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ABSTRACT

Background: Hair loss related syndromes are increasing due to environmental pollution and stress. Hair care products are mainly
prepared by mixing chemicals and natural extracts, such as those obtained from medicinal plants. The purpose of this study was to
investigate the effects of 70% ethanol extracts from the flowers of Calendula officinalis, fruit body of Phellinus linteus, and the
whole plant of Houttuynia cordata on the growth of CCD-986 cells, hair follicle dermal papilla cells (HFDPC), and 3T3-L1 cells.
Methods and Results: All sample extracts at all concentrations, except for that from P, /inteus fruit body at 500 xg/ml, were cyto-
toxic to CCD-986 cells. However, none of the sample extracts were cytotoxic to HFDPC. The lipid differentiation of 3T3-L1 cells
regulates hair regeneration via secretion of platelet derived growth factor. The 70% ethanol extract of H. cordata whole plant pro-
moted hair growth. Adipogenesis rate significantly increased in a treatment concentration-dependent manner.

Conclusions: These results suggest that 70% ethanol extracts of C. officinalis flower, P. linteus fruit body and H. cordata could be
used for the development of hair care products.
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T - IUP - REW - U
HolzAlt 5 o] FRgo] RYET Qt} (Choi et al., 2017).
Ago] WY 1 SJORES ThAIsA WA,
A, ©Jojol, 1k, 7 5 7 2Ale] SREHE 1A
Sk v} o} (Park er al., 2004).
B ATOAE FEAE F Fulsh B A% @ &
Aoz e 248 Fh) AR B4 L Had
S3lo] FZ8} (Calendula officinalis L.), “33+ [Phellinus
linteus (Berk. et Curt) Teng], 1A% (Houttuynia cordata)
2 A3t 2 AFE TS
F2sk= 38l (Compositae)oll <51, T F-2 3k g7}

AE g 2EF LA AL (Fonseca et al, 2010), J&
w3, dAY 9 dAAF &3 Mishra er al, 2010) 52

222 = e RTAS L P
Ao oA gE (Basidiomycoting), UFEHAIE (Aphyll-
ophorales), 2UFH1EH A (Hymenochaetaceae)ol] <55h= 1l

Al RS goth (Cheon ef al., 2006). Kim 5 (2008)S AHsh
o] YHRFE A EFREAM 9 7IeAo] AL, ceramide® <l
Sk I g st 2E 2 ASAIA ZE3F HarEeirt

(Moon et al., 1995).
oI x= A EI} (Saururaceae)ol] &8s thad xEo 2
A3 Z7)AA U 59 HFYE Q8| ojd e B,
ok, XF, AE T FAge] Atk LA UeH
(Kim, 2009), quercetin®} tannin 52| 34s} & =
o] A (Lee et al., 2002). FZ 14
FEE0| PIFAIGH o] FEke] Ao
RS 2dste] B g T 229
NS ThAste] W Bl gio) g7} 7]
v} lt} (Hong et al., 2015).
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cordatay= AeHTE F9A] S Aattdelolx] (F4

38t [Phellinus linteus (Berk. et Curt) Tengle E%7%3H
T 2% AE) 10 vl 70% ethanotS- 7131 80CollA 12
A7 37 &3 & o3} (Whatman No. 2, Whatman Co.,
Maidstone, England)dled &2 7% (PVTFDIOR, Ilsin Bio
Base Co., Ltd., Dongducheon, Korea)t 3 4TCol|lA 7 B
& 3hH ARSI

.5 EYs g

% ¥vlsA 3E gk (TPC, total polyphenol contentye
Folin-Denis§ (Park er al., 2017)° 3l E451ch %
s, A% Adx 3 F AEE A 5g8 FHs 70%
ethanol 50 W 2 7 F&31, T2AZXS] 5785 A
5 S Y] mgge® YERAITH (Table 1).

