S
O 2AE (%) b9 Ao o8] AxtERer, ZF Alge] ~A F4 9
B&0] 50% ¥ W Alg FE(SCs)E etk o & (positive control) &2+

vitamin C&} BHTE A}-&3}

) ) .. A -A
Radical scavenging activity (%) =(1- SamAple blank ) . 100

control

Acontrol : 700 nmoﬂ /\1 ABTSQ] %%E
Agample © 700 nme 4] sample¥} ABTS #b&-9e] FH4=

Apiane © 700 nmoll A sample AA 9] &FF =

_2‘]_



( N
HO5S _<N:©\
3 S N=
(:[ =N s SOsH

ABTS' radical
(blue green, 700 nm)

ABTS'
(colorless)

Figure 8. Scavenging of ABTS" radical by an anti—oxidant.

4-2. Elastase A3l &4 A<

=

%13 elastase (Porcine pancreatic elastase, PPE) A& &S 7|4z

=

N-succ(Ala)s-p-nitroanilide (SANA)9} shA &

)3
Al = At

$F =S AHS

o

e

T

o=

1t

0.2 M tris—HCI buffer (pH 8.0), 0.1 mg/mL elastase, 7] 4= 125 mM SANA,
ada 4 AREs sEEE FHd.
BoA

=

slol| = 96 well plateo] A& 8L 20 pl, 6.25 mM SANA ¢} tris-HCI
buffere] =3%

2o 130 pL, elastase®} tris-HCI®] &8 50 yLE Y11

25T 9|
A 15%7F vk3-A171 & ELISA readerE o] &3te] 405 nmolA 3 == =A3}
St}

Asle dad 22 Ao o %= ALtE AL

4= 50% A7 =H B A



) 2 © 2 oleanolic acid®} ursolic acidE A}F&3+

Abs — Abs,, ;)
Elastase inhibition activity (%)= [1—(~— sample o lank )]>< 100
Scontrol Sc—blank

Abssamplc . }\] =
AbSblank : }\] =R ‘O/] o
AbScontrol -
AbSC*blank :

el

I

il (

& vy

4-3. B16F10 melanoma cellS ©]-&

4-3-1. A|zvf e

E 723 (KCLB; Seoul, Korea)2 =5

Murine B16F10 melanoma cell2 %=1 A
B % wrol 196 penicillin- streptomycin® 10% fetal bovine serum (FBS)o]

¥ Dulbecco’s Modified Eagle Medium (DMEM, GIBCO, Grand Island,
st om 3

13
=

NY, USA) w#A & Al&3te 37C, 5% CO; incubator Z=Z1ol A ulj &

d Ao AW wFe AlAsAT

=2

4-3-2. Melanogenesis A3lay =4 A3

6 well plated] BI6F10 cell& 3x10" cells/mlL® A¥XE EFsx 37C, 5%
CO; incubator ZZ3Fol A 24A17F v kst & 100 pM a-MSHE X3
2 13 F samples §E=EE 2tz H7Este] 72417 u)

W wjX]E A A PBS buffer2 M A3 ¢ trypsin-EDTAE A sto] AEXLE
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slele] YAl E] AlA pelletwt= F g} Pelletoll sonication buffer (126 triton
X-100 and 0.2 mM PMSF (Phenylmethyl sulfonyl fluoride in sodium phosphate
buffer))E& Y il MXE sonicationsl] = Fol YAFEE] AlA &3 pelleto = 1
N NaOHZ 300 pl. #H7}8te] ELISA readerE ©]£€3to] 405 nmelA melanin
contents& 13k},

4e e L-DOPA® WHS-Al# ELISA reaser® 475 nmolA cello] U™

tyrosinaseZ <13t} a2 2= melasolvE AFE T

4-3-3. A5 H7 A9

MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide] assay+
B16F10 cellS 24 well plated] 3x10" cells/mLZ ®3F3t1 37C, 5% CO, 2713}
o A 24A17F v F 100 M a-MSHE ¥3H3l= x| &2 w3t 3 samples
s E 747y Ubeto] 7241 i gskd ek 72413t w <k F, 500 pg/mL FEE
MTTE #7Fsted 37CoA 323 St #bgA 1 5, 43 AE AAsAT. o7
of DMSOE 7}ste] Atoldl= M2Eet wh&-3te] WX formazan I AES &3l Al
71 &, o]= 96 well plated] =71

