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ABSTRACT

Background: The safflower flower (Carthamus tinctorius) contains many bioactive substances
and natural pigments. This study aimed to develop a safe and effective functional cosmetic material
by comparing the antioxidant and anti-wrinkle effects of C. tinctorius flower ethanol extract (CTE)
and hot water extract (CTW).

Methods and Results: First, the content of hydroxysafflor yellow A in CTE and CTW was deter-
mined. Subsequently, a cell-free system was used to examine the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity of CTE and CTW. Furthermore, the effects of CTE and CTW
on elastase and matrix metalloproteinase-1 (MMP-1) were determined through enzymatic analysis
or real-time quantitative reverse transcription polymerase chain reaction (QRT-PCR) in human der-
mal fibroblast (HDF) cells. The wound closure effect of CTW was also measured using the
scratching assay in keratinocyte HaCaT cells. The DPPH scavenging activity of CTE was slightly
higher than that of CTW. Regarding wrinkle formation, CTE unexpectedly increased MMP-1 and
had no effect on elastase activity except at 1,000 zg/ml of CTE. In contrast, CTW inhibited both
elastase activity and MMP-1 expression. CTW also showed a considerable increase in wound clo-
sure rate in the scratching assay.

Conclusions: In conclusion, CTW containing the natural pigment hydroxysafflor yellow A is an
effective substance for wrinkle treatment and wound healing for skin aging.

Key Words: Carthamus tinctorius, Anti-wrinkle, Elastase, Hot Water Extract, Scratch Assay

SAfshe sheh, EulA W A=A RSl ik Wl
A&E stal, 9 Fole Aot E7E AeA collagen,
S| fibronectin, elastin, glycan®} 722 712 W matrix T2
T 2 A 24 594 G 9 wHEte] IF 5 WY Fa AR AE3itt
] o (Brenneisen et al., 2002).
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=Zo| ofsiXint. B, FEo] WSt u- F&7)e)
a2 7] AaEoe] &F A=l o3k A A (wound
healing)’} A|=71%= 3t} (Yaar and Gilchrest, 2007). Z}<]
A =EH e AFAME AFEHZAS] A matrix
metalloproteinase (MMP)] & o] 33} (photoaging)S
AN, 5 G, oRNs A A AD ol =

frde] F8 A 71Fe® QIAHAL vt (Tsukahara er
al., 2001).

SlE (Carthamus tinctorius L)< =33} (compositae)l]
el o] AEE oS 3t (fIE)E ol2hls 3t
T okgow ARRSIT) o|POo® FRF (HIE),
Az gluzolgly E8]Y YO ZE safflowers}

[e}

e
)
1328 Aol BolBk £, I, Wi, Hol

Fis= M\
W7t 5 g 74 Jom AESA o] gdsie] AA
o] AGeflA] 2183} ooz ARSEI = Q7] e
Zolt} (Lee, 1980).

FH AFolM =

Al
2]

ar
=2

3L, Akl RE, 39 9
4 AEA Sl
et al., 2004).

T3] 2 (safflower oil)> 9l
A e odg T3 odoe EXIAAL linoleic acid
7} 80% o’ FHrEe] UL, 2L €] oleic acid 12%, palmitic
acid 7% stearic acid 3% &3 PUIE Aol Ut T3
29 linoleic acid= ZENZHE A @371 oA 594
sks, IAEE, I8y 5 ATAA AS A5 AREE, F
U5, #4d 59 A5 754 952 AREH7E gt
(Watkins and Seifert, 2000).

T3] AuATEe TSN EElER] AREY f
SA (serotonin derivatives)’} 2|50 TheFst A=|gd A+
7} 213% v}, N-feruloylserotonin®l| 4] &4k} o] =4
A (Beak et al, 1999), N-(p-coumaroyl)serotonin®l|A] &t
ket g AT Gt ERJISEASH (Takii et al, 1999),
tyrosinase JAlol 2|3t wwl g2} B HIC (Roh et al,
2004). E3H W PPS S0 A A7) 9] arT
< A F dso] AE F FE ARS SE ANEHAL
(Kim et al, 2002), 2 lel= ad §5& JAet &
8 g3t Aokl BIEe™ (Yun-Choi ef al, 1986), 3L
Ao, WAk, AT, daesle 2 Y & dokal
T YT} (Kim er al., 2000b).
slze] e AMS JePl= carthamin?t Hehll=
safflower yellow 4 AJ¥-S ¥386l3 0™ (Bujak ef al.,

