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Abstract

Radioprotective potentials and its mechanism of

Phloroglucinol on the skin in gamma-ray irradiated mice

Areum Kim

(Supervised by Professor Jae-Woo Park and Youngheun Jee)

Departments of Advanced Convergence Technology & Science

When exposed to gamma-rays, hair follicle stem cells, immediately go
through apoptosis, which injures their rapid differentiation essential for the
regeneration of hair. Phloroglucinol (PG) is a phenolic compound of Eckionia
cava, brown algae abundant in Jeju island, Korea. Containing plentiful
polyphenol, PG is known for its instructive effects by inhibiting apoptosis,
scavenging oxygen radicals, and protecting cells against oxidative stress. In
this study, we demonstrate that PG rescues radiosensitive hair follicle stem
cells from gamma radiation—induced apoptosis and DNA damage. To identify
the hair follicle protection capability of PG, we irradiated gamma-rays to the
whole body of C57BL/6 mice at day 6 after depilation with or without PG.
PG or EpiCeram (EC) was applied once at 17.8 hours before irradiation and,
after irradiation, it was applied at 17.8 hours internals until autopsy. At 8
hours after gamma-rays irradiation, PG not only decreased apoptosis which
was suppressed by radiation as shown in control but also decreased
morphlogical changes of hair follicles. Our results suggest that PG presents

radioprotective effects by inhibiting apoptosis of radiosensitive hair follicle



stem cells and can PG protects hair follicle stem cells from gamma-ray

induced damage.

Key  words.  Phloroglucinol, hair follicle stem cells, gamma-ray,

radioprotection
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Phloroglucinol (PG)<& ThA|vFE TrA|ufae) &3t 2=
cava)?l T8 Aiol™, M9z (immunomodulation) ¥ HHEA (immune
activation) (Ahn &, 2008), &4tsl &3 (antioxidant activity) (Ahn &,
2007), &< &3} (anti-inflammatory effect) (Wijesinghe %, 2012) 5 t}ksh
AelgAd S Yepditta g A ok T3 WAl o R Qlsle] EAME I W %
uALe} HFAAYE 5 WAAMELY] AFEAEAL (apoptosis)’t AAES s}
om (Park 5, 2011), ®WAHd ez <Qlsto] &4dd 24 W AAS7IAES A
EAEAL (apoptosis) A B Al &37F )lFo] HuHWA (Ha &, 2013),
PG7} WA Wo] a3E 7HX= EZEA #AS o k. 2 AF A= o]
He A8 i & EdiE ZAEVAE T st w29 23 AAE7A

Tol vh@ WA ol TS elstch
A

ofoll M el AREstaL vk, ol whel w7 B )lFe] Frbstal lvh

% olgt ool Aol WA B WA ESlAAat Wwe) AWy ohe Aw

o

o o]&star Qlrh. Ee YAz GFHE Y (positron emission tomography,
PET)¥ 22 g Au|7t A5 7o) mel WAbA %9 7]13]7F 71818

thomd g@As] B4l AR Fohsel ¢ 2A9 AES Akl Ry £

ALY

olyel I FHEe G4 o= JFgS /A TAI7F Ha Atk WA o2 H
H A7 =&3HHW WA o2 Q1ek 21541 DNA (deoxyribonucleic acid) <=

ol dojyAY, AEW = A4 ol23E  frste] hydrogen (‘H),
hydrated electron (e”), hydroxyl radical (‘OH), superoxide radical,
hydrogen peroxide, alkoxy radical, peroxy radical (3} &, 2011)3} #& %
dAka (reactive oxygen species, ROS)l &gt 4 AEZ &Afo] dojvt+

Aoz oex Qr} (Halliwell 5, 1999; Park 5, 2008). o]¢} 7o) wpApM o



2 Qlstel Al WelM dojd =9 il dyk AgE &Adqkiel ofsto] o

de] SH7|u DNASE ®bg-ste] seldstel ddoluy 7tuwdehs JAdste]l A

T4 A FEAQ WMEkE F=3H (Pollycove, 2006). o= gk WA o] 2
T

Y004 GFe 9A 23 FAAE 53 2d 2L 34 &

[-‘_q

ZFEARAE, 2% D By AAZ7]AE (hair follicle stem cells)?} HAFA o]

W73k (Plikus %5, 2015), DNA, RNA (ribonucleic acid) % vz o] &4k
Aro wat MEY 7)5E AAY MEAEA (apoptosis)E =3 (Clarke

5, 1997).