FE2780] 7P =4 UERd 70% ethanol FEEE9] &
AAZES STHTE 343 F Folin A19F (Sigma-Aldrich
Co., St. Louis, MO, USA) 2ml & FH7}ste] 3 & 9
10% Na,CO; 5mb & 713l E3tate] BAAIZTE 1 AIZk
HHAE AR 660 nm ol FBEE SASUSH, FTE
2 gallic acid (Sigma-Aldrich Co., St. Louis, MO, USA)E
0.5, 1.0, 5.0 % 10mg%= RHEe] AEe & FF34S o
Eo] T ZvlE S sk

o

(i

2R 0|E o 53
F ZgtExol= g (TFC, total flavonoid content)<-
TengZ} Lee (2013)2] Wl Fsld &3tk A& 70%
ethanol FEEES] TAAXES THFTE 34 704 ¢}
5% NaNO, 50 8 2 10% AI(NO;);-9H,0 50 (S 3 6
B9t WRSAIATE 2§ 1IN NaOH €9 50045 7}
tubedl] ¥ ¥ UV spectrophotometers ©]-8-3k3 510 nm ]|

w

=
o

=

Al FEEE S48t S8 E F¥ S+ rutin (Sigma-
Table 1. Content of soluble solid of solvent extracts from
Calendula officinalis  flower, Phellinus linteus and

Houttuynia cordata whole plant

Extract solvents
Soluble solid (mg/g)
ltem
Ethanol : Water ratio (v : v)
100 : 0 70 : 30 50:50 0:100

C. officinalis 19.5+1.6°* 25.8+1.5" 22.9+1.1% 14.2+1.7
P linteus 3.6+1.4%  43+0.6° 4.6+1.3* 4.2+0.3°
H. cordata 17.9%1.3% 29.2+1.4° 253%1.1° 19.3%1.6°

Mean values = SD from triplicate separated experiments are shown.
*Means with difference (a - d) letters are significantly different atp <
0.05 by Duncan’s Multiple Range Test (DMRT).



Aldrich Co., St. Louis, MO, USA)S ¥FEA=2 AMR3SH %
FEZA Yl F ZetRxols g $telith

4. NIXZ Bi

Ao E (CCD-986sk)= M EF-23 o 2 HE] bt
ol FeiE H&spH 10 3] o]etZ ARt Alxs AF
AREBIATE CCD-986sk Al EFE 10% fetal bovine serum
(FBS, Invitrogen Co., Carlsbad, CA, USA)°] 714
Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen
Co., Carlsbad, CA, USA) HIXE ARE-3l 37T, 5%2 CO,
incubatorol| A Althu st Aol AHg-sIATh

oIt JF A3 (Human follicle dermal papilla cell)=
Promocell GmbH (Heidelberg, Germany)A}ollA] Fullsle], 48
Al el (cell viability: 91%)QC- 256 3 A7 &-F
AEE B A ARSI AR AFFAH 2= Supplement
mix (Promocell GmbH, Heidelberg, Germany)E &% 3t
follicle dermal papilla cell growth medium (Promocell
GmbH, Heidelberg, Germany)S ARE3le] 37T, 5%<] CO,
incubatoroll A vl ST} Al Ee] EAA 2 passage 4 -
6 Atele] AEE ARS-SISITH

A ZAEAEZR] 3T3-L1 celk SHHAEF2Yo 2 HE +
Fatol 10% FBS9F 1% antibiotic/antimycotic agent’} S]
9= DMEMOIA wlesiglon], 48 A 72 59 2 9 71
7o wjA|wehs s3It
5. NIZ=d 54

oM, JIZRAFAIE g AP A 2ol gk Al
52 Green 5 (1984)2] WHS ARE-3le] 7433t 96
well platedl] Ad-F-obA|E (CCD-986sk)y= 2 x 10* cells/md, 217+
B85 AE (HFDPC)= 4 x 10%cells/ml, AAFAIE (3T3-
LDE 1 x10°cellyml o] TE=Z ATl 3132 24 A7+ oFF
ST 94 TR AlEE AEste] 24 A7F W & 5-
3-carboxymethoxyphenyl-2-4,5-dimethylthiazolyl-3-4-sulfophenyl
tetrazolium, inner salt (MTS, Promega, Madison, WI, USA)
AlSFS 108 A7k eh ¥ES 4 Al7E - Microplate
absorbance reader EPOCH (Bio-Tek, Winooski, VT, USA)
2 540 oA TS SR on Alxe e o
z7o] Fud ta MR Vet

