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Oxidative stress, caused by excessive production of reactive oxygen species (ROS),

is a major contributor to

cellular damage and chronic inflammation. Natural products derived from forest resources are gaining attention as

safer alternatives to synthetic antioxidants.

This study aimed to evaluate and compare the antioxidant and

anti-inflammatory activities of ethanol extracts from ten native forest resources traditionally used in Korea: Ginkgo
biloba Linné, Thuja orientalis Linnaeus, Rhynchosia volubilis Lour, Diospyros kaki Linnaeus, Orostachys japonicus A.
Berger, Agrimonia pilosa Ledebour, Potentilla chinensis Seringe, Gleditsia japonica Miquel, Citrus unshiu Markovich,
and Rosa rugosa Thunberg. Total polyphenol and flavonoid contents were determined, along with antioxidant
capacities assessed by DPPH and ABTS radical scavenging assays and FRAP analysis. Furthermore, cellular antioxidant
effects were evaluated using LPS-stimulated RAW264.7 macrophages by measuring intracellular ROS levels. The results
showed that Rosa rugosa, Agrimonia pilosa, Potentilla chinensis, and Diospyros kaki demonstrated strong antioxidant
activities across multiple indicators, with Rosa rugosa showing the highest overall performance. These extracts also
significantly inhibited ROS production in activated macrophages without cytotoxicity. This comprehensive evaluation
suggests that selected native forest resources possess promising potential as functional food ingredients or natural
antioxidant agents. Further studies to isolate active compounds and elucidate their mechanisms of action are
warranted to support their development for pharmaceutical or nutraceutical applications.
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2 A7HE AEHO2 g Ei AOZ AHgEHo] & ]
1HGinkgo biloba Linné), ¥BA}QI(Thuja orientalis Linnaeus),
A Z&j(Rhynchosia

Linnaeus), @}4(Orostachys japonicus A. Berger), £o}%

volubilis Lour), A]¥(Diospyros kaki
(Agrimonia pilosa Ledebour), $=&f(Potentilla chinensis
Seringe), 23 (Gleditsia japonica Miquel), X11](Citrus unshiu
Markovich), d|d3HRosa rugosa Thunberg) 5 £ 1059 At
S tdez A FH4S BT R v|wstuAr jink ol A
92 "5oEdy ¥ "EEYER, 5 TS BA oA ohtet At
Algo] 0|88 7]Fo] oy, o AAFY AR2A Y FE
7Fs/dol tig Aot 4% AAPEL Qo AT RN =&
2o ulm BAstL, guot ¥ FAF BYS SUHoR Wi
A= Ue EF AAolct. 59|, DPPH ¥ ABTS 2H0Z 475,
FRAP(ferric reducing antioxidant power) &4, 12]31 TjAlA]
ZZ(RAW264.7)E ©o|-&3 A= £F0A° ROS A4 AA| &t
7HR] @AIst v ZGIHe A= 2EF Aot

TetA & AfoAE 471 103 AR ogE 25282
Aoz & Za|H $HEk(total polyphenol content), &
L o]t gFKtotal flavonoid content), DPPH 2@ ABTS @zt &
7%, FRAP 84 52 BAgo=s Fist 4rol A% 2 g
3 29 WL sadh okge ohea g
RAW264.7 N]x& o]&3lo] LPS (lipopolysaccharide) A}=0f 9]
St reactive oxygen species (ROS) A A aits E745}9
AZ U et 242 s8Rz FAToRH, ol AHYol 7]
4 AF £ A TS AARAY #E 7Hsde AAlstL
T2 38R 4% F ALIA A9 J12AQ ARE AlFshL

A} gk,
e 2 9y

LA A 258 Az

7k Ak AHd 100 gofl 70% olgE 1 LE A7Isto 2004
2407 S FEsigen, A APS 23] WHRSIYT FE
rotary evaporator (EYELA, Japan)g o]&3dto ¢ 553t
, freeze drier (Labconco, USA)E Algsio] =
2757} 929 ARt -20C] Basion, 4 9
ol galE 3 ALgalyiTh. ¥ o] AH8E A Al
3l ALg B9JL Table 1o] AAISHCE