W, o]l Fa HEE AR Solz<l sz
(Sugaya &, 2015). mebA olgst I &33 &

Ll
= B Stelg FAG FFH AYAA 1L F7] gFo] WA o

71E2] WA WolAl &5 -SH (thiols)Al stgtE<1 AlZ=HQl (cysteine), A2~
B} (cystamine), 2-HZEo| 8o}l (2-mercaptoethylamine; cysteamine) &
o] 7jtE]o] ALl ont (a1 5, 2003) A, TE, AdY 59 Lo w
st A= AR oA o] Fad AR dFEAY (Miura,
2004). T3k Al ARd wolAlE 4zl thiol HEAQL WR-2721
[Amifostin; S-2-(3-aminopropoylamino) ethylphospherothiotic acid] <A],

F2 AR SHoR A% FE, TE, 4897, 99 5o PAgo] nw

-

)

AaL dH A7leA WA W] 37t Asido]l ¥ A (Antonadou s,



2001) s}E= o] FoJ XK ko HAE (natural product)oll A WARA W

grs] Y Fol vk 53] Aloe

ofs

o] %<& e BES e A4

-

= Ly

arborescens (Chitra &, 1998), aloe vera (Williams -‘&, 1996), chamomile
(Maiche &, 1991), amond (Maiche ‘&, 1991)¢} centella asiatica (Chen -&,
1999) & ¥ARdC oJa EAE FFolA @yt dvial BaEon, o=
WAL ofaf &4d I5 A5 vhgoA dF I a7 (anti-inflammatory
effect)7b Harg Aol wepa 2 A5 Soto] Ao RE <lete] &4k
oh9-2 ¥ Ro] wd AAZE7|ME (hair follicle stem cells)ol i3t PGe] 35

olq el WAE ol ERE FHeA B,

ol



759 C57BL/6 wF$-2 (OrientBio, South Korea)E AF&3}%)
o AFEES EF ASEA 2% 2321TC, 5% 501592 FAHE S oA
Ab& (LabDiet 5L79; OrientBio, South Korea)$} &4t AHEA AF =

sk AdFe A R (Non IR), WA ZAF dl27 (IR), Ale Al#HE

o

flo

(@]
!

T 9 IF &4 A:A¢l EpiCeram® (Swiss American Products Inc.,
USA)S A8 44 iz (R+EpiCeram (IR+EC), ©]3} IR+EC) ¥ A& H
& A2l (IR+ Phloroglucinol (PG), ©]3} IR+PG)oZ o] A},
ATE ATt AFdsEaddsd sEA AFAE AZste] 9l W

=
tom (FEAY $2AHIE 2015-0028), TE4% % A= AFUstw Ad
A&y

A&t A3

8.5Gye] WAAS A8 69 d "ol BU|sE flste] vl S%9 °
S ARSI, 647 FAVE THAH AASAIZTE WAL 2AF 17.8 AL
A AR w2 5F 9o ARE E=XET. IR+ECTAE EC (Swiss
American Products Inc., USA)E AR & IJHo| Sk E¥xsqom,
IR+ PGi*olli= PG (Sigma, USA)E oFAlE=d] 8 3te] 10mg/kge] §Ho2 =

TR A8 E¥E AR AL Sl 17.8 AZF tA o7 AAEH

& "YU AR3 mlg-2o ok HAA ZAR= close-fitting perspex box
(3x3x11lem)E °] &3t AlFuista PxE#8t7]=A T4 “Co HAmba ZA}L
7] (Theratron-780 teletherapy; C-188 9.9 TBq; Nordion, Canada)& ©]-&3}
o] 100cmé Aol 8.5GyE ¥3] A ZASHA T
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Hematoxylin—-Eosin (H&E) €A
8.5Gy9] WALA AL & 8AIZF Al FASt] w29 TF IRE AFHS F
10% T4 X=2Udo] mAsla, A4 W wel setd E55 A2k

9. sl 228 umw whdde] ofF Zdolmd RAd ¥ auusts

A AsFEE. Mayer’'s hematoxylin €98 o]&3lo] S AN 3L eosin &
NS o] geto] AExAN AgxA T AT F T2 BoA 33 FAlE
Atk T F 70%, 80%, 95%, 100% ethanolel THAIHoZ 3¥4 ©E F
xylened| 34 3GAE AA g H FHst AFe A H FdsAH. B
T g ugel o dEsgla mde] gEjeh Wsk= 2008l A, apoptotic
fragments= 400u]&o A #AZ36Fo] image J 213 (National Institute of

Health (NIH), Maryland, USA)S o]-&3] #4519t}

A S ZF 38 (Immunohistochemistry) 24

gl EE& 3um=E "WHdste] ol& &dfolmd FA% H guidtdstE 9
3to] xyleneol| 34 39AIE AX3L 100%, 95%, 90%, 80%, 70% ethanol?l
324 "@7F AT 5 A FE3E 915k citrate €59 (10mM,
pH 6.0)= mlolAz29o]B 225 o]&sto] odstitt. ddd citrate &5
o Eetel=g " F 103 dAYE 3 § s=2E EddA 583 A8
o 22 U UdA peroxidaseE A AE7] 18t 30%3F 0.3% HAkstra &
Nol| H7F FATE EFH M| SolA WHARkES WASH7] f18ke] blocking goat
serum= 3087F ¥HEA71 & ZZ W pbh3, cleaved caspase-39F Ki-679] %

S sty ¢35k, pb3 A (1:200; Santa Cruz Biotechnology, CA,

El

A

USA), cleaved caspase-3 & (1:100; Cell signaling Technology, Beverly,
MA, USA)¢} Ki-67 84 (1:100; Abcam, Cambrige, UK)E 4TColA 3st&H&
b WEEAIATE ®ESol Y $  biotinylated anti-rabbit IgG (Vector
Laboratories, Burlingame, CA, USA)E 2 2o|A] 45% FoF dSA7l v