o

i

=2 Aots Al

O k1 wE d

et

Ao

(2 =1

2022), AA| Q1S HEH R AR AEE AMENCH, ¥
& Z71} AAFAS s Mo o] gxlojgit). ole] YRR
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- Fl5l=y - d@t
222 hydroxysafflor yellow A= 84 313HE 5 shi=z
ek ok E4do] HawAA A8 i, A7 RS (Ren
et al, 2022), 7+ (Zhang et al, 2011) 2 ¥ B (Li er
al, 2016), &<, ¥, Py Fo A} 2d (Adamska
and Biernacka, 2021) 5 2|8 £%7} =o} tleFsk A3k %]
Bl o]&5 3 Ut (Ao et al, 2018).

Z=o)|X= hydroxysafflor yellow AE 80% %= T3t
Sl% S FAfdo] F=p2)EeleFd (China State Food and
Drug)®] <18 Wol A4S 22 A4S X5l ook
o2 AWEL Y (Adamska and Biernacka, 2021). HE3k
hydroxysafflor yellow A 7ldo] o]oji] slgEe] =4 AJFo]
A hydroxysafflor yellow B2} C7} EeE|=HA Aksld &4
of tigh AAES] Boet AdaA Ak /i 25 Ho
Zet A7t AP U} (Yue et al, 2014).

3% F= Buljol wEt o] thdsiAl £33
e = uf, 34 A2 safflower yellows -84 ARES=
B2 FEHAN, FA A carthamin® 2ol [X] &= &
Ze pgdog FEHEL. dAZ AT &4 Al AFIL v
2e dAe F= &rjd wEt Mavt e FEEe 2
o]g&3ate] B8/ AN MAnks FEsle] REETk Hiars)
71% 3Ath (Kim and Paik, 1997).
Zhao % (2009b)S Sl% E-g4] 123

AR &=
(monoamine transporters) &4 =%

A

= J_EJg_O__

Ll =

Eo] BEioll $EA
3 AZEY A
(serotonin transporter, 5-hydroxytryptamine transporter)ol| TH
g Al 7 o AR 2E=HE ¥ s1Ey A
&5 AR FAe] vk Busiglon, Sl B84 &
3 Zo|A N N°-(Z)-N'"-(E)-tri-p-coumaroylspermidine A&
HEate] Mz AREY 754 JAARZS] &5 X5A
Mk 7Fs/3S AAIS bl ATt (Zhao er al., 2009a).
SlES R f7I8uE delst] 53 FEE9 &
ATl o], dlghEolut WigkE ) o] SAo] w2 &R
T BAE, FEE A Eebe I st 2t
=9tk B skt (Salem er al, 2011). 3, 33 thiol
SARIA = AARJIA ] w85 2|7t e Zle® B
H3 e, TS veks FEET 97 FEEY s
o] FE HEE FEEo| I FE=0 vis FEEE
ol 2,0 ] ¥ =%} (Kim er al, 2000a), A2 H9+=
G5 FE2E| e FEERY FEEveEdol 1549 4
=ty BYEY Jtd (Park and Park, 2003). Z=3F Kim
T (2000a)2 SlFEe] 7 G FEEO| MEE FEEET
DPPH A2t 275 o] 7L, A A1 2itst of
Al a3 7 FE=oM ¢ #2A JEiEHal Akl
o] Aol =3 A T FeEE O
Brfjol =29 a5 Aw
9}0 [e)