1o ot o o rlo
Ju

_,.
o ol
g

7t AgE 1 g/m w22 FHIE §, A8 1 mo 50%
Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich, USA) 0.5
nE EFsto] H2oJA 57 ¥HEAFT o€ 1 M sodium
carbonate (Sigma-Aldrich, USA) 1 m¢t 5574 7.5 mE X}

2 RA7lsto] £343t & 30%7F ARoA ¥RAIZLE ¥ EE
9] %=X 760 moj|A microplate reader (Molecular Devices,
USA)E Atgstel BAslgch. & Zams ALL gallic acid
(Sigma-Aldrich, USA}E E&EA2 otol A4 AL vl
oz Austgr

Table 1. The information of native forest resources

Label Herbal name Scientific name Parts
A B R Ginkgo biloba Linné Seed
B BT Thuja orientalis Linnaeus Seed
C BB XK Rhynchosia volubilis Lour Seed
D woOE Diospyros kaki Linnaeus Leaf
E R # Orostachys japonicus A. Berger Leaf, Stem
F ETE Agrimonia pilosa Ledebour Leaf, Stem
G El - Potentilla chinensis Seringe Leaf, Stem, Root
H B2 % Gledlitsia japonica Migue! Fruit
I " R Citrus unshiu Markovich Fruit peel
J BREL Rosa rugosa Thunberg Flower

3. & Behunolc ¥Y 5%

72} A8E 1 mg/m =8 FHIFE $ A& 500 0o 10%
aluminium nitrate (Sigma-Aldrich, USA)?} 1 M potassium
acetate (Sigma-Aldrich, USA)E Z+zF 100 A A71slo] Ao
AN 587t WA ololA] 80% of§he 4.3 me 7ML AL
oA 3023 ¥HSAIY £, 415 moA] FF=E EHSIAG F &
ZH ot P2 querceting EFEAR sto] ZAYTH AP

wte} Astsect.

4. DPPH 2}0jZ 275 54

Zt Alg:= 100 pg/md wE2  FH|519 1, DPPH
(Sigma-Aldrich, USA)= ofgt2o] 8355l 1 mM -2 AX
stict Al 100 poot 200 pM=z 8|4t DPPH &9 150 s
Egsto] 37°ColA 303t §HEAIZ £, 517 molA EFEE &
ottt Agol xS F/F4E, DPPH §49 tiz72 o
& AH&siith. DPPH 207 2452 o3 A2 olgsto] A4t

steict.

5. ABTS 2tz 7% 5%

ABTS (Sigma-Aldrich, USA)= 7.4 mM =& potassium
persulfate (Sigma-Aldrich, USA) 2.6 mM £%0] =9l 3 oAl
ollA] 24A17t ¥HSAIAH ABTS'S ¥Aslich. AL A, ABTS 899
327t 15 oapt Hes sAMste] FH|siint. AlgE 100 ng/
W FE2 AAEstL, A2 10 et 3AF ABTS 29 190 s &
3tsto] AFOA 1087F ¥FSA|7] &, 732 mojA] 2L 2 AR5t
Aot ABTS 2O 2752 tha A2 o83t Adstelct.

ZEZQ S&E - A8 ®7tz29e 53k
AI5%) = ( ) x 100
xzol S8
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6. FRAP &4 %7

ZF Al8E 100 pg/ml == ZFH|51% 00, FRAP reagent=
300 mM sodium acetate buffer (pH 3.6), 40 mM
hydrochloric acido] £3&fgt 10 mM TPTZ (Sigma-Aldrich,
USA)?} 20 mM iron(lll) chloride (Sigma-Aldrich, USA)Z
10:1:1 (v/v/v) vl&2 Egoto Azsit. Alg 100 0ot 57
4900 102 EYFH $, FRAP reagent 2 md-g H7tsto] Ao]x
3083 ¥HEAIZ 3, 593 molN EWEES SAsIYch FRAP 3
2 trolox (Sigma-Aldrich, USA)S REZEX=2 ZAMAsH AIFMS
71702 Axtsieict.

