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Evaluation of Antibacterial, Antioxidant Fractionalities and Hair Loss Prevention
Effect of Platycodon grandiflorum

"Min-Hwa Jung

Director, Hair Scalp Research Institute in Daedong College, Busan 46270, Korea

Abstract

To investigate the effects of antioxidant activities and hair loss prevention of extracts from Platycodon grandiflorum, we’ve prepared
chloroform (CF) and ethylacetate fractions (EA) extracted from P. grandiflorum. In the results of DPPH radical scavenging assay,
the two fractions showed dose-dependent antioxidant activities. Furthermore, in the ABTS assay, the two fractions exhibited the
inhibitory effect over 90% at 10, 50, 100, 200 mg/mL. To investigate the inflammation inhibitory effect, we used RAW264.7 cells,
these extracts were inhibited inflammatory reaction by suppressing the production of nitric oxide (NO) and prostaglandin E, (PGE,)
in dose-dependent manner. In the assay of HaCaT cells’ proliferation, the 24 hr treatment of the extracts significantly accelerarted
cell proliferation in the range of concentrations used. The two fractions inhibited the proliferation of Malssezia furfur, the bacteria
induce the dandruff. Finally, the CF could significantly inhibit the DHT production at 1, 10, 50, 100 pg/mL, but EA showed the
inhibitory effect at the concentration over 50 ug/mL. The overall results of this study suggest that the chloroform (CF) and ethylacetate
fractions (EA) from P. grandiflorum could be a useful raw material for the hair loss prevention products.
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Aspgge] 5712 Arjele] olwol g Bl S
W, S e o, pAIE A, 25, & 59 o= 4
et oz, F23olAE gE7 WSt Qlof, Al
AE7E A4 D gAsm 5 el A AsHE oplshlE
AehLiu 5 2018). SRS 2712 GRAGo| FHYS
HA RS A ® A &5k R AlEEe] A= QL
o gi= o] AT S FAO] A A 2R
o 22 A S0 844 2300l o3 FA717} ok
7710 mdro] gete]= HIPAGA Rl ERVE LT (Lee
& Im 2009; Moreno-arrones 5 2017). B2 59] ZEZQ 3
A2 g1 o] ARl a5tz Aotk 22 tfEAQ ¥

1o o i

Q10 F 5-a reductase®l] &J3f A4 == dihydrotestosterone(DHT)
o] utt. webA B AFE0|A DHT = JAA7 =
o] AP Jom, T tEAQ 2F=0] Minoxidil¥} Finasteride
o|t}. o] FE2 5-a reductase®] B2 AU EN HH
£ Amsh= a7 Loy, BRE 7SS, o5, EUA
oh, AEE 5o FAEo] 2eE= AR A Uth
matA, f2hgo] A2 HAEZHE gio a3t e &
AE 2o, FEchaA B2 A7 AP Qick ez
FEH3} vlA| e HPAESHe] FHEEE S 4
g a5, 77] 5ol 237t itk Ba7F Qlek(Kim GR
2011). TE3F St -0]= 9] A=Q] naringenind} hesperetin©]
o) S SXIAIXITHL 6131 tH(Madaan 5 2017). An &

Hwang (2009)2 A4t v F2-& Sha-3 AJFFEEo] 2o
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WLol F72 2/ RN SR U] W 81 23]
7t et st

ZZ2230] thAR) 2 EA1E91 ek (Platycodon grandiflorum)
L 2.gat ofe}, Aol H opf R ALgElole ¥ wet
A9] f5-g vehhs Aol gg A7t Bas) Aol
g}, b £& 20| 14U AR YolA FREARE B
R O™ (Jung SY 2016), 1 Qo %= FA & A|(Park 5 2012), T
Agl(Jeong 5 2009), FLATHYi & Kim 2017) 50| H I
AUtk olE A5 - TR0 hE ARl 9%t
AOZ, Leng 5(2018)2 Zatx|ofA] &3 AL O] nuclear
factor kappa-light-chain-enhancer of activated B cells(NF-kB)2}
AMP-activated protein kinase(AMPK)/Phosphoinositide 3-kinases
(PI3K)/protein kinase B (PKB, also known as Akt) signaling
pathwaysE &3f oFA|Eotm| o] o5t 7HEAS AIgtT
89t