=
[¢)

=X
o 1

6. NUHPMIZ 23t

g0l
Az A 2z A o] A sl 912 Choi 5 (2013)2]
Moz shol3kgth 12 well plateo] 3T3-L1 cell& 1x10*

[e]

i

cellsymlZ seedingdle] 2 A 7HH0 2 wjx|E w3dlslal 4 U7k
sttt AAl 22 #3kE 42717] @l differentiation
medium [DMII, 0.5mM 3-Isobutyl-1-methylxanthine (IBMX,
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Sigma-Aldrich Co., St. Louis, MO, USA), 1mg/ml insulin,
0.25uM dexamethasone, 100 uM indomethacin}S #1233t}
olmj, 7t AlFe] E3} BHE I fEiA AEE YA
FEZ A AT 48 A7 8wl g &, insulin
medium (1 mg/ml insulin)© 2 WA|S}IL 48 A7 O] viS
St wieke] U, Oil red O FAYsle] A A EZ H3}
sh= Ag gRlsiaith

7. Oil red O staining

U TEEE A28 A8} 3T3-LI celld] 315 f=s
= A3E Oil red O HHS Fste] Ik £3h4
3T3-L1 Aol FE=5 A2ste] 48 AIZF &3 vt &,
phosphate bufferd saline (PBS, Gibco BRL, Gaithersburg,
MD, USA)Z 3 3] Mg 5 4% paraform aldehyde® 4C
oA 30 ¥2F 2T 1Y E AEE PBSE 3 3] Mg
T 4TCAA 1 A7 B 05% Oil red O GAAISF (in
60% isopropanol and 40% water)©Z FAE T PBSZ 3
3] AlFEkATE FAE A2 dimethyl sulfoxide (DMSO,
Sigma-Aldrich Co., St. Louis, MO, USA)o| &3]3 &
500 nm oA FFE=E SASIATE AWEFS el 5%
T gkl dis) WEEZ ALrsTh (Shon e al., 2016).

8. 3 i

A% A= SPSS (Statistical Package for Social Science,
version 12.0, SPSS Inc., Chicago, IL, USA)E ©|-&3}%omH,
3 3] dHEs S-S HdEk £ EFHA (means £SD)E &
Al Al87k] f2]&Ql X}o]= Duncan's Multiple Range
Test (DMRT)Z F25F 5% (p>0.05)014 7531t

a0 o oF
b 2 & SRS 0|E g

1.5
73} (Calendula officinalis L.), “$3}F [Phellinus linteus
(Berk. et Curt) Teng], 1’4 % (Houttuynia cordata) 70%
ethanol FZEE2] & ZvlE ) & S8R ot g3
= 343 ZA3= Table 29 ). & Zeivls I &
ZetRxols e 4% (134.93 1g-GAE/Mg, 42.38 ug:
RE/mg), =2t3} (24.39 12-GAE/mg, 17.62 1g-RE/ME), A%
(21.50 12-GAE/mg, 11.24 11g'RE/MmMgy= O 2 =7 LFepsith,
Phenol & =23} flavonoid 3FHES QAo WY =7} 2
AA AL #AetE Aoz By ® Hl (Hoult and
Paya, 1996)1t}. 71& A5 Farste] g vlol| ©p=wH 3
T k&A= T Feuls i & EehEeoln SRS A
3 (43292 112-GAE/Mg, 4261 ug-RE/Mmg)>F73}  (17.56 g

