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Several studies have proved Hovenia dulcis extracts to be an effective antidote for alcoholism, and they
are frequently used in the clinical treatment of alcoholic liver disease. The purpose of this study was
to investigate the anti-oxidant and anti-senescent activities of 80% methanol fractions of H. dulcis
Thunberg in human dermal fibroblast (HDF) cells. The ethanol ethyl acetate fraction showed the high-
est inhibition of 2,2-diphenyl-1-picryhydrazyl radical scavenging (RC5=3.6+0.8 ug/ml) as well as the
highest total phenol content (417.2antiholic liver disease. Extracts from e & Tech., Sungkyunkwan
University, progressed in the HDF cells, SM22 expression (p<0.001) and B-galactosidase staining in-
tensity increased (p<0.001). An increase in SM22 expression is associated with slower aging which sug-
gests that its expression is high in early aging. HDF treatment using the ethyl acetate fraction sig-
nificantly increased production of EGF (p<0.01) and PDGF-BB (p<0.01) while SHH expression was re-
duced (p<0.05). These results suggest that an 80% ethyl acetate fraction of H. dulcis can suppress early
aging and demonstrate the potential application of the fraction as a natural anti-senescence agent.
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1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma-Aldrich, St.
Louis, MO, USA)ettZ A7 52 HGE 325 9 B9ES
TEHE ethanol (99.9%, pure grade, Duksan Pharmaceut-
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A2 F2E 2 £9E 1 mg/ml FE 100 plof
2 N Folin-Ciocalteu phenol reagent (Sigma-Aldrich Co., St.
Louis, MO, USA) 50 ul& %<& ths 383t aitst A of
3 20% Na,COs (Sigma-Aldrich, St. Louis, MO, USA)E 300
ul A7Fste] 37°C heat blockoll A 30% FoF WH-SA AT J &
ANzl 1 mle F5F4E 718t Wallac Victor2 plate reader
o 765 nmol A FHEE ZAHAT F EE AFEALS
gallic acid (Sigma-Aldrich, St. Louis, MO, USA)E #&&4
= olg3ste] A&
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EgRxolt FF2 HgE 25 4 £9% 1 mg/ml
F 5 100 ulol 80% ethanol& 900 ul 7k 5 30%3t wyks}
At o] &9 500 ul& @ol 10% aluminum nitrate (Sigma-
Aldrich, St. Louis, MO, USA) 100 pul, 1 M potassium acetate
(Sigma -Aldrich, St. Louis, MO, USA) 100 pl, 80% ethanol 4.3
1% 210] 37°C heat blockol| A 4087+ vH-SA AT §3 =2
‘ﬁi}h Wallac Victor2 plate readerg ©] &34 415 nmol| A
ZAsglom, & SR ol=9 AFE 93t quercetin
(Sigma-Aldrich, St. Louis, MO, USA)< o] &3t 24 & &
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HDF (ATCG; manassas, VA, USA) AlZ5& 10% fetal bo-
vine serum (FBS, Gibco-BRL, Grand Island, NY, USA), 1%
P/S7} 47+ DMEM (Gibco-BRL, Grand Island, NY, USA)
) A o 2x10° cells/ml Al 52 100 mm cuLture dish (SPL,
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Pocheon, Korea)ol £33 $ 37C CO, w47 A %3t
o 273k At F2 104 i ¥ $(Barly SS), 571 =

§]’/] Alchel &2 253 Al of F(Middle SS), 271 A th i o
2 403 AUl F(Late SS)E AT o, A &

Mg A AE 3te 4 Al 438 $ HOE 500 tM
stock =2 5 ul/3 ml¥ Az st
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HDF (ATCC; manassas, VA, USA) J|ZFE o] 8349 A
X 9] 54 H 2~ECyto-X (LPS solution, Daejeon, Korea) A 2F
< o] &atdth AlEE 96 well plateo]] 15x10* Al L5 E 124
e | Ui FE2E 32 £8E€ 1,10 3 100 pg/ml
2 A3 At M F 24N T 7 welldll 1/10 FEE Cyto-X
Aeke AE F BAR 74 aNZE W lel Azla AT
Wallac Victor2 plate reader (Perkin Elmer Corp., Nerwalk,
CT) £ 450 nm F3 =4 ZAste] F438 st