DAB (3,3‘~diaminobenxidine)& ©]-&3sfo] WA A wHgo] YeEhd 23

_11_



< hematoxylin &40 = hEAME sttt 27l @A Alelel&= PBS
(Phosphate  buffered saline)®t 0.3% PBS-T (phosphate buffered
saline-triton X100)2 &3] AlHstlty. @4 3% FH3} 34 & 98kl 70%,
80%, 95%, 100% ethanold]l ©AIH oz 38X T F xylened] 384 3¢/
2 AH T e B9 3 FaEn golA 20088 2 4008 &S o] &3t
of #&A3FY I, image J X =13 (National Institute of Health (NIH),
Maryland, USA)S o]-&3] =43}t

TUNEL assay
i E5S 3umE WSt o] Hefol=o] R H, galeldsts 9
3to] xyleneo] 32 39@AIE AXaL 100%, 95%, 90%, 80%, 70% ethanoll
3R G7F A7l 22 W QA peroxidaseE A7) §5te] 5E7F
3% A gdo 27F FAT 1 F equilibration buffere}t 1083+ A2
ol A wk-EA71 F working strength TdT enzyme} 37TColA 1A7F &< k&
X171 % working strength stop/wash bufferdl]l @7} 15% 1+ A& EEo|& &
108 B<F Ao "Whx|3}%th Anti-digoxignenin conjugate®} 30&7F Ab29j
A1 HEEAIZ1 % DAB (3,3'-diaminobenxidine)& ©]-8-3ke] TSI g Hl
ol UYEhd =42 methyl green 0w A sl 242be] @A Aol
o+ PBSe DWE o]&3te] F83] A A3 100% n-butanold} xylenes
gt £t 3A8E AW 5 et 5§ Fskn Aol A
2000H& B 400W &2 o]&ste] #ESIGIAL image J E=IF  (National
Institute of Health (NIH), Maryland, USA)& o]-&3] #4353l on, 2 A3
AFE3  TUNEL (Terminal deoxyribonucleotidyl transferase-mediated
d-Uridine 5' triphosphate Nick End Labelling) assay+ Peroxidase /n Situ
Apoptosis Detection Kit (Millipore corporation, USA)E TYste] AME-313

.

Western blot analysis

AR 2AF BN B ORRE vhese RS AAT F, lysis buffer

_12_



(40mM Tris pH 8.0, 120mM Nacl, 0.1mM phenylmethysulfonyl fluoride,
0.5 pg/ul leupeptin, 10mM sodium orthovanadate; Sigma-Aldrich, USA, 2n
g/mL aprotinin; Millipore, USA)°ll Y11 +#2&3}7] (homogenizer)E ©]-83}¢]
nhafEE $, 14,240xg2 20€ o dAEYste]l e Sdlste] @S
FEokolth. F&3 dwdo AFEte 10% SDS PAGE (sodium dodecyl

(o, 01. g
o>

sulfate-polyacrylamide gel electrophoresis)E ©]&3lo] A7|9% st A
719%5S  Eolel Eyd wwEe YEzAEze A~ 2 (nitrocellulose
membrane, Bio-Rad Labaoratories, CA, USA)°l 120% &< 100VZ 7 o]A]
Atk 1 & H|Eo]Hol ueS AAE 7] $F 2% EAEEG (skim milk;
maeil, South Korea)& A&3ato] ALoA 1AIZF &t WA ZHh 14 A=
p53 (1:250, Santa Cruz Biotechnology, CA, USA)S A}g&3to] 1A17F Fot
HE-S-A]71 5 biotinylated anti-rabbit IgG (Vector Laboratories, USA)E Al-&
st 4587 wWREA|7]a, HRP  (horseradish  peroxidase)-conjugated
anti-rabbit IgGE AF&3te] 457F WESAIZ Y. @ W= ECL detection
kit (Cyanagen, Italy)& A}&3le] W& A# Fusion Solo® (Vilber Loumat,
Germany)E ©]-&3dlo] Z}zte] W= onAE 42 ¥ image ] T
(National Institute of Health (NIH), Maryland, USA)o.= W= UL g 3

F BAsgh

TAAE

7y7ro] A& 4y
43le] ANOVA (analysis of variance) testg& 2A]sFSIth. p<0.05, p<0.01,
p<0.005¢] FFoll A Fode HAs T

HadEEF=A3E JEl o, dBSTAT 2138 9]

u?L
rlr

_13_



PG ¥ Bg 2o e Wa ¥
N 2AMEE pR2oA] PGO =E7b mide] Wujsd wale] X o
e oroluy] 9lste] H&E QMS Faste] wide] Fejstd Wz selsiq
t} (Fig. 1A-D).