5
ke
viability= tHao] el ojs AltE AT

5
2
ol
o

. ASample
Cell viavility (%) = —— x100

A Control

Acontrol © 570 nmoﬂ }\1 %‘UHQ’ o-MSHE= i}ﬂfﬂ— COHtI‘OlQ 3];;3’61—5
Asample - 570 nmoﬂ/ﬂ /\]J\T;Q,]- a-MSHZ illa?'ﬂ- Sampleﬂ %%E
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Figure 9. Principle of MTT assay.
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1. 23 2

i

L ggt=9 7= 24

Compound® %% 'H NMR(CDs;OD, 400 MHz), ®C NMR(CD;OD, 100 mHz)

2 Ea FAsgnh

—
N
iy
<1

1-1-1. Compound 1] =234

'H-NMR spectrum ¥4 23 § 683 (1H, d, J = 1.83 Hz), 6.76 (1H, d, J =
824 Hz), 6.72 (1H, dd, J = 1.83, 8.24 Hz), 590 (1H, d J = 2.29 Hz), 5.86 (1H,
d, J = 2.29 Hz)9] signal®%4-EH aromatic ring® 4% o33 T3k coupling
constant #<= E38] § 684 (1H, d, J = 1.83 Hz), 6,76 (1H, d, J = 824 Hz),
6.72 (1H, dd, J = 1.83, 824 Hz)& protonE°] ortho = meta YX oA A=
couplings 3l S Aoz o3kt 6§ 590 (1H, d J = 2.29 Hz), 5.86 (1H,

fl

d, J = 229 Hz)2 protons°] meta YA NA M=Z coupling= 3L AS AO
A8t § 457 (1H, d, J = 7.3 Hz), 398 (1H, m)9] signal= Ho} AtAo} 2
of A7l & X&7|7F & AS Aolekal o3

§ 2.85 (1H, dd, J = 55, 16.0 Hz), 251 (1H, dd, J = 824, 16.0 Hz)& sp’<]
=73l ©% protone]™ M E couplingstil & A= o

Y“C NMR spectrum #2] A3} 157 o4 &7t oS Ao w oistglrt.

§ 285 9] signale dwrHel o T Bax2 ddstda § 688, 82.99] signal

-~

ANGAEI 2 a7 7h Be o daz oastdrt Ed 5§ 955 ~ 157.89]
signale X3 ¥ sy B0l Au} aromatic ring® A2 o Aetgth o ds
TxZ J|Rog B P Y Wi wwste] TLx A9, 2 A7 compound

1% catechin® 2 <15 ¢l tH(Figure 8).
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Figure 10. Chemical structure of compound 1.

Table 1. 'H and *C NMR data of compound 1 (400 and 100 MHz, CDs0D)

Compound 1
No.
Sc 8 w(int, multi, J Hz)
82.9 4.57 (1H, d, 7.3)
68.8 3.98 (1H, m, 7.3)
: 98.5 2.51 (1H, dd, 16.0, 8.24)
2.85 (1H, dd, 16.0, 5.5)
5 157.6
6 96.3 5.90 (1H, d, 2.29)
7 156.9
8 95.5 5.86(1H, d, 2.29)
9 157.8
10 100.9
1 132.2
2" 115.3 6.83(1H, d, 1.83)
3" 145.9
4" 146.3
5' 116.2 6.76 (1H, d, 8.24)
6" 120.1 6.72 (1H, dd, 8.24, 1.83)
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1RG4 S,
2RI -
28232
15414
25013

33134
33100
3,366

Figure 11. '"H-NMR spectrum of compound 1 in CD3;0D.