SA-B-gal Al

T 3}ol| we} F718ke= SA-B-gal (senescence-associated B-
galactosidase) 24 27| 913t 35 mm=E #} %% HDF Al
ZE o] &34 celluLar senescence assay kit (Cell biolabs,
Inc., San Diego, CA)& o] &3t MEZE dFY7 HA3%
o FEgEn A & Bt 9 AHE gst] Az k3]

FE A%391, Image ] ZEIPE o] 43t AR
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= Aok 403) & HO0,Z 500 yM A 23] A2 w3t %
g 2439 .

Western bloting &4

HDF Al ZFE 60 mm A EMF HA o 6x10° HEFZ
1243t wjfgk ¥ 10 pg/ml SURVHF E8 &S 43 A st
of A ELE 433 T} RIPA lysis buffer (GenDEPOT, USA)
o] phosphatase inhibitor cocktail# protease inhibitor cock-
taile 1xZ 410 d5ol 143 &3 lysisF 13,000 rpm ol A
2087 YARYE AASAT FEH S i]—ro}ﬂ Bio-Rad
protein assay (Bio-Rad, CA)E °| 83t A& £ 10~25 pg9
4 A& SDS-PAGE gel methodE ©] &34 21719 %5 394
o}, Gel transfer® ¥4 -& PBS-TO 343 5% skim milk
(LPS solution, Daejeon, Korea)oll 112t &<t blockingd
12 FAE 247 11,0008 F== 1247 Bl AH2atid
o}, 33 PBS-TZ Al A& H 22 &4 & 72 150009 &=
Ao A A & Al 33 PBS-TZ Al 35} Th. Amersham
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ECL Western blotting detection reagent (GE Healthcare)&
o] &3t Xray film FM o2 ZA3 T FA = anti-p56,
anti-p21, anti-p16, anti-B-actin (Santa Cruze, Dallas, TX,
USA) ¥ anti-sm22 (Abcam, Cambridge, UK)E ©] &340t

Cytokine &M

HDF M Z5% 60 mm A Zi % Aol 6x10° AZF2
1242 wj kg 5 10 pg/ml YT FE2E 2 2955 12
A ZE Agstel AlZE 353t RayBio Human Cytokine
Array (RayBiotech Inc, Norcross, GA, USA)E ©o| &3t &4
sttt Kitoll 79 wiydo] wet P& Agsiglen,
Amersham ECL Western blotting detection reagent (GE
Healthcare)E ©] 4314 Xeray film A 0.2 243}, image
] ZEOHS o] &ste] B AT

Q-PCR ¥ RT-PCR &4

HDF M ¥5E 60 mm A ZulF HA ) 6x10° HEFE
1242 wjekg 5 10 pg/ml YT FE2& 2 2955 12
AZE Aelete] AZE 38T Trizol reagentE ©] &t
MEZEE FH A7) 14 total RNAE FET § FE25
RNeasy Plus Mini Kit (Qiagen Hilden, Germany)& ThA|
T 2231, of W DNA 24 A173817] #1814 RNase-
Free DNaseE A8} 4 & LT ES 313 Total RNA A &
¢] =+ Nanodrop (Thermo ScientificTM NanoDropTM 8000
Spectrophotometer USA)E o] 83td &4 & FFE(260
nm/280 nm ¥ 260 nm/230 nm)gko] 1.85-2.05 Mol &3+&
313 F RNA 78 3 pge t4 22 oligo-d(T) primer (20
mers; Bioneer, Korea)% random primer (random nonamers;
TakaraBio Inc., Japan)©] 235 &% A}(reverse transcription)

HhgS AL, G AL w2 Qiagen OneStep RT-PCR
kit (Qiagen, Valencia, CA)= o] &3t AAst4th cDNA F

L2HH 2 uIF 8t PCR ¥-E) o] &3t gtk PCR 5%
2> QuantiTectTM SYBR® Green PCR master mix (Qiagen,
Mississauga, ON, CA)< o] &3td o, 2t & §A pri-
mer (5" TCTGGCTGAAGAATGGCGTGATT-3' /5 -CACTGC
TGCCATGTCTTTGCCTT-3')E TaqMan ® Universal PCR
Master Mix (Applied Biosystems, Carlsbad, CA)E 0] 83}
QPCR¥ 5Yx7A2E PCRAUY & 7t &S agarose gel
of d71gEste] MES Fs3
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Table 1. DPPH radical scavenging activity of Hovenia dulcis