=

S
=
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om,] 23} Aol gk kst asel B3 A+ F, Kim
T 2004y T3 LA RO 70% oeE FEECIA
procollagen AT 7Ie} elastase B A3l BHE B9 5
= AAIS v ok Z12u; hydroxysafflor yellow
A9Jr ZEL% T84 FrEAES Bl Tt o, T
T ol 2 sl IR 5 A A desto] of
gk A77F Bol o] FoAA] ettt
mEpA] 2 Aol SlEdle 'Or
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2 (C. tinctoriusy 20200 A4 A
T ERlA T ekl Aol A
gk 5 ARSI 9l

st Az

OA“ lEPa %%%4 AzE ol 10 gofl 100% ofe-e

00 me S 7Fsted, 80Ce] =4 6 AlZE Bt FE3I%T

Sz %ﬂT FZ259 AxE 9 10 gl =FF 200 M 7+
#2330

3], 100CoA 6 A7+

S1Ee] ErE A+ FEZE2 9FA (No. 1, Whatman
International Ltd., Leicestershire, England)2 AM&-3lo] AHE
S AAIL AFE FEELS ZYEF7] (400 series, Eyela,
Tokyo, Japan)s 5ZA]7] & E47A%7] (FD 5510 SPT,
IlsinBioBase Co., Ltd., Dongducheon, Korea)s ©]-&3}o 7
Z8 the 20T W Bash A= ARSI ol
N EE (CTE) e EF FE5 (CTW)S F&

14.9%, 28.7%% &el=Act.

FABA 298
AEgeeR 252 AA
2o FRER ARl 2
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2. N9

2 Ago A8 Dulbecco’s Modified Eagle’s Medium
(DMEM)3} phosphate buffer saline (PBS)= Welgene
(Daegu, Korea)ll4], fetal bovine serum (FBS)Z} penicillin/
streptomycine 72} GenDEPOT (Katy, TX, USA)Z} Gibco
(Grand Island, NY, USA)IA FY3te] AR8-sH3ith

ehest 7(9t
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Hydroxysafflor yellow A2] ¥EA2FS MedChemExpress
(Monmouth Junction, NJ, USA)lA Frjsle] AL&-3lA ).
Dimethylsulfoxide (DMSO), ascorbic acid, 2,2-diphenyl-1-
picryl-hydrazyl-hydrate (DPPH), ursolic acid, elastase, N-
succinyl-tri-alanyl-p-nitroanilide (STANA), 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenylte-trazolium bromide (MTT)= Sigma-Aldrich
(St. Louis, MO, USAPIA FUsld AREsIiTh. 2 ¢ AF
SHA] e A|FEL2 EF Sigma-Aldrich (St. Louis, MO,

USAYIA F9l5kd A8}t

3. HPLC —.-_—’ﬁ. Z2 Y hydroxysafflor yellow A 82 24
gt hydroxysafflor yellow A2] TH=F F4
Waters 600 HPLC (Milford, MA, USA)E AM&3&le] <
4 7Ax¥ SlFE & 5% (CTE) ¥
E (CTW) A1E 10 mgol] ke 1 mL 78l =
100 E F sl SRS 900 U = S|Asle] olE
259 FEIIGL o]F FEAS 5,000 rpme =
AAEE FH, F5AE 045 m syringe filter
(Whatman Inc., Maidstone, England)E ©]&-3}e] o3}s}al,
A& 20 = HPLCO U3k 1.0 m/ming] 7502 &4
]—}\)\q—.
ol5deZ A 8wl 0.1% trifluoroacetic acid (TFA)7}
33 waters, B £l 0.1% TFA7F $H+% acetonitrile
86: 14 (viv) H]&E &3l ARE3ITE Columne
PhenomenexAFe] Luna C18 (250 mm x 4.6 mm, 5 um, Phenomenex
Inc.,, Torrance, CA, USAYS ARE3}Iom,

o= F3% 393 mmolA] A3t

o
=

isocratic elution

4. NIZuHQt

Human dermal fibroblast (HDF)= Gibco (Grand Island,
NY, USA)l 4], human keratinocyte (HaCaT)> Cell Lines
Service (CLS, Eppelheim, Baden-Wiirttemberg, Germany)®]|
A Eepdol A@el ARS8l

HDF % HaCaT Al EF Dulbecco's Modified Eagle’s
Medium (DMEM)®l| 10% fetal bovine serum (FBS), 100
A7V A A}

