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C.C : column chromatography

CD-FBS . charcoal-dextran stripped fetal bovine serum
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CHCl; . chloroform(=C)

COSY . correlation spectroscopy

CTL : control

d . doublet

dd . doublet of doublet

DMSO . dimethylsulfoxide

EIMS . electronic ionization mass spectroscopy
ESIMS . electrospray ionization mass spectroscopy
Et,O . diethyl ether

EtOAc . ethyl acetate(=EA)

EtOH . ethanol

FABMS . fast atom bombardment mass spectrometry
fr. : fraction

GC : gas chromatography
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HEPES _ ,

(2—-ethanesulfonic acid)
Hex : n~hexane(=H)
HMBC . heteronuclear multiple bond correlation
HMQC . heteronuclear multiple quantum correlation
HOACc : acetic acid
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HPLC . high performance liquid chromatography
: high resolution electrospray ionization mass

HRESIMS
spectroscopy
Hz . hertz
LNCaP : LNCaP Clone FGC
m . multiplet
max ! maximum
MeOH(=M) : methanol
n—-BuOH . n—butanol(=Bu)
NMR : nuclear magnetic resonance
NP : normal phase
PMS . phenazine methosulfate
RP . reverse phase
RPMI : Roswell Park Memorial Institute
R¢ : retention time
S . singlet
t : triplet
TES © testosterone
TLC . thin layer chromatography
uv . ultraviolet absorption spectroscopy
W . water
CTT . 2,3-bis(2-methoxy—-4-nitro-5-sulfophenyl) -2/~
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Table 1. Pharmacological studies reported in Dryopteris species

Therapeutic Target In vitro/vivo assay  Plants/their Constituents reference  Year
aspidin PB
) Dryopteris fragrans(L.)Schott, Sun et
Apoptosis HepG2 cells . 2013
by modulating al.
PI3K/Akt/GSK3b pathway
Antioxidant,
Anticancer, flavonoids extd. Cao et
) i AB49 cells. 2013
Acetylcholinesterase i Dryopteris erythrosora al.
inhibition
Inhibition of porcine
reproductive and . . .
) Porcine alveolar flavaspidic acid AB Yang et
respiratory 2013
) macrophages Dryopteris crassirhizoma al.
syndrome virus
replication
DPPH, )
Solvent-free microwave
B-carotene
o o } extn. (SFME) of the )
Antioxidant linoleic acid, . ) Li et al. 2012
. essential oil from Dryopteris
and reducing
fragrans
power assay
Brevibacterium flavum,
o Sarcina sp., Bacillus polyphenols content
Antioxidant, : . Soare et
o . i cereus, Saccharomyces  phenolic compds 2012
Antimicrobial : al.
cerevisiae  and Dryopteris filix-mas
Aspergillus niger
Viability, Growth Streptococcus Ban et
. o Dryopteris crassirhizoma 2012
Virulence properties | mutans al.
MCF-7 cells,
) ROS mediated Dryofragin, Zhang et
Apoptosis ) ) 2012
mitochondrial Dryopteris fragrans(L.)Schott.  al.
pathway




) ) Pseudomonas Dryopteris cochleata (D.Don)  Thomas
Antibacterial 2011
aeruginosa C.Chr et al.
. Ontogeny of Shukla
Cytotoxicity ) Dryopteris filix-mas 2011
rice-moth et al.
) PC3-MM2 cells Chang et
Anticancer . Dryopteris crassirhizoma 2010
Apoptosis al.
Gram-pos. bacteria,
methicillin-resistant
Staphylococcus aureus  flavaspidic acid AB Lee of
ee €
Antibacterial (aMRSA flavaspidic acid PB ! 2009
: al.
i bacterium),Streptococc  Dryopteris crassirhizoma
us mutans, Bacillus
subtilis
dryopteric acid A
HIV-1protease ) ) Lee et
o HIV-1 protease dryopteric acid B 2008
inhibition al.
Dryopteris crassirhizoma
Fatty acid synthase in vitro FAS acylphloroglucinols
o S Na et al. 2006
inhibition inhibitory assay Dryopteris crassirhizoma
serum, plasma,
) ) erythrocyte, and
Blood biochemical Bhure et
. erythrocyte Dryopteris juxtaposita 2006
studies al.
membrane
compn. and function
) flavaspidic acid PB
o DPPH, radical L . Lee et
Antioxidant flavaspidic acidAB 2003
scavengy al.

