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ABSTRACT

Antioxidant, anti-inflammatory and neuroprotective effects of
Torreya nucifera organic solvent extract containing monoterpene

Jun-geon Kim

Advisor: Prof. Hyun-Jae Shin, Ph.D.

Department of Beauty and Cosmetology,

Graduate School of Industrial Technology and Entrepreneurship,

Chosun University

Torreya nucifera leaves have excellent antioxidant effects, high flavonoid and poly-
phenol content, and have anti-inflammatory and cognitive function improvement effects.
Monoterpenes are aromatic substances that are common and widely distributed in natu-
ral plants and have been widely used in complementary and integrative therapies and
alternative medicine since ancient times. In particular, monoterpenes such as limonene
and pinene have excellent antioxidant, antibacterial, and anti-inflammatory effects.
Monoterpenes penetrate the body through the skin and nasal passages, travel to the
blood vessels, circulate throughout the body, and affect the human body. In this study,
the antioxidant, anti-inflammatory, and cognitive function improvement effects of
Torreya nucifera leaves extract were confirmed using supercritical extraction and an or-
ganic solvent in which terpene-based aromatic substances are relatively highly dissolved

among solvents for producing plant extracts.

IV



A 17F A8

A 134 AT+ A

i

-
T

il =

9]

No

ZI(brain fog)7} Sl

3L
s

o
To

[
™

o2 wge 7t 7

N

JJ

2]

ol
blo

wAO
or

371 7]

ul oz
=

b, @71

E

oo

0
e
o

s ~Ed

9

o] 9]

7] wel ol&

o
-

=

]

1=}
=

o
s

4

o)
Jo

file)

&

el

ol A

o] }\o]—

Y1, 3}

e 3

gAY

= uH
= 1

g ~7F <

A A =4, 5],

rE

il

E
=

the



Oﬁeﬂ _X ——
do & miﬂ%]wmwiﬂﬂ Wow T YT
- .?mﬂ}oiof T T FX
NO m.ﬁra iy Hin o & o T w H K oF ®%°
= o° ,ﬂﬂ s ﬂmo z*o 1:H O# ri ‘zl_.o ﬁi G
50 X &) 1 - N 9
o dqr B oy . o e = wm M o o
M ﬂoahwvﬁﬂi% A
T FaEzde”o R
o gt S ) o P
" s =) T T W A - Sy
N LE%QW%%,@L ﬂﬂz@wﬁ_a
SRS BT N do xR " o oy © O
T RS SN 1 W T
{Jo Hrmw}ymlww.ﬂalﬁ E%g@%aﬁ_
30 =3 I o B ol T _ra =) RN —_
Wy oﬂ%uuuﬁoﬁii do T "2
E% %Jﬁr1ﬁ?%i ﬂaﬂ%wr_sﬂ
o b m%o%wo%ﬁ%ﬁ A Xk s
= .Lmodlﬁo g e B = B = Y
R O TR vl G o W
Gl g R B kR o oo X
— T o o = o R ~ T = ff 0 T T o)
T o ¥ CF g T oo T et
ST L mE e n® o 4
]1r ,QEI*H.._E‘LI dﬂ],._no
~ i a T o on_i
N | b X T = B il TO of
,Hﬂw N ﬂr.ioiwr ﬂoa_w_/ﬂ]._jl
o o T A of g < s B o
Nty o™= B oo X o °
o HW ,_mwa = o ﬂd - X Lt ‘UI OT &o .H..f
E %x%ﬁ%yﬂu_ T EEE
ok o x <o WP R PN T
o o~ @ I o o o S S g
on .A;ollEO j) I ,DIMWLI
g TR xend Fa §
= ool T =0 An - T RN
=T o ﬂEMn__/uNro%,/ﬂﬂ %%ﬁﬂtﬁ
P " o ° SN e WO w°
_scﬂu%dﬂ%ﬂuo mM]ﬂﬂrﬂl . oy
PoFEIEE +ZC BT ook
e R ﬂﬂr%é%lw& I - T
o ' T W =
OV A

Fof ] wl

2 o] th(Figure 1).

-

R

5

=13
=

=5 0



Anti-oxidant —— l I
’; -
\

Anti-inflammation — _

Anti AD
air freshener

Neuroprotection -
(Anti-Alzheimer's(AD))

Figure 1. Development of cosmetics using Torreya nucifera L.




%g@
Tﬂﬁa%gomcdu.kﬁ
I T ol
mw%ﬂh%ﬂaéﬁ% m
- moﬂAo_%JN o 1
WW%@?@%%%ME zmﬁjﬁﬁo@
J - A ~ X w ,
e N By TN 2 Bor o %Mﬂ%ﬂw (Ao
uT_wmuAlﬂasﬂﬁTL 2} mhy ON To ™ Jﬂil%ﬂ
T AT T s L o = T oy
ﬂﬂdobfjobmi}& RS ~ o éiﬂ%%@ W
Iy ol L_L L T ©° R o ~ ] i = o = T 7
ﬁuwd%yﬁk%ﬂsﬂ JOZTEHTO Z o3 sgﬂg;gﬂ
nynﬂgmngués fo o & R ,agm%%%_gga
i ko T o S = [ . w o RO my T o o 0 o olm ofF X
%u%mgl]@u%o ﬂﬂuro_bwn = ﬂg_ﬂllﬁﬂ
7%].%;%% i oo o ﬂﬂ% mﬂﬁo_gevmﬂd%ﬂ
" _ o = X N < N AT
. _.U,_tﬂ% n_rmxzjué_ .roL,A alh] g 7ﬂx =
i@ﬂ.ﬂﬂ%1ﬂv%ﬂ m._g Mﬂ%mﬁ ﬁrﬁﬂﬂ%%iih%
B._,mwa‘mﬁ\._u ﬁq,n_l\mﬁ‘l,.r ]E_/ = lﬂ]ﬂdﬂoL % w
@.ﬂ%%%@wﬂig SEE 0 mgg%ﬂﬂ@ﬁﬂﬁ
= T ~ - 0
ﬁ%www%%%mqﬂ FEiEe amag%MJWE?
- o B TR 4_}_ ul - u .UsJﬂ
ﬂa&ﬂ%ﬁ&l@%% wﬂaww%t%mfﬂmﬁvﬂﬁmﬁr@oxmﬂ@
oLo = o —_— ron = 1m|, ~ o = N = o, HK . N o iy Lo <
W EM%%Q% R v qaa}%_% N
o Jo UG ol Hin Wofn o oM
o X A — oy =T T 2 @’ o - o X o = T = m
- o nnoLAoA 1 T = S M oo M < W ﬂA.]rL]L
,mﬂzo ozn_rm71_.%w%»_:1% < 4 = X i Emmdﬂﬁuﬂo Poﬂ%_ﬂm
— y Jxl_l7u1 = < = ° . me
i Mm%mﬂmL %uﬂ &oﬂﬂﬂw <ﬂM_ouu_mb ml ,ﬂmﬁx F o, N o oo cmuolﬁomﬁ
o H%%%Eﬂ.ﬂr%%? ﬂmﬂﬁe%ko% _e;l%ov d%ﬂd_n@u
,mﬂohﬂ%% z ¥ 1 L%ﬂozoz %EE o %?11%
E.E MQhﬂ.aﬂﬁﬂﬁiﬂaAE Eoﬁa .doﬂ Aﬂuwcﬂ,_m__ﬂ#%du%“%]
T W%%ﬂﬂh%&ﬂiﬂ %%d%ﬂﬂ@@de&z%@ ww%
urﬂ;%oo]quorﬁ uL%uTh%mEPJILLoﬁog?u.oa
—_ o Hi Nﬁﬂﬂo W o Mﬁ M%_ = _zTﬁﬂoLm&mE%u W%o z?ﬂﬁoﬂll ﬂaﬂie
]_61r LlJI_| T . -
dwo%o_f_sx ) %L%@Amnmr ﬂ'ﬂﬂrw«@&_iiﬁ
%ﬂqﬂt EXuw e @_L%éi W @Hié% =
S REER LY gww%gw%W%%EWE%%ia
Hlo mo A 70 oy N Z= N = ol
ufﬂﬂﬂmﬂémﬁwhmuﬂrﬂ%ﬂ%%ﬂmW?%Mﬂﬂ%%ﬁ%
ot 0 o' o H — X < = s K
La%mﬁaﬁgmq@mm @%ﬂﬂ%@,kmﬁ
= Y F oy S P N o= o N
iﬂmwl%Mﬂ%%uTo ,ﬂﬂ%ﬂo:
~N P /@_ WD ;IJ| \Alurz__ :.L &o ,.I 1%.0 OﬁE HT_
oﬂgMEEa,@@
__Oﬂ_ol,mL@Hﬂeuwc
™ TR



