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Antioxidant, whitening and Anti-inflammatory Effects
of “Geranium Maculatum extract” Water Extracts

In-Jeong Choi

Researcher, meeth R&D Institute

2 % E AFoNE dU=ATE FEEY VAR 9REA B8 7S RIS BHE AAS0EA
DPPH, ABTS, FRAP A%Z AAfstolon, A8t E4 S0 24 Edjvs} et ol 55 SHE A5t &
g, Az AgoAl= B16F10 celld RAW 264.7 cell& ARESto] Al 2=4 Az} njd g, 49 A8S A5t A8
A3} DPPHOlA+= 265.8 mg ascorbic acid / g9 A4S e o, ABTS AdoA+= 168.5 mg ascorbic acid
/ g2 FASFsS YEMGItE FRAPIIAE AU EAghs 25 1 mg9 TYE} ascorbic acid 229+9 pg2] Tggo]
23S 519tk EEuls st 32.989+1.610 mg/gPll, 2k H0|E FXE 11.098+0.261 mg/goIAth A=
AFoAE A 5T HHolA 80% oAl AE7F BEste] SfUEA RN FE2E2 W2 54E 7T Y-S ERIGHY
o}, muighy AYoAe ol et debd A4S AAaA7le 5401 100 xg/mLollA 40.62+2.07%2] Fehd 34 <
AsS A} FATA APoAE =0 wet F53e TAA7IE BAI9) 100 pg/mLollA 27.86+2.82%2] ¥
IAI5E Ho dA=A gt FEEY 7154 SHE YREA9 TIsdE RISt

FHO - Std=AlhE, Atk v, e, SFgE

Abstract This study attempted to investigate the applicability of Geranium maculatum extract as a
cosmeceutical ingredient. For this, DPPH, ABTS and FRAP assays were performed to assess radical scavenging
activities. To evaluate antioxidant substances, in addition, polyphenol and flavonoid concentrations were
measured. Furthermore, cytotoxicity, whitening and anti-inflammatory tests were conducted, using B16F10
and RAW 264.7 cells, and the results found the followings: In the DPPH and ABTS assays, 265.8 mg ascorbic
acid/g and 168.5 mg ascorbic acid/g of antioxidant capacities were found respectively. According to the
FRAP assay, 1 mg Geranium maculatum extract was same with ascorbic acid 229+9 pg in terms of reducing
power. In polyphenol and flavonoid concentrations, 32.989+1.610 mg/g and 11.098+0.261 mg/g were
observed each. The above results show that cells survived in the test concentrations more than 80 percent,
confirming the low toxicity of Geranium maculatum extract. According to whitening testing, melanin
synthesis was reduced depending on concentration, and at the same time, 40.6242.07% of melanin
production inhibition was found at 100 gg/mL. In anti-inflammatory testing, inflammation was reduced
depending on concentration, and 27.86+2.82% of inhibition of inflammation was detected simultaneously,
confirming the applicability of Geranium maculatum extract as a cosmeceutical ingredient.
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o 2 7158eFEE AT 3A AAstar St
AFOOREQHEA(2021)0] WEH IHFE FEHL
8.94x Yo w Y F &9 1.40%E AAsiH, ¥
o+ AFE(11~20)2 29.19%= UErgth 13y 9@
SHEE YR 80% ool Hl=, Y, IFA =Y F
ool oJ&star glom, s SHTE A 3 oA
A oA E2F wid S7F HA lo] IFE A A
o] AR A-gotar Stk o]k SE AR £
A FAE sidstal, AA Aol BAEs At}
siAle Feuet 1579 E A o] dAs]
8= QT2 Ed], AEAFAQ AAqH el
it 2HAHE] Blo] A EorA| AL Sle Al &
Aof| w} oA FEt ARE 71543 E A
2A &8s 5t @2 A5t 2a3t AJ-o 3]
7158 E YEEA HAAE] AME THAEE &
St dEAY AFoRE Atd AAsE &
FAkss &4 o] Qltt. E/dAkA(reactive oxygen
species, ROS)= AfettiZe] IFo= AAFA Al
IZ U 28 oA BPEh &, ROSY 4
= FAIGHs AL AlE A 2 A2 1S S8 o
T2 ot A S4A A St AA SrHY
AXNH PA22Z FAT & op} B Az &4
= 7HH Q7] wiEoltH4]. AREe] mE U Ajzof &4
Yo7 = BgAASE A3 Ak os A W Al
ot A, T DNA &4 ofy gt 21
9] matrix metalloproteinase (MMP)-1 49
S7MA1A melanin AJHH8-2 S AR5
Bl GAAE 2ASH= Aol Hehd M4 F4
! ofujzt ghAtst S4o] Watd
4 4= Q= vHEAR AsHA HATH6.
St 83 MARA H
7RSOl EARY. ded A7HeEE
tyrosinase?] &0j2R&0] Jgt Efo]ZAlo] hydroxyl2t
ZAgtEo] DOPA (3,4-dihydroxy phenylalanine)&
= 84 A8} microphthalmia-associated