ONL ENER—— . J. . WV‘!WM’ W’M‘JMMW M—WWW\-
2 =] = = =
g8 8 £ = 88 g8 3 2 a3 3

Figure 12. ®C—NMR spectrum of compound 1 in CD30D.
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1-1-2. Compound 29| Tz

—

H-NMR spectrum #41 23 § 6.79 (1H, m)¥ signal= 5§
AR st § 437 (1H, m), 3.98 (1H, m), 3.68 (1H, m)

PN
T
o] signal® A&} 7o) M7 T 2 X3 AFe pENS e

N
b

2 stk &gk § 268 (1H, dd, J = 180, 504 Hz)¢ 217 (1H, dd, J =
8

—
o

, 5.04 Hz2)9] signals 3] sp’e] €4S a9 protonEe] A& coupling3h it

AL AL Aeatl. BC-NMR spectrum 2443 B4 4= 77] o] 4oz o
Ao § 17029 signale 3] carbonyl”] 7} 942w deshielding ¥ < &

I carboxylic acid® <43ttt § 72.7, 68.1, 67.39] signalS AtA ¢} 7o) 7]

Am7t & A7 e WA s olg megow v Py mu

oo o

off

1o 2 A3 compound 2% shikimic acid® &<l % A thH(Figure 11).

Ol
T

Figure 13. Chemical structure of compound 2.
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Table 2. 'H and *C NMR data of compound 2 (400 and 100 MHz, CD3;0D)

Compound 2
No.
Sc 8 w(int, multi, J Hz)

1 138.7

2.17 (1H, dd, 18.0, 5.04)
2 31.8

2.68 (1H, dd, 18.0, 5.04)
3 67.3 3.68 (1H, m)
4 68.3 3.98 (1H, m)
5 72.8 4.38 (1H, m)
6 130.9 6.79 (1H, m)
7 170.2

_80_



|| L )J
JL /; k__) | Ih\..
SRR 5‘.0 ‘‘‘‘‘‘‘ SI.CI L . d IS .|-fo' SRR
| | | ’/J}k« /’7’1\\-
5 & _ 5 $mpgest

Figure 14. '"H-NMR spectrum

I

1 0 Mk
s-—"‘l " A A —J “AHJI —
NN N,
sz s Asse

of compound 2 in CD3OD.

A s M L fo £ i
T0.0 160.0 150.0 140.0 130.0 1200 110.0 100.0 .0 &0.0 T0.0 [ 0.0 40,0 30,
|
| | L |/ N l
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g = & g 58 RE3RS8S B
g 2 8 # g% ggssssz: =

Figure 15. 'H-NMR spectrum of compound 2 in CD3zOD.
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1-1-3. Compound 39| Tz

Compound 32 'H-NMR spectrum 4] 23} § 7.05 (1H, d, J = 824 H),
701 (1H, dd, J = 1.7 Hz), 6.89 (1, d, J = 824, 1.7 Hz)9| signal&< sp' &4
S Zt= protonEE ©] signalE9 coupling constantit= &3 aromatic ring©l
A protonE°] MZE ortho ¥ meta couplingS 31l UL Aoz A5}
3§ 3.8% (3H, s), 3.86 (3H, s)9 signale E3dte] A7|SAH =7 2 A&7t 4
ol gl sp’d EAL 2= methoxy”?]7h 270 90 Aom ddetdnh E3§
535 (1H, d, / = 1.3 Hz) ¥ & 3.34~4.09914 Yely+= 533 signal2 58 9
o] sty A gE Fxe= A dAdi=d § 122 (BH, d, J = 559 Hz)olA
doublet©. & v}ElL}E EA A Q1 methyl proton peaks Z3le] ©o] rhamnose?!
Ao w Brolaar

mlo

PC-NMR spectrum ¥4 A3} g7} 2670 ool § 56.7, 56.49] signal
S E3) 'H-NMR spectrumol| A o]4atdel A7 848 %7F & 447t A 9l
+ methine carbons 28It} & 111.2 ~ 152.02] 127019] signal2 aromatic
ring®] signall & o 3F3

oleld Axg wgoem ™ 9 ¥ 5 mwd A3 compound 5

icariside E42 =15 2 th(Figure 14).

OH

HO“"" OCH3

OCH,
HO OH

Figure 16. Chemical structure of compound 3.