Non IRwolA 2l =28 Eoke] B 7i47F 13.3+0.6770¢1 A& 2l

v da FL 2eko] By A4t 8.7120.8870 2 IRwtoll HIske] folAl Al S
7hehe Bl (p<0.01), IR+ECTAlME 10.7£0.33709] Zx & Roko] =
3 ANeE A8 (Fig. 1E, p<0.005). o1t 453 2324 Non IR

wa HE5Y Bkl myd vt 1.720.667 2 A3 W& whdo] 8.5Gy
o WAMAE  FANE IRTAAME 11.710.672702 A3 F71E BHd
(p<0.005). T3, IR+ PG IR+EC oA 3a FAEd e wy /4= 7t
7} 6.340.88, 4.3£0.337N2 WA FAF UlRTRT F3 HEY Bk mu
Me7F s gsiitt (Fig. 1F, p<0.01, p<0.005).

olae] A= PG EX7} HAMH O = ol npS s m o] wmiuto] 3 sHA

¢

g

G =X W& 9L (hair bulb)e] AE W3} IA
WAL S ZAFSE a0 A PGY =¥7F €92 (hair bulb)e A Sl H| X
T 9FS dolry] fste] H&E 945 35t €48 (hair bulb)9 A&

Non IRw9] "% % (hair bulb) AF2 765.9+£14.98umeld] Wale] 8.5Gy<]
WIARA S 2ALEE RO E 482.2+421.31im=E oA IAl #ATS F5k9
) (p<0.005). ®HA, IR+PG# IR+ECe ¥4 (hair bulb) A& 7zhz}
613.3£4.92um, 754.7+24.65pm= IRl H|ste] ©-8 (hair bulb)] #|&o]

ol

_14_



olgel Az PGl EEA PAMOR Qg whgx nel Pu(hair

PGe] =37} WA S A vk 58] X9 /5 (dermal papilla)®] &
& W3] WA= IS dolrR7] 9ste] H&EE Fdste] 3+ (dermal
papilla)] FEjst# ®atE 2l itt (Fig. 3).

W36 (dermal papilla)e] 2¥E o] F7] (hair cycle)E Z 33t oz}
A2p gholAti7E T2 A Wata, FA 2o dolx HA FolAE Aem &
22 9l+=dl, Non IRl A= A3 H-5F (dermal papilla)e] FoFo] FopdS 3
olslg o, 8.5GyY] WARAS ZAFEE IR A3 5F (dermal papilla) o)
s M AS &9 & 4 Ak vk, IR+ PG I f-F (dermal
1t (Table D). °]& IRT#e &
2] 3ol 7] (hair cycle)E 1 &@stal &5 AAFgHH

ol’Fe] A= PGY Ex7t Ao RE Q1% whe-x 3R W3
(dermal papilla) 2ol W3S golsto 24 WALA FAF g x2a3E 2 3§

o] F7| (hair cycle)E g3t o= A = AT}

(o)

ay

.
3
[l
o
flo
%
X
(&
o
P
o
fo
ro,
ok
+
;O

=

PG =X m& ®g9 dald HE (melanocytes) D= Ws F4

PGl X7} WARA S ZAFSE vl mRe] #lEgld A X (melanocytes) &
Zol mAE FFS s Hste] H&EE sl Hed  Ax
(melanocytes) BEE gA3t3th (Fig. 4).

8.5Gy2] WALA S FAFSH IRTS] #eEld AlXE (melanocytes) %+ Non IR

7o Hlste] 2o Wby A (melanocytes) BE7F A A8 7FA3HS 3Hold
At wbE ) R+ PG IR+ECHlAE RS dAetd AE

(melanocytes) WEX® T ta F7HeS Foto =z glak 4= ) (Fig. 4).

o|Ae] Ayt= PG =¥7F HARM o R 13k w9 wde] Wbl AHE
(melanocytes) W% AAE AAAHS st 4 At



PGY =¥ w& =29 MEAFA} (apoptosis)ell PIA= FF B7}

PGol =7} WA S FARRE b2 9 mde] Al EZAEAL (apoptosis)oll
nA= 9 HEE 945 Fdste] Rd=71Axe] o 95 9 44
I AEE EEY g2 Fest WskE #elsint (Fig. 5).

shute] B¢ 9 apoptotic fragmentsE #2138 23}, Non IR+ IR+ EC ¢
apoptotic fragmentst= 217} 0.6+0.24, 5.3£0.0871 2.1} (p<0.005), 8.5GyY]

7)
WAL S ZALSE ROl A= apoptotic fragments?t 14.4+4 47702 A3 =

=

o]o

7S BT (p<0.005). ¥bHo] IR+ PG+9] apoptotic fragments¥ 6.7+1.56
Mz Fodoe=z 7ZA3s dAs 4 A (p<0.005).
o]l A= PG E=X7F WA SR Q1% vl I E o] A XEAEAL

—a-
(apoptosis) & AN S AT 4 UAT

PGe =¥ wE 239 TUNEL assayd %A AX &g G

PGY Z¥7F WARA S ZAFSE wpg-20] )i 2ol A¥AEAL (apoptosis)
of WA= 9%&& TUNEL assays FHsto] RF=714129 3¢ 95 9 A
A S5 Axd A3 28 duied vstE gelsidtt (Fig.o).

