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Dietary effect of green tea extract on hydration improvement and metabolism of
free amino acid generation in epidermis of UV-irradiated hairless mice*

Choi, Sumin - Shin, Jihye - Lee, Bomin - Cho, Yunhi®

Department of Medical Nutrition, Graduate School of East-West Medical Science, Kyung Hee University, Yongin 17104, Korea

ABSTRACT

Purpose: Ultraviolet (UV) irradiation decreases epidermal hydration, which is maintained by reduction of natural moisturizing

factors (NMFs). Among various NMFs, free amino acids (

AA) are major constituents generated by filaggrin degradation, This

experiment was conducted to determine whether or not dietary supplementation of green tea extract (GTE) in UV—irradiated
mice can improve epidermal levels of hydration, filaggrin, free AAs, and peptidylarginine deiminase—3 (PAD3) expression (an
enzyme involved in filaggrin degradation), Methods: Hairless mice were fed a diet of 1% GTE for 10 weeks in parallel with
UV irradiation (group UVH%GTE), As controls, hairless mice were fed a control diet in parallel with (group UV+) or without
(group UV-) UV irradiation, Results: In group UV+, epidermal levels of hydration and filaggrin were lower than those in
group UV—; these levels increased in group UV+1% GTE to levels similar to group UV—, Epidermal levels of PAD3 and major
AAs of NMF, alanine, glycine and serine were similar in groups UV— and UV+, whereas these levels highly increased in
group UV+1% GTE, Conclusion: Dietary GTE improves epidermal hydration by filaggrin generation and degradation into AAs,
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AlE B AL EZRE 15Ul 3314 UVB lamp (30%
9] UVAE 33k TL 20W/12RS SLV, wave length 290~
390 nm, Phillips, Netherlands)2 A}2|X ZALS 319t
Aol ARl 24L& UV meter (VARIOCONTROL,
Waldmann ver. 2.03, Germany)Z ARR-3}ATE ! 152100
£ IMED (minimal erythema dose; 75 mJ/cm?, 15 min)=
AZA 25219l 2MED (150 ml/em?, 30 min), 353}
3MED (225 ml/em?, 45 min), 45FX2E] 1053714
4MED (250 mJ/cm?, 50 min)E 5529] 5 29 (5 F97)
2,2 em x 3 ecm)ol] ZA} sFek’

AlS AlQ|
=20
UV-id UV+HES GTEZF 271EA) ¢ke Al Ao

(AIN-93G)S FH3IATh" UVHI%GTET-S A 2Jo]
A 1.0%el 3-83k= GTE [Catechin 50%, EGCG
28% I Aolell Frlst] FFsldlt. 4ol 1%
GTE 37} 82 A4S ek gon!® o=y
Ao} w3t e dnldPe vieew AREgn”
GTE A& X7}ol| mh& 743 2]o] FA] &)= corn starch
g el 2s%len, GTE A8t Frkzdgaly
(South Korea)ollA| 371ttt 7} A3dato] 2lo] 24L&
Table 13} 2T},

T 28 53
IR BHEAL Corneometer CM825 (Courage &
Khazaka, Cologne, Germany)& AFE3t] 105310 =4
0}951‘:} =4 Al ZH A ' SRS e s 5 S
FEo® siglen SAHe] tigh s A =1

% 33 S5t x| Hd ks 715

1077Fe] A2lo] gl 2o AL & A5 252 34
A71aL & F-919] oFE22E 4t 97222 Dispase

11 (2.4 unit/mL, Roche, Germany)2} Hank solution (Hank’s
balanced salt solution)°] &3¢ -89 (1:1 v/v)ll 87} 4°C
ol 16413 5k A28 TS Heahgle)!

H1| flaggrin £& Y 24
E23F 9= 2 mM EDTA, 9 M urea, 2% SDS 2
protease inhibitor cocktail”} 38 50 mM Tris buffer (P-

Table 1. Diet composition and UV irradiation of experimental
groups (g/kg)

Experimental group'!