o]Fe] AFEolA HRol, =EHA FE29 RN
adto] gt A= AR AAolng 2 A= ket
A2 RE gra @ 2 g0 aA 84ES 271 ¢
o FEFEERRE SEZEE, oot Ho|E 02
=4 Aolo] wEt 2952 2SI, ol EEY T

- As 2 g 552
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ASo] AMESt L=} R|(Platycodon grandiflorum)= A 2] A
FojA] 201814 394 BT 2 TSI &
7MZo] Aol F2 AAT tha A &zt 40Tl A
24A7F SRt BFAXAR F E47]1= ZobA mehA] 2
o Azt wex) o Eaol 109 Rue] 700 oee
(Daejung Chem., Siheung-si, Gyeonggi-do, Korea)S % 7}5}o]
35C, 48AIZF FRF wHsto] 23] &3, o] F&EC] &
BERIE, oHoAHOIE &0 H7IsHHA =4 Zpold
we} Fo] RelE JAE o 8sto] RaAts2 7t &)
g 22 otk £ dYe] A8 H EREEEE REYE
(CF)I} olotAEl 0| E £ E(EA HYES3te s
A7 % DMSOO] 0] ALgISich.

2. DPPH radical &2HS
DPPH assay= Yoshida 5-(1989)°0] A}&-3t glHof ujet =
7JoFAT. 96 well plateo] A2 50 uLA 59 £ 25 uL o
<, 75 uL DPPH(0.5mM 1,1-diphenyl-2-picrylhydrazyl/ethanol;
Sigma-Aldrich, St. Louis, MO, USA) -88-& H7}3it}. 257,

3087 9ES-A17] oF2 517 nmol| A microplate reader(Molecular

Devices, VersaMax ELISA Microplate Reader, USA)Z S0 %
2 24a9c) g Tol gt 2oz 275 Weee
EFUi At}

DPPH &tlZ 2% (%) = %100

(1- A 2R EHE)
EESE S

3. ABTS radical &2H1s

ABTS assays= Re 5(1999)9] ®HS Wsto] S45H3
t}. Z, 7 mM ABTS(Sigma-Aldrich, St. Louis, MO, USA) 5 mL
2} 140 mM potassium persulfate 88 NLE 42 & AR20f 4]
16A17F 91& 2peksto] ABTS ol /A1 16417 &
414 nmo| Al &34 Fro] 1.57} E|%=E PBS(USB Corporation,
Cleveland, OH, USA)Z 3] A5}t ZA|E 314894 190 uL
oF A& 10 LT St & 4204 587 vhSAIX o
734 nmof| A FFEE S Rl tigt o &
AsE HEEZ YA

ABTS &2 275 (%) =

4. M| HH2t

Ao A28 RAW264.7 cellS FHEA| 3228 (KCLB,
Seoul, Korea)o|A] E9F¥o}, 10 cm plate (SPL, Pocheon-si,
Gyeonggi-do, Korea)o]| 10% FBSE 3§33t DMEP HjA|(GE
heathcare, Cichago, IL, USA)Z 37C, $& 95%, 5% CO, v
71004 B skt 80% AlE/g7o]l Yoy phospated-
buffered saline-EDTA(PBS-EDTA)E A X3t & EZA #2]5}
of AdujgstR o wiAl= 484170ttt welsto] NEZE
Hj st