Mo T
XO
g WM I ) 1
~y R ‘ZMTW o 1Xro ‘:o N ﬁo .ﬁl
,wo s N iy ™~ o o o o o) o
B @ v Npy N o N it
ﬂ.VV ,_L. — EE w Lf W - oﬁa i Wu M_.L NS
o AR o & o Mm B2 (g woo
& 0w L P © = Hp
i w g & W g o MR
R 5 ﬂ,ﬂﬂﬁiﬂ
= N A, oF o O o o mrwc = ol fr J)
RO B u:%l%yga
il - S Y = I of
HA_I N ° WME zi <H KE <A ,HE - T
oy oL, ) T TR o <o w22 o
Jo ok w5 o T ol o] M = -
Joo b o nl w5 e 2T do B N
L M S oS, ™ = ok G W T
@%ﬂﬁygem_g ﬂaaﬂzaﬁ
o 7 P T oo Mo = B T T o T ur <o
\UI ,Mur Of H_A| X ) \IO_I X _ ,;'O ) )
o o ) v o o Njo W - il o Wﬂu o 1 T
I s % wwﬂpoaﬁ@%
quLmHﬂmﬂannﬂ4mm_ﬂOWEMﬂ
N @ T ey
Mo T %@@i%ﬁ%{ﬂ?mﬂw
G- Ltzﬂ.ﬂﬂg ,@jd%%ﬂ
H W_; Mm = = ol or ! RS @. o gt = od =
g B . R o oW o 2
o P o o B 3 o oo frd
w u]L o > o op ] o - m_u_o T B %0y o)
@mfvmo@mo%m?ﬂ LW g TE
o o m g < B AR B o blo gy 2
F T O 2 7o oo
E#E _ W o - ﬂA.I \mo ,ﬂl‘._ ﬂArO yA,._ Oﬁ o
) o M = | o ero _ T % X0 9 E ~ Hm-w
N _urru = 28] R W 1J7|| = N ,LZI un ~ M
w0 g X = 5 aoe Ao o) R 7o
oW ok o = X w B o R Ne T do
ZT ?O_;}aya@ﬂ;u%g
BK Hr T X % M = w = 3
T oo A o y =1 o) o
B ok @ Ru m__/@



2. B ZA}Y-(Torreya nucifera)

H AU (Torreya nucifera)= 735 BRI A EolH, tevl= 7o F2 A=
Q9% 20T e GolSEoltTable 1), Aueha A% £ oS Holshvl,
WeAel BAAT AL ofF L WMoz T2 AR AUWE, AFE F

g
mm, % 3 mmo]il "o] glom yHe I

o7 wdgth Qo] A7) Hol 25

=S4 SIS Aol xnt ke F& W JPgAtE s Aot gherwIiFolw,
A2 71338 4~590] Zdo] AAR FExo A A5Eh 28 ol 10 mm AEY
A 2eke] 2 2d Ao dA=Fold Gt 4ire Al 7k dEEe] oA
=&ol g e 2~370% ZE=d s~e7le A X2 Al EqfER e dao|n,
Aol 6 mm BEolth Al ZHAA Zz=uhy], 2bg v ofhE 5 AE
A ZOAAE ASEEtal g 377 d

A= olFs 7hEol &=, ofEE o] AFTE 4¥€ol| o] HA g ¢
2 dlE wA FAEAS 91A wEgan el dEe 1 AelEs v RET)E L g
o A= AYR A g4 Bgos a9 okl JEuE Mol Q= dapido]n,
ol 53l 9~10¥0c] =4 Bl oz ol=th FA W F&Eo] Moz oA
th FA7E ven BAls AV, uEas vEn, 244, A o= o
|3tk Q3 A= a3t ol B R 2An, FApA 7

B AmR T, A, e, b, ol A, e, 2, g, #Ae, A

LY/
il
tlo
A
r

19

A,y w97} Qlom, gt A7t HowAR nid &
% B 4o Qo] Felalol s Auel 5%, &% 5o FEAZ 29

H] z}ol| = 2w E Ak(palmitic acid), 2@ 212F(oleic acid), Z~Eo}Z 2} (stearic acid) &

of At Bhd(tannin), A, WEF ol 23E Aom FdE BF qdvi{14]. H]
A Aol Az geAe VA" &l 2AsY T 2 A avd FHE
= Aok vk AEdd 2dS BAst tgdd STt eol=et EejvE A
s TAoRE st anE e AFEe] WIHUL, ol e v At
3} 855 &8skl sHEE A8 59 VA AR s HATT

Torreya nucifera Siebold et Zuce ¥ = Xyl HE}L3-7}3(5-3-carene) 2

(@}



ZrE
2 E(pr
ostaglandin E2

) PGE2

) A

3

u}-vj
W (a-pi
(a-pinene) & 2
/\élﬁqq
ol o
)\}\_‘tq’ q]——

oF

=

<K
%7%%
o = W
,_LIE‘%‘.;OQL .,WO Z.O
5 . P o @ B %
o_nufﬂimnw }z%&%&
uuﬂ T N X wgworaf
%W%WM%W %%éﬂm«@ﬂ%,
Eodu.m]»ﬂ@u i&_.Wm.ﬂZWMM
o —_—
mﬂ%%@ﬂﬁ oo E W_/ao
Ne T W T o U g X B %
x?ﬂﬁﬁ%%%ﬁ%s@;%
_,_.r‘m‘.r ,.» EOJlllon#;o o
iwao_,% =Y ],oxL ,]T1
gEL#Q%QWVﬂwﬁﬁﬁomb
\;Io,ﬂ_ﬁ DT H E ﬁo N Eo< ,ﬂﬂ O_ J_,ﬂ 3
" 9 . 4r E
%Z;oﬁnﬂm m;ﬁ_;m@w
ALﬂovmﬂzﬁoEC*ﬂH]_/r]ﬂﬂuMﬂ_dﬂ
JuH_ﬂ
o >AO 10° mrw z.ﬁ _.E HT \Jlla W} UT H;l vﬁ Mﬂm
ag%hs ® = i»xluﬂmi}
llﬂl,mwu] Z]JHD.LI H_A
M_E oo uxmﬂi T WWﬂ;wrug
70] i L‘m_lao .
mioﬂmﬁwﬂo% kgmqua
CR el " ¥ Ik %
aAz}oc ﬂ%ﬂﬁ@ﬂi%
N 1 < X A o do B T s
o Ao o up Aﬁqﬂwz)ﬂw
J ey o
&RﬂEUTEﬁW%%@%M
@LELALHﬂAMMT;ﬁﬂ]%ﬂs
L_ﬁ JAY X Do ;ox_o
:.LLE a_|._H = JLﬂaﬂoqu
&Aoﬂﬁ.m,WMMP,LE
ﬁobo#q_j& Xd|7:u‘_£ﬁ]T
tL.E VA —~ erl,lr >
7@Lﬂ ULEEQ’Mgﬁ@OHT
Uﬂdlﬂlﬂo‘_, )
goMALdl
Lao%;l
B~

I
T

A 27} AL}

1__O

H

qo‘l -
1=

v 24 9T}
2=

Jutol =

[}

ko)

e

4 o

1=}

e



Table 1. Taxonomical hierarchy of Torreya nucifera

Phylum

Class

Order

Family

Genus

Species

Pinophyta

Pinopsida

Taxales

Taxaceae

Torreya

nucifera
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Figure 2. Domestic distribution of Torreya nucifera.
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CHsy CH, CHs CH3
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Figure 3. Various chemical structures of monoterpenes.
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Figure 4. Absorption and excretion route of monoterpenes.
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4. ¥ Z 4l (Limonene)

RErdEd 24 &she g Bdle vgfd AeodA BAdEE #7] ©@3taea
(CsHg) 1w¢] =8 RrHEdo= FAEYS A o] A= gslagioltt
Rl X e} Ze WArt Y= e A=, F2 9, ol A 7Y
AEHZ 7 gdo F2 ZAgH26). 2lRdle W&ol i Ak, FAF,
ANARS, IRt FeWAs)t P, 21F 5o oYk FokdA AHEd ave
e AT 27-29]

g ElL kst G S Fal AR B4 AL Eul, AR EW, fhebobr] e
F-E] 22K(y-aminobutyric acid, GABA)®} 2 274 Y Z-3 FYIACIA-a

(tumor necrosis factor alpha, TNF-a), <IE|FZl-1(interleukin-1, IL-1), <JEFZ
-6(interleukin-6, 1L-6) 52| Tk Alo]E7kQl, 18]al 3Q1IA} 7}3}H](nuclear factor
kappa B, NF-xB), V|EZ&d sl 2 7] }o}A](mitogen-activated protein  kinase,

22 g4 95 WiAE 2dete 959 S5
=olal AAE HEetd, Bt 11, 2 2 FHY A wg Jfdeta B
AE SITH30-35]. B'F &4 AF, oluA Al Sk R 7o), A 3 R Al
o #Ast= Al Z5F<)-1(silent mating type information regulation 2 homolog-1, sir-
tuin-1)°] A3 M-S Fil A5 wWUHAY] deS GAFoEN AAES BRIt
A A7t deH[36], AME et A T stuE e oMEE
3l & A~ (acetylcholine esterase, AChE) % H-E]ZZ 3 #-3] & A (butyrylcholine esterase,
BChE)o tidt oA &AS yelitta BawE bz doh3l]. 234 oz 2wyl
Fdrkstel M g =S B A4S Bosta A, 11 ok B Q1A
A s m3E vEkd 5 ATH30-35].