0]

7. A= g

O0heA 3 AN ZFQ RAW264.7 Nl SH=A| 2523
(Korean Cell Line Bank; KCLB, Korea)olA 135}o] A&351%
t}. AJZ= 10% fetal bovine serum (FBS; WELGENE, Korea)o]
A71El  dulbecco’s modified eagle’s medium (DMEM;
WELGENE, Korea)g ©o]&3to] 37°C, 5% CO. £719] AN|ZujYg7|
o4 wiersteich. Azo] Arjuire 2-3Q Ao e seastoitt.

8. A% HES 5%

RAW264.7 N|EZE 48 well plateo]] 2X10* cells/well2 B3
Sto] 24A1%t ¢t vjgst &, ZF AlgE 100 pg/md HE= A5t
B oA 24N 59 dsigct vigol R . 2 welld]
EZ-Cytox solution (DoGenBio, Korea)g Z7}stal 37°Col A&
71014 5027 ¥HEAIZ L. o]% 450 mm EPFolA microplate
reader (Molecular Devices, USA)S o|&5lo] SX & SA51Y
o 349 FUE e uigoR Oaz oyl AE YELS U
&(%)2 Attt

9. Reactive oxygen species M4 54

RAW264.7 AIZE 6 well plateo]] 1X10° cells/well2 E 335}
o] 24A7F 59t Hj¥Et 3, 7} A|RE 100 ng/md =2 X5t
lipopolysaccharide (LPS, Sigma-Aldrich, USA)E 1 yg/ml =%
2 A A2Jsto] 24At &¢ F7} wigST). Higo]l F&H
2, A& 2715t R7R PBSE 13] AAsi, 10 yM 2,7
-Dichlorofluorescein diacetate (DCF-DA; Sigma-Aldrich,
USA)Z @Alste] 37°ColAl 1583 WAtk Wg 3, Ahe
PBSZ C}A] AIAsto] Xto] DCF-DAE A|A5tA flow cytometry
system (BD Biosciences, USA)E o]&s5lo] A= U FAHAAAZT

AT B

10. AR 2]

A3 A= meantstandard deviation of mean© @ UER
Uil on], SPSS statistics version 21.0(IBM, USA)2 o]&35}% 0
o, AY 9 Aolg ZAs] sl LYE4HEA(one-way
ANOVA)Ys ARAISHEL {3t Apol7t Qe 49 Tukey?] HSD
AZARE A3Pstgnt. p < 0.052 SAA 89 2F02 WA}
ek,

2

1. & Z29us 2 et &F vu

% Zo|ds $H¥(Total Polyphenol Content, TPC)2 gallic
acidg 7|&ez gitstgon, Alg It {3t AfolE EUot. 3
G3H0)7t 243.21 mg GAE/go g 7PF w2 ¥d2 UEHHL, A9
(D, 117.11 mg GAE/g), &oFX(F, 147.33 mg GAE/g), 24(E,
99.97 mg GAE/g) w28 2 IFZ HIoh ¥IH =WaKA):=
17.28 mg GAE/ge2 7P¢ X2 P2 Byo. EF F St
ol& 3K Total Flavonoid Content, TFC)& quercetin 7|&0
2 ghitstylon], gotx(F)7t 39.1 mg QE/ge= 7MY w2 AF
< UErS. I o2 A<D, 23.73 ng QE/g), &3(E, 23.51 ng
QE/g), $1SA(G, 20.05 mg QE/g) 202 =2 TFIFE HFom,
WMaH(A)7F 4.86 QE/go 2 7P ¥ FFS By

Total polyphenol (mg GAE/g)
=
S
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Fig. 1. Total polyphenol and flavonoid contents of forest resource
extracts. The total polyphenol content was expressed as mg gallic acid
equivalents (GAE) per g extract, and the total flavonoid content was
expressed as mg quercetin equivalents (QE) per g extract. Each value
represents the mean = SD of triplicate experiments.