_82_



Table 3. 'H and "C NMR data of compound 3 (400 and 100 MHz, CDs0D)

No. Compound 3
dc S u(int, multi, J Hz)

1 138.6

2 111.2 7.01 (1H, d, 1.7)
3 152.0

4 146.4

5 1193.5 7.05 (1H, d, 8.24)
6 119.1 6.89 (1H, dd, 8.24, 1.7)
7 88.5

8 55.5 3.50—3.53 (4H, m)
9 65.0

1" 137.0

2" 113.9 6.70 (1H, br s)
3 145.2

4" 147.3

5" 129.5

6 T8 6.70 (1H, br s)
7 32.9 2.59 (2H, t, 7.3)
8" 35.7 1.80 (2H, m)

9 62.3

1" 101.2 5.35 (1H, d, 1.3)
2" 70.2 3.34—4.09 (sugar H)
3" 72.2
4" 73.8
5" 70.8
6" 18.7 1.22 (3H, d, 5.95)

3—0CHj3 56.7 3.76 (3H, s)
3 ' —OCHs3 56.4 3.82 (3H, s)
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Figure 17. 'H-NMR spectrum of compound 3 in CD30OD.
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18. BC—NMR spectrum of compound 3 in CD3sOD.
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1-1-4. Compound 49| =34

Compound 4< 'H-NMR spectrum ¥4 A3 § 673 (1H, d, J = 80 Hz),
667 (14, d, J = 15 Hz), 6.60 (1H, dd, J = 80, 1.5 Hz)9| signal5< spr&A

S Zt= protonEE ©] signalE9 coupling constantit= &3 aromatic ring©l
A protonE°] MZE ortho 2 meta couplings dtal S Aoz odA3AT §
6.62 (1H, s), 6.18 (1H, s)°] signal=4%E aromatic proton®] A4} olefinic proton

o7 dAsAdn. w3k § 3.80 (3H, s), 3.77 (3H, s)9] signals E3dte] A7]SA4

=1}

T7b 2 a7t A A= 'Y EALS ZHE= methoxy 77 27 9 Aow

N
o stk “C-NMR spectrum #4] 23}, &

)

b

T7F 207 o del™, § 1124 ~
149.19] 12709] signal< aromatic ring® signald< o stk § 56.5, 56.4
9] signalZ%E 'H-NMR spectrumol| Al <4399 A7 Sd =7 2 a7t 4
g3sla Q& methine carbond ¢letgitt. old @ A#RE wgow 7y P

O 3} nmlaale] compound 4% (+)-isolariciresinol® % 4 8} 9 th(Figure 19).

Figure 19. Chemical structure of compound 4.

_35_



Table 4. 'H and *C NMR data of compound 4 (400 and 100 MHz, CDs;0D)

Compound 4
No.
Sc¢ S n(int, multi, J Hz)

1 134.2

2 113.8 6.67(1H, d, 1.5)

3 147.3

4 145.4

5 116.1 6.73(1H, d, 8.0)

6 123.3 6.60(1H, dd, 8.0, 1.5)

7 48.1 2.77(2H, d, 11.7)

8 48.1 1.15(1H, m)

9 62.3 3.70—3.65(4H, m)

1 129.1

2" 112.4 6.18(1H, s)

3 147.3

4" 146.0

5" 117.4 6.62(1H, s)

6" 138.7

7' S35 1

8" 40.1 2.00(1H, m)

9" 66.0 3.70—3.65(4H, m)
0O—-CHs 56.5 3.77(3H, s)
0O—-CHs 56.4 3.80(3H, s)

_86_



|
e . A

.tal-“'d"jl o

1.5

2.0

Figure 20. 'H-NMR spectrum of compound 4 in CD30D.
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Figure 21. BC—~NMR spectrum of compound 4 in CD30OD.
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¥

1-2. AT F+& Al

i

1-2-1. Compound 19| x4

Compound 1< "H-NMR spectrum 4 Z3} § 4.49 (2H, d, 5.5, OH), 4.36
(2H, t, 5.7, OH), 4.25 (2H, d, 7.3, OH) 9] signalS T3 2tAh9} o] AV|SA
Tt 2 3] AF AFS op TS 2= FAER Gastgnh w3 § 360

gl

(2H, dt, 2.2, 3.2), 353 (2H, dd, 6.8, 7.7), 3.46 (2H, m), 3.37 (2H, dd, 5.9, 10.9)
o] signal AbA¢} Zo] AV SAHAE7E & XEU7F BE i) AjRE FaE
L AR
YC NMR spectrums E3) 370 o]4e] &7t 1S Aom ofdatyal
71.2, 69.6, 63.89] signals &3l 2FAae o] HAV|SAHAETF 2 A&7V}
27b 370 ol dS Ae® oFstgit) ol & npgow B Pa wws At
compound 1-& mannitol® 22l % I tH(Figure 22).
OH OH
HEJ 2 S OH
OH OH

Figure 22. Chemical structure of compound 1.