Ryl E=g ZF Ag F919 Akg v TS F8 g Eyl-12-oFAlel=
(limonene-1,2-epoxide, LE), |22 %5 (perillyl alcohol), 7}Z I (carvone), L3}-E =
Y] & (a-terpineol) & TFYSH FEAE A4 SF=U|(Figure 5, Table 2), RO =5
H AdE FeAlEe #3ats, 395, d7|8S 59 ade AgEds et

[37, 38].

e
Mool

B rlo

2 2dlS Aol E T2 P450(cytochrome P450, P450)] o] &l ol & A 3}¥tH39]. P450
& bl EAEE Ats aa=) gRdo] Aol Eogks uw olE wEste BA
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CHj

HO
; E &
~ s
H,CZ CH, e 2N 5 H,Z CH,

perillyl alcohol : 5 carvone
4 CH
CHs % 8 ’
9] 9 10
HaC” SCH,
limonene
CH
H;C CH, hgC OH ®
limonene-1,2-epoxide a-terpineol

Figure 5. Conversion of limonene into derivatives[51].
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Table 2. Limonenes aromatic substances

Molecular
Substance CAS No. Other names for this substance Natural distribution
formula
1-methyl-4-prop-1-en-2-ylcyclohexene
DL-limonene
limonene 138-86-3 CoHy6 lime, berry, dill, mint, herb, wood, vegetable, flower, moss and etc
(%)-limonene
(+)-a-limonene
limonene-1,2-epoxide
limonene-1,2-epox-  203719-54- (4R)-limonene-1,2-epoxide
) CioHi60 lemon, Hanrabong, salary and etc
ide 4 (4R)-1-methyl-4-(prop-1-en-2-yl)-7-ox-
abicyclo[4.1.0]heptane
perilla alcohol mints, cherries, citreous fruits, lavender, sage, peppermint, lemongrass,
perillyl alcohol 536-59-4 CioH160 perillol cranberries, perilla, wild bergamot, gingergrass, savin, caraway, celery
isocarveol seed, spearmint, thyme, rosemary[29, 30].
alpha-terpincol coriander, cannabis, cypress, cardamom, cajeput, pine, Melaleuca, or-
a-terpineol 98-55-5 CioH 50 terpineol ange, neroli, turpentine, star anise, marjoram, clary sage, petitgrain[42,
43].
2-(4-methylcyclohex-3-en-1-yl)propan-2-ol
2-methyl-5-(prop-1-en-2-yl)cyclohex-2-enone
carvone 99-49-0 CyoH140 karvon myrrh, spearmint, caraway seed, dill, coriander[44],

1-carvone

*CAS No. : Chemical Abstract Service Register Number
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5. A3} (Anti-oxidant)

Faksl &2 AU Aol B (hydrogen atom transfer, HAT), © 7% %} <+ (single elec-
tron transfer, SET), &3, 55 ZHolE3t & vyt WAYUSTS AFEste] &4

sk 4~ qlom, BAeo] WHoli= DPPH free radical scavenging assay(DPPH), ABTS

of
i

cation radical scavenging assay(ABTS), oxygen radical absorbance capacity(ORAC) as-
say, superoxide dismutase(SOD) assay, and ferric reducing antioxidant potential(FRAP)
assay 5°] ATHS52, 53]. it 2R giyHE ZEdE, SRl A B
Mo 2= F ZEv= 24 (total polyphenol contents)¥} & Fe}H -0 = - (total

flavonoid contens)©] AT}

RES WIAA Mol Wk Hxo 7
Edolgt gt ow A2 ka4 Ay vgE e B, 53] A 2 Z(free
radical)| 2} B8 88 SHEZHH AXe 2SS HEde 9% = 3}

=
g Edolt. A HHzAE ¢
Mo, A4 Boge A A 2
Aol A JAE = A A F(reactive oxygen species, ROS)o|T) &4 AFAFol =
superoxide (02-—), hydroxyl (HO-), peroxyl (ROO-), alkoxyl (RO-), nitric oxide (NO-)

Sol gt olFE weAel W ww A ALY BAT =i T &
‘IQF

S4 Aot AR ow e ke
HE B4 AETS AR Asade dA7t @ FolA e Fox AU
=, A =

[¢}
Aol B oA NSO, o] WSS Fa) AYE BH AaTe Y
_]
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Farst 242 2 AEe A Sz da 52 saE Fofd T3

>

A hl
71 Absk RS AAste] Ax &4 v 3 sl AEa Qg
2 2s 29 F den, w3t AT v Ees U gk =d2
A =4, s, A, R T uddE EokellA dEd, 17 23 3 2
el Tag Jds It

DPPH free radical scavenging assayoll 4] A}8%:= DPPH 2}u]Z-2 W4 oFA %
o2 2 HyZd FHlE FAStE 71 D4 2FYZ(organic nitrogen radicals) &2
2, 27} o] %A SK(dimerization) ¥4 F AAH o2 Fapel gk on] [t
H] A 2] 3}(delocalization) 7} E o]+ H o]
gz S g t7] Alte] BaskA efol AloF Al A% A A}
Stk DPPHE= A7 5 4 TR = 2gshs kst sgtae] o9
Far =4 dbst 24E Hrkske o e AR Y WO, DPPH it
kg 517 nmollA] Ho F33S 7HIv
2HH HA, 5& FAE Foutom Ak Aol

Al th(Figure 6).
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S 5) =z
< W alg(aromatic ring)ell e 7He] FAH|(-OH) 1w= VM FERE e
th Al ZYuEe &4 athTed Ui & 547 dude gk #sl 54
7b AFe SFER, ojYe sHoR i dFolu o e uhe AW
A FZ R oy} w3t W RA4o] SE AAY Vs AE S8 okl ARE
s8] EY ol EE olo]=(AIDS), A% AL At 43, wHet e, =
Aol it P A7 Fofje} e HAHoA FEZ AET F v FAHYA TR
=2 98 A

ZedES A8 MY A7) F A HEA] 2 HAAES AL 3o
S AR Fdes AYA Adrh 12 AA Folee AHo R jlst ~EYAE
Frehs @R AAE Fodte] ksl gES s, olF Fd A=
A A zHlo A LA E g

[59](Figure 8).

(¢

ZYHE2 = ARl Folin-Ciocalteu reagent’} &HAH}E F(Sodium  Carbonate,
Na,CO3)¥ FE=9] ZHE4d e o FMoz s s de= &
th B YEFS 714004 REEo] doju= HEm Aok wheE &
= 750 nmoll A Ho 34k
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Anti-oxidant

Figure 6. DPPH (1,1-diphenyl-2-picrylhidrazyl) free radical scavenging mechanism.
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”sc - Anti-oxidant D CHa
@: i m ] ~ -Electron /@: —— :@\ /
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Figure 7. ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium

salt) cation radical scavenging mechanism.
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[ Polyphenols ]

[ pgi?dos“c ] [ stilbenes ] [flavonmds] lignans ] [

coumarins
tannins, etc

Ho Te) uw\/\ uml—i

S~
O IIU { H:OH
HO O
™ ~ |
| - \)\nc H

OH

Figure 8. Type of polyphenols.
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Folin-Ciocalteu reagent

(W6+, M06+)
OH
M
oL AL _OH
Reduced Folin-Ciocalteu reagent
- (W5, Mo5*)
0

Figure 9. TPC(total polyphenol contents) measure mechanism.
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[ flavonoids ]

anthocyamdln flavan flavanone [ flavone flavonol Favan-3-ol Isoflavone

55 000026 5 B

Figure 10. Type of flavonoids.
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Figure 11. TFC(total flavonoid contents) measure mechanism.
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6. < 3 (Anti-inflammation)
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gp91phox(NOX2)E F3l vwiZlelth 2= o N
v WS AHOyE WEET. bskeAs G40 IFAEFE RISt a s
(Myeloperoxidase, MPO)°ll ©Jall <=4t7] U ZH(-OH) = AFol G ArHHOCH Y 22
Hhg/go] e v duZds FEdth o] 7 oguze vgst ded 55 Akst
ANNE A Yol 24 £#48 doZ 4 du63].