Ay
o

U/mé penicillin, 100 pg/mé streptomycing

&3kt
5. MIXZ M=Eg 53

ol 52| HDF AlE9} HaCaT AlEo] S4do] vehy
= FEE #3798l 3-4.,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) #4HS o] &3l <l
=

96-well plateo] HDF % HaCaT AlEZE 1 x 10* cells/well
o] Az F% &, sl FF= CTESH CTWE 100,
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125, 250, 500, 1,000 pg/mé = 2] dte] 24 A7+ &
Atk 5 mgml o] MTTE H7FstaL 3 AlZkA] 4 A
b3k 3 s AlASA

4% formazans DMSO 200 £ =°]3L microplate
reader VICTOR X3 (PerkinElmer Inc., Waltham, MA, USA)

e

¢

oft

S olgsfel 540 oM FFEES ST AE AR
< st vlaste] §3we] WEgR AT

6. DPPH radical 2~H&Hd =3
96-well platecl] sMgk ol FEEC A8 100
L, 99% ethyl alcohol 100 /£, 0.4 mM DPPH 100 (&

olHg

[S =1

&

HaL g GAdA 30 & &<t WAIAIZ] - microplate
reader VICTOR X3 (Perkin Elmer Inc., Waltham, MA,

USAYE ol&ste] 517 molN F3=5 F4sisith. DPPH
radical 2AZAL Uz AHFY S35 2ol ME
2 Ak=3191 9™, DPPH radicals 50% Aslsl= =9
(half-maximal inhibitory concentrationyS Th-3} 7+o] Al=

Atk

E
ICso
B

DPPH radical 22784 (%)
= (1 - W& FE=A8 §85) x 100
7. Elastase 2 oK S0}

96-well platedl] F=HZ A3t 9l F=2E2 AlE 10 4
i, 02 M Tris-HCl ¢ (pH 8.0 =20 1.5 Uml &
29 elastase 88 49} 7140 STANA (N-succinyl-trialanyl-
p-nitroanilide, 50 mM)¥-2 2 0 H7FSIATE A2olA 20
7 WkSAIZl H, microplate reader VICTOR X3 (Perkin
Elmer Inc., Waltham, MA, USA)YS ©|&3}o] 405 nm oA
FEEE S48 Y. FNZTES ursolic acids AME-SIIT

8. qRT-PCR

SlZe] ofjeke FEEQ CTEY I FEE2Q CTWe] 3
=9 zg)o] wel HDFOA collagen 8¢} <1#E MMP-1
o] mRNA B 58 AFFo=A 5 71 S5& %7
staal zF FEE Ao WE MMP-19] mRNA #H3 5

o

= real-time quantitative reverse transcription polymerase
chain reaction (QRT-PCR)S ©]-8-3l] A4S ch.

Al =4 AR ARER 7} FE=0 s A2t
o]0l HDF AXE toZ Trizo™ (Ambion, Austin,
TX, USA)E °]&3}o] total RNAZ FZ3I T cDNA 4
7]E (ECDNA100, NanoHelix Co., Ltd., Daejeon, Korea)s
o]83te] ¢DNAES T3t olF =zmo] gPCR 7]1E
(PQL-S500, NanoHelix Co., Ltd., Daejeon, Korea)s AR&-5}
o] PCRE 5333t
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Table 1. The primer sequence for qRT-PCR.

Genes Primer sequence
MMP-T" F(5'—=3) AGT GGC CCA GTG GTT GAA AA
R(5'—3") CCA CAT CAG GCA CTC CAC AT
CAPDH? F 5 —3) GTGGCAAAGTGGACATIGCC
3)

CAT GAT CAC CCGTTT GGC TCC

"MMP-1; matrix metalloproteinase-1, ’'GAPDH; glyceraldehyde-3-
phosphate dehydrogenase.

cDNA 4 ZH& 65CoA 5 #7F RNA denaturation
ARl F 2TCHA 1 A7F 59 cDNAS IS 95CefA
5 E7F reverse transcriptaseS =2 "é@]—/*]iir/]- PCR Z4&
95CollA 30 %7} pre-denaturations 3+ & 95Cold 5 %,
60CollA 30 25 40 cyclei FSeto] OF— PIe A=
skt AR-E iﬁ}o]‘ﬂ g2 o3 2t} (Table 1).