Dryopteris crassirhizoma
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Human kaempferol acetyl
. - Human .
immunodeficiency ) = rhamnosides )
. immunodeficiency o . Min et
virus reverse . crassirhizomosides A, B 2001
. virus—1 reverse . al.
transcriptase ) and C sutchuenoside A,
o transcriptase
inhibition kaempferol
EBV-EA aspidin PB, dryofragin,
o activation aspidin AB and BB,
Ichthyotoxicity L o
. (in vivo) two-stage  aspidinol, and the Ito et al. 2000
against medaka . ) ) ) )
carcinogenesis on sesquiterpenoids albicanol
mouse skin and albicanyl acetate
) Inhibition  of
Melanogenesis Lee et
o mushroom Dryopteris crassirhizoma 1997
inhibitor ) al.
tyrosinase
Inhibitors of
B Lee et
Antiinflammatory cyclooxygenase | Dryopteris crassirhizoma | 1997
al.
and II
Antitumor effect on
Epstein-Barr virus
antigen activation
/(in vivo) on two
stage mouse skin . L .
) ) ) aspidin, desaspidin Kapadia
Antitumor carcinogenesis 1996
o phlorophenone et al.
: inhibition on
i 7,12-dimethylbenz[a]
' anthracene
(DMBA)-TPA
tumor promotion
-7 -



Figure 2. Structures of chemical constituents known in Dryopteris

species (continued)
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AP a=vtE 898 Silica gel

Kiesgel 60 (40-60um, 230-400 mesh, Art. 9385, Merck, Germany)
Zeoprep 60 (60A, 60-200 mesh, Zeochem, Switzerland)

AP A2 vE 1838 Sephadex LH-20

Sephadex LH-20 (bead size 25-100um, Pharmacia, Sweden)

TLCE precoated plate
Kiesgel 60 Faoss (Art. 5715, Merck, Germany)
RP-18 Fosy (Art. 15389, Merck, Germany)

TLCE A A2

Anisaldehyde-H>,SO, A] ¢F

(2) % &7 % /e Ao

qEAge 2% 23, 2o Agd

Chemical & Metals. Co., Ltd., Korea)E A}-&

ol

Al kg &1 (Daejung

}9l3, HPLC & &vi+=

J.T. Baker™®e] HPLC grade &vj(Avantor Performance Materials. Inc.,

US.A)E AH&sAH



(3) LNCaP, PC-3 MXF wleF 2 524 oA &4 HA8 Aok

ME ] ZL3 RPMI 1640, penicillin/streptomycin  solution,
FBS(Characterized, US-sourced)™ Hyclone (Hyclone Laboratories.
Inc., USA)AES AH8319tE. Androgen® & AFE3F testosterone, %A
fZzFo 2 AE3F  bicalutamide, etoposider= TCI(Tokyo Chemical
Industry Co., Ltd., Korea)oll Al F+3te] AF&3sith. &3 DMSO, %A
) &2 finasteride, charcoal. dextran coated, XTT assay°l A}-&3%+
XTT sodium salt®} PMS+= Sigma(Sigma-Aldrich Co., LLC., Korea)®l
A Fhstg k. CD-FBS A12HS 93k Filter unit receiver®t Bottle top
filter= Nalgene(Nalge Nunc International Corp., U.S.A)A| &S AM&3}
Atk 1 Hre]l Multiwell culture plates= Nunc(Nunclon A Surface;
Nagle Nunc International, U.S.A), cell culture dishi= Corning (New
York, U.S.A)A#FS AF&33 T

2-2. 717]

Analytical balance: Mettler AE 50, Switzerland

Autoclave: Sanyo MLS 3020, Japan

Centrifuge : Eppendorf Centrifuge 5810-R, Germany

Clean bench : Hanbaek Scientific Co., HB-402, Korea

CO, incubator : Sanyo MCO-15AC, Japan

Cooler : EYELA CA-1111, Japan

Drying oven: CO-2D-1S, Wooju Sci. Co., Korea

Dry thermo bath : EYELA MG-2200, Japan

ELISA microplate reader : Molecular Devices SpectraMax 340PC,
USA



Evaporator: EYELA NE, Japan

Freeze dryer : OPERON FDU-8612, Korea
Hot plate : Corning PC-400D, USA
ESI-QTOF-MS: Waters Xevo G2 QTOF

Freeze-dryer: DURA-DRY, Fts system Inc., USA

HPLC system

-Gilson 321 pump, USA

-Gilson UV/VIS 151 detector, USA
HPLC column

-YMC J'sphere ODS-H&0, 250 x 10 mm, 4pym, 8nm, Japan
—Chemcopak Chemcosorb 5S1-U, 250 x 10 mm, Japan
Microscope : Olympus CK-2, Tokyo, Japan
MS
-ESIMS : Agilent 1100 series LC/MSD Trap, USA
-FABMS : JEOL JMS AX 505 WA Spectrometer, Japan
-EIMS : JEOL JMS 700 Spectrometer, Japan

NMR

-JEOL LA 300 Spectrometer (300 MHz), Japan
-Bruker AVANCE digital 400 Spectrometer (400 MHz), Germany
-Bruker AVANCE digital 500 Spectrometer (500 MHz), Germany
-Bruker AVANCE digital 600 Spectrometer (600 MHz), Germany
Polarimeter: JASCO, DIP-100, Japan
Rotary evaporator: Shimadzu 2101, Japan
Sonicator: Branson 5200, 5210, UK
UV lamp : Vilber Lourmat VL-4.L.C, France



% 100% Et:O 4 L (2 L

i EINS) oz =z
x 2)5 7tste] 20 A17F Bk A& £ 3 3 FES AL &9E=
Aets=3ta 100 % EtO 5% 364 g F53)

5 = 3

e AehsFeta 80% EtOH 5% 390 g2 5t s&: 65
%). 5% 80 % EtOH FE&< STl dgs & =4 A4 &
2] 7] ol w2} np-Hexane, CH:Cl, % n-BuOH=Z F83t 247} 2
(& 04 %), 32 g(7&: 05%), 9.1 g(&: 15 %) FIdES
(Scheme 1).