AT MRzl o3 BAHE A8 NAFTES HF THOE oA BEE AT
o 24 AT o8 fFe® o Q4kstasd C(protein kinase C, PKC),

C-Jun-N-terminal kinases(JNK) % p38 ®|Ezl wulz <143} g 4 (mitogen activated
protein kinase, MAPK)2} 72 QI4bslg Ao A st= HA} 21zt AAS =215}
AR5 Aol 7RI ARIIRIS] S FHEsict olelgh Aol EFRQI¥ AR}
A2 oA A AT E AAstEE FEE 47 daw fo A I &
A, dy Wy A QA FEA, 9 A QA FEA Sol Ageried]. 2
Ao ¢ B &4 AaFo] AHE L A3t 2EY2TF FUhe

G AAETE TEYARIA -, JEFI-1, JEHFI-6 W S A xE st o
w12 _1/2(monocyte  chemotactic  protein-1/2,  MCP-1/2), WAAHE Sz
-1/2(macrophage inflammatory protein-1/2, MIP-1/2)2} &2 AEFFQIY] A& X
ohoomgk dAR A #QIx FhElE SE Euhan] =zl g 1A A A
-1(plasminogen activator inhibitor-1, PAI-1), W2 M|3Z o] A &} Q1 XK (macrophage migra-
tion inhibitory factor, MMIF), +X=/34F8}4 4314 @ 2~ (inducible nitric oxide synthase,

iNOS), 7]&F& A R3] g 2 -2/9(matrix metalloproteinase-2/9, MMP-2/9)2] o& S
T 5= R 65].

I% A AATA A AFsE A(Nitric oxide, NOYE AA 3= 3714 &
2ol dFoz A A A A At F(Lipopolysaccharide, LPS) A=roll 34 3}A
Aol Srkske Aow dEA dues]. FEAMNSALTE AT T vl
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Mitochondrial Reductase \
N‘
O N -
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (E,Z)-5-(4,5dimethylthiazol-2-yl)-1,3-diphenylformazan
(MTT) (Formazan)

Figure 12. MTT assay mechanism.
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H*

NOz- + H2N028 \ / NH2 H2N028 NEN+
1-Naphthylethylene-
Diamine
(Griess reagent)
- H,NO,S NHCH,CH,NH,

Cell : Raw 264.7

Figure 13. NO assay mechanism.
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A1 74 2.3 (Neuroprotection)

7
AChE®F FFAAANA  FQasth
o

Aders ote AAAEEES opEEd

(acetylcholine, ACh)S oA EAY E71o 2 Fajsls a4E AP = A dx
49l 2449 24 F shhel Acht: Tag A4 FE Exals 719 WAy
= 34 G A (choline acetyltransferase, ChAT)<]

o] A ex F R, opAEF
2} g B &4 Aacetyl CoA)9?} F 7 (choline)o] T Ho=ZH THEo1%]
o} AR FANES GHste] A HE FFEOE AChE E3|sithA o]ako] glA|wh
NS AChE7F A E O] s=7F S7hshd ¥ A M Ee] ACho] Hw=dhA w3
2 QA7 XL‘-'>H7} frdE S QlTH68].

o =| ]

HH s 4, A, uE, JRE 5o S0l vk ¢ 3] wEel A4-de =
Q
.

AChEx= & =3to|H(AD)S] 583 + 7

ol 2 o] = W Elamyloid-B, AR)}E= LT AFto] gt} d=slo|H= dPA 7]

o] A, do] ¥ A3t B 7|E AX : Bl S EAow Fi

d=slolH Fzto] M= FHA wHo &4 gy, 76 #osE &vl, 714
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ol M= AChE®] 7o) <7}st o]

JoRgHor NEE F7HA]Y)

+
N
o
fo
ox
o
;Y
o\

sz, te sl

O

huA = o =
2 s, 08 939 48 2Edst A 2F0 24 F3 b 24
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Oxidative stress(ROS) |

]TNF-G. IL-1, IL-6, MIP-1/2, INOS, MMP-2/9

[AB increase ]

(AD-inducing)

Interaction

Mediated by
oxidative stress

AChE-AB

AChE increase
(AD-inducing)

Complex
formation

Figure 14. Correlation between oxidative stress, inflammation and AD.
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A2 FH AE

A 18 VA SF(Torreya nucifera)®| 3+ 21 H-

1. A Y5 (Torreya nucifera)®] H& L &

HI AU oAl 9 de] 8 Ao R HEF o] =(terpenoid)°l] 3T Ei
HZ3 (63.7%), Al2=F H =¥ (sesquiterpenes) (30.7%), Tl Bl = H(diterpenes) (1.02%)°]
glE v low, a5 P w2 HTes AAGteE ExHENY F9 dRow
di-g] 29l (30.1%), @ER-3-7F (15.37%), 2394l (11.5%), 7H7F-7+0] dl(S-cardinene)
(6.87%)°] H.i1E Hl gITHTS].

HIZRE 7 742%5 AFAIebe 8wt W ofAL AR v Q1S ] =
A3 718} 3= (Natural Volatile Organic Compounds, NVOCs) 54 23} g%
Wz vdlo] =8 Aok 54 vy X 23 Z82 Y 7 7 8
o AYEA=d, vy FE 3] Ay} frEdle] 7P HA= 7l 20.6%, 7HE
A= 490l 702%7F SAEHJT. AW 7HF AAE 496l 24.6%, 7HE BAE
79l 66.4%7F AEFRNeH, gidle] @ol HEHW Idlo] A HE¥a Jvl
o] Wol A&HW Rl AA AZFH= Zlo] SAoltt Ry Ide] e

2 23 AR grde] 78 AAE 10899 15%, 7HE BAE 59l 49%7}
ZAEJY e 7 AAE 59 323%, 7 2AIE 10900 75.6%7F AEE
Ao

, BBl ddle] §he 75%~90.6% Abol2 UERub= Zlo] Halgl mp gl

Ze sl s AReRE (H)-FHEIZ((+)-catechin),  (-)-l I FHEIZ
((-)-epicatechin), (+)-2 27} 71 ((+)-gallocatechin), (-3 2 =27 71
((-)-epigallocatechin), 3’-O-methyl-(+)-catechin, 3’-O-methyl-(+)-epicatechin, 2= E7}H|
FrH(protocatechuic acid)©] 1% v} SITH77].

[e5

T Broll WIAUE QoA T EF o =M 18-% AW F7] &= (18-Oxoferruginol), 18-
U W] 5 A #] 771 = (18-dimethoxyferruginol) “s-©] <l, #2] ¥ B} ATHTS, 79].
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2. H| Y5 (Torreya nucifera)®] A4

H 2] e g ogs F2 dujo B3k A7yt 3y ojglon, it
MNARS, datsl 39S, g9 5o g%o] vt By ub
ATHB0]. A3 7HAo] #3F At nud FH FEupbbolg o WAy

Hlolgl 2 Bdo] A3 BAlo] EolA WA xFH A
[e]

¥2

o]
Btk ol Eryow 9l

gutolef 2ol #FF vjARRE o)) 7EA] 9] AR smubtolel s A7 of she]
T8 BE T 52l SARS-CoV 3CLM™@ol thgh oA A3, FAdS Fddts Ao
2 4#7 ZEepdlo] 8 A(rotavirus) Aol ik Ado] itk A Axfel] wpEw
HIZRE Q) ol ehE FEEA EElE 8719 HH 2 H o] =9} 471 ] upo]ZehE

ol=o) sFste ofwlEZE 2k (amentoflavone)] SARS-CoV
=2 ﬂ]ci.ﬁﬂ%li(half maximal inhibitory concentration, IC50)%k
vk HZ R 7| s BAS Fyer] e dxd

wol= % uhe]Zejn
3CLr oA &

!
b

oL
o
'z
&

83 M= 7}

o
)
o)

o7 AN 7HA F7F AT ST ofy] ﬂ]”(aplgemn) FH = (luteolin), F| =AM €
(quercetin) S EIAEGI, olyAd, FH &Y, F=2AE-2 717+ 280.8, 202 Z 23.8

M) 1C50 o= 3cLre &

O>“

Jo o
=

2

I5h= 2] 2HQ1E T8I

ok v AP QoA 2% oln]of g U] H 23 =] = (abietane diterpenoids) 2&
ol&ste]  TH F Am A4S st AF 18-hydroxyferruginol
18- xoferrugmol-% IC50%L2 bovine G8PoIlA Z+Z} 247 uM 2 23.2 uM, porcine GS5P
oA Zbzk 211 yM = 22,6 uME= FRIFTHS2]. HiolH A7F HAlH = St F

SFES 6AIZ Botel Z7] dARTE 18A1ZF Fobe] $7] whAlelA] wpo]ei s

RNA §74S o A9stA JAss Aoz yeston, veedt @2 noje]z o

o

1:11

il

g AR HAYF ¢ gaAld @ do] B & AR (Staphylococcus  aureus,

12214), X331 (Staphylococcus  epidermidis, 40411), AP EIF~ FE
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(Streptococcus mutans, 40105), U< (Escherichia coli, 41300), #H|U2Ag]s A|Eg]
(Penicillium citrinum, 11663), 7733 °|(Aspergillus niger, 32318) 652 #F &
A E Al 15.26mm, T EEAATFTOlA 1548mme] 2 84 aFdE 1
TH80].