[¢]
GAE/mg, 16.77 1g-RE/Mmg) > 1A %  (10.20 12 GAE/mg,

=i
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Effect of 70% ethanol extracts of Calendula
officinalis flower, Phellinus linteus fruit body and
Houttuynia cordata whole plant on the cell viability
of CCD986-sk cells. Mean values = SD from
triplicate separated experiments are shown. *Mean
with differences (a - ¢) letters are significantly different
at p < 0.05 in same concentrations by Duncan's
Multiple Range Test (DMRT). B; 70% ethanol extract
of Calendula officinalis flower, =: 70% ethanol extract
of Phellinus linteus fruit body, ®; 70% ethanol extract
of Houttuynia cordata whole plant.

500

Fig. 1.

Table 2. The content of Total polyphenol and flavonoid from 70%
ethanol extracts of Calendula officinalis flower, Phellinus

linteus and Houttuynia cordata whole plant

Functional 70% Ethanol extracts

compounds

C. officinalis P linteus H. cordata

TPC
(11g-GAE/mg)
TFC
(g RE/mg)
Mean values = SD from triplicate separated experiments are shown.

*Means with difference (a - d) letters are significantly different atp <
0.05 by Duncan’s Multiple Range Test (DMRT).

24.39+12.13"* 134.93+10.85* 21.50=8.40"

17.62+1.90°  42.38+1.80° 11.24+3.58°

12.15 p1g'RE/Mmg) 02 yeht & AollM vehd 3 5 A
259 % Zebls 99 9 & St 9P 2 AR
¥ Y A BT S FAE UEIRT Kim
et al, 2008; Cai et al, 2012; Jurinjak Tusek et al,
2016).
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5 zAe AFE A% (Wendt et al., 2011). =347}
8 s Zepl, dekiwl 9 AfopE 5 7 T
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d#HA 2tk (Kim and Li, 2012).
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Fig. 2. Effect of 70% ethanol extracts of Calendula
officinalis flower, Phellinus linteus fruit bod
and Houttuynia cordata whole plant on the cell
viability 0/HFDPC cells. Mean values = SD
from triplicate separated experiments are shown.
*Mean with differences (a - ¢) letters are significantly
different at p < 0.05 in same concentrations by
Duncan's Multiple Range Test (DMRT). ®; 70%
ethanol extract of Calendula officinalis flower, ;
70% ethanol extract of Phellinus linteus fruit body,
B; 70% ethanol extract of Houttuynia cordata
whole plant.

2] ate] AfrobMIES] CCD-986sk A|EFol et BAS &

gk A¥= Fig. 19 eI F%18) 70% ethanol %
S EER 500 pgmlE A st Ao, MEAAEEC] 90.5%
2 ERIFo] Alx ZAo] gle Fo= Yeidth 48 70%
ethanol FEE& 100 pg/ml ©)3} Tl AE SA40] ¢l

EEel

= Ao 2 Yetoy, 500 pg/md oA M| EAIEZE0]
72.7% SA =0} efghe] g0 YERSITE o] % 70% ethanol
FEE2 50, 100 2 500 ugml o] FEHE A Az
107.3%, 109.6% % 1282%%Z A|E HEEo] ZF71s199tt.
Jung 5 (2014 oldx FEEo] HEA il Zihdol
ot MiE=AdS eslsh Wk olug) ZAbgol ©]gk NIH3T3

ul

A ZAEES] AT AAst] AZAEEC] Feolsh S7tst
ATh HAgh up o

B AxAF} oJAZ 70% ethanol FE= AP vk o=
Ao Z Afror|aEe] BEES T7MIA, I 9] ME A
2 FaIt Jg FeE J|gEe, U 2 =312 Qs
g ool =go] & Zo=z dEc)
3. @57FMIE0 thst sA EIt