Dryopteris uniformis (5964 g)

exfracied bymaceraSon at room femperaiure wih ELC
evaporaied in vacuo
Extracts (364 g) exfracted with 80 % BOH

Siica gel C.C
(H:EA=30:1— 100 % MaCH)

[ | | | Exacs (39.0g)

DuRE DuRE DuRE DuRE
1 i o 13 14 fracionaion weh n-Hexane

i fracionason with CH.Cly

n-Hexanefr. (24 g)

fracionason weh n-BuCH

CHCL fr (32g) \l!
A4
n-BuOHf. (9.1g) Aqueousresidue(24.2g)

Scheme 1. Extraction and fractionation of D.uniformis rhizomes

and scales



3-2. dH 2 F&& 25 phloroglucinol 33HE29] F¢

HH 5342 9] o HE FEES AR silica gel C.C(n—Hexane 1
EtOAc = 30:1 — 100 % MeOH)E A Alste] =4 uwel 14709 &

(DuRE 1~DuRE 14)°o.= ‘/}l‘rﬁiﬂ 219 DuRE 5, DuRE 8, DuRE 9,

DuRE 109] #8& AAste 3tgE 1, 2, 3,4, 6, 8 =

A 1 tH(Scheme
2).
Drvopreris uniformis (5964 g)
extracied bymaceraton ai room emperaiure wih B0
evaporaied in vacwo
Extracts (364 g)
Shcagef C.C
(H:EA=30:1— 100%M=0H}
DuRE DuRE DuRE DuRE
5 8 9 10
NPHPLC NPHPLC Sficagel C.C Sephadex LH-2)
(HEA=35:51 % HOA) |iH-EA=E5-151 % HOAS) {DCMHEA=1D10:1) {DCM:M=T:1)
| DuRE
A 9.4 B
NPHPLC A Compound8(5.0mg)  JRecrystafizaton Sephadex LH-20
(H-EA=38:21 % HORe) (DCM:MeDH=1:1) (DCMM=1:1)
NPHPLC
|H.EA=35:51 % HOAS)
Compound3 (65mg Compound1 (680mg  Compound6 (4 0mg
Compound4 {4 0mg)
Compound2(4.0mg)

Scheme 2. Isolation of phloroglucinols from the Et:O extracts of

D.uniformis



3-3. CHoCly, &85 2% ¥ phloroglucinol 3}gHE9 £

FH =AM 9] CHCl, &38=<2 U o= silica gel C.C(CHCl;
MeOH : Water = 50:4:1 — 100 % MeOH)E 2 A]ste] Ao wel 9
Mo & (Cl Cooz YA, A2FF Cl, C29 w8 & AAsto] 3}
& 5,7 & AAH(Scheme 3).

Dryopteris uniformis (0964 g)

Ie:-:’_racﬁed by maceradon at rcom temperaure with ELO

evaporaied in vacuo

Extracts (364 g)

exiraced with 80 % EiCH

Extracts (39.0g)

fracionaton sequensally
wih n-Hexane, CH2Cl;,
n-BuOH and H.C

CH,Cl, T (3.2)

Sficagel C.C
(C:MEW=50:4: 1—100 9% MeCH)

i 2
C1z RFHFLC CyzRPHPLC
MW S —=5:1) (MW 55
Compound5 (04 mg) Compound 7(19.0mg)

Scheme 3. Isolation of phloroglucinols from the CH-Cls fraction of

D.uniformis



3-4. phloroglucinol Al¥ 3}3t&E 9] ¢
3-4-1. 3}3= 19 &4

2~%3% DuRE 95  silica gel C.C(CH:Cl, : n-Hexane : EtOAc =
10:10:1)E A Al%te] DuRE 9-1~DuRE 9-9¢] 9 7| A& o= Y593l
i, o] ¥ 4&wF DuRE 9-494 A% = A4S AZHE(CHLL -
MeOH = 1:1)3}o] 33E 1(680 mg)S w3ttt

Pale yellow powder

Co4H300s

FABMS(negative mode) : m/z 445[M-H]

UV absorption : 227, 292nm

"H NMR(CDCl;, 600 MHz) Table 2 3%

¥C NMR(CDCls, 150 MHz) Table 3 &=

'"H NMR/(acetone-ds; 500 MHz) Table 2 #=x
¥C NMR(acetone-ds; 125 MHz) Table 3 %

3-4-2. 3tgt= 29 &9

2%3 DuRE 8% NPHPLC(m-Hexane : EtOAc = 85:15 containing 1
% HOAc)E A A3t DuRE 8_A AFdES A, 92 2=
NPHPLC(z-Hexane : EtOAc = 9555 containing 1 % HOACc)
o 3}3E 2(4.0 mg)E AU

il
>
>
o
ol

Pale yellow powder
CaH2607



FABMS(negative mode) : m/z 389[M-H]
UV absorption : 298, 356nm

'"H NMR(CDCls, 500 MHz) Table 2 %
5C NMR(CDCl;, 125 MHz) Table 3 %

3-4-3. 3tgt= 39 &9

A% 3 DuRE 55 NPHPLC(;-Hexane : EtOAc = 9555 containing 1
9% HOAcC)E AAste] F+ 7o A# %= DuRE 8_A¢ DuRE 8 BE
ANt} o] T AFFE DuRE 8_AE NPHPLC(;-Hexane : EtOAc =
98:2 containing 1 % HOAc)E A Alste] 3t3tE 3(6.5 mg)s AAT.