3 od o

kst dyome A o, A9 ARl SREEEMEEQ]) FEE
T 7 SEEIXEHEE2:1) FEEC IC50 ko] ABTS 577.11 ng/mL, DPPH
387.44 pg/mL= 7 =4 &= ATHS3].

Y AAERT tid A7 Ee v gd ves FEE0A EeE e
U ((-)-Arctigenin), E g2 ZhA| I ((-)-traxillagenin),  4'-T] W & E 22 2} A4 U ((-)-4"-deme-
thyltraxillagenin), °F= = E]Ql(arctiin), E =2 2}Alo] = (traxillaside) 57012 2l
(lignan) ¥ =] FA}o] E(glycosides)e] =FEbvl o] E(glutamate) & HAdoll gk 21
BdET &do] FAHAH o] 2HE2 EF 0.01 uM~10.0 uM 9] FEollA
ARBERZT A4S BoH, oEATS 1 uM oA e &Hdo] 129%= 7 Futt
[84].

FATl #HEF AFEE HAREE 9 70% cEE FEES &
HI AP o] 70% ol §He F=EE-L 50, 100, 200 pg/mL FEolAH & AE A4S
ESE SRR R ﬁ@ré]igr =8 st A4 & A (inducible nitric oxide synthase,
FolstA AAstAH. & A AlolE

ol
9
o
N
X
i
32
ui

71l zoh’]/‘}o]x} ooh, QR4 S
A JAstGon, 53] AEHFA-6, JEF7-89 H$ 7F¢ 1EEQ 200 pg/mLel
A B AE FEoE Fasiln ol WE 2’ EX(western blot)oll A ¢l

AbstEl ghabn] oA 54 22 S (Inhibitor kB-a, IkB-a) 2 <1z} 7lan] o] wke o]

FE JEHon oAPe FAsGon AWEIt oAH D MAUT FEE A
2 Fwh bl whel Ash] oAl fARkdshe] ¥R Srbeh AR B
o ARMoR, WALY FEEe deld bl AE AW JRE AUFonH

de Gndow sy 24T - glon, oF Tl @

S & ATl c6 AEF] B A<D

&
=
Aelst A3 F =FEFA|2(glutathione) o] H|AF &

43



G FERY FEe dEHom PHdt AL FAsgon, ot HAGY 34
FE2o] o WM Fas AR FFL FAVE DI doks AL A
At olel@ ANE Mo, FUAF FEA BT W5 Aol % ¥

rlo
o

3] A (single nucleotide polymorphism, SNP), = E]+=(Rotenone)
1

0.031 mgm¢ F== A Agstd AEEo] F7HoH, 0.063 myml = H|[2L
A FEES Hlstas 2 9d 7] PR fEE ks B4 gk &
A2 BHSE YEFHTH86]

HIZRUHE Al A= B djhE: FE229] kst Aol A5 2280 dR
= FEEY FAsEo] F& Flo] AU AE =4 AT A A4 FA e
= ¥ 0.5 ug/mLel A 103.30%, 1 ug/mLolA]l 104.25%, 5 ug/mLollA 102.56%, 10

ug/mLoll A 99.17%°] Fod AE AEES HERITH120]. = OE Aol = A
A Gl FFFFEFE(WE), SRASSFEZE(EE) 2 14ETFEEHWE)
a3l HaEtg o, HWEZF S8 015 176.34 mg/g, =29 112.95 mg/g
o7 geFol 7M. AAFolE Ed 0.1 mgml FEAA TALEFFE=E0]
7 Ekom, SOD AR A 3k 33.58%, 2.0 mgmL FTEolA FEAS A A
(xanthine oxidase) A 3& 89.29%= LAIAFTFEE] 7 HoAd ditstss HS

t}H87].

&}

g Aol BRI fuk FEEL s=7F S whek 9F ghele 7
£ Z 34382 (advanced glycation end products, AGEs)¥ =2+l 7Fe] w =z}
AT 48.6%, 80.3%, 91.6%, 93.7% HaAlH o™, Ae}~E(elastingS E3sH=
gh~Elol A (elastase) E5= o wel AAskE a37F Aok FEES S

2 50 pg/mL FEONA 27 6.4%, 20.3%, 38.3%, 86.1%2] At iElolA FES o

A B EH88].

H‘

Al

N
rlr
jﬁ',

Fds Aol A Aok Al FEES o835ty B #H AZEH ¢
-2 F A vl o] Z=(a-glucosidase) B T A-E] =4 1A
rosine phosphatase 1B, PTP1B)°ll thgt A A& s, vz H sk ==
_]

Eo] A FEEHY 747t 14509 4350 =& oA FAS HEFATHRI).

A 0] FEEe] @714% ZRE Hels] S8 ol A uhes A9
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AA G A LJoA 100vte]e] MEF L1 5% (Trichinella spiralis L1 larvae
gstal vz 3] FEE 10 mgmlE AElste] 78S 5 £23E g1
on, =2 A 16A3F 5 L1 §59 Abgo] ##HATE ojuf L1 F%2
d% T ZIE gdst] fls e =740
AR Fed FEE Add L1 #F5o dHs 230 dA A7 (Scanning
M

4, vty 20 A4 dvld @A dw, 2

il

ofk

50 o O
fr = ¥2 FAo

AgE L1 FFoA= ol

=
=2 AP AP T ospiralis 739 v dE
7 o o}

Agatlon, 7|4l et 75 2H

o] A o &AL A#7AR AEE 7Aool ATH90].
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Table 3. Research on Torreya nucifera leaves, branches and fruits, seeds

Subject Method Assay Result Ref.
essential oil and ethanol ex-
6 strains Paper Disc method anti-bacterial 80
tract
anti-viral
isolated  biflavonoid  from fluorescence resonance energy
. SARS-Cov ~ 3cLr 81
ethanol extract transfer analysis.
inhibition
) ) o Inhibition of rotavirus viral
leave, abietane diterpenoids isolated ] ) o
RNA synthesis and viral pro- anti-viral 82
from Torreya nucifera
brunch tein
chloroform:methanol(2:1),
DPPH, ABTS anti-oxidant 83
hexane extract
isolated Lignans from meth-
MTT, LDH neuroprotect 84
anol extract
70% ethanol extract NO, cytokines inhibirion anti-imflammatory 85
essential oil and ethanol ex- ) ) ) ]
6 strains Paper Disc method anti-bacterial 80
tract
hot water extract ez-cytox neuroprotect 14
hot water, ethanol extract DPPH anti-oxidant 86
water, 70% ethanol, hot wa- Xanthine oxidase inhibition, anti-oxidant g7
ter extract nitrite scavenging, DPPH, SOD  aptj-imflammatory
Anti-glycation assay, Anti-elas- anti-oxidant,
70% ethanol extract tase activity assay, DPPH, anti-elastase, 88
fruit, ABTS . . ..
anti-glycation activity
seed
Angiotensin-converting enzyme
inhibitory activity, Xanthine ox-
methanol, hot water extract idase inhibitory activity, anti-diabetic 89
Tyrosinase inhibitory activity,
DPPH
After methanol extraction,
dry the residue and dissolve Trichinella Spiralis parasiticide  anti-parasite 90

in hot water.
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A 3% Az 32 U

A 1d A8 A5 L Aok

2 Ao ARgE MR 9l 2023W % 59 Aol FEelA AFEUNeH, A
zZote] B & Fste] AFEsdt B Ao A FFof] AFE3H ethanol, methanol
2  Ud 3} (Korea), sodium phosphate dibasic, metylene chloride, hexane<
OCI(Korea), 1 %1¢] carbon dioxide(CO2), PBS, 1,1-diphenyl-2-picrylhydrazyl(DPPH),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)(ABTS), potassium persulfate, gallic
acid, quercetin, eugenol, limonene, folin-ciocalteus phenol regent, sodium carbonate, alu-
minum chloride(AICl;), potassium acetate(CH;COOK), acetylcholine esterase, ace-
tylchiocholine iodide, hydrochloric acid(HCl), sodium dodecylsulfate, 5,5'-dithiobis(2-ni-
trobenzoic acid)(DTNB), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide(MTT), DMEM, Griess reagent, lipopilysaccharide (E. coil, 0127: B8)< sigma-al-
drich(USA)AFE] Aleks ARESQith. A 8d AAds 91 s=4%2 Raw 2647

M| 5= american type culture collection (ATCC, USA)S.ZH-E FFukqtt)
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[ TJorreya J
nucifera L.