5. Nitric oxide A4A2F =&

RAW264.7 cell2 96 well plateo]] £33t & M| X7} 80% A
A5l 1 pg/mL lipopolysaccharide(LPS, Sigma-Aldrich, MO,
USA)H 3 1, 10, 50, 100, 200 pg/ml. %2 24X]7+ 425t
FUTF. 24A17F & AL HjFH 50 uLE 96 well plateo]] Z|F{SkaL
oJ7]9| 50 pL GriessA|2K(1% sulfanilamide + 0.1% naphthylethylene-
diamine dihydrochloride / 2.5% phosphate)2 #7}slo] 158 &
QF A2 A HHEAIZ] ¥ 540 nmo] A S E=E S5k

6. PGE, MM2 &3
PGE, A% Prostaglandin E, EIA Kit(Cayman Chemical
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Company, Ann Arbor, Michigan, USA)2] manual©] w2} =74
SFTE =, RAW264.7 cell:& LPS2} 37 1, 10, 50, 100, 200 pg/mL
SR 24A17F A ST 24417 & M| HjFR 50 uLE
goat anti-mouseZ TEHE 96 well plateo]] JJF5kL, of7]0] 50uL
primary antibody solution, 50 UL PGE, conjugateE 7}3t &
4°Co) A 18A]7F WES-A| 71T}, Washing buffer® 53] A| 2%t &,
200 pL Ellman’s reagentS A7}511, 6057F wHlsHHA 93
A7l &, 405 nmol| A FFEE ST

7. M= HHSF

T 54| 32of| et 5 E RS 5h7] flsf QR EuA| L
HaCaT cell(ATCC-Manassas, VA, USA)YZ 10% Fetal Bovine
Serum(FBS, Lonza, Valais, Switzerland)7} 3-3% DMEM
LOW- glucose (GE healthcare, Cichago, IL, USA) HjX| = HjF
Spc.

8. MEIM &5 I}

HaCaT cell& 96 well plateo] 2x10° cells/well2 F-335}0]
37C, § 95%, 5% CO, Hj¥7]o|A] 24A17F 52L viFs}S
ok FBS7} Q= iAo Z2kA] g FEES 1, 10, 50,
100, 200 ng/mL s=2 F7Fet vijx]o] AZ2E 39 &<t 8
Sttt AlZ AEES SA5H7] Yol Cell Counting Kit-8
(CCK-8, Dojindo Mol. Tech., Rockville, MD, USA)E- 0]-8&5}c]
490 ol X EH=S Zshech. Az
£ ATt 2t tiet AR A2z FFEE E
AlSFATE.

9. @3 HHH

2 Ao AEE dF=
acnes(P. acnes)2} H|S —T-?-O] Malassezia furfur(M. furfur)= M)
MEALAE KCTC(Korean Collection for Type Culture,
Jeongeup-si, Jeollabuk-do, Korea)o]| 4] F-ofito} Al&lo] ALE-
St4T}. P. acnes®}t M. furfur®] AS-¥] A= Table 10 YERA
HRe} 22 Hj Ao A 37C= B FsHRT

ZE491 Propionibacterium

colonyE ZF|5ko] AAHA| o] HF
acnesT M. furfurgs 37T, 48A|17F vl oFSte}. 48A17F
T ImAS Fo 2AEjAC] #LSHA =Rty EdtE
disc paper(8mm, Toyo seisakusho, Kashiwa-shi, Chiba, Japan)&
TH|SEAL, 50 UL AlmE 747} discoll st HHI FE
o] 4o & 7}= & sto] T VAR &8 i Z2of
=9 A7(emyE S75t0o] TS BURRTH

555

Table 1. The medium composition for P. acnes and M. furfur

P. acnes M. furfur
Substance Amount Substance Amount
Peptone 100 g Peptone 10 g
Sudium chloride 50¢g Dextrose 20 g
Beef extract 100 g Yeast extract 5¢g
Yeast extract 30 g Olive oil 33 g
Dextrose 50 g Distilled water 1L
Soluble starch 1.0 mL
Sodium acetate 30 g
L-Cysteine
hydro};hlon'de 05¢
Distilled water 1.0 L