Colorless needle

CosH320s

FABMS(negative mode) : m/z 459[M-H]
UV absorption : 224, 338nm

'H NMR(CDCl;, 500 MHz) Table 2 3=
“C NMR(CDCls, 125 MHz) Table 3 3=

3-4-4. 3= 49 &

%3 DuRE 85 NPHPLC(;-Hexane @ EtOAc = 85:15 containing 1

% HOAc)E A Aste] DuRE 8 A AFIFES Y. d& LRI ES
A

NPHPLC(n-Hexane : EtOAc = 955 containing 1 % HOAc)E A A3}
o] 33E 4(4.0 mg)E AUt



Pale yellow powder

CosHz320s

FABMS(negative mode) : m/z 459[M-H]
UV absorption : 229, 294nm

'H NMR(CDCls, 500 MHz) Table 2 &=
¥C NMR(CDCls, 125 MHz) Table 3 3%

3-4-5. 3= 59 #&

Pale yellow powder

Co3Has0g

FABMS(negative mode) : m/z 431[M-H]
UV  absorption @ 229, 283nm

'"H NMR(CDCl;, 400 MHz) Table 2 %
BC NMR(CDCls;, 100 MHz) Table 3 #*%
3-4-6. 3= 69 #
A% 3 DuRE 102 sephadex LH-20 C.C(CHsCl,-MeOH = 1:1)E 4
Al&te] 3719 &% 8% DuRE 10_A, DuRE 10_B, DuRE 10_CE 4%t}

o] & DuRE 10_.B A£2%3 &S sephadex LH-20 C.C(CH:Cl; : MeOH =
1:1)E AAste] 33tE 6(4.0 mg)S AU



Pale yellow powder

CosHz00s

FABMS(negative mode) : m/z 445[M-H]
UV absorption : 238, 285nm

'H NMR(CDCl;, 400 MHz) Table 2 3%
¥C NMR(CDCls, 100 MHz) Table 4 3%

3-4-7. 3tgt= 79 E¢

A3 (28 HPLC Cis RP(ACN : H,O = 55)Z 2Aste &
7(19.0 mg)S AT}

Yellow needles

Ci2H1604

ESI-QTOF-MS : m/z 225.1132[M~+H]"
(caled.225.1127, C1oH1704)

UV absorption : 224, 284nm

'"H NMR (CDCls, 400 MHz) 6§ 590 (1H, s, H-3), 3.80 (3H, s, H-7),
3.04 (2H, t, J = 7.36 Hz, H-9), 1.99 (3H, s, H-12), 1.70 (2H,
m, / = 7.36 Hz, H-10), 0.97 (3H, t, J = 7.36 Hz, H-11)

YC NMR (CDCl;, 100 MHz) & 206.12 (C-8), 163.09 (C-2), 161.20
(C-4), 159.67 (C-6), 104.66 (C-5), 103.32 (C-1), 91.46 (C-3),
55.63 (C-7), 46.09 (C-9), 1813 (C-10), 13.98 (C-11), 7.08
(C-12)



3-4-8. 3tgt= 89 £

2%3 DuRE 8% NPHPLC(m-Hexane : EtOAc = 85:15 containing 1
% HOAc)E AHAlste] g3t= 8(5.0 mg)S AATh

Yellow needles

C11Hi1404

ESI-QTOF-MS : m/z 211.0972[M~+H]"
(caled. 211.0970, C11H1504)

UV absorption : 228, 282nm

'H NMR (CDCls, 400 MHz) & 591 (2H, s, H-1, H-3) 3.76 (3H, s,
H-7), 3.03 (2H, t, J = 7.40 Hz, H-9) 1.71 (2H, m, J = 7.40
Hz, H-10), 0.97 (3H, t, J = 7.40 Hz, H-11)

BC NMR (CDCl;, 100 MHz) § 206.18 (C-8), 165.47 (C-2), 163.33 (C-4,

C-6), 104.89 (C-5), 94.33 (C-1, C-3), 5546 (C-7), 45.90
(C-9), 18.09 (C-10), 13.95 (C-11)