BEATAxe 2E 347 Fo=x drel gRof o
She Ao ' dElA T} (Oh ef al, 2004). 23}, A3k 2
oJdx 70% ethanol FEE2] SEES IS st 77t
ABEE 10, 50, 100 2 500 zg/ml &) FEEE x@]ske] 217k
EAFAIE (HFDPC) A2l thet 548 gRigh Axbe
Fig. 20 YeRH AT

=73} 70% ethanol FEES ZHZE 10, 50, 100 %
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Fig. 3. Effect of 70% ethanol extracts of Calendula
officinalis flower, Phellinus linteus fruit bod
and Houttuynia cordata whole plant on the cell
viability of 3T3-L1 cells. Mean values = SD from
triplicate separated experiments are shown. *Mean
with differences (a-c) letters are significantly
different at p < 0.05 in same concentrations by
Duncan's Multiple Range Test (DMRT). ®; 70%
ethanol extract of Calendula officinalis ﬂower u;

70% ethanol extract of Phellinus linteus fruit body,
H; 70% ethanol extract of Houttuynia cordata
whole plant.

500 pg/mlZ ZHFAIE] A2t A3} 99.1%, 98.8%, 98.4%
2 99.9%°] ME BEES YERHA O, A= 70% ethanol
FZES 99.5%, 99.1%, 100.3%, 98.9%, olAX 70%
ethanol FE2-2 101.1%, 99.6%, 98.4%, 96.6%2] A FEAY=
o] F4H0], 3 7K A8 FEFE BT B et
o 548 YehlA] ¢ 2oz IRIHUTH

71E Aol ME ZAL HEREE0] 80% oIt ul
EAo] e ZHew Aty o (Kim er al, 2004) u}
A B Aol ARge F2bs}, s 9 ojAd % 70% ethanol
FEES ERFAIEE o E 3 S5 AFE sl 724
| §1& Zo= 7€t

[«

bMI - +
Sample -

G N

(B) _.‘:h- "L.""'A-: \

FA ‘

©)

Fig. 5. The mlcrosc

ic pictures of lipid precursors activity of 70% ethanol extracts from

OElE FE=2° |S=2adt

W Calendula arvensis
W phellinus linteus

W Houttuynia cordata

Lipid accumulation(%)

DMII - - -
Sample - - 10 50 100 500 (pg/mL)
Concentration (ug/mg)

Fig. 4. The lipid precursors actlwt)' of 70% ethanol
extracts of Calendula officinalis flower, Phellinus
linteus fruit body and Houttuynia cordata whole
?Iant flower on 3T3-L1 cells. Mean values = SD
rom triplicate separated experiments are shown.
*Mean with differences (a - ©) letters are significantly
different at p < 0.05 in same concentrations by
Duncan's Multiple Range Test (DMRT). ®; 70%
ethanol extract of Calendula officinalis flower m;

70% ethanol extract of Phellinus linteus fruit body,
B; 70% ethanol extract of Houttuynia cordata
whole plant.

4. NUHPHEZ 59
AATAE 3T3-L1)l 22t
500 pg/me o] FEE AT & 24 A7F
< 318 A3= Fig 33 2t
F23F 70% ethanol FEES 7z 10, 50, 100 2
500 pg/mbe] FEZ AYATAE A o, MEAYE
& ZF7F 101.1%, 98.8%, 98.1% 2 99.6%% LEFom,
A5 FEE-L 99.5%, 99.0%, 99.1%, 93.4%, oHE FEE
< 97.3%, 98.4%, 95.6% Z 74.5%2] AEAHELo] SA 5
o] oJJ%E A T3kl A4 70% ethanol FEEE2 A
WA E thate] 548 JeElA] s 202 el

A|BE 10, 50, 100 ¥
o ME HEEA

500(ug/l\¢)