11. Dihydrotestosterone(DHT) Aslis =J}

Rat®] 7+ o]-&sto] DHT A= &35t 1t 5%
9] 2ujo] siSt= PBSE Ztoll @11 #ASeE &, 0.5 mL +F
AAof| 50 uL Al &5 F7FstaL, 37C 3027t wytsh whg
AlF T} 305 & 0.5 mL extraction buffer(50 mM NaHPOQy, 0.25
M sucrose)E A7}, 4T, 1,500 gof| A 2087 QA E st
ArZN-S #5] DHT kit(Immuno-Biological Laboratories, Inc.,
Minneapolis, MN, USA) manual®] 2} Ad}'5-S S5t

=

1_0

12. AIEA

/U‘Fﬂﬁj,}-oﬂ I:Ho]— EZ—“
o 2E AIA]E meantSDE H7]5FF
4L A5t

H]Oo

RLy T

student’s r-test-S AME-5}%
o, p<0.05% 9]

EI-E/] _q- 9}7:]140] JC_)I_O]o] o] th
oL 3t 7% %JO o oJaf gy} Jojutty] Hrke B3
9l ol 42 Wy} My I F $HHY QA B
294 WA Bo] Qiek FAALT of g Atk A A
A5 a¥eteo] 7&*«:1} A, 2, A4, e, A
AAQ 9Qlo2 Q3 9] drysict o]y
o2 1518 £3loky, mite] ¥
o}qa} A} 220 FE g €
S Z7 51, LT dho} FEE
F FFES PR B3 e
N2 AEE doy|y, =
oA Ho
FEH FE% SREX

AAL /\]-

7t} Bt
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¥} ofdotAHo|E 89| i}t e 9
DPPHS} ABTS 2tz A4S =45t} 1 7%)( =
BXE 293 odotA|Elo|E £2]9] DPPH S &7%
9] ICsx%kto]l 22 19.5 mgmL, 29.6 mgmLE LERGEO M,
ABTS 21tz 2459 ICft> 2R2EXF 289 34 37
mg/mL, of|FloLA|H|o]E 59| ABTS #tt|Z 4759 ICy
HZ 42 mgmlE £ B4 YE U (Tabel 2).

P Ao A HHE FE5EC|AE DPPHE}
ABTS &z &7]50] 242} 10 mgmLe}t 5 mg/mL 5= A
2 G4 Yerdthal B 7513 tHBoo 5 2018). EOP =
2HA] FAb, ot 4, B rRE FE3 g FEE00A
DPPH 2}t]Z 3} ABTS =tz 4750 % 5=oE4]

SHS U Aos B J_o}oﬂE}(Woo 2018). & A
Ae FE2T 22 BEE50] 2 A HE
S-S FQIstg o, o] ZAE g1 WX /FsAE Bels)
k.

2. E2HX| FE4E9 &Y i
AN EZ O] F= WE-S-A] interleukin-i3(IL-183), PGE,, COX-2
(cylooxygenase-2), NO 53} ZH2 J=531d AAEY 5=/t
Z7}5FH (Vane JR 1971; Lee 5 2007), o3k, I3t Alzdt
o] =314 27} olPlol A=Y WY 5 Tre] Aukg
urEjo] st Jojuith. nfebAl, B ATAL Se R
FE 35 S22EF ZH(CHY Ao EHolE 8=
(EA)Q] A AiE &215t7] 918, RAW264.7 cellof] &
= ourolz}ol LPSE A ejste] AZUSS S5kt of
719l CFe} EAE A E5tal, 539 QIX9l PGE, NO9| A
X Wske Abnl HOITh RAW2GAT cello] that E4AH AT
(Table 3), 545 UEIWA 282 s/ flolA LPSe} CF,
S AT ¥, PGE2} NO AP H =5 S 53Ut Table
40 LeRd Hiel Zro, CFot EA A 2|FoflA BT FEoJE
07 NO2J /=S Asstitt. ¥HH, PGE, A3 Aol A

ol
fol

Table 2. The antioxidant activity of P. grandiflorum
fractions

) DPPH radical ABTS radical
Concentration gcavenging activity (%) —scavenging activity (%)
(mg/mL)
CF EA CF EA