Table 2. '"H NMR data of compounds 1-6

la lb zb 30 4( 53 6d
position
0 H (J in Hz)
5 18.57,s 18.63,s 1871,s 18.59,s 18.55,s 13.68,s 13.66,s
4 13.88,s 13.71,s - 18.59,s 13.79,s - 13.64,s
3 11.46,s 11.63;s 11.31,s 12.28;s 11.14,s - -
2' - - - 12.28;s - - -
6’ 8.93,s 9.12,s 11.83,s - 9.72,s 8.70,s 8.72,s
3’ 6.05,s 6.11,s - - - 6.12;s 6.19,s
5 - - 6.18,s - - - -
, 259 t, i
7 3.97,s 4.06,s =745z 394,s 4.02,s 4.01,s
7 3.51,s 3.54,s 3.40,s 3.29;s 3.60,s 3.71,s 3.71,s
8’ - - 1.68° - - - _
. . 3.16 t, . . 3.06, t, 3.06 t,
) 315 313 J=7.30Hz 311 318 J=114Hz J=7.40Hz
, . . . . . 3.06, t, 3.06 t,
9 3.15 3.13 0.96 3.11 3.18 J=7.14Hz J=7.40Hz
e c e e & 1.70 m, 1.70 m,
10 1.68 1.69 1.70 1.68 1.70 J=714Hz J=7.40Hz
, . ) i ) . 170 m, 170 m,
10 1.68 1.69 1.68 1.70 J-7.14Hz J=7.40Hz
12 1.46° 1.50¢ 1.48° 1.45° 1.47s - 2.00,s
13 1.46° 1.50¢ 1.48° 1.45¢ 1.47;s - -
c e e o . 0.97 t, 0.97 t,
1 0.9 0.97 0.99 0.99 0.97 J=714Hz =740z
, . . ) ) . 0.97 t, 0.97 t,
11 0.9 0.97 0.99 0.97 J=71411z =740z
12’ B B - - 2.10,s - -

a. Spectra obtained at 300 MHz in CDCls. b. Spectra obtained at 500 MHz in acetone-djs
c. Spectra obtained at 500MHz in CDCls. d. Spectra obtained at 400MHz in CDCls.

e. overapping signals.



Table 3. YC-NMR data of compounds 1-6

12 1P 2° 3¢ 4° 57 64
position 5 C
1 187.40 188.36 188.43 187.57 187.37 160,13 160.04
2 111.22 112.03 111.90 110.74 111.14 113.54 106.38
3 171.02 171.96 173.75 173.28 171.51 159.04 158.19
4 44.03 44.92 45.29 44.39 42.92 92.12 92.53
5 199.34 199.57 200.48 199.17 198.53 164.53 163.18
6 108.00 108.94 108.89 108.04 109.00 112.84 104.54
1 104.78 106.17 102.59 110.74 108.03 11354 106.38
2 160.67 162.78 170.89 173.28 159.64 159.04 158.19
3 91.80 92.95 - 44.39 44.23 92.12 92.53
4 165.38 166.47 165.95 199.17 162.78 164.53 163.18
5 107.03 107.41 102.73 108.04 180.86 112.84 104.54
6’ 160.04 160.68 169.43 187.57 157.82 160,13 160.04
7 16.77 17.42 1892 18.01 17.79 15.76 15.78
7 56.33 57.20 35.74 - 61.67 57.34 56.37
7 - - - - - 57.34 56.37
8 207.42 207.75 207.09 206.22 208.26 208.52 206.92
9 42.86 43.55 43.35 42.83 46.76 46.24 46.31
10 18.14 18.83 18.85 18.12 18.14 17.82 17.95
11 13.95 14.36 14.21 13.92 13.97 13.85 13.98
12 24.56 25.07 25.00 2531 29.70 - 7.89
13 24.56 25.07 23.42 24.18 29.70 - -
8’ 206.53 207.44 20.93 206.22 206.55 208.52 206.92
9’ 46.32 46.97 13.70 42.83 46.76 46.24 46.31
10 18.03 18.90 - 18.12 18.00 17.82 17.95
11’ 13.87 14.24 - 13.92 13.92 13.85 13.98
12 - - - 2531 8.92 - -
13’ - - - 24.18 - - -

a. Spectra obtained at 300 MHz in CDCls. b. Spectra obtained at 500 MHz in acetone-ds
c. Spectra obtained at 500MHz in CDCls.

d. Spectra obtained at 400MHz in CDCls.



Ao 2 silica gel C.C(n-Hexane :
AAlete] S0 web 14709 8

EtOAc = 30:1 — 100 % MeOH)E
%3 DuRE 79 HE S A s

(DURE 1~DuREl4)o.%2 Y+,
313E 9 & LAY (Scheme 4).
S o ® HP-20(100 % Water — 100 % MeOH)

n-BuOH 23 &%
2 AAste] 4 e B3 (Bl~B4H)oE UFda, 283 B39 EyE
e

A A Ete] 3hetE 10 & A A H(Scheme 3).