transcription factor (MITF) ¥ tyrosinase related
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protein -1 (TRP-1), tyrosinase related protein-2
(TRP-2)9} Zo] galdg o] g3t Az A5Hd 7]

A& 53t gAo] QUtH7,8]. Arbutin, kojic acid,
hydroquinoneg Z38Hl= W2 tyrosinase ASHA|7k
] 2o FHASHA ARREHI glout, mE = g
54 HEG 22 FAE AlElEo] SstHA B
13-l 1 FATH HAZNA o2t IAH 4L 7t
A 25 Fode 2% A7t olojAaL Il
MMP-19] #4& Exlot= 842 A9J4, ROSE
ofyal 844 cytokine9! interleukin (IL)-13 IL-6
ol Utk BA WollA doju= 5 e 28
e B, 945 Y Fole B2 ¥ NO
(nitric oxide)?} FEFE AO|EFCIR So] AAE
= ZA2= IA StH10l. NO= superoxide &0l
(O A §Hgste] wj-$- ¥hgAdo] =il o] 7
St ASFAQ] peroxynitrite (ONOO )& AL of
Y}, B=F EA5tE Ao foligt gk v A F
of AlZ&4 4 FF §he-Z dotH11]. &, 95 v
&2 Q1A L3t 947 mR L3515 Ao & QA
He 5839 vh3olv, ¥ &3k= ROSY A4 24
ol & w35 A4 Al 5 AUk
=+ o] =5k H-2 ROSS A4} ¢ddto] 9loH,
& FEE0A A} 52 el s &
A @2 AL7F o] Foj AL Qlrt. ofof] & AtollA
olggt A& F HUtAltwFEE(Geranium
Maculatum Extract)o] 7164 SFFE9 AA2A4 &
& 7tsE AFstaith
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B A3lo)| AM83t Geranium Maculatum extract
FEES A Y52 1% HEZ 80T =+

2 WA B9 Fasiel Azsion

o 259 AxFEE S5, o]§ TRSE
A&A 7] F, syringe filter (PVDF, 0.2 rm)E %
o & 9 E8&ES AASI

2.2 DPPH 2iC|2 &A7s &4

DPPH assay &4 =2 &4 mzt 500-550
nm 379 FFE7t #skehs QE4 g 44
2,2-diphenyl-1-picrylhydrazylS ©o]-&3to] =tz
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9] 2AGS &4ct= WoltH12).

DPPH €92 70% ethanolx &2 DPPHE
1%(w/v)7F H=% =91 H filter paperE o|-&d &
8% DPPHE AlAsIth 11 & o] €49] 520 nm
47 1.00°] HEE 70% ethanolZ ThA] )45}
o] ARESFRITE 500 pg/mLE 710 & 2814 545}
of TEoj%l TFet w9 FAE Al FE= 1.0
mLe} DPPH &9 1.0 mLE &% & 30 87t ¥-34]
Zth 71 % 520 nmoA 9] FBEE S5 ol
F25 9 &Y% DPPH €99 53L& &7olo] 4
AN APt AF A= ascorbic acid?
ECso 573 ¥ H|woto] Fitsks-2 &35k

2.3 ABTS 2lC|Z &7 s &8

ABTS assay &4 ABTS9 #HZd ZA4o]
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)9] AFstzo] whe} 700-750 nm BHge] FFwrt
H3lol= AJEE o]&RITH13]L