Ingredients v Ve ST
Corn starch 372 372 362
Sucrose 200 200 200
Cellulose 50 50 50
Corn ol 100 100 100
Vitamin mix®! 10 10 10
Mineral mix*! 35 35 35
L-cystine 3 3 3
Casein® 230 230 230
GTE - - 10
UV irradiation - + +

1) Groups UV- and UV+, hairless mice fed a control diet without
(group UV-) or with (group UV+) UV irradiation for 10 weeks; Group
GTE, hairless mice fed a diet containing 1.0% green tea exfract
(GTE) in parallel with UV irradiation for 10 weeks.  2) GTE: green
tea extract  3) AIN-93 vitamin mix #310025 (Dyets Inc., Bethle-
hem, PA)  4) AIN-93G salt mix #210025 (Dyets Inc., Bethlehem,
PA)  5) Casein (nitrogen x 6.25), 870 g/kg
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8340, Sigma Chemical Co., St. Louis, MO, USA)E &
31320 polytron® & EHa}qtt E2e 4L 12,000 g
ol Al 4°CE 203-5%t HAEE & ATds dar, o
A ke srk. Bke] wld (20 pgwel)S 4%
(profilaggrin ¥F&l) == 8% (filaggrin '2&) SDS/PAGE
geloll A7]99%F & nitrocellulose membraneol] S-ZA]Z Tt
MembraneS 12F8FAQ] anti-rabbit polyclonal filaggrin
antibody (Enzo Biochem Inc., NY, USA, cat no. p20930)
= 1/1,0009] === 3]413} PBS solution¥} A 4°Col| A
17X)7F 52t ¥F8-A)7] 32 PBST solution® & 33] A3}
t}. 0]o}A] anti-rabbit IgG-HRP (Bethly Laboratories Inc.,
Mongomery, TX, USA, cat no. A120-101P)Z 2|7+t
Aox ¥hg-A171 & PBST solution® & 33] A|X 3}l
Super Signal West Pico Chemiluminescent Substrate
(Thermo Scientific, Rockford, IL, USA)S 53} detection
3ktt. Z+ band= imaging densitometer (Lab work
version 4.6, UVP, upland, CA, USA)ZS o]&-3l] =43}
< actin®] TS 7|F o2 BASI T

HI| PAD3 ol 2

E2)9 EHol| 0.5% Nonidet P-40 (TE-NP40 buffer
extract), 10 mM EDTA, 40 mM Tris-HCI (pH 7.5), protease
inhibitor @ Tris-EDTA buffers 3715} polytronS A}
§3lo] Bk’ Bk 218 94 ¥ (1,2000 g,
4°C, 20 min)st] FSd-E AL, A H7F & 8%
SDS/PAGE geloll A& 20 ug/well- #71%9% 3} nitro-
cellulose membrane®l] SZA]ZtE. MembraneS 12}
anti- goat polyclonal PAD3 antibody (cat no. sc-55693,
Santa Cruz Biotechnology Inc., Santa Cruz, California,
USA) & 2%} 314 anti-goat IgG-HRP (bethly Laboratories
Inc., Montgomery, TX, USAYS o]&3}] L3t whHo
Z Hk3-AIZ] 5 Super Signal West Pico Chemiluminescent
substrateS 3l detectionsl] TASIATE. ZF band9
intensity:= imaging densitometerS ARE3lY] =4 &
actin®] &S 7|F 0 &2 FFH A

IO {2 oto|cit g 24

3] Z29 15% trichloroacetic acid (TCA) €48 3
7Fstod polytrons: ©]-8-3l E4HfaL 4°CollA 15413 &<t
HREAA Tl S IHAIZ T 12,000 goll A 1027 A4
B2 5lod> AL B8]k 0.45 um filter (Millipore,
USAYE A3l AEdE of=Zksted high performance
liquid chromatography (HPLC)S %3l Z} f-g]ojn|=At