H&E @43} &7 In situ DNA-end labelings ©]-83% TUNEL assayE &
sto] apoptotic fragmentsE &4t 1 Ay H&E A7} v7FA 2 Non
[R*ol &= apoptotic fragments”7F 0.7+0.00702 L 47} wu]dF o} (Fig.
6A, E, D), 85Gy9 WALAE FA}H IRTOIA = 16.9:1.0570=2 apoptotic
fragments”7} A S7FsHS 21E 4 A (Fig. 6B, F, I, p<0.005). HFA
IR+ PG ol A= 8.7£0.8070= IRl Hl8lo] oF 50% Foldo= HAads &
olgd 4~ Qla (Fig. 6C, G, I, p<0.005), IR+ECT A% 6.5+0.6071=
IR+ PG ¥} H|23t X5 BAY (Fig. 6D, H, I, p<0.005).

ol’Fe] A= PGO w7t Ao RE QIgh whg- 3 R o] A ZAPEAL

(apoptosis) & AN AS AT = AT

b

_16_
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S M EAEAL (apoptosis) fr=ell FFS " A= AARA p539]
G AE I Fde H7he A3, Non IR E 1.72054702 Ao &
&x Feker (Fig. 7A, E, D, IR+FEC A 9.9+0.537H=% p530] wm|atA 2
#sttt (Fig. 7D, H, I, p<0.005). HbHo| 8.5GyE ZFAMEE IRTAIAM =
23.1£1.4070= pb3e] Aol FAsA Frkekgleyt (Fig. 7B, F, [
£<0.005), IR+PG-oll &= 9.8+1.0770= p53¢] Wl eko] IRTHU fol8 o=

st 3 IR+ECTEY Ws X9 #lsdt (Fig. 7C, G, |,

BN
>

E
©
N
%
flr
o)
)
B
i
b

b AR OR QIFE P BN mige] A EAEAL

(apoptosis) =0 IS nA= QxR LdHZA ph3e HHS LA ES &

PGY =X wE 239 cleaved caspase-3 %A AX I3 FA+
PGS E¥7} WAPAS 2A}E vl 3R] Ry A] cleaved caspase-3

G AE HE PO m A= S WYX EGAS 35le] cleaved

Non IR O|A= cleaved caspase-39] =@ %ol 0.8+£0.2071= w|w|gt FF
o= W3S (Fig. 8A, E, I, IR+ECT 9A] 10.0£0.557lZ cleaved
caspase-37F " akAl HASESITE (Fig. 8D, H, I, p<0.005). ¥r#e] 8.5GyE
ZAF3E IRTol A= cleaved caspase—39] @ oFo] 22.6+1.7071= I A F7}sh

1 (Fig 8B, F, I, p<0.005), IR+PGwolA & 15.3x1.75702 IRl H|&}
cleaved caspase-39] W&ol fo¥oz 7Aags st 4 AU} (Fig. 8C,
G, I, p<0.005).

o9 A= PGY w7t WA O R Q1% whg- i RGO A EAPEHAL

_17_



(apoptosis) F=0] FTFS vxE= Qxt=Z d#] A cleaved caspase-3¢] &3S

PGS =x7F WAM S 2AFSE vk FHo] BuoA p53 I S
western blot analysisE® G=&3d}e] p53 ¥wd IS &3t} (Fig. 9).

A 3EAFEAL (apoptosis)E sl AR pb39] Wd-S 8.5GyE ZAFSH IR

ol A 178.0£37.42%2 Non IRT9] 92.1+3.6K80 ti F7lste &S B
om, [R+PGTAA= 43.6+£1.892 F94 UA HAsATH (p<0.05). =7
IR+EC 9A] 61.5+4.57% IRTl H|ato] 7HAasts 7

ol4te]l Auli= PG E=¥7F WMo R 9% mpga ¥R wde] A FExFEAL

(apoptosis) & friests A pb3e] TS AAAFS S0 = UATH

o] Byo|A Ki-67 %A A 2

)=
T -
Mg Sast] Ki-67 P4 A A

(=)
do gl

O

7] = DNAZF 4 5= S7]¢] FRbR-EH G278 AA Alxd <&l

doju} A7 2 Y¥les M7l 714 B3y = Aoz 4R Ki-679

0%
ox,
X
Hd
i3
ol
o
of
ol
£
=
Fel
>
0%
filo
o
N
)
ol
2
£y
[
N,
X
Z,
@]
=
=
-
k)
=
+
=
O

ol A Ki-679] S8 AMES = A7 25.621.50, 23.5+0.4570% a1 (Fig.
10A, D, E), 8.5GyES A} RIS 14.4+0.077012 Non IRl H|&te] =LA
skt (Fig. 10B, E, p<0.005). ®EHe| R+ PGol A& Ki-67 44 AxE
o] 47} 22.943.357H% IRxtol Hlgte] FolH o FUHE Sld 4 AU
(Fig. 10D, E, p<0.01).

o]l A PGY Ex7} Ao R EAE mpgs 9B mgo] Z7|AxE

B 2AA7E 2t e Beld S Aok
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AN A ] WA AR Zh A ek T ael: AZe) £,
25 A% 2 FA8C W tEn AZRG 2 S0 wa Azl P 2
Aol Athn GHA Atk (Pawlik 5, 2004). 33t Ee} ANE TAHE
d Bt AT AAZAN Y ACE PAMS oF £4L wE BEe