ABTS 892 S7+E &M= 7 mM ABTSE =
9l H 2.45 mM potassium persulfated 0] 12 A
7t &<t ABTS9| o] dojue & st aljo] &
% ABTS 849 740 nm S8%=71 0.70] HES 34
sto] ARESHITE 500 pg/mLE 71E02 2414 54
sto] THEod Tt HE9] A=A RE 55 1.0
mLe} ABTS €9 1.0 mLE & 5 30 &7+ ¥-34]
Zoh 71 ¥ 740 nmolA 9] FE=E 45T old
F2E 4 & ABTS 899 F4=E S74sto] 4
AT A At AF A= ascorbic acid?
ECsox S4 & Huste] ists= AU

Ol

2.4 FRAP &4

FE29| gs S5 sl ARk A o] o]
go1lom, A ol22 A} ko wef 27} ol23t 374
0] 20 2 UrojX|H o|F ol-gsf gl SAgslrt14l.

Aol 0.5 mg/mL B2 43 JA= AT E
FE=Z MBS ALEA RN 55 2.5 mLY
0.2 M 94t &5-8% (pH 6.6) 2.5 mLE Es}o]
AT pHZF UL 3§, 10% ®HA¢3 2F
|4 2.5 mlE FYsto] 50ColA 202 Bt BHESAIA
t} BRgo] B AlEE 10% trichloroacetic acid
2.5 miE 92 F Y4&2(3000 x G, 15 min)sko]

HAHAES AASAH JAEC] AA & |94 1 mLet
0.1% ferric chloride €% 0.2 mLE & A1 &

700 nmolA SFEE S5t TUEE HIlel
FRAPL ascorbic acidg 7]&2= standard curve

2 Agete] 2ot

r

25 Ed|iiE Y &3

Edu=9 49 gegs 7 gloH, gl &
Ao o] &%= Folin-Ciocalteu reagentE ©|-&3f 7]
£ E43 vwst 1 L A6

EZd = g7F 242 Folin-Ciocalteu reagents
olgato] AAetAtt. A EA|HE FEE 1.0 mLet
Z5+2 104 8149 Folin-Ciocalteu reagent 0.1
mLE T F 5 2 5 AL2004 BA619th 1 &
CaCO3 (5%, w/v) 1.0 mLE FYatict. 1 F vk
< 98l 30 £ 79 & 760 nmolA 9] SHEE &
Aottt EHE BTE gallic acidE o€

standard curveE ©]-83l] &AL}

rolt

2.6 Z2HL0|E Bl =Y

Efo]E0] AY R ulE o2 ¥t 510
nm®| FF=E e S ol8sto] 11 F2 SHsklch

EotEolE A S Sk ol =9t 4R VE
o] 29 Zgto] wE M ol Tl Sl o
A= Aghg FEE 1.0 mLol NaNO; (5%, w/v) 0.3
mLE FAT F 5 & 5 AL00A PAolyirt. 1 &
AlCl3 2%, w/v) 0.5 mLE U 5 6 & 2t HA| s}
Atk 1 M NaOH 0.5 mLE FUst] F3HA31 H
510 nmoJA9] FFEE SHslh EE ot &
L= querceting °]-8% standard curved ©]-8df
Shikst it

27 ME =4 &3

NADH 59 Al W] g &40 s MTT7}
2743t He AZ olgsto] Axo &4 9 BEES
74 sl

Ax =4 Agol= BI6FI0 cell?t RAW 264.7
cell2 AFR-3F5ITE A2 vijoF Hjx| 2% DMEM broth
(Dulbecco's Modified Eagle Medium, GE
healthcare, USA)E AF83199.01 FBS (fetal bovine
serum, Sigma, USAYE 27 5%, 10%E 7tsto] A
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Zatglch. FREL=
(100X) (Sigma, USA)S
o &aiA1A A5t
HE =49 2Ao&= MTT assays AAISHA A
BioFE AZE 96 well plateo] well & 5.0x10* cell
S FYato] 24 At wigstgct. o] B & A%
HBS AAT F A=A FE2EZ 100 pg/mLE
71Z02 2dl chks] Mgt %EE A2t H 72 At B
t wiFskct. 24 wiF & AS5AE xﬂﬂoh MTT
2945 mg/mD)E 7IIE H 2% 37C, CO, Bk 5%
sHgol Al MTTE ZASAA 2 wello] B4H 2%
o] AALA P AFEHS AAT H 23S DMSO
2 50 540 nm TAONA Y FFEE SHsth