Dryopteris uniformis (596 4 g)

exfracied by maceraon at room lemperaure wih ELO

evaporaied in vacuo
extracied wih 80 % EiOH
Extracts (364 g)
Siicagel C.C Extracts (39.0q)

(H:EA=30:1— 100 % M=CH})
facfionztion sequensaly wih
mHewans, CHyCl, rrBuCH and HO

DuRE
7
n-BuOHf. (9.1g)
SHcagel C.C
[H:EA=G55 HP-20
S {100 26 DDOW—100 %6 MeOH)
Compound 9(162.7 mg) P
RPHPLC
(MW TS =28
Compound10(4.1mg)

Scheme 4. Isolation of other type compounds from D.uniformis



3-5-1. 3tgt= 99| &9

b
e

0 o
)

uRE 7 silica gel C.C(n—Hexane : EtOAc = 95:5) &
3E 9(162.7 mg)< =

|

>

1

Yellow oil

C20H340

EIMS : m/z 290[M]"

[a]®p : +15.4 (¢ 0.5 in CHCls)

'H NMR (CDCls, 600MHz) & 1.24 (3H, s), 1.56 (3H, s), 1.56 (3H, s),
1.57 (3H, s), 1.64 (3H, s), 1.93-2.06 (12H, 6 x m), 5.02 (1H,
bd, / = 10.7 Hz), 5.07 (2H, bt, J = 6.6 Hz), 511 (1H, bt, J
= 6.6 Hz), 519 (1H, bd, J = 17.4 Hz), 588 (1H, dd, J = 10.7
Hz, 17.4 Hz)

BC NMR (CDCls, 125MHz) § 1591 (C-19), 15.93 (C-20), 17.59 (C-17),
22,63 (C-5), 2560 (C-16), 2648 (C-9), 26.68 (C-13), 27.75
(C-18), 39.62 (C-8), 39.64 (C-12), 42.03 (C-4), 73.34 (C-3),
111.57 (C-1), 124.05 (C-10), 124.18 (C-14), 124.33 (C-6),
131.08 (C-15), 134.89 (C-11), 135.40 (C-7), 145.00 (C-2)



3-5-2. 3}3& 109 +d

Hl b

%% B2& HPLC Cis RP(ACN @ H:O = 119 — 2:8)& AAlgte] 3}
10(4.1 mg)S w28kt

et

Pale yellow needle

Ca21Hz20010

ESI-MS : m/z 447.0[M-H]
UV absorption : 266, 352 nm

'"H NMR (CDCls, 300MHz) d 546 (1H, d, J = 7.5 Hz, H-1"), 6.20 and
6.43 (1H each, d, J = 2.0 Hz, H-6, -8), 6.89 and 8.04 (2H
each, d, J] = 87 Hz, H-3, 5, and -2, 6), 1260 (1H, br s,
OH).

BC NMR (CDCls, 300MHz) & 17751 (C-4), 164.26 (C-7), 161.26 (C-5),
159.98 (C-4), 15646 (C-9), 156.34 (C-2), 13326 (C-3),
13093 (C-2' 6, 121.00 (C-1), 11517 (C-3' 5), 104.04
(C-10), 10096 (C-17), 98.78 (C-6), 93.74 (C-8), 7750
(C-5"), 7647 (C-3"), 7427 (C-2"), 69.96 (C-4"), 609
(C-6")



4. INCaP, PC-3 AlEx39 =4 oA A
4-1. LNCaP, PC-3 A X F¢] Hj

LNCaP A|Z+= RPMI 164081 #]¢l 10 % FBS, 50 units/mL peniCﬂlin
3} 50 pg/mL streptomycine 7} AE v FA S AFESle] 37T +
sk CO; incubator(b % CO»/95 % air)oll Al &3} A E7F 80 % Xé
= HSHAE 9o DPBS(pH 742 AE @35S &“ﬂbﬂ < 025 %
trypsin-2.0omM EDTAZ A g]ste] Aldiul g st i x] = 3wt}
gkstaa k.

;&m
g

x40 %100

Figure 4. Photomicrographs of LNCaP

PC-3 A3+ RPMI 1640 %] 10 % FBS, 50 units/mL penicillin®}
50 pg/mL streptomycing 7}t AE v g S AFESle] 37C F83H
CO, incubator(c % CO»/95 % air)oll Al sl sttt AXE7F 80 % A=
HYHAE 9o 0.25 % trypsin-2.0omM EDTAZ A g]sle] At vl &
ShAaL v A = 273 ke wgkekgith



%40 # 100

Figure 5. Photomicrographs of PC-3

4-2. AE =4 W3 54

wH =AY o] oHE F
Sz 295, FuEE 29E, 789
oF PC-3 Azl F2eo mAe 9dFS A7 A8 AZE 10 %
charcoal dextran stripped FBS”} 33t% phenol red free RPMI 1640
WA 2 3 A ste] zhz 8x10%/well, 4x10%/welle] DWEE 96 well-plate]
Lottt 244 7ke] Al % 100uLe] f1oF 22 vjAle] dHE F=

&, A4 £EE, dFEEdy 2YE, FaE 2



f_""\

DMSO (0.5%, final viv)

Docetaxel 1nM,

Figure 6. Positive and negative controls for experiments

4-3. XTT assay

ik Fol AlEe] mjgtHo] XTTE sigHe] 25 %7F H == 7hsha
Agsle] 4 AZF B wjgE F 450 nmolA FHEE SAHE] AXE
AEES AEA T