I e EAEH, Wy 22U Az or AfolA
¥ (fibroblast)2} @AW A ¥E (vascular endothelial cel)7} AbAja] QT (F
o, 2011). ARl ofs) wH-TE EFEE = AR ool -k
Uehdsd daey, 35, mAdRozRE AT 50 Ao Y]l
Aolm, ZIAAELS] MEAEAL (apoptosis)®E QIste] A EE= F4 9H
(dry or moist desquamation)”7} €ojdt} (# 5, 2011). %3k whdukg o=
A2 wkelgkel MA Aol F7, WAMAAFF (radiation fibrosis) 2 XA
4% (telangiectasia)e] YERAT (H &, 2011). K9 HF£7]3 (skin
appendages)?l ©-& HIALA O] osle] AAZA g@Re} o7 g
WAbd o2 e A Foflo] S v 9 Fa vten @I, A
zstar "ol gtk (&L 5, 2003; H &, 201
Fol RYZ7|MEE WA el 7] Wit WA AR Al 5 RSl
A YEly = g1et #do] Yt (Baxley &, 1984). A A7FA] WAL X 59

A ol Ale] s o] FolA] gkovt, e B3 A a9

53 FAge] yetue EA7E vt (ida &, 1995).

H
Zo AF23F EpiCeram®e 35 AW S 32 = @3

~

erythema)©]

AlA I AxF, ol VA IFe, HEFAE 54, WA AR A IREs T
o] ¥yAgy #dd AxF, 7leese] A3 2 AR BHo= /NHEIY
(Simpson &, 2010). Chen 59 Hio| wW=2W centella asiatica®l 399 a3}
(anti-inflammatory effect)”7} WA o2 Qlsle] £Aatdl wH sfXd g4 o
2 JgS vHSS WY (Chen &, 1999). T3 Amber 59 Hild] w=wW,
W7 BAPd 02 Qlste] E4E uH Ao YE JHoR

ol

aloe vera®l R

_19_



olojz] I HAE FAAIZIL, 1 &= aloe verad EFFEO] e EEH
= (polyphenol) A& Al 7]Q1dk AHolgta B sttt (Amber 5, 2014). A
2R =, WA SolA )l AN BaAel tiek A= wHgh Ao = (Simpson
5, 2010), AAEANA WA o] 2% 7 2213 WA ofste] &4
o] distel @&vrt Jdve EES 3] g% x="o] AEKHIL 3l
(Hosseinimehr &, 2007).

Z2] 9= (polyphenoD &4 =2 d4#3l PG Fejel] &5 o] = dieckol
7} &l phlorotannin &S &5t &4d4kA (reacive oxygen species,
ROS) A4 (Stone &, 2004) 3 235 AxEA (Ha 5, 2013), T2 €9 A

) %

EZo] MAEAEAL (apoptosis) GA (Park &, 2011) ol wsle] WALA Hbo

G Qlge] HuE E St B ATAE PGE WA AR Qldte]
£ THe] RYET|AE] HXEAEAL (apoptosis)E T A o2 TAAT|=

P
o

gl & & AA+=dH, o= PGl EEHE FE 4 A EYHE=E
(polyphenol) % Z= =& (phlorotannin) Aol 7|13k Ao 2 Alg ]},
WAL o gk T &gl lojA Bdel WARA W] adE gRletr] fgh
AxEA 2o Feets ®sh= e 9o]E et (Sugaya &, 2014).
Aol A H&E 92 Esto] PG7F WAMS ZAbel] &k )5 &4ko] tiste] B

aF3Att.

&lo] 7] (hair cycle)7} o] wgt &2 (hair bulb)® XFo] 7FATH
har el A glow, WAL FAF Aol @9 (hair bulb)e] A Eo] #adhc}
v B37} Jth (Fumiaki &, 2009). ¥ Aol A% WA AL gizatolA] &
F2 (hair bulb)®] AFe°] #Astar 1ol Hlste] PGE X3 oA e
(hair bulb)®] #|Fo] Feolfo=m F7khs &l o= PGe =X = <23}
of €& (hair bulb)el FHA g REE7|MEe] AZAEAL (apoptosis) A

avel ddo]l e Aow wWelth FEI WA AP gxTe AT
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(dermal papilla) B%o] T+ FElE HQA Ao Wl PGE =X 3 oA += gF
2 FeHE Yepdis=dl, o] 9A] PGY EX = st BFE7]AMxEe] AxAE
Al (apoptosis) A @3¢} A
ol f1x]gk Wl M3 (melanocytes)™ @9 M-S AAS = 2H&3hH,
WARA 2AF Al dlebd AlE (melanocytes) WE7F Eo]Ea ©e] M3l dAS
frE=gtth (Hirobe &, 1994; Russell &, 1957). & 74 PG7} HAMd o=
o13k Wzl A E (melanocytes) DXl w2 JeFS oIl
A iEzd R Y PGE =X oA FEbd Al (melanocytes) ®:R7F 5QH4
= /M-S gdelth ol PGY mXVE RGEVIAES AlEAEAL
(apoptosis) AT olygl Wl ME  (melanocytes)® AXEAEAL

HojstE oz Kol

[

A3, WAL =

H
)