1 17.0£3.0 11.5£3.6 32.0491.3  27.240.7

10 50.7£7.3 48.0+1.4 91.3£3.3 91.1£2.5

50 85.446.6 77.2£3.5 100.0£6.0  100.0+£3.3

100 89.2+4.3 94.4+2.7 97.6x7.7 96.6+5.6
200 96.9+2.7 96.8+£2.2 953£11.5  84.0£5.9

Table 3. The cytotoxic activity of P. grandiflorum
fractions on RAW264.7 cells

Concentration (ug/mL) Cell viability (%)

Control 100+£5.2
1 102.748.7
10 103.443.5
<k 50 112.2+8.3
100 108.8+10.2
1 115.242.6
10 110.444.5
FA 100 119.5+15.1
200 120.246.7
* p<0.05.

Table 4. The effect of P. grandiflorum fractions on NO
and PGE; production

Concentration(jig/mL) NO production (%) PGE, production (%)

Control 11.6+0.2 34.6+1.8
LPS 100.0+1.2 100.0+5.0
1 81.5+9.8" 743424
10 74.643.6° 67.542.2°
LPS + CF R .
61.543.2 76.3+1.4
100 51.0+4.2 95.9+0.9
1 79.244.2° 80.5+1.6"
68.313.0"° 67.843.5"
LPS +EA . .
100 57.0+£5.0 67.342.0
200 45.745.6" 63.244.3"
* p<0.05,

= CF A2 A] 10 ng/mL 5E=o4] 67.5%2] Heh#|s) L5
H2l ¥Hd, EA A2|ZoA= 5EOE4 22 PGE, B4de
Ao 2 08 LERGTHTable 4). Kim J 2014y EaHA| 5
£E22 10,20 pgmL =2 AFHS 1 292, 26.1%2] NO
B AsE UrEMiO*Db_ alich & o] A EeA
o] ATa%Ol ¥ ¥ A2 F&YH

£ Hole} Amrt.

3. AN £EMEO| TRME Xy 21}
e 350] Bdy|oln, A7 T g

717F Us B 7H K Patal 5 2015). THEFA], 2 Q1R0]lA
© EEA 2R E $E53 SREEE FE(CHI oot
O|E Y =(EA)] HFAE F4o] A JFE BED
71§18l 7o FAZQ] HaCaT cello] tiet 545 Selsha
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T}, HaCaT cell:> 33| 9] /43 Hejge] dA+to] 2 7]
F AFEET Q1o Pekmezcei 5(2018)2 thHEZQ ©H X
FA "lsAEo] HaCaT cellofA] IL-1 a HES AAAI-
o224 FIYFEAE Wit 5kt 54ES UEHA F=
S RolA CFeF EAE 24A17h3 48A17F A 23t & Al
SAE&S WHESITH(Tabel 5). 24417 CF 9 EA AF] A] Z¢
ZF A 20% (CF 0.01 ug/mL)2} 10%(EA 0.01 pg/mLy71A] 2
7¥sldar, 48417F A2 Alofl= §o4%l FAEXaNE B
o|x] oottt &, CFel EA:= 24A17F A 2jA] o &3b7}
Bttt tiEA Q1 dRA ARl Minoxidil Sulphate®] 75,
0.001~0.001 uM =-I=o]| A 48A17F A 2] A] HaCaT cell 2412

Lo-dor 2ZA|ZItkMadaan 5 2017). °o]= &$SEdA}
&0 o7 7%t Ao g v W2 A7t R Ao
2 AlgEch

4. Z2lX| FE4E2| g7 &t

B AR MAAoZNE W7} 349 HelsE £
A 5ol Jsh B3f=aL, EsiitEel o3 A7E B2ES
2 Qo7 Pk whehd, X ATolAL gmel Aol
9l P. acnes I3+ M. furfir - ©]-83to] Tetx] BIEE9]