Calendula o n:malls flower (A), Phellinus linteus (B) and Houttuynia cordata whole
plant (C) on 3T3-L1 cells by different concentrations.
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TN - TP - BB - LA - M - UM - 2B - Bk - SEE - MEE
odx FEE 500 rg/ml FEOAX 745%2] MEAYETEC] S REFERENCES
AEo] =R A sIS Al APTAFAES] BEE] oF
7re] A2 7pel= AoZ UEpdt) Cai W, Xu Y, Shao J, Dai S, Liu Q, Liu Z and Wu W. (2012).
Festa 5 (2011)2 AMPATAE7} A o] B4 24 Phenolic Fontents and antioxidant activities of diff'er'ent parts of
= . = o= oy Houttuynia cordata Thunb. Journal of Medicinal Plants
Sl AA diellM =k F719] 44718 gtk Basl) Research 6:1035-1040.
ot 2 A7 A3 S3is), e 01* Z BF 100 pg/mlo] 5k Cheon SJ, Jang MJ, Joe WA, Kang BY, Choi EY, Lee JS,
oo ME UPAA R RS AR = How I .;z)pg .SZS, Klf;n YS, (I;ee CIE, .An BJ and T‘e.e .]Td (2006)1.C
- , tioxidant effects and application as natural ingredients o
Qlwglont, mur vgrel s Baw :
R — 1 E = | &et A (Soma er Sanghwang mushroom(Phellinus  linteus). The Journal of
al., 2002) AF WLl = oJd% 70% ethanol FE=2] F Applied Oriental Medicine. 6:1-6.
ZAo] Qs Zlox AT Choi GS. (2013). Hair characteristics and androgenetic alopecia in
Koreans. Journal of the Korean Medical Association. 56:45-54.
5. X|at 251 stol Choi JH, Lee MS, Kim HJ, Kwon JI and Lee YK. (2017).

A AFAE 3T3-L)Al =733}, 38, 8% 70%
ethanol FEE-2 Z}2} 10, 50, 100, 500 zgmd o] F=2 &
Slo] A A ERO] BEe-S =43 A= Fig 4, 59 2.

%3} 70% ethanol FE=S ZHZF 10, 50, 100,
500 pg/ml o] BEZ 3T3-L1 Huoﬂ A2 e A3 104.3%,
98.7%, 97.4%, 97.2%2] #3-&S Yepdlen, 43 F&
L 106.5%, 108.3%, 112.5%, 124.5%, ojA =
108.3%, 110. 8%, 119.8%, 134.3%2] l‘@}%—a— HERH A
3} ethanol FEE3} o] % ethanol FEENM+= T2
= 3T3-L1 AlZe] £3}go] mol o}, #7313} ethanol
ZES T v e Al EskeS JEpITh

Kim 5 (20152 IsA%e] &4o) #Ask= €
1AL (PDGF-D)] @4d¢] =& o, =it A4 7)5o] 3F
At B sk b Qo) Ed ojdzo= s gd=
2 FAY2RE-S Sl= B89 decanoyl acetaldehydeo] X3z o]
Atk BuE bl ok (Lu er al., 2005). 019} Zags

o
FaEe
=

-

—1)14 0y o>‘ fo m{u

235l

3

[e3

=

2 A8

?L‘é S ugow & 03%91 4% 70% ethanol FEE} o)A

% 70% ethanol &2 decanoyl acetaldegyde®} 7+ Al

ﬂ%}/‘é‘*@‘jﬂ o FHrEol e Aom AztEm, rike] A4
ol E=go] € AR HIth

oj¢} 7o) wtw ¥l dmo] 535 vehd F A= 7154

27 g flste] o“‘:rL— APk AAs FHH o= Adun

(e}
e

H A% 70% ethanol FE=°] do] 7o A= 7 4
St 7154 AAE o] 7Fsdol US Ae=E HolH, thE

A A5 F2E2 &3 2HE NEE T AuA &9 5
AEARD AT o g o aHHQl 758 AR o0&
2 Us ZoE wdEr
ZAR| =
2 ATE AR A exsd e AR
A AR FAHE: R0005473)2] Aol ¢J5) o] F

o] Az ole] A=,
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