400g

Solvent : CO, ethanol 100g 100g 100g

400bar, 50°C, 240min 3 Days soakage 3 Days soakage 3 Days soakage
SFE MeOH n-Hexane

Figure 15. Torreya nucifera L. extraction method.
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A 34 F4tst &4 F4)(Anti-oxidant activity assay)

1. DPPH A+ @Y AA% 2 (DPPH free radical scaveng-

ing assay)

DPPH 7t 2tH)d 7% SAL Bloise] WS
Aok MeOHZE gA5lo] 1 mM 52 AZsIUTE 1 & A]2Fe] %%% < 53
ste] A FEQ0 02 mME THA] 3|45k AFE-SFSlT

TA YR o A2 [ H (eppendorf tube)ol] ZF F% H AJEE 200 pL, 0.2 mM
DPPH &1 800 pL 7Fate] =874 shal qradellA 1523t WgAI ATk whgo] &
W 2352 96 well platee] 7 200 uL= Biotek Synergy HT multi-detection micro-
plate reader FH|E &&3t] FFE 517 nm FFoA SASAT. FA A=
(positive control)> ZAk(gallic acid)E AF&3tsiom, e AL 33 dbE 2x|s)
of ks TEkith g E AT ved 2 2o wet Atste] Mg
et 7 Alm e guE AAT GAETE 50%Y el Als FEIC50)E T
ST

Radical scavenging activity (%) = (Abscontrol — Abssample) / Abscontrol x 100

Abscontrol : 517 nmol| A Al& A Z el ALg% &vje} DPPH A9k &3 %

Abssample : 517 nmol 4] A| 59} DPPH Wh&99] F33%
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2. ABTS o] 4" AA%S E2X(ABTS cation radical
scavenging assay)

ABTS %ol #tiZ 275 A Re 59 WS WEste] 2313 0H92).

2.45 mM potassium persulfateﬂ- 1:1 H

s Al FE3] ABTS %ol T Z(ABTS

cation radlcal)% AN AT 2 & SHTE 8|43 1x PBSE ©]&3) 0.9~1 Alo]g]

FYE UL ES 845l gL

k=)
S
S

dAxEay Frd 7 sk ¥ AIEE 200 uL, 108] 343 ABTS+ §4S 1
uL 7hsted EEd shar QbAoA 1583 v AIZATh whEo] 2 EFES 96
well plate®] 7} 200 pL= Biotek Synergy HT multi-detection microplate reader “JH| &
g-gato] F3% 730 nm Il SAEATE. A o) Zo(positive control)S HE
A€ (quercetin)e A& O™, BE A 33 vhE AAste] Hargks kit
god 275 v5d 22 Aol wat AlAkete] WEE R JEhdTh 2 A=
g 2A% FAHETF 50%D W] Al FEIC50)E T-8F T

Radical scavenging activity (%) = (Abscontrol — Abssample) / Abscontrol x 100

Abscontrol : 730 nmol| A A& A F el AFgE &wje} ABTS A9k &3 %

Abssample : 730 nmol 4] A| 59} ABTS WH&9] F3%
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A4d F bl Foeecd:s  §%F 23
(Determination of total polyphenol and flavonoid contents)

1. & Zg39= F=F Z=H(Determination of total polyphnol

contents)

F ZY¥E &% 54 Folin-Ciocalteu WHS Farsle] AAIsIATH93]. =2
=5 AES A% 2T #H A (standard calibration curve) At 93] A4S X T
EAZ ARSI dAlEE22 FH FAURE ZF w24 25 &9 500 p
L, 02 M Folin-Ciocalteu’s phenol A]F 500 uL, 2% sodium carbonate =& (w/v)

500 iLE Egete] Ad2olA 308 F¢F HeARY kol et EFES 9
plateo] Z+ 200 pL= Biotek Synergy HT multi-detection microplate reader g1
&to]l F8= 750 nm el SA A

AlZEE 0.5 mgmL 5%° A& 500 pL, 0.2 M Folin-Ciocalteu’s phenol A] %} 5
uL, 2% sodium carbonate 4=&(w/v) 500 pLE Eg3lo] AFoA] 30% FoF WS-

A7 § w7 EA R S8 % 750 nm SOl A SA ST

RE APe 33 U AAse] ke TG, YRS ¥F A I
of Ugsl AR 1 g P AT AAe Fom BAFGon EE @A FAY R
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2. & Y H o= 3= = (Determination of total flavonoid

£ Bopnwols §F 242 Pak 5o HS WFsho] LA SYTHoM, Eebu
S 93k ¥+ A FA(standard calibration curve) 2FES ] HAZA
AR ARgsY AR sl AE2AY" 55 &
A} oFv]E(aluminium chloride) 100 pL, 1
28 mLE EF3ste] Aol 407 &< vHEAZTE B0
v E8E-S 96 well plated]l 7} 200 pL= Biotek Synergy HT multi-detection mi-

croplate reader FH| S g3t FTHE 415 nm FFol A =A3FA )

M ZA4HZHE (potassium

=
acetate) 100 pL, <7

AlZEE 05 mg/mL X2 AlE 500 puL, MeOH 1.5 mL, 10% %3} <51 100
L, 1 M Z2FE 100 uL, /5 2.8 mLE Z3s8te] 2ol A 40 &<t RESA|
71 T wpAMA 2 F3 % 415 nm 3Fl A 5430k
© AL 33 whE AAste] Hghs Teklon, 5%
of iygste] Alm 1 g 2 A e gow 21etad
o] R? 3k 0.99 o]iFolAtt

5

fise
o

[e)
T
YA
W EE 24

o
Ho
o
24
n
;O O_u
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Al 54 FE5 4 2 (Anti-inflammation activity assay)

1. AX 8

Aol AFEE RAW 2647 HAAMEE Al EF2 oA FFEUT. DMEM
(Dulbecco's Modified Eagle's Medium)®] <ol  10% 2 Efjo} & *(fetal bovine se-
rum, FBS)Z 1% Z~EFEno]il/s YA H(streptomycin/penicillin)S 3 7Fsko] 5%
CO,, 37T 7ol A mjgsilom, A7} nvpet WA o] 90%7kA] Apgh AFejol A 7
thaf ¥ skt
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2. NE 54 AIMTT assay)

=

RAW 264.7 S2 N EFZE 96 well plateo] ZtZF 1 x 10 4 cells/wellS> 5 3, 2
AIRE Fo WAt FRE R ARE A Ysto] 2443 wiRE - wjqfo] Sk
M3 2 mg/mL MTT o

SEolA 2427 Eok WS AZT. WS T owd AEIS AAT the 2
wello]l DMSO 300 uLE 718l AlZolA AA ¥ MTT-formazan AZAE &3] Al
7] Biotek Synergy HT multi-detection microplate reader JH|E &-83}%] 570 nm I}
oA FF=E AU
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3. 23 A A& B4 (Nitric oxide assay)

AW 264.7 M EZFTE 1 x 10 4 cells/well®] FEZ 12 wellplateo] &5 ffr, 24
AIZE EQE mjeketel A RE sEEE AYstal 143 §- LPS 1 pg/mL A2 F
A ZE A Fstar mjeFo] s AlE wY AT HS 100 uLE FHsled 96 wellplateoﬂ
ATl griess reagent (1% sulfanilamide in  5%phosphoric acid and 0.1%
N-(1-naphthyl) ethylene-diamine(dihydrochloride in distilled water) 100 pLE <3}3}¢]
103 &<F HH-&-AlZ1 ¥ Biotek Synergy HT multi-detection microplate reader “¢H|E
FE38ko] 540 nm HFolN FFEE FASIT NOo HAE HIFA=< nitrites
NOA /A €] indicator® A}-&3te] Park o] A|AIE WH[95]e] wel 5433t
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Al 64 A7dR3S &4 F2](Neuroprotection activity assay)

1. olAEZd EAaL JA| £ (Acetylcholine esterase in-
hibition assay)