(apoptosis) <Al
2o} ZE AAETIAES Zo] WAbd T
A A & 2 AIZE ool AEAFEAL (apoptosis)E #Al #ES S
(Lee &, 2007). =M E2 M¥EAEAL (apoptosis)ES 3} G A= 9
3 e ey W3l (Selvakumaran 5, 1994)EH o2 Fol&tr] 9|a}lo]
H&E 945 st A3 AP AP tixtol] Hete] PGE =X oA AR}
HAL (apoptosis)7t  FoA o HAFHS et EIE, Al EZAEAL
(apoptosis)E FA3s7] 98kl In situ DNA-end labelings ©]-&3% TUNEL
assays AASte] RFEVIAEANAN A wes FAd Ay WA 24 dix
o] H]3te] PGE T3 oA AEZEAEA} (apoptosis)7t YA o= 7FAE)
+ A3E do] H&E fA9] A3t dA3Hs el

A ZAFEAL (apoptosis)oll= B A7 #ofetar glom, 53] WA 9
& A ZAEAL (apoptosis)E pb3 oA FEE AAH dojdvr LA ¢
t} (Eriksson &, 2010). WAFA ZA} & A EAHA} (apoptosis)ol] o3 o
o dASoe] AMAEEY, EAHOE pb3F bax ©¥HEo] AduEHA Ut}

(Matsuu &, 2006). A¥:A}EAL (apoptosis)E FEdh= @l 2L p532 haxs

oX
°
Hi
flo
>
e
i

Wt

%0
o

olo
Hy

—_
r

SN A MEAEAL (apoptosis)E FE8H, bel-2¥ A FAE Y5t
p533% bax®t B2 AXEAEAF (apoptosis) frie @ o] F7He A9 7HAsHAl
#t} (Enokido %, 1996). w3k WAbA AR 2lsle] &A% ph3o R <13
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AEZF717F A A=, o] w &2 s 545 X KEeld I MEXs AX
2} E AL (apoptosis)E X a3k} (Verheij, 2000). WAFA ZA}o] o)k AE &4

Aol F7bshe AR 4l ph3e] W e WstE WgxAseg Ao
2 g Az WA A gx2THY PGE & 539 3 AE
7b oA er gagks s, ol oldel Al H&E d4%
TUNEL assay®] Az} UdXFS &lslqltt. Egk western blot analysisg
of-gste] pb3e] WdH FAE QSIS welx WA A diERTEY PGE

X FolA p53e Wde] AT s, ool 24 A A} Lo

Fel
ok
F
=2
)
o

—

S sy MEAEAL (apoptosis)E ¥ o7+ pb3 HE F caspase?t &
@A77} #ols, inhibitor caspaseSl caspase-9°] @A 3= T
3to]  effector caspase?] caspase-35 ASIAA HFTHOoE AXEAEA
(apoptosis)E FE3t} (Lee %, 2013). Caspase—-39] ¥a ALES HAXHS

st o w  FRlgk Ay WA AP dEaLRY PGE O EEF LA

rlo
(=
_III
ML

caspase-39 YA AEZ7} FYHow o As Qe ol2A, WA
o= 93ty &A4E RIFEVIHAEE pb3 AdEHU HARE AXH AEAEAL
(apoptosis)E FE3dh= Ao AZHY, olF IR $18te] caspasest
2o B gl ¥ e anti-apoptotic ®AFS] bel-29F bel-xLe}
pro—apoptotic =AFQ] bax®} bakel tfsh F7F4<1 AF7F o F s}

Ki-67 @2 Alx Qe nrZA A F7] & DNAZE 45 = S7]14H
AEZAE Fdol dojy= M7] FHH7bA Bt 44 ok (Shunji &,
1990). AR A} dlE2TET PGE =XS oA K
Ao F7hE Ade AP oR Qlete] &4k RdET)AlEed diste] PG
L7b AIEATEAR (apoptosis)®] AERE ofue}, WAL o3 FHAE B
=712 AT S A= AeRE A7E

o] }e] ANE FTHSt] & wl, PG WAl WAgk ¥R RyET] A E 9
s AAsaL, WA F2Abe] st odAE RIGEVIAES] AAYTE T
&= R HRlth & A3 A%E EUR PGE WAl o8 &4 959
g7 A gk AR wojA] 9 WA A s Al BERAEZA AREE

Qe 7Fsde AMeta g,

s
a

ke

2 o

<

b

N
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Table 1. Dermal papilla shape of the dorsal skin in mice

Non IR IR IR+ PG IR+EC

narrow round thin narrow

Non-irradiated mice (Non IR), irradiated mice (8.5Gy; IR), irradiated
(8.5Gy) plus PG (10mg/kg) treated mice (IR+PGQG), irradiated (8.5Gy) plus
EC treated mice (IR+EQC).
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Figure 1. Histological sections of a dorsal skin from (A) Non-irradiated
mice (Non IR), (B) irradiated mice (8.5Gy), (C) irradiated (8.5Gy) plus PG
(10mg/kg) treated mice (IR+PG), (D) irradiated (8.5Gy) plus EC treated
mice (IR+EC) and the number of (E) straight and (F) curved hair follicles
of skin sections from each group are presented No abnormality is
observed in hair follicles of the Non IR group but &.5Gy irradiation
resulted in curved hair follicles. Values are indicated as meantS.E. (##/

p<0.01, ==#%; p<0.005, ##; p<0.01, ###; p<0.005). (A-D) Bars=90um.
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Figure 2. The hair bulb diameter, the hair follicle length and the ratio of
the dermal papilla diameter (um). Each group was presented in the
column. Values are indicated as mean®S.E. (##  p<0.01, =#%, p<0.005,
###, p<0.005).
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Non IR IR IR+ PG IR +EC