Table 5. The effect of P. grandiflorum fractions on
HaCaT cells’ proliferation

- 4 ghaksl a3t 557

FHRIE AT EJTE CFel EA A7 & Ze]ojE9] 34
%%:’—E et A3, Poacnes 7] His CFeF EA 50 L A2
o ZF 0.71} 0.8 cm@] FF a5 YEH AT Table 6).
Jung SY (2016)2 ZepX|FEE°] +m|AE] et I+
AIE UEhHTHL 51910, Lee 5(2007) =2HA] 59
o] 7|#A| dg Aol disl FHBIE 7HXITHL 53l

F
=2
oA
)

N

DHT MM X5 &nf

%127]% EZF 9l S22l DHT= HGA|E
2gsto] me] hERA S gHe AYstel B oy
W78 GEA71L, o i3] H
o224 wito] HzolA|: T} it
He Ao o4y a&u}(swnn & Paus 2001). T} 2 HE =
S SRRET FY(CHY AEoMIHCIE EEE(EA)2
DHT 4 9] 831 2sb) i) re) Ul 3258
H7}olo] WS A7l & DHT A ALE At EakA
22E A= ?loH DHT #J/go] 5% o|&#o]x|= gkgte
L, Ao AHEE HE w0l 7oA g A s At

£ UERH ATH(Table 7).

a
2% 4

[N

=
—

EeKe] grd G 455 8] EeHmiy
Zzens BICHI ootEolE B EANS 220

i Cell proliferation (%
Concentration p (%) A} B Lo AFRE E 7}A] 2EE BEoA kE o=
(ug/mL) 24 hr 48 hr
* X o2 DPPH 2}r]zt 47452 Lrehlom, ABTS 2] 2
0.001 115.743.5 108.242.1 .
) * A7 Aol CRe} EAS] 1Cx7to] 212t 3.7 mgimil, 42 mgiml
0.005 117.9+1.9 115.6+8.6
cF 0.01 120.4+4.0° 105.6+4.0 2, AEmolAe FUSLEE HEHIAT. RAW2647 cell
’ T o £ 0] 835t dZHS oM F BEE HE = ojlEFog
0.1 115.142.6 105342.1 < ol8T FSESA= F EHE BF 55 9
0.01 110.75.7" 107.849.4 Table 7. The effect of P i i DHT
01 110.022.7" 116.546.6" al e: . The effect of P. grandiflorum fractions on
EA . production
1 108.5+5.4 106.6+9.6
10 108.5+4.6" 106.943.9 Concentration (1g/mL) DHT (%)
" p<0.05. Control 109.1+1.2
1 674824
Table 6. The antibacterial activity of P. grandiflorum 10 63.3£7.3"
. CF
fractions 50 64.743.7"
Sample P. acnes (cm) M. furfur (cm) 100 51.6£2.0°
Control - 0.0£0.0 1 127.6+3.0°
- 10 101.6£1.2"
CE 25 uL 0.5+0.1 EA ]
50 puL - 0.7+0.1 50 83.9+£3.7
A 25 1L - 0.2£0.1 100 80.8+5.7°
50 uL - 0.8+0.1 " p<0.05.



558 bl

NO®} PGE; A37d& AT EQE QIZtu|F-A| 2] HaCaT
cell 54 AYAT, F ZEE BT 24X A2 Al Al 254
< SAI5t3lom, 48A17 A2 Alofl= 22 ]l a3t Q%)
ot =GP, acnes)t Bl (M. furfur)ol et 24
AlolA s F 288 BFolA vEatol Wit g
Sl 4 AT vpAgre 2 2R o] 24 2Q1 ¥Rl DHT
B4 A dholAE, CF A2|2olA s 22 B49A|
AE Hel ¥H, EA A2olA= 50 ugml 5= ool A
80% o<l AA NS Uetiltt. ol 23E Ed=
A 2RE 2% F 2YES0] BRANAIES Axs)
<=t #&et A z=H S 7HA7F oI

Ol

o]o o
LS ==1
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