AChE A4 =42 Ellmane] WS wWPsle] A8 TH96]. AleF Al F<}
S A3l Al24FY EF(sodium phosphate dibasic)= AFE-3le] 0.1 M SIMUEH
% 9 (sodium phosphate buffer(pH 8.0))= #|Z3F3ATt #A|Z3t HFHE o] &3l A
= 7t ¥%¥E, AChEE 1U/mL7t %5 s|Asint 7|d= AREg oA eE S
2 o}o] @ U}o] = (acetylthiocholine iodide):= 10 mM, 2Ajefozr  ALE3
DTNB(5,5 -dithiobis(2-nitrobenzoic acid))© 2.5 mM©o| =5 A|Z8ko] A3}

o

[

al

96 well plateo] TAHZ 0.1 M QIAMUESF 59 40ul, 2.5mM DTNB 40uL,
1U/mL AChE 20uL, 7} %98 A8 60uLE 7}ato] 37504 10%3F WA &
10 mM oPEEFH 205 40uLEs T3t thr] 37%olA 1087 WHEAIA
o 1% 1% A=A U E F(sodium dodecylsulfate, SDS) 60uLE Yo W55 A
A A]7] 2L Biotek Synergy HT multi-detection microplate reader “gH|E &85t FH
= 405 nm el A SA A

FAd tlZ= T (positive control)> EFAE dlo] =23 28} o] = (tacrine hydrochloride)E
AREERR o BEE A3 33 W AAete] HgkE oFaith AChE AT
thed 28 Ao met Asbste] wEEE YE It 2 Al5°] AChE Al &

A7t 50%Y el Als X (IC50)5 TSt

Acetylcholine esterase inhibition activity (%) = A2 - (Al — A3) / A2 x 100

A2 A §lo] Ea, 714, WA MAE WA R3] EFE

A3 & glo] Alefy 71, A ek, WS Wke AR Nk ole] FF

o7



A 74 7] 528 2 (Aroma substances analysis)

1. Gas chromatography-mass spectrometry (GC-MS) analysis

AT O f71 8T FEES 9] HEe BAsaA ol nnd YU

WY slo] A4S PSR rHe3]. 4 M= GCMS-Qp2010 ultra gas chromato-

O o

graph mass spectrometer(Shimadzu FEuropa GmbH, Japan)E A}&3}313, Agilent
HP-5MS 227} ZA# column(30 mm 1. x 0.25 mm id., 0.25 um)S A3}
A7 o) LSHEN ZANA ol e3E WASAL. GC ovend Aol Axw AF
(Helium, HE)S AF&3}93L, 60-200TColA 2C/min® %71 % ImL/min®] flow rate=
PG A0 8 BE A% AAEQS volE Axw o HelNIST 2017)

oF v s it

o8



1
A 1A ¥AYFE 4 FEFEY 8 (Yield of Torreya nuci-

A4 A3 2 2

fera leaves extract)

o

H] AL Q1S 3714 8w (MeOH, MeCl, Hexane)%}

k. MeOH

EXHY 28 7}

SFE =

MeCl F==°]

1
o

A =

-y
-

o A7

=
L

15 91t (Table 4). 7]

el

Aol

F Fae e

A

oF

o
o
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Table 4. Yield of Torreya nucifera L. extract

Sample Weight Yield
MeOH 14.25 14.25%
MeCl 6.291 6.29%
Hexane 3.72 3.72%
SFE 11.759 2.94%
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A 28 4kst &4 A (Anti-oxidant activity assay)

1. DPPH A+ @Y AA% 2 (DPPH free radical scaveng-
ing assay)

< (DPPH free radi-
3% + 100-3000 pg/mLe]
TER A8getdlon, 7t FEE Ud 1650 kS AT 7 FEEE g
A 27 AL MeOH, MeCl, n-hexane, SFE 0. & L}E]r‘;}:_‘ltq, MeOH F&E9
IC50 #S 104541 pgmlL 2 3% T 7 ¥& gy A& HepdlAo
(Figure 16, Table 5). H|AUF 21¢] SFE, MeCl FE=+ ©]&3 Od_—‘rL*E 7]&4

FE vt gllen, f718m FEES o183 243 A3 17187 T MeOH
ZE9 &0 IC50%k 687.12 ng/mL=E 7HF w2 A0 E FAHATH3]. o= W
H E24E& U&= MeOHE 53 o2 <213 DPPH free radical scavenging assay

=
of fEF Yol thF wob e Aom FEAth

™
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Figure 16. DPPH(1,1-diphenyl-2-picrylhidrazyl) free radical scavenging activities of

Torreya nucifera L. extract.(p<0.05)
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Table 5. IC50 values of DPPH(1,1-diphenyl-2-picrylhidrazyl) free radical scavenging

activities of Torreya nucifera L. extract

No. Sample DPPH (11g/mL)
1 MeOH 104541 + 9.49
2 MeCl 1768.31+ 75.82
3 Hexane 1770.47+ 19.97
4 SFE 1801.71+ 23.57
5 Eugenol 187.52 + 3.5
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2. ABTS o] 4" AA%S E2X(ABTS cation radical

scavenging assay)

%*é% SFE, MeOH, MeCl, n-hexane <=C % UEFES™, SFEQ IC50%k2 196.48 1
g/mL=Z $-3%F ABTS cation radical 2~A 245 YEM A TH(Figure 17, Table 6). 7]
&9 A= 718 FEES o83 A% A3 DPPHS} mF7FAE MeOH

FEE Aol 1C50% 595.23 pgmLzE 7FE =& Zlow el Qlu}s3]. o=
Il YW W9lol 4S8 HojuliE MeOHS| 540 d9lor FZHt} SFE +3
=
|

flo
o
g
g
)
0 g
>
o]
;ﬁ
W
1o
>,
o
=,
T
N
N
,
_L
oX,
[o
N
)
Y
rlr
L
N

= 18- 3%} 2e] DPPH
A 7P we B4E, ABTSOA= 7HE —E% 2 H3lY o= m|FojHo}
& #7184 3TE tE B3] SFE & < ABTS @4tsbsol] A3
S 0% Alm Hrh
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Figure 17. ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium

salt) cation radical scavenging activities of Torreya nucifera L. extract.(p<0.05)
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Table 6. IC50 values of ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)

diammonium salt) cation radical scavenging activities of Torreya nucifera L. extract

No. Sample ABTS (ug/mL)
1 MeOH 282.11 + 14.29
2 MecCl 405.8 + 4.55
3 Hexane 446.09 + 1.54
4 SFE 196.48 + 2.52
5 Eugenol 22.28 = 0.19
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A 3" T s IEExE WY SA
(Determination of total polyphenol and flavonoid contents)

1. & Zg4= % ZZ(Determination of total polyphnol
contents)

ks FFEEAR ARESt EF AR HA4S Ak AT 8 FEE
H 5 s dEs SHEUY 4 FEEY] £ Eds § 1g
St Z4ko] S(gallic acid equivalent, GAE)S.2 3Hbste] YEeIT 54 A3}
n-hexane FE=°] 7Hg W2 s &% (5093 + 0.84 GAE mg/g) & YEMIA
TH(Table 7). H]AFYHF- 2l SFE, MeCl 5 o] g3t A= 7| s nf

o pgon, #7180 FEES ol g A3

ol
o

S =
¥ polyphenol &S HQl AR FRIHJTER3]. olv F= &% 9 A +
% 7

z70] i ThE Ao flew FZHr
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Table 7. Total polyphenol contents of Torreya nucifera L. extract

No. Sample TPC (GAE mg/g)
1 MeOH 4407 £ 1

2 MecCl 45.59+ 0.74

3 Hexane 50.93+ 0.84

4 SFE 38.44+ 1.25
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2. & Y H o= 3= = (Determination of total flavonoid

contents)

= 3
4 3 A=ME Y (quercetin equivalent, QUE)Z 3
T} 24 A3} MeCl 32E20] 714 we Zgnol= e (112.86 + 7.43 QUE
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Table 8. Total flavonoid contents of Torreya nucifera L. extract

No. Sample TFC (QUE mg/g)
1 MeOH 65.49 + 10.67
2 MeCl 112.86+ 7.43
3 Hexane 94.26+ 3.58
4 SFE 71.42+ 0.31
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H AU o) SFE FEE9 AE 54 2437 98 25 ugmL, 50 ug/mL 100
ngml FE= A AE 54S SAsGIth A A3} 24430 43 F 50 o
gmlL FE7H AE EA0] el @okth(Figure 18). 71 Aol 1] hf

T &Y FEE0] 10 pgmL s WA AR FA4d0] gl Aol 2 E UTHS86].

oA HAUY 9 SFE FEELS 7|E AT HA-Z2FT FEERU AX
=780l o] ¥ b FdE Bolv, AE A9 Aol Aol7t = AL AF
Azl = el Folgte] HQlow FSHrh wpebA B AP olA ARESE HAt