Penicillin-Streptomycin
AT FE=2 DMSO

B16F10 cell& AH&3to] dehd B45 574 A9
2 APt A2 8iY vjR|2+= DMEM brothE
AMESFR.OH, FBS 5%E A7tsto] ARt Y=
AZE Penicillin-Streptomycin (100X)S AHE5H
th. $&82 DMSO| &3AIA Akt
Ay 23S 93 B1I6F102 96 well plate©] Zt
ell & 5.0x10%ell A seedingdte] 197} 37T, 5%
2 27904 AZE vttt wige] B & 4
%—H% AAT F FA=ATRs F+E55 100 pg/mL
£ 71€o® 28] aAet s=& A2Stal a-MSH
9] =7} 0.1 pg/mL7t H=E A5t} 72 A7t &
QF viFatRAct. 23 viF & 10% DMSO7} 234 1IN
NaOH 0.1 pLE A2 & 14752t ¥]ste] dahd

< 854171 F 405nm FBEE ST

29 ¢

A% AL £4 5 sl NOoJ tigt 5=5 3%
stol g oAl BIE Felstith

AE 92 Ao RAW 264.7 cell AF&319ict
A 8jF ¥iXZE= DMEM broths AMg3HIoH
FBS 10%S #7ket] Alxsiit. 3¥Ed=e
Penicillin-Streptomycin (100X)& A3ttt &
E2 DMSOO €344 A&lstitt.

NO 24L& sl RAW 264.7& 96 well plate©]
7t well @ 5.0x10%ell & seedingdto] 1€7F 37T,
5% CO2 22104 AEE wiFstsict. vide] 8 &
AR AATT F FJAE Al FE=L 100 ¢
g/mLE 7|02 OoRRt vXE A5l LPS
(lipopolysaccharide, Sigma, USA)S] 5%7F 1 p
g/mL7t H=F Hote] 48 A7t 52t vt it 2
A g & ASAS I5sto] ASH 100 pL9F
griess reagent 100uLE 235t JAE Algks >
£E9 NO 5E8 &%t

3. & At

3.1 DPPH 2iLZ AHs

Fig. 1= &AEAZNE #5529 DPPH 2z 44
5= AR Ajolt}, Adlo] obA Bt E AR
= ascorbic acid9] ECso A& &4519tt ZF 5%
£ 3.125-50 pg/mL = HE ¥-SA|A ascorbic
acid?] ECsp $4& 17.44 pg/mLYS 1}

H ofdEAlgE FEE9 AF 31.25-500 4
g/mLE 345t} A 2Psigict. A9 A7t 31.25
pg/mL BEoNA 27.142.04%, 62.5 pg/mL EEoA
47.94+1.87%, 125 pg/mL SEoNA 77.42+1.87%,
250 pg/mL =04 95.01+£0.19%, 500 pg/mL &
oA 96.91+1.73%2] DPPH 2tjz A&7%50] YRyt
t}. o|F HIFO& ECso2 ZI= 65.59 pg/mLAT.
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100 m—

* %
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Cont 3125 625 125
Concentration (pg/mL)
** p(.01, *** p{.001
Fig. 1. DPPH radical scavenging rate of Geranium
Maculatum Extract

DPPH radical rate (%)

sty EC; % B3t 831 ascorbic acid + 17.44
pg/ml, & FEEE 65.59 pg/mLE UERY ascorbic
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acidet B[ A] OF 25.59%9] F4tsts EiTh

ol AR WHo® &3t WIEH(Taraxacum
officina)®t Bl¥tFE W 500 pg/ml FZAA F
% 9o wet 66.20-87.66%2] DPPH ]z 47
5ol Uehgth 99t AlHse 59 FEoA
96.91+1.73%2] DPPH &tz 4750 Yeh, o4
T Alekeg2 Ul Hisl oF 1.11- 1.464] 73t 4k
SFsS YR Aoz HoITH14].