Plasma membrane

Transmembrane Electron Carrier

Figure 7. Reaction process of XTT assay

e A 2T

Finasteride,
Androgen testosterone 10nM Bicalutamide 5uM Etoposide 10uM
(antiandrogeniccompounds) (cytotoxic drugs)
Stimulationof INCaPcell  Inhibitionof TESstimulated _InMokonofLiCaP, T8,
proliferation LNCaP cell prolfferation S it
cell proliferation
. P,

j et

1 Ji.-'r_



abs({testwell)

Proliferation in % =
® ~ 2bs(DMS0 control)

X 100 — 10009¢

(ABSOIDANCE A, =450, Apsenc= 630nm (Contral - DMST))

4-4. FA A+

EAY FI94S HESZ] Y8 Student's ¢ testE AMRdIITE p
value 7} 0.05 olstd = ¥ 1 7l, p value7} 0.01 olstd wf H 2 /&
A B T

A& sty



o

Ao = 3 8] 23S thA| &= phloroglucinol AlE e &2
g 4 AdAY. =, filicinic acid 118l 9} pyronone i@ o] Z3&
filicinic acid 2#] ¢} aromatic phloroglucinol & el =%, + 79 =
3k filicinic acid 1289 %3, T MY FLI}AY ©E  aromatic
phloroglucinol 28] 2] %3+o] methylene bridge & AZ3H FE} 2 dimer
phloroglucinol ~ AlE¢ &dE°] FFHAT.  E3 monomer
phloroglucinol®= F7}4 o= F2d 5+ AT

Phloroglucinol A€S A8l dojx= 'H NMR  spectrum?]
downfield 9ol AadES FA3] Ay B Hart . 57,
Dryopteris <o £3 sgEolA F2 FEHJD  dimer FHEHY
phloroglucinol®] FZ&| A4 'H NMR spectrum® downfield < <]
AN2EdEL 2 ouE 7HdH o] 499 AadER 73 24 TxE
oA Ae ¢ g9l7] wFEolt) F3E 1 o A9 7FF 'H NMR spectrum®)
downfieldd] <9l § 18579 singlete® YEUE  AlZrd oA
enolizable [-triketonic system & ##Zd 4 At} o] %= 8 ppm
o]l downfield A Hox]= § 1388, § 11.46, § 893 Z+zte] A
499 YAE HAL v filicinic acid 1289} aromatic phloroglucinol
1o g AdE & AAgT

o] 33t=e A9, downfield 99

=

phloroglucinol i8]l filicinic acid®] 7}

o rf

ull

o]
=

o] Aad=E Ho} aromatic
Hdvjel FAARS o)E
i free hydroxyl”lE 7HAal Sl= As & 5 AT aromatic
phloroglucinol 312]¢] % FHA A71& aspidinol B (7)<}

A7 dvkE AL AYeiis 1 BC NMR spectrum o] X7} oj



T A AS B AT Aspidinol Bel A9 F 19 hydroxyl”7]

7} acyl side chain®] 7F2HE7]9} A= 756;}0 o]Z# 11 3hu}. AWk

o] &9 7 %o+ aromatic phloroglucinol gl A= F 719
hydroxyl7] = A2 o2 F22FS ol& F 9t} sve 7t2rd 7] 9
g9t o]F & Sy filicilnic 2289 2R d7|eF F=AAES

o]Z 4 ot} o]AL 'H NMR spectrume 2@ Hol: <& 4 gt}
Aspidinol B9 7% 10 ppm ol A broaddt a3t A 1 o] ]
DA g E 1 o A 51388, §11.46 o ©Adsk Ajlado] -y
At

T3 gem-dimethyl”] 7} acylfilicinic 1289 &AZS ZSIA|AFATC.
3.5 ppm¥-Foll A methylene bridge”} 21¢] filicinic ring?} aromatic
phloroglucinol 1L8]lE& HZAAZ Ao=Z distddnt. oA HMBC

spectrumell A W€z B A Fhe Foag]9 AT AT
A

correlations 3w <& 4 9l+=d CDCl; €vz2 SAHAd = A=
st = gl o]y TAE slAsty] fsl ol B WHS AL
9F}.

ook 33E 19 749, minor tautomerglil AZF HojAE AL
= dAste] wWEd Balx e Aol oF 4o 1y AHI v
HMBC correlatione &3F%], th332 -2 minor tautomer 7+%2& o5

ATk o] FxE HW, filicinic 17t AL dFsAd Fxe}
tautomer TE2YUS & F Arvh E filicinic acid monomer®] 7
43 FHl= F= s FEHIT ]
T8 2o BE EEgE 12 dveolw FHjola, ©l ¥ minor
tautomer - % 5o°] A AR 9 HvlwZ 2 AZ = minor tautomer
7% filicinic acid’7} GHFAZ SAT v o A F2E tho]H ol A
= M 7 des ddE B 5 dSdTh