9] FEE X319t} Acetonitrile : methanol : water (45

: 45 : 10, volume)2] 8982 Model 510 solvent delivery
system Pico Tag column (3.9 x 300 nm, 4 um)°l|A <
1.0 mL/min®] £&E = oln|:=2ke- Belskar Z+ 2487 UV
detector (254 nm, Waters)Z AREsle] kA & ALS-
139 FAC B o= BT

SHEN

Als Axl= SPSS statistics 22 program (statistical
package for social scienceyS AFE3l] FA| A2]s}iT).
zt ¥ ¥ Avs B (mean)d} XFHA} (standard
deviation, SD)Z Yeld o, Z} 7t H]nl= one-way
ANOVAZ 23} 3 Tukey’s multiple range testZ p <
0.05 7ol A A5 sk
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Fig. 1. Altered epidermal hydration of groups. Hairless mice fed a
control diet without UV irradiation for 10 weeks (group UV-); UV-
iradiated hairless mice fed a control diet (group UV+) or a diet
supplemented with 1.0% green tea extract (group UV+1%GTE) for
10 weeks. Values are mean + SD (n = 5). Values with different
alphabetical letters are significantly different (p < 0.05) using one-
way ANOVA and Tukey's multiple range test.
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Sk Atz Q1 UV #ol2]l Alol7t glle
, filaggrin - UV-toll HIs) fro]2 o= vioprt. wk
™ UV+1%GTE 9] profilaggrin & UV 2 UV+
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A== 2AolFgo] pro-filaggrin®] S FXIA
713 ApJAe 2%k Y] filaggrin ] TAE IS}
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Fig. 2. Altered protein levels of profilaggrin and filaggrin in the epi-
dermis of groups. Hairless mice fed a control diet without UV irradi-
ation for 10 weeks (group UV-): UV-irradiated hairless mice fed a
control diet (group UV+) or a diet supplemented with 1.0% green
tea extract (group UV+1%GTE) for 10 weeks (A) Representative
expression of profilaggrin and filaggrin proteins in the epidermis of
groups (B) Signal intensities from multiple experiments of (A) were
quantified and the integrated areas were normalized, first to the
corresponding value of actin and then to the signal observed in
the normal control group (group UV-). Values are mean + SD (n =
5). Values with different alphabetical letters in profilaggrin and fil-
aggrin are significantly different (p < 0.05) using one-way ANOVA
and Tukey's multiple range test.

il WS western blot assay® #2493k A3} (Fig. 3)
UV-+r€] PAD3 il Wi e Uv-rtol] Hls] frejz oz
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T UVl o281 Zpols HolA] 2 RbH,
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oJFRl ztole VYRR ke, UVHI%GTET X<
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Fig. 3 Altered protein level of peptidylarginine deiminase-3 in the
epidermis of groups. Hairless mice fed a control diet without UV
iradiation for 10 weeks (group UV-); UV-irradiated hairless mice
fed a control diet (group UV+) or a diet supplemented with 1.0%
green tea extract (group UV+1%GTE) for 10 weeks (A) Represen-
tative expression of peptidylarginine deiminase-3 (PAD3) protein
in the epidermis of groups (B) Signal intensities from multiple exper-
iments of (A) were quantified and the integrated areas were nor-
malized, first to the corresponding value of actin and then to the
signal observed in the normal control group (group UV-). Values
are mean £ SD (n = 5). Values with different alphabetical letters in
PADS is significantly different (p < 0.05) using one-way ANOVA
and Tukey's mulfiple range test.
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Fig. 4. Free amino acid contents in the epidermis of groups. Hairless mice fed a control diet without UV irradiation for 10 weeks (group
UV-); UV-irradiated hairless mice fed a control diet (group UV+) or a diet supplemented with 1.0% green tea extract (group UV+1%GTE)
for 10 weeks. Data are mean £ SD (n = 5). Values with different alphabetical letters in each amino acids are significantly different (p <