2. DPPH @ ABTS @tz 4A%

DPPH 2t0|Z 475 54 Zd, sigsk))7t 75.64%=2 7P
Lo a4 42 uUehion, or&(E, 74.01%), Y2A(G,
68.91%), 2ol%(F, 66.39%) S& AjHoz =o Y2 HETW
WiakA)e 5.37%2 M W2 4AA #4dS uehich Jgy
ABTS 2tt]Zt 275 olA] sigal(], 93.12%), Lot (F, 77.88%),
A|E(D, 67.45%), YJ=A(G, 58.22%) S9] 02 =2 27 &4
S Uehdon, WikA) 12.10%2 7P W2 AA FHL Ued
o} §3], ti5E9] X204 DPPH Er} ABTS 2jcjZto] gt &

5ol 8 &7 Yehte A 2o
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Fig. 2. DPPH and ABTS radical scavenging activities of forest resource
extracts. DPPH and ABTS radical scavenging activities were measured at
517 nm and 732 nm, respectively. Results are presented as percentages of
radical scavenging capacity. Each value represents the mean + SD of
triplicate experiments.
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3. FRAP &4

FRAP(Ferric Reducing Antioxidant Power) &/ 24 Zi},
s1deH))7l 119.66 pmol TE/go2 71 & $Halg wgon,
92 R)(G, 126.47 pmol TE/g), A|A(D, 111.47 pmol TE/g), Lo}
A(F, 101.24 pmol TE/g) #-0.2 %& 8hi2jo] Uehyrth T2}
WIHA)E 14.03 pmol TE/g02 7hg ke 29 &g Uepict

150

90
60 I
A B C D E F G H | J

Fig. 3. Ferric reducing antioxidant power (FRAP) of forest resource
extracts. FRAP activity was determined based on the reduction of Fe3* to
Fe? and expressed as pmol trolox (TE) equivalents per g extract. Each
value represents the mean + SD of triplicate experiments.
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w
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4. N W&

RAW264.7 N=o] zF A]2(100 pg/m)S 24A17F Aalst & A
X AEEZ Yorst A3, B Algx 98% o9 AEEZ /A
st N2 5o YehA] A9l 53] gotx, AIY, W, oy

st S gz fu] 105% olye] MELS uo] Az 54 &t
Uehie Ags st ok Y smdN Azst
RAW264.7 Alzo] tfs] Hagte olujslslo] 0% AlFolN Al

o 5=

ju

100 pg/mb2 A7sto] A2lstaict.

150
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Fig. 4. Effects of forest resource extracts on RAW264.7 cell viability.
RAW264.7 cells were treated with 100 pg/m@ of each extract for 24 h. Cell
viability was determined using EZ-Cytox assay. Results are expressed as a
percentage of the untreated control group. And represents the mean +
SD of triplicate experiments. Statistical significance was determined by
one-way ANOVA followed by Tukey's HSD post-hoc test. Groups sharing
the same letter are not significantly different, while groups with different
letters indicate significant differences (p < 0.05).

5. AIE Ul S442E(R0S) B4 AA &3

LPSZ §=%l dZ AMEjo] RAW264.7 NlZoA] EHAAZS
(R0S) #43& DCF-DA 24 % FAZLNE §of 53 2
3, gisigo] A=s} LPS Azl2o] ulsl ROS A o5 o
Astich. 58] sNgeh], -49.60%). BOHE(F, -43.08%). 91SA]
(G, -33.82%), ZV(H, -29.33%) S0 #A4=2 =2 ROS %A &
He UERILT MEBEN(C, -10.94%)2 WALI(B, -8.18%)2 AHth
Moz we of &Y et

120

100

0

Control  LPS A

s

S

Reactive oxygen species levels (% of LPS)
s

Fig. 5. Inhibitory effects of forest resource extracts on intracellular
ROS production in LPS-stimulated RAW264.7 cells. ROS production
was measured using DCF-DA staining and flow cytometry. Cells were
treated with each extract (100 pg/me) and, by stimulation with LPS (1 pg/
mg) for 24 h. Results are expressed as a percentage of mean fluorescence
intensity. And represents the mean * SD of triplicate experiments.
Statistical significance was determined by one-way ANOVA followed by
Tukey's HSD post-hoc test. Groups sharing the same letter are not
significantly ~ different, while groups with different letters indicate
significant differences (p < 0.05).
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53] & 2@ FHTPC), § S2tHol= FHTFC), DPPH
2 ABTS 2t0]Z 475, FRAP &4, A= J£g, J2|1 LPS2
=% RAW264.7 HZ U] ROS 4 oA &at2 S¥xoz B