9. F&loll thst &8 &l R—I—}

6-well plate] HaCaT MEZ 8 x 10° cells/well®] AEFE
Fagt 3 Alxe] 7t 80%01]/‘1 20% A= AHAHES
FBS t'747} (serum free) BRI Z WAt 12 A|7F F2
starvation A% T},

Z} wellell 200 (£ 2] pipet tipS ©]&38f] =3 o &
FEHEE 4G ol I FEES AElste] 24 A w1t
wjoFaldtt. dm A8 JhdlEl DigiRetina 16 Camera
(TUCSEN, Fuzhou, China)g ©]8-3}] 12 AI7F, 24 AJ7F i
& o FYgslar, F9E °JuR|= image J software ZZ 1
@ (National Institutes of Health, Bethesda, MD, USA)S
ol-gste] MxE 23 AxE FA5}slint.

=
T =

2

10. SAHIEM

B Ao Ade 3 3 o) vhEd e W + 379
2} (means + SD)= VERAITE. 7 AF AFfol tigh FAF

28 SPSS 26.0 program (Statistical Package for Social
Sciences, SPSS Inc., Chicago, IL, USA)S ©]£3}4] One-
way Analysis of Variance (ANOVA)E A A]3F 3 Tukey
HSD TS ARESAY rests ARE-3E] ZF A= #7+
o] Fol4 ztelE HS8AT (p < 0.05).

o1 —1x
Zup o A

1. 912 200H FEZ29| hydroxysafflor yellow A X|FH

2 slak 2

- OO T

=

SlE (C. tinctoriusy> 7733k =,
3 Aol 75%= hydroxysafflor yellow AZ €& A o}
(Lu et al, 1991). Hydroxysafflor yellow A+ safflomin A

D EE N RIS
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Fig. 1. HPLC chromatograms of hydroxysafflor yellow A. (A); HPLC chromatogram of hydroxysafflor yellow A standard chemical

(100 1g/md), (B); HPLC chromatogram of hydroxysafflor yellow A in CTE, (C); HPLC chromatog
CTW. CTE; 100% ethanol flower extract of C. tinctorius, CTW; hot water flower extract o

Table 2. Hydroxysafflor yellow A contents in CTE and CTW.

Contents (mg/g)
Compound
CTEY CTW?
Hydroxysafflor yellow A 2.50+0.21°  19.91%0.23°

CTE; 100% ethanol flower extract of C. tinctorius, 2CTW; hot water
flower extract of C. tinctorius. "Data are mean =+ SD (n = 3). P values
were calculated by t-test (p < 0.01).

s B, o3| A M4 Wy Enk ofug), ks
YET, I, AAERS, A F HES g9 5 58 A
go] Hirslo] T} (Wang ef al, 2021).

NeEF} o] FEEnjo] WE ol SFATE flstd
7} FZ2E9] hydroxysafflor yellow A =88 HPLC W'Ho
2 EX3 A3} hydroxysafflor yellow A= ¢F 852 o
retention timeS 7} @A) peak® A=A (Fig. 1), 9l

o] oekg FEF (CTEPIA hydroxysafflor yellow A $
& 250+ 021 mglg, EF FE= (CTW)S] ZF °F 1991
+£0.23 mg/g2 B=o] CTWS] hydroxysafflor yellow A &
o] CTESl vlaf oF 8 9] ¥ o2 TFiEo] Ues
ZRISIAT} (Table 2).

ol CTW7} 22 FF
hydroxysafflor yellow A 3]
AR PEE F Ae 7S

L
R

2. QTo| Zuf

HDF A=

SH =t

= Ao

= AfoMHEE ZFE

rr

[}
A
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ram of hydroxysafflor yellow A in
C. tinctorius.