Table 5. 'H and **C NMR data of compound 1 (400 and 100 MHz, DMSO-ds)

Compound 1
No. . .
Sc S n(nt, multi, J Hz)
3.37 (2H, dd, 5.9, 10.9)
1, 6 63.8 3.53 (2H, dd, 6.8, 7.7)
4.49 (2H, d, 5.5, OH)
3.46 (2H, m)
2,5 71.2
4.36 (2H, t, 5.7, OH)
3.60 (2H, dt, 2.2, 3.2)
3, 4 69.6

4.25 (2H, d, 7.3, OH)
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Figure 23. 'H-NMR spectrum of compound 1 in DMSO—ds.
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Figure 24. "C—NMR spectrum of compound 1 in DMSO- d.
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1-2-2. Compound 29| x4

Compound 2 'H-NMR spectrum %4 A3} § 7.38 (1H, d, J = 7.8), 560
(1H, d, J = 7.8)9] signals Z3] sp° o] £4& 2= FAS0] A& coupling 3t
I Ye Aom o Ate gl

“C NMR spectrume %38 47] o]4e ©ta7t 9d& Aow isn
1435, 101.89] signal& 3] B¥3 ® g’ T4L e dad o
t} ol2 nigto gz E§¥ 3 wwst A7 compound 2% uracil® 1)

(Figure 25).

Figure 25. ®C—NMR spectrum of compound 2 in CD30D.

Table 6. 'H and "®C NMR data of compound 2 (400 and 100 MHz, CDs0OD)

Compound 2
No. . .
Sc 8 1 (int, multi, J Hz)
2 153.6
4 167.4
5 143.6 5.60 (1H, d, 7.8)
6 101.8 7.39 (1H, d, 7.8)
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Figure 26. 'H-NMR spectrum of compound 2 in CD30D.
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Figure 27. C—NMR spectrum of compound 2 in CD30D.
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1-2-3. Compound 39| Tz

Compound 3< 'H-NMR spectrum ¥4 A3 § 576 (1H, s)9] signalS %3
st T30 FaE sk w3 6422 (IH, m, J = 36), 242 (IH, m, ] = 135),
199 (1H, m, J = 142, 2.2), 1, 153 (1H, dd, 36, 144)9] signals Z3] sp’ &4 9
FAaE0] M2 coupling 3t Y& Aoz oAaddth § 1.76 (3H, s), 146 (3H,
s), 1.27 (3H, s)9] signale %3] methyl proton®] 37} & Aoz oAs$dc)

PC-NMR spectrum ¥4 A3}, gx57F 117] o]4do]li, § 1856, 1745, 113.4
o] signale B3te] s A9 FFEo|H| carbonyl”] 7} A 1 FS E3 ester

7] X carboxylic acid7]|¥ Aoz oAdith  § 1135 9 signale sy 43S

-
Ay
ot
i
&
Ll
32
ol
lo
it
2
e

2.9, 205 mlwe Ax}t compound 3% loliolide

11

Figure 28. Chemical structure of compound 3.
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Table 7. 'H and ®C NMR data of compound 3 (400 and 100 MHz, CDs;0OD)

Compound 3
No. . .
Sc S n(int, multi, J Hz)