Phloroglucinol®] NMR ®|o]E o] F&S v X = AA7F B, 2% &
s o EAAY, o] A& phloroglucinol®] enol-keto tautomerismol

o3 minordt tautomer FEZE0] F Fx9 o] EA sty W ot} 3}



Figure 8. Possible tautomeric structures of an acylfilicinic acid

oA AF3a oAs 9o major tautomer TEXE F © AT
3 54387l Yl NMR €vlE ofAlEC 2 uly A& Rkt ofAlE
NMR &wi& AF&A] OH7| 9} 15 €47kl HMBC correlation®] 3355
=d AL okAlE &viel OHZIZFe] AXF FaAge=m Q3
tautomer T WHES 4 & vl "ot =% 'H NMR
spectrum®] & Aol F oA &AFA minor tautomere] A]1d o]
Fags &4 5 AAth CDCl3s NMRE &rfolA S4o] = e #4173
gl Balxe] 4ot Ao mge QIfE ©Aazke HMBC

>4

(

U\I

correlation®= AAAZA = YA}
= FABMSE &3] @& & 5 qUdnt o] 2
H#= =38 33E 1S desaspidin BBE 543 tH(Widén et al, 1973).
shH, tholm PEfS] phloroglucinol®] A4 #de ob4 ¥s] A~

ESle=3 O}Xl“} ‘:‘rOTJr Zol F 709 monomer’} WE# HIXE o]&E

molecular ion peak
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Figure 9. 'H, C-NMR spectrum of compound 1 (in CDCls)



Figure 10. HMBC spectrum of compoundl (in CDCl3)
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Methylene

bridge
a
Intramolecular hydrogen bonding |
| | A
19 18 17 16 15 14 13 12 1 10 k] 8 T B B 4 El 2 1 i:li:ll'l'lJ
<H NMR. spacirum (Acsione-d; 500 MHz)=
12,
T3
7 (] 10,11
J ¥9 i
gt 4 - :
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5
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* This signal i hidden under the soivent C=0 signal.
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Figure 29. The relative cell viability of the compound 1 on LNCaP
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Figure 35. The cytotoxicity effect of the compound 1 on AGS cell

lines
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Abstract
Chemical Constituents of Dryopteris uniformis
and their Anti—proliferation Activities on

Prostate Cancer Cells

Sunmin Woo
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The Graduate School

Seoul National University

Dryopteris uniformis (Makino) Makino is a warm-climate fern that is
in the genus Dryopteris, evergreen herbaceous perennial. It is
distributed in China, Japan, and mid-southern part of Korea. In China,
it also referred as [Tk, and in  TifFEARSMEE,;  it’s rhizoma is
used for possible effects for hemostasis, insecticide, metrorrhagia,
metrostaxis and hemoptysis.

The genus Dryopteris which contains D.uniformis, has over about 250
species over the world and 30 species comes from Korea. There were
no reported chemical constituents and bioactivities in the SCI journals
regarding D.uniformis. However, in the genus Dryopteris, it is isolated
to phloroglucinols, flavonoids, triterpenoids, phenols etc. Also, in the
genus Dryopteris it has been reported of bioactivities of antiviral,
antibacterial, and anticancer. In this research, the chemical
constituents and their bioactivities of D.uniformis was studied for the
first time. The purpose of this research was to see repression of

proliferation activities on prostate cancer cells LNCaP and PC-3.



There 1s no research regarding bioactivities for chemical constituents
of plants in genus Dryopteris on these two cell lines. Therefore in this
research, there were efforts to study the bioactivities on these two
cell lines for the first time.

In genus Dryopteris, type of phloroglucinol constituents becomes
chemotaxonomic marker. In this research, there are efforts to
concentrately isolate this type of chemical constituents. The rhizoma
and scales of D.uniformis was selectively extracted from 100 % diethyl
ether solution. The residues are extracted from 80 9% ethanol
aquaeous solution. The extracts from 80 % ethanol aquaeous solution
1s suspended with water, and continuously partitioned by n-Hexane,
CH:>Cl,, m~BuOH. The diethyl ether extracts and CH:Cly, fractions
showed significant anti proliferation activity on LNCaP and PC-3 cell
lines. Thus, nine compounds, eight phloroglucinols (1-8) and one
acyclic diterpene (9) were isolated from the diethyl ether extracts,
n—Hexane and CH>Cl, fractions using bioactivity—guided fractionation
and various chromatographic techniques. Additionally one flavonoid
(10) was isolated in 7~BuOH fraction.

Chemical structures of ten compounds were characterized by
spectroscopic methods that is UV, ESIMS, FABMS, EIMS 'H-NMR,
“C-NMR, 'H-'H COSY, HMQC, HMBC, DEPT spectrum. It was
elucidated to desaspidin BB (1), phloropyrone BB (2), albaspidin BB
(3), para—aspidin BB  (4), methylene-bis-desaspidinol  (5),
phloraspidinol BB (6), aspidinol B (7), desaspidinol (8),
(6E,10E)-geranyllinalool 9), astragalin (10). These ten
compounds(1-10) were reported for the first time from D.uniformis.

According to the result of the bioactivity research above,
phloroglucinol  type desaspidin BB (1) and acyclic diterpene type

(6E,10E)-geranyllinalool has an antiandrogenic effect in low



concentration. Also in high concentration of desaspidin BB (1), it

selectively repressed the proliferation of PC-3 cells.
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