(collagen), AEF~El (elastin) 5 437 o
2]714 (extracellular matrix, ECM)S &
A AAE A FEP o
2003).
CTE®} CTWe| &% H7Ie f18ted MESAo] YehA|
r= WMo E AAstuA CTEQ CTWE *dd w2 HDF
Al et 54 H7kE S CTWE] 739 Aol A}
H3L FES 1,000 pg/mbe] FE7EA] M E5A0] ERIE
Al gob g A AE YEpITE 22 CTES 739
250 g/l =AM RE Fo4 e MESA] FARIFEAS
1,000 zg/ml o] 5 FEA 39.89%2] HEEAS LE
woltth (Fig. 2).

A FF- Ao AT Hs68 Al
AFES] gl FEE ME54s
Heke, S22 XE, 2 odolH ol E
Z Al EE SAAS U Y & FEEAIN = Alxse]
AR gtk At FARIATE (Yeon er al., 2019).
TS MC3T3EL Al22e] Z 378 #slol dish ol% 2 g3py
FEE] g g AFIME 100 ng/ml E 200 ng/mé
T I FEE Aol ME AEEe] Hd 40% -

92

CEEE RS

_O
Sttt (Brennan et al.,

= ARksto] Al

e

v

Hor

=

i)

o

al

oo
(o

50%7HA] AAB] AT wh gl FEE0 A BE T
oAl MC3T3E1 Aol tgh 542 IR Foyriar Bl

=3 9tk (Yu and shin, 2015).

Agel FxEE X7 gt AlEe] AEES 85% ©lF=
HAEATIA S AS, AESAC] gl Aoz dAdEte o

T A9} (Sandoval-Sicairos et al., 2021), &2 &0 g+
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Fig. 2. Cytotoxicity of CTE and CTW on HDF cells by MTT assay. The treatment dose of CTE and CTW ranged from 100 to 1,000
rg/mé. Cell cytotoxicity was determined using the MTT assay. The results were expressed as percentages of the untreated control
(CON). (A); CTE, (B); CTW. Data are presented as the means + SD (n = 5). p-values were calculated by One-way ANOVA and
Tukey’s test. CTE; 100% ethanol flower extract of C. tinctorius, CTW; hot water flower extract of C. tinctorius, MTT; 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

FHoiX opekst AT sigHEe] 7= Sl Qs F=
Aket gujo] AYe S5 o] He AEY RS F
%, 54 3iEHE et g2 & o HE IEskd B
u (Truong et al, 2019), Q&S oz g F=9 3l
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Fig. 3. DPPH radical scavenging activities of the CTE and

CTW in various concentrations. Ascorbic acid was used
as the positive control. Data are presented as the means
+ SD (n = 4). IG5 values were determined using the
regression equation. CTE; 100% ethanol flower extract of
C. tinctorius, CTW; hot water flower extract of C.
tinctorius, DPPH; 2,2-diphenyl-1-picryl-hydrazyl- hydrate,
ICso; half-maximal inhibitory concentration.
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Fig. 4. Elastase activity of CTE and CTW in various concentrations by cell-free assay. Elastase activity was measured using STANA as
a substrate and expressed as a percentage of the untreated control (CON). (A); CTE, (B); CTW. Ursolic acid was used as the
positive control. Data are presented as the means + SD (n = 5). p-values were calculated by One-way ANOVA and Tukey’s
test. CTE; 100% ethanol flower extract of C. tinctorius, CTW; hot water flower extract of C. tinctorius, UA; ursolic acid, STANA;

N-succinyl-tri-alanyl-p-nitroanilide.
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ZF==2| matrix metalloproteinase-1 (MMP-1) &
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Fig. 5. Effects of CTE and CTW on the mRNA expressions of MMP-1 in HDF cells by qRT-PCR. HDF were treated with different
doses of CTE and CTW for 24 h. The mRNA expression levels of the MMP-1 gene were determined using qRT-PCR and
normalized to mRNA levels of GAPDH. Results are expressed as an index of the untreated control (CON). (A); CTE, (B); CTW.
TGF-B was used as the positive control. Data are presented as the means = SD (n = 5). p-values were calculated by One-way
ANOVA and Tukey’s test. CTE; 100% ethanol flower extract of C. tinctorius, CTW; hot water flower extract of C. tinctorius,
MMP-1; matrix metalloprotease-1, GAPDH; glyceraldehyde—3-phosphate dehydrogenase, TGF-B; transforming growth factor-p.
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