1 37.3

1.53 (1H, dd, 3.6, 14.4)
2 48.1

1.99 (1H, m, 2.2, 14.2)
3 67.3 4.22 (1H, m, 3.6)
4 46.5 2.42 (1H, m, 3.8, 14.2)
5 89.1
6 185.8
7 113.4 5.75 (1H, s)
8 174.6
9 31.1 1.46 (3H, s)
10 27.5 1.27 (3H, s)
11 27.1 1.76 (3H, s)
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Figure 29. 'H-NMR spectrum of compound 3 in CDs0D.
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Figure 30. BC-NMR spectrum of compound 3 in CD3OD.
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ZYd s AEAdd 48 BExHY JdE 2% AR stuE geFe fxe}
TAES 7HAH g &2 el 271 ©]/d<e] phenolic hydroxyl7] & 7FA] 7] dlfZl

sl g U A BAss Agets 44S AW g 2 kst wvte
2o ThFe A 84 715 e Ao dEA Yo

e Akl LU FBTERAY

TEE T 1 mg T TRk AT gallic acid 9 F(GAE)o 2 3Hitste]
et A9 A3, FE2EA 1146 pg GAE/l mg, 8% % EtOAcet
n-BuOH, H.O layerol Al Z+z} 1884, 102.1, 1084 ng GAE/1 mgo = ZddH =
greS UER Atk (Figure 31).

200.0 o84

1084

150.0
1146
102.1
43.4
50.0
0.0 T T T T

Extract n-Hex EtOAC n-BuOH HzO

phenolic compounds
(g GAE/1 mg)
8
=

Figure 31. Total polyphenolic compounds of extract and solvent layers of

P. densiflora.

_45_



AT

(Figure 32).
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Figure 32. Total polyphenolic compounds of extract and solvent layers of

S. muticum.
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e Sl tH(Figure 33).
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Bw | funarianb Bil)
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Figure 33. Total flavonoids contents of extract and solvent layers of

P. densifiora.
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Figure 34. Total flavonoids contents of extract and solvent layers of

S. muticum.
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2-3. DPPH radical &7 €4

Do
o
L
o
n
id
SE,
Mo
ot
i
o
)
p—U
p—U
T
=
Q)
o
e
=N
B>
A
o
oX,

859 DPPH radical &A
o 6.25 125, 25, 50, 100 1
% tH(Figure 35).
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3
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Z
x
o
o
o
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0.0

Extract n-Hex EtOAC n-BulH Hz0 Vit.C BHT

Figure 35. DPPH radical scevenging activities of extract and

solvent layers of P. densifiora.

WE
i

£ 70% dEs FEE R LY EdAE FE=, EtOAc, H:O layerol Al
Z -2 Vitamin C (SCx 6.6 ng/mlE.th+= =] &Awk BHT (SCy 2164 pg/mL)

Bt £8 DPPH radical 27 42 YeElW A tH(Figure 36).
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Figure 36. SCso

ARFERAL 70% e FEE I

Extract

SE.6

EtOAC H=0

Vit.C

solvent layers of P. densifiora.

SCs #& YER St (Figure 37).
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Figure 37. DPPH radical scevenging activities of extract and

solvent layers of S. muticum.
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2-4. ABTS radical cation 27 &4

2-4-1. F=& 4 B3I E9 ABTS radical cation &7 A

i

o] ABTS' radical cation &7 &4&
Aotatt FEE3 UHA 2929 diste] 6.26, 125, 25, 50, 100 pg/mLe] &
e AFE AAee] SCxo #s Axtstdn 1 A3, FEEoA4 209 pg/mL,
EtOAc, n~BuOH, H,O layeroll 4l Z+2} 176, 27.2, 25 ng/mLe SCs #toz =z
¢l vitamin C (53 pg/mL)9t BHT (7.1 pg/mL)XEth F4+= &AvF ABTS'
radical cation &~A E4S YEFN A tHFigure 38, 39).
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Figure 38. ABTS" radical scavenging activities of extract and

solvent layers of P. densifiora.
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Figure 39. SCso values of ABTS" radical scavenging activities of extract

ARTFELAR 0% AHE FEE I

and solvent layers of P. densiflora.

e
A

SCs #& YER S thH(Figure 40).
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Figure 40. ABTS™ radical scavenging activities of extract and

solvent layers of S. muticum.
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3. Elastase A3 &4

o
e
s
)
Mo
ot
i
lo
(@)
&
@
Q
wn
D
2
:°.‘=‘
o
2,

Ed3 AEFEEAR 70% des FEE B £ =9 elastase A3 4=
ZAseh. A¥L 25 50, 100 pg/mLe] FEZ AR FLEE 264 F3)HA
ANt om 1 Ax FEE p-Hex, EtOAc 2 H.O layerol A elastase # &l

/é
FAo] ks AL Fadd 4= A (Figure 41, 42).
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=
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Extract n-Hex EtOAC  n-BuOH HzO Ursolic  Oleanolic

acid acid

Figure 41. Elastase inhibition activities of extract and solvent layers of

P. densifiora.
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Figure 42. 1C50 values of elastase inhibition activities of extract and

solvent layers of P. densifiora.