3.2 ABTS 2iC|Z ANS

Fig. 2= A=A ZHE FE59] ABTS Az &7
5= AARE Axtoltt, Ado] oA H| WO 2 ANG:
H ascorbic acid®] ECso A& SHotAth & 5%
= 3.125-50 pg/mL = YR 9FSA|A ascorbic
acid9 ECso £X& 9.11 pg/mLYE Eelzich

o fdEAgE FEEY BF  31.25-500 p
g/mLE 3l&sta] AFS HFPsgct. A ZAd
31.25 pg/mL °1A 29.36+1.35%, 62.5 pug/mL of|A
57.65+3.69%, 125 pg/mL oA 82.31+1.69%, 250
pg/mL oA 97.02+217%, 032 pg/mL oA
08.48+1.87%2] ABTS =z 4A7A%°] U
ECso At 23} 54.05 pg/mLet 235 2SIt

SHH ECse £ 23} H|WA] ascorbic acid & 9.11
pg/ml, B FEEE 54.05 pg/mLE YERY ascorbic
acide} Bla A] 9F 16.86%2] FAtEsS Hch

ol U IeFEE3 vt 23 F5o o
2t 133.30-199.14 pg/mL ECspz UERACH,
A=A TFEY ECso 54.05 pg/mLE UFAY
2.47-3.684] 7ot PAEES HESITHIS).

120

-
o
o

80 * %k %
60 * % %
40
* % ¥
20
Ij wokok  kokok
0 : T . -
Cont 3125 62.5 125 250 500
Concentration (ug/mL)

ABTS radical rate (%)

(*** p¢.001)
Fig. 2. ABTS radical scavenging rate of Geranium
Maculatum Extract

3.3 FRAP

A =Aehs FEE} ascorbic acide] A o]0
gk HEQ FRAPZ S35t H|wsiglth 4dE
Aes 259 FRAP 54 43} 0.097+0.004 22
UEE O™ ascorbic acid?] standard curveE o]&
sto] oIt Algke FEE9Y 1 mge FRAP2
ascorbic acid 0.229+0.009 mg® FRAP¥ Z3S

& & At

34 Ef|Hs ¥ E2EL0E B

Table 12 S}UEAThs F2EY Zov s T
ZetHlolt kg AKXkt Artolct ZEHEe] 3
2 32.989+1.610 mg/gC& Vet dhd SetH
o]=9] AL 11.09840.261 mg/gl& UERth

Table 1. Polyphenol and flavonoid content in
Geranium Maculatum Extract

Concentration (mg/g)
32.989+1.610
11.098+0.261

Polyphenol

Flavonoid

35 Mz =4

A etE FEEY A2 v 54L& Bt
o17] YA MTT assays o83 Al HJZ2ES 4
sttt YE Ak FEE2 A4 Mk
7} 6.25-100 pg/mL7} H=E vigdsto] wigE 23
SFict.

A% AIR= Table 29 20 6.25 pg/ml H=9
A 3.35£0.46%, 12.5 pg/mL S=ol4 5.03£0.33%,
25 pg/mL SZoA 7.4241.03%, 50 pg/mL BEol|A
11.2340.93%, 100 pxg/mL H%o1A 14.71+0.71%
o] Az gEgo| YepyTh

SHH RAW 264.78 ol-8st] Alxo &4 4 P&
&% Aotk

A% A3R= Table 39 29 6.25 pg/mL H=0
Al 1.58+1.32%, 12.5 pg/mL &&olA 2.03+£1.29%,
25 pg/mL =14 3.42+0.91%, 50 pg/mL FE=oA
7.63+0.79%, 100 pg/mL =4 10.25+0.47%2]
Az BEEo| YEryith

ISO 10993-5 % AlFoJRERMHA A A
2014-1153.9] 71Z9A4 20% o9 AZ =4S
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Table 2. Cytotoxicity of Geranium Maculatum Extract

on B16F10
Concentration (ug/mL) Cell survival rate (%)
Cont. 100.00£1.50
6.25 96.65+0.46*
12.5 94.97+0.33*
25 92.58+1.03**
50 88.77+0.93**
100 85.29+0.71***