Ly b e

(AN

no
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Figure 18. Cell viability of RAW264.7 cells of Torreya nucifera L. SFE extracts.
RAW264.7 cells were treated with Torreya nucifera L. SFE extracts (25-100 pg/mL)
for 24 h.(p<0.05)
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HI AU 9l SFE 229 I35 24S F137] #18] NO assays A A
th ARESE MXEFE= RAW 2647 dIAAXEFolH, LPS (1 pg/mL)E ©5 18l
SFE WHoz FE3 nAuT FE5ES olgste 23S Wyl 1@1 2}

rlr
o2
ox
[o
_C,
Suj
%V:
_EL

2}
UH FE5ES MTT assayoll Al 50 ug/mL7bA] S o] ¢l =
Ag vigo s B A= AxE AEE LGS 50 pg/ml HH LHOM
25 pg/mL, 50 pg/mLe] FEE 24A1ZF HiYel & LPSE A st A4S %13
CHFigure 19). = 23}, LPSE A3+ 2 LPS F-A ol vl =2 qg%_ Al
HAow, vATE SFE 2

DA Ae gR1e = A 71+
1 pug/mLel Al 90% 7}7ke] nitric oxideE A= Alo] A% A0 U75],
© B AT AE aFY s=FE 9 oY xxo] &t SFE
G4 AEe Aols WS we]7] e 22 29 AFol
AlE "ok gyl Hojd NO AT S B

Hed, dadEzmeles golA e B AE Fi
_"
o

N

ol
il

i\
o M
o St
N
)
r |
M
~
rlo
12
=
X
IS
S
X
N
k1
x 12
o|N

PO oX,
ofl e M o ¥ N rﬂi

2

%
Eil

°]
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2
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Figure 19. Nitric oxide production of Torreya nucifera L. SFE extracts. RAW 264.7

cells were treated with LPS alone (1 pg/mL), or with LPS (1 pg/mL) and Torreya
nucifera L. SFE extracts. (25-50 pg/mL) for 24 h.(p<0.05)
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A 548 A7PdES &4 T2 (Neuroprotection activity assay)

(Acetylcholine esterase in-

hibition assay)

}o] AChE <A A4S

S

HIARHE Q] S5 45 O

FZ==H AChE ¢4 &4 SFE, MeOH, n-Hexane, MeCl =C. &
o2 YElSo™, SFEQ IC503k2 1152.89 pg/mL=  3HQ1 = A th(Figure 20,

Table 9).

L

Z}

71 AT Ao wE=E

ol
=

M

i

puze]

700

A=

%

3, WAl A o)

E
=

.

TollAd 27t 586.3 pg/mLIF 2259 pg/mLe]

€

3& YEFATH99, 100]. Y]

[e]

k1S
=

% a

-

jgase]

o
7

Jo

A9l AChE <14

B

534,
=

)

x5

AollM a7 hdth 2= 7] ol

N

-
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Activity (%)

100

60 -
] —4— MeOH
- —(— MeCl
—— Hexane
—— SFE
20 - —l— Limonene
—{ 1+ STD
0 T T T T T
0 1000 2000 3000 4000 5000

Concentration ( pg/mL )

Figure 20. Acetylcholine esterase inhibition activities of Torreya nucifera L.

extract.(p<0.05)
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Table 9. IC50 values of Acetylcholine esterase inhibition activities of Torreya

nucifera L. extract

No. Sample AChEinhibition (u1g/mL)
1 MeOH 2398.88 + 30.41

2 MeCl 2710.19+ 61.82

3 Hexane 2667.33+ 45.08

4 SFE 1152.89+ 18.16

5 Limonene 883.34+ 7.89

STD
6 1.27 £ 0.15

(Tacrine hydrochloride)
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Al 634 7] 2 4 (Aroma substances analysis)
1. Gas chromatography-mass spectrometry(GC-MS) analysis

HIZb 9l 7] 8l SFE FEEel drd 24 Aws sk #sko]
GC/MS #4158 233} th(Figure 21, Table 10). 7181, SFE FZ&%0lA & 367}
A A Eo] F1% ATt MeOH, MeCl, Hexane F=EolA EF ferruginol®] 27~55%
SH-®l Ao FQlEQal, SFE FE& %A= candinolo] 17.34%

1= At v AL MeOH oM g7l AR

=

MN'

=
T

153 —1
o] gl AaL, MeCl FEES 1070, Hexane F=&S 157], SFE F&52 11719
Aol FJAHNY BE FEEAA FELE RIEE A candinolo] AN L
=5

AA = EF ferruginol©] 27~55%% 7MY w2 T
oAM= d3 A LAUTh SFE FE=2 771
pulegol, gleenol, Z,Z-2,5-Pentadecadien-1-ol, 2-Methylnonane, Cyclododecanol & 2]
o] gfH Aoz Bl YL}, o] ML olo] FAR o7 T mul g-¥dlo] F
2 ey 7]FEe Ao Aoldk RO RE[75 97, 101], 5 W zo] &L
e Aol NEE B o GoMs 7179 S4ow e BrmE) Uy

e FER QAT BAo] o F3Hr)

o

Ao AFsE, AChE 9Als A3 A3 SFE F+5+9 @740 714

=1y <

el LA, vlad &Aool e MeCl, Hexane F==Ht} 4o HUdW SFE F

=&Y AEEc] @A ACKE oAl Fad Zow F5Hv. 53] SFE 5=
ol gt 91+ isopulegol, gleenol, Z,Z-2,5-Pentadecadien-1-ol, Decanal 52| A#E°| =

AChE oAzl 43S mA= Zlo=2 Igddrh 1 FolA % SFE FEE]AW

+ isopulegol> H| AL} Qlof st 7]E AFtol A AEHE Ho] gl Ei-H

T ¢33t T AAEES #d AL S

A Q)TH102-104]. 5=3F AChE oJAld]l fasdh Zi-HEg9 544 2

Aoz & 4 =
Aol A BRI} SFE F5 w9 AChE A5 isopulegol®] F&S W Fo=
AtaETh
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(A)

|®)

1
B 10 20 30 40 50 60 70 10 20 30 40 50 B0 70
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10 20 30 40 S0 &0 70 10 20 30 40 50 &0 70

Figure 21. GC/MS chromatogram of extracts of 7. nucifera extracts. (A) MeOH;

(B) MeCl; (C) Hexane; (D) SFE.
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Table 10. Identified substances from the

oil extracts of Torreya nucifera

Compound

Fomula

Composition (%)

MeOH MeCl Hexane SFE
Terpenes and terpenoids
isopulegol CioH180 - - - 9.12
alpha-Cubebene CisHoa - 374 - 10.96
Bicyclo[4.1.0]-3-heptene,
2-isopropenyl-5-iso- CisHaa 2.83 - - -
propyl-7,7-dimethyl-
gleenol Ci5H260 - - - 7.7
Cadinol Ci5H260 4.72 8.21 6.54 17.34
Ci5H280 - - - 7.59
Ferruginol Ca0H300 54.58 36.18 27.33 -
Abieta-8,11,13-trien-18-ol Ca0H300 - 16.84 - -
Dehydroabietinol CyoH300 16.47 - - -
Phyt0| C20H4oo - 7.25 - -
Phytyl acetate Ca2H420; - - 8.2 -
Non-terpene organic compounds
1,3,5-Triazine-2,4-diamine,
C7H12BrNs - - - 3.24
6-bromo-N,N'-diethyl-
Carbitol acetate CgH1604 - - 3.1 -
1,3-Diacetylbenzene CioH1002 - - 2.7 -
Decanal C10Hzoo - - - 715
2-Methylnonane CioH22 - - 2.53 -
9,9-Dimethoxybicyclo[3.3.1]
C11H1604 - 5.45 - -
nona-2,4-dione
1,2-Epoxyundecane Cy1H2,0 - 5.66 - -
2-Methyldecane Ci1H24 - 6.02 - -
Undecane Cy1H24 4.08 - - -
2,6-Dimethylnonane Ci1Ho4 - - 2.1 -
Carbonic acid, allyl 2-eth-
Ci2H2203 447 - - -
ylhexyl ester
Cyclododecanol Ci2H240 - - - 9.38
3,7-Dimethyldecane CioHos - - 5.51 -
Dodecane CioHoe - - - 7.94
Tridecane Ci3Has - - 7.1 -
1,3-Di-tert-butylbenzene CiaH22 - - 5.31 -
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2,4-Di-tert-butylphenol
Oxalic acid, 6-ethyloct-3-yl
ethyl ester
Palmitic Acid

Dioctyl ether
Sulfurous acid, pentadecyl

2-propyl ester
Tris(tert-butyldimethylsily-

loxy)arsane
2-Hydroxyhexadecy! buta-

noate
1,1'-Bicyclopentyl, 2-hex-

adecyl-
[-(+)-Ascorbic acid 2,6-di-

hexadecanoate

C14H220
C14H2604

Ci6H320,
CieH340

Ci8H3803S
C13H45ASO3S

I3

Ca0H1003
CasHso

C3sHesOs

4.52

8.33

742

3.23

9.64
2.45
15.11

2.37
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