Figure 3. The dermal papilla shape. (A, E) Non-irradiated mice (Non IR),
(B, F) irradiated mice (8.5Gy; IR), (C, G) irradiated (8.5Gy) plus PG
treated mice (IR+PG), (D, H) irradiated (8.5Gy) plus EC treated mice
(IR+EC), (A-D) Bars=90um, (E-H) Bars=30um.
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Figure 4. Effect of gamma-rays on the development of melanocytes. (A)
Non-irradiated mice (Non IR), (B) irradiated (8.5Gy) mice, (C) irradiated
(8.5Gy) plus PG (10mg/kg) treated mice (IR+PG), (D) irradiated (8.5Gy)
plus EC treated mice (IR+EC). (A-D) Bars=30um.
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Figure 5. Phloroglucinol(PG) protects hair follicle stem cells from
gamma-rays irradiation—-induced damages in mice. Mice skins were
obtained at 8 hours after 8.5Gy irradiation. (A) Non-irradiated mice (Non
IR), (B) irradiated (8.5Gy) mice, (C) irradiated (8.5Gy) plus PG (10mg/kg)
treated mice (R+PG), (D) irradiated (8.5Gy) plus EC treated mice
(IR+EC). (E) The number of apoptotic fragments per hair follicle of skin
sections from each group is presented in the column. Values are

indicated as mean*xS.E. (##x p<0.005, ###. p<0.005). (A-D) Bars=30um.
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Figure 6. Typical apoptotic fragments in hair follicles uner TUNEL assay.
(A, E) Non-irradiated mice (Non IR), (B, F) irradiated mice (8.5Gy; IR),
(C, G) irradiated (8.5Gy) plus PG treated mice (IR+PG), (D, H) irradiated
(8.5Gy) plus EC treated mice (IR+EC), (A-D) Bars=60um, (E-H) Bars=30u
m. (I) Quantitative analysis result of apoptotic fragments in hair follicles.
Values are indicated as mean®S.E. (##x p<0.005, ###. p<0.005). (A-D)
Bars=90um, (E-H) Bars=30um.
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Figure 7. pb53 immunoreactivity in hair follicles of mice 8 hours after
gamma-rays irradiation. (A, E) Non-irradiated mice (Non IR), (B, F)
irradiated mice(8.5Gy; IR), (C, G) irradiated (8.5Gy) plus PG treated mice
(IR+PG), (D, H) irradiated (8.5Gy) plus EC treated mice (IR+EC), (A-D)
Bars=60um, (E-H) Bars=30um. (I) Quantitative analysis result of
immunohistochemistry for p53 positive cells in hair follicles. Values are

indicated as mean*xS.E. (x#%~ p<0.005, ###. p<0.005). (A-D) Bars=90um,
(E-H) Bars=30um.
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Figure 8. Cleaved caspase—3 immunoreactivity in hair follicles of mice 8
hours after gamma-rays irradiation. (A, E) Non-irradiated mice (Non IR),
(B, F) irradiated mice (8.5Gy; IR), (C, G) irradiated (8.5Gy) plus PG
treated mice (IR+PG), (D, H) irradiated (8.5Gy) plus EC treated mice
(IR+EC), (A-D) Bars=60um, (E-H) Bars=30um. (I) Quantitative analysis
result of immunohistochemistry for cleaved caspase-3 positive cells in
hair follicles. Values are indicated as mean * S.E. (##x° p<0.005, ###,
p<0.005). (A-D) Bars=90um, (E-H) Bars=30um.
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Figure 9. Western blot analysis of pb53 expression modulated by PG in
hair follicle stem cells of mice & hours after gamma-rays irradiation. (A)
Expression levels of p53 protein in skin of non-irradiated mice (Non IR)
(lanes 1 and 2), irradiated mice(8.5Gy; IR) (lanes 3 and 4), irradiated
(8.5Gy) plus PG treated mice (IR+PG) (lanes 5 and 6) and irradiated
(8.5Gy) plus EC treated mice (IR+EC) (lanes 7 and 8) were analyzed by
western blot analysis. (B) Densitometric analysis of p53 molecule was

evaluated (#. p<0.05).
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Figure 10. Ki—-67 immunoreactivity in hair follicles of mice 8 hours after
gamma-rays irradiation. (A) Non-irradiated mice (Non IR), (B) irradiated
mice(8.5Gy; IR), (C) irradiated (8.5Gy) plus PG treated mice (IR+PG), (D)
irradiated (8.5Gy) plus EC treated mice (IR+EC), (A-D) Bars=30um. (E)
Quantitative analysis result of immunohistochemistry for Ki—-67 positive
cells in hair follicles. Values are indicated as meanS.E. (## p<0.01, ###,

p<0.005). (A-D) Bars=30um.
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