* pC.05, ** p.01, *** p(.001

Table 3. Cytotoxicity of Geranium Maculatum Extract

on RAW 264.7
Concentration (ug/mL) Cell survival rate (%)
Cont- 20.54+1.67
Cont+ 100.00+3.13
6.25 93.21+3.81
12.5 97.97+1.29
25 96.58+0.91*
50 92.370.79**
100 89.7520.47**

* pC.05, ** p.01

3.6 04 2y

FA=AlTRs FEE0] Fehd A nA= IF
< U] Y8l B16F109] Hetd AAHS =27

statc

FEEZ WA HIF ST 6.25-100

g/mL7} HEE uigtslo] vjokS A5tk

o2 -0

A A= Table 43 22™ 6.25 pg/ml 5%kol

A 21.7143.74%,

12.5

pg/mL  FEOA

31.58+3.13%, 25 pg/mL S=OIA 39.31£2.13%,
50 pg/mL BEoA 39.47+1.01%, 100 pg/mL &%

ollA 40.6242.07%2] v]HE/go] LiEhdT
A A 2223} u]wEhg L v et A9 g =

2 0T ‘l"‘r‘

2204 P2 H) 30% ol4fe] HMATE Vglort
w279 25 pg/mlole] ATE vRBS

el 4

§ 21.46%9] nlH g LS HolH H]s| 9}

A=A Ths z"“’«] 4% 39.31%2 n|HEIE Hol

ok 18HH 1:-]

e EIE HoH16]

Table 4. Melanin production rate of B16F10 with
Geranium Maculatum Extract

Concentration (ug/mL) Cell survival rate (%)
Cont. 100.00+4.67
6.25 78.29+3.74**
125 68.42+3.13**
25 60.69+2.13**
50 60.53+1.01**
100 59.38+2.07**
** pC.01
3.7 3}04

FAEA s F2E0] 95 AgEE vA= 9
TS F7IsH] YalA RAW 264.79] NO BAFS =
ottt 222 viA AN HFEE7T 6.25-100 £
g/mL7t H=5 vigtsto] kS Pstyich.

Table 5& @33 " A NO9 AHPES
ARGt Aatoltt. 12.5 pg/mlL oA 6.79+3.81%, 25
pg/mL oA 11.07+287%, 50 pg/mL oA
16.07+2.67%, 100 pg/mL 1A 27.86+2.82%2] &
Z O*Zﬂ%Ol e

A5d9] 44 3229 FHaA} v 4% 250
/tg/mLOIW 75%9 TAE EHQlY Hlg] B FEE2
100 pg/mL °IA 27.86+2.82%2] 9% A&S UE
Y F2 5RO L T 2 FEL/GES UERAATHILTL.

Table 5. NO concentration rate of RAW 264.7 with
Geranium Maculatum Extract

Concentration (ug/mL) NO production rate (%)
Cont- 20.54+1.67
Cont+ 100.00+1.46
6.25 100.00£1.34
12.5 93.21£3.81
25 88.93+2.87*
50 83.93+2.67**
100 72.14+2.82**

* p(.0B, ** p(01
4 4=

£ AT ARk 2280 14 B
Az2AY A8 THsHS B stel Gast
U, s, AEEY AP Ak

FABkS AP 3 3 Sa A% 48 2

I
=
RN

€]
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T FAe=d F7 Ads AAlskSich DPPH A9
oA+ 265.8 mg ascorbic acid / g& Z2 sk
S HYom ABTS Aso]AE 168.5 mg ascorbic
acid / g9 22 Fiets& B FRAPA= <
A= Aehs 225 1 mgd Y38 ascorbic acid
22949 pgol o] Z3S RIsHGIrh EeHl=
FEE 32.989+1.610 mg/gol L, EfH 0|t &
L= 11.098+0.261 mg/golith

HH Ao M= AE 54 A v, a9
A2 ST A 5= HRAolA 80% o9 A=
7F A&t A=A T FEES 2 545 7HA
I QIS ERlsltt. wiEy A oA s=of wt
deid BHE FaA7l= FA0l 100 xg/mLoAl
40.62£2.07%2] dehd B4 JA5S Bt 9
4 AYNAE s=o et AFHeS ALATI=
Aol 100 pg/mLolA 27.86+2.82%2 9% 2Als
, AL A RN F550] AA] oA
skl aAQl 71578 SE dEREA &8 74
AT & AU

ﬁ m

flo
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