0.05) using one-way ANOVA and Tukey's multiple range test.

isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, valine, aspartate, glutamate, proline 2! tyrosine
of Fre E T T2 foliol ggih. ol A5
ZE9] 2lolgFo] AARERIAR] serine, glycine, arginine
= p&oxlele = F9 Salohal gk Z1A)

A S0 &S RS JvlRik
L

A&2R1 A d ZALl o3 ZefEe Fiesie W<l
A st} g 4kl 2Ed 2 ST 3 IR B
e Zhhol| ofg 55 oprlekar, AAFF 0 He 5
fehe Aog BuEoth 8 3 33] 155087t v
Eo T AL Ag 33016 s Behe G 107-5%t
AL SIS W, o BFgheo] wgk=t) o] A= AR
Aol A Zpe)A BizARE] Bls) Apead ZANe] 2R
o] Hxdhefo] Wl 79)E<=4 (transepidermal water
loss, TEWL)®] 32 Aw}e} AX]ahtt.> v xjo)d =
AFE HElgh Sx15259] Alolgg2 UV+Hrel Hls) I
T BEgEo] =3t &, SAFEEY HolsaS A&
ZQ1 ApePd ZALRE of71d 9 AXE ST 9
e,

AN A filaggring TAGh= ofn|=Akgt B3] U
AR LR Felopedte] T4lo] FALSH
Al Vel o8l ARAEFIAR 2k 319 feEjoh
meake] F3 APAE filaggringdo] PEH U
39| keratohyalin granule Wol] £2)3}+= profilaggrin
& %y Zr 718717} 5713t we}l phosphatase

-

d
0 o o wa

N =

(PPase),”” furin®® 5] &40) <o) 2<llsle}l Thalits)
4L AA histidineo] F5-3} filaggrin® 2 -3 Ht} 26
2228 ZAKSF UVl A profilaggrin®] 3HkS UVt
}e] zpo]7F pERA] @4ko LY, filaggrin®] -8 UV
of] Hla) GA| AAE AT} o] = zpe)d ALl o3l )57
Ho| &AEw %99 A 77t AAskal BuE
4o Z7RRE 71E Aok AP A& Aol =
A7} profilaggrin®] filaggrin® 2 Ha|== 2gol] FolE
Ao 71 AL om]Fit} vbA, UV+1%GTETY] profilaggrin
e UVl B3l #9411, filaggrin®] - UV-r
AR 02 =80T ARAAT A S2ke] F8 1)
7191 EGCG7} profilaggrin & ] regulator*3'% 2}-8-51=
AP-1 (activator protein-1)2 @433}s1H 31 EGCGol| gt
in vitro A4S T3l HFZSAEAA filaggrin L]
7P RasQIeh!e &, 525550 AolgFo| 1y
profilaggrin 35 £o]aL, Ake] Aol o3k that Aol & 4
IS S-S YERAT

Profilaggrin® filaggrin® 2 ¥l $ AHJ 53 &5 7
AlE-ol| A keratin intermediate filaments®} A 3tsle] A L9
F4E o|FE AIERES FAITH?! Kerating} 23
H filaggrin® PADsol| ]38} o}u|:=Ake] Z7]7} argininedl]
A citrulline® 2 X]8+=]+ deimination ¥4LE A3 keratin
7} B30 caspase-14,%> bleomycin hydrolase4 5] &
Aol ok SRS ge AX frEjor|ite R e
Ht}. Filaggrin®] deimination o= 2 &8 49
PAD13} PAD37} #oddl=t], 1 & PAD3S] WA
2t R3] 2 A §kE ], AP ATl A PAD39] S 2
g% @ A=A (pro)filaggrin® 3 A=At 522




274 /53 FEE A I % B AN B

PAD3+:= Profilaggrin®] filaggrin® 2 H38¥ & faojn)
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