T Hold €45 H<Q HO layerd %55 4 SHA 28& e ICx
Zrol 293 pg/mLE thE+2 ursolic acid (444 pg/ml), oleanolic acid (52.0 1
gmL)HEY o £ 4S5 YEY, o] & E3l HO layer?} elastase A3l €

o]t As &9 = A (Figure 43).
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Figure 43. Elastase inhibition activity of HoO layer of P. densifiora.
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BETFERAe] 70% oleE FEE

o] ICs #S YEFHA T (Figure 44)
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Figure 44. Elastase inhibition activities of extract and solvent layers of

S. muticum.
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4. B16F10 cell& ©]&3%F melanogenesis A3 2 A¥ 54 H7}

p
2

N3 AER A 70% A Ee FEE L B3 E dis 100 yg/mLe] F
%2 melanin contents &S A3 1 ZAY £ p-Hex layerol A

708%2 AL&S Yy ATLS

it
o
_>,i

kel p-Hex layer, EtOAc layerol A Z}7};
80.7%, 771%<%] Asl&S RAT ol AX 5422 23] melanine] o] 4
Aoz gl tHFigure 45, 46).
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sample concentration : 100 pg/mL, Melasolv : 20 pM

Figure 45. Melanin contents (A) and cell viabilities (B) of extract and

solvent layers of P. densifiora.
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sample concentration : 100 pg/mL, Melasolv : 20 pM

Figure 46. Melanin contents (A) and cell viabilities (B) of extract and

solvent layers of \S. muticum.
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weba £ n-Hex layer®t 2o & 22 p-Hex, EtOAc layerd] %=

o S A 125, 25, 50 pg/mLe T2 AFES JYstA 1 Ay A
glo] FEeoEAHOZ melanin® TS At 3
n-Hex layerod A= Z}Z} 21.9, 59.1, 77.2%°] Ad&S H AT
n-Hex layerol A= 27 544, 80.1, 85.8%2 As|l&S H A EtOAc layerol A
= 27 469, 534, 771.8%%] A& H A tH(figure 47, 48).
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Figure 47. Melanin contents (A) and cell viabilities (B) of n—Hex layer of
P. densifiora.
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Figure 48. Melanin contents (A) and cell viabilities (B) of n—Hex layer and
EtOAc layer of S. muticum.
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B =2 &% (Pinus densiflora leaves)¥t 7 @& AR Sargassum muticum)
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2 Y x2 ursolic acid (44.4 pg/mL), oleanolic acid (52.0 pg/mL)%HE =&
elastase A3 A4S HAh I F Hold elastase As| &S K<l H0 layer
o FEE ¢ vFol AdAEs WA A3 ICxn #el 497 pg/mLE 2l
ursolic acid (444 pg/mL), oleanolic acid (52.0 pg/mL)¢} +AFEE e o}

. o] & E3l H.O layer7} elastase A3l &/do] ot AS &Q0Ed 4 Q3.
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29 melasolviEth & A4S YR L HEoF2 02 melanin®] A
= Adletes Aoz Yehte S g8 5 Uk

sletEe] #e]& EtOAc layerol4l 7188381933l medium pressure liquid chromatography
(MPLC), <7 silica gel chromatography, sephadex LH-20 chromatography& <~
goto] stgt=e LA ZdE SEEe Fx= NMRE ol &35t gelst
R, =@ Blaste] &M F 4] =S, BIETEEANA T 30
o] &S e w88 ATt FaE =S £l catechin (1), shikimic
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R 2pdbo| A mannitol (1), uracil (2), loliolide (3)& 2+¢1%] it}
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