Msto 2 &HAtsl 1S v|m Hrlsidct
Fatst F42 AR 2719 FotolA FaF Awg, Y
FAEROS)Y T Yol whe e AEdAzuE A
woshe owe AT, @ o7 2 med, sYs, go
Z, ASA, Al 52 TdE AaoA JURer 2 F4itE
gde el E3) 8ﬂﬂ§}h TPCQt FRAP, ABTS, DPPHO]
A 2R FGEA RIS, ROS A AANME THE =2
Be v o 2t APl o ot 4RE @
oL S AASHH, AHAlR sigStole  gallic  acid,
kaempferol, quercetin 59| Zatd ol U HEFr/} Fxst
Aoz wasl up gy,
Sefuolc U B AR YU &5 Fa Y¥

2oz oA glon], oSS iz 47, 2ol Boly, B
4% A8 5 ogd 422 59 ALY U, o}
Z9] ¢ TFCOL 7 =2 32 Ho] E2f¥woltrl 39 &4
HEQ JhsHol om, o APSE FA EZehuiols
(quercetin, kaempferol, luteolin, apigenin), Bds

(agrimoniin), 12]3 triterpenoid J&o] t}gF grqrlo] Qi
NF-xB 9 MAPK Al239720] dng 53 95 uhee 4
4 oMEtn B ug g,

ohat 12A] oAl CiHE B4 RIBOIN 948 YL BY
o, o] A2 oju] ofz] AN Fitet R FES
HuE|9ct 9t42 flavonoidQ} triterpenocid 830l =on ¢
AZ oA, PAet % wolmE mbt wad v g, 95A
£ 323 #3 5 SoloblN FEHeE FAsA L sEd=
AL&E|]0] ko, polyphenolic compound’} J4sto] 7323t 2}
0% 47458 7R Ao,

AFe ZUR Qleg, & EobEs @ ABTS 275004 95
g F4de 2oy ol 7I1E ¥uot PX[F}. o= tannin,
flavonoid, vitamin C7} FYsfo] g4tst & opzlt o x4,
9 TROIE Jlojste Ao PN Yoy,

sYe ASMHoR YUY U 45N AY Ao Feso|

on, t}oFst saponinit flavonoidE §8-5t1 54 Alo]EF}
o AYe oSt AI BuEHYLY. Eg B AT0NE
2 ROS AR /o] AL A
,Mabe goro2 o] Fgo] WedE 2PshL B 97
32 xmolA HUFoR Y we BHS uadh
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A AF5 AN a5 AAE: Rwolv], L E 5SS
fEste £ A0) o¥e FO. mpy Lpsz fEd
RAW264.7 NZo|A 2] ROS A4 AAE FAS TS 7Hsste

o zx4dloo

Fod Ame @ 2 QU7 2 A7 59 e Sobx, 9

24, 28 Sol ROS 4Y2 Soulshl AR 2L ol Aol
A 95 B W oY L A2 4929 B H5HS T
gt

oRE ATt HZ APYE BYHLH, A Fu 2740]
et o] ZUH3tol wet ol A B S0l FAE U T
5 WY TN APISNE, SPE, A4E A9 ey
D gom® ), B Agel el 105 RIS G I2% THsy
2 Holzt) 59 HFet, Gobx, YSA, AE S b5 AR
A QA 948 WY Bol Y J15Y Ax2 el vt
$4o] ¥ttn waEdg

B a7el Aozt A, 2 Ao £a 2y Hol o
# WH9F $A0l UESIHE Holch, $9 LC-MS/MS, HPLC
52 LW BY 4R BNol Wastel, A, A L FAZ

2 “
249 71AE 487l At SR Td 24, Aol BTl Y
5 ¥4 979 in vivo 932 §F 984 Bt Basiy A

B} FYARL 0, B APE 1059 T A=ux
;! 4g um gsiEn Ade &

obx 2% Aoz AN ol AL

154 N, HFE, oo AR2AH B k54l wou, A

i %L Y5 Aol YA JE ol AT 1% A

22 Ao ¥ A7 2ue vigoz 34 A70 O ww
3 o
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) 5 92 AIE B 979 4ROl HeEd A2e
s S5 BA 7159 A=Z0] AT

2 A4 AERE=A9NSY) ATl AEAR
'(2021370A00-2123-BD02)’ 94 R go] 9Jato] o]ojAl ZAUct
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