Thunberg
Extract and fractions RC,, (ug/ml)

M 35:05
H 33521
E 22:0.1°
B 8.1£0.4,
w 405455

BHA 405"

M, 80% methanol extract; H, n-hexane fraction; E, ethyl acetate
fraction; B, butanol fraction; W, water fraction; GAE, gallic acid
equivalent; QE, quercetin equivalent; RCsp, 50% inhibit reaction
concentration. For each data, values followed by the same letter
(a-d) are not statistically different at p<0.05 as measured by
the Duncan test ANOVA applies between fresh and dried
samples. All determinations were performed in triplicate (n=3).

Table 2. Total phenolic and flavonoid contents of Hovenia dulcis
Thunberg

Extract and

TPC (mg GAE/ml) TFC (mg QE/ml)

fractions
M 413.2+15.5° 155.3+11.1°
H 115.1+11.2° 20.141.1°
E 485.1+21.1° 255.1+21.3°
B 251.4+12.1° 108.2+10.2%
W 95,5+10.1¢ 15.1+1.8°

TPC, total phenolic contents; TFC, total flavonoid contents; M,
80% methanol extract; H, n-hexane fraction; E, ethyl acetate frac-
tion; B, butanol fraction; W, water fraction; GAE, gallic acid
equivalent; QE, quercetin equivalent. For each data, values fol-
lowed by the same letter (a - c) are not statistically different
at p<0.05 as measured by the Duncan test ANOVA applies be-
tween fresh and dried samples. All determinations were per-
formed in triplicate (n=3).



Table 3. Correlation with DPPH radical scaving total phenolic
and flavonoid contents of Hovenia dulcis Thunberg

DPPH TPC TEC
DPPH
TPC 0.013
TEC 0.006 0.028

DPPH, 2,2-diphenyl-1-picryhydrazyl radical scavenging ability;
TPC , total phenolic contents; TFC, total flavonoid contents. For
each data, values followed by the correlation factor are not stat-
istically different at p<0.05 as measured by ANOVA applies be-
tween fresh and dried samples.
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Fig. 1. Cell passage-induced premature senescence
as measured by the sm22 expression and -
galactosidase staining in HDF cells. (A) HDF
cells were early SS (passaged 10 times), mid-
dle SS (passaged 25 times) and late SS (pas-
saged 40 times). The senescence-associated
gene expression was assessed by qPCR. SS,
senescence. (B) SA-B-Gal activity was meas-
ured one week later. (C) Senescence staining
was detection by SA-B-Gal assay.
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Fig. 2. Protein expression levels of senescence biomarkers. (A) Protein expression levels of senescence biomarkers were examined
by Western blotting. (B) HxO»induced cell senescence marker levels were detected at different stages by Western blotting
and RT-PCR. Early SS (passaged 10 times), middle SS (passaged 25 times) and late SS (passaged 40 times). H;O, dose were

500 uM stock treated 5 ul per 3 ml.
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Cytokine P value
FGF P> 005 EF
EGF P < 0.01
FGF-7 P> 005 Rak
HGF P> 005 PDGF-BB
IGF-1 P> 005
IL-6 P> 005 Shih
PDGF-BB P < 0.01 B-actin
TGF-B P> 005
VEGF P> 005
SHH P <005
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=EGF =PDGF-BE mShh

Late SS - HDF Ny S
- 10 20 ygmL )
pS3  |N—

_ p21  [—
_ PI6  |N——

50 ™20 pug/ml

B

Fig. 3. Cells treated with the Hovenia dulcis Thunberg ethyl acetate fraction demonstrated changes in cytokine expression, senescence
marker expression, and wound healing capacity. (A) Changes in cytokine production were measured using cytokine kits.
All values were expressed as a percentage (n=3) of controls and were compared by ANOVA. (B) The protein expression
levels of EGF, PDGF-BB, and SHH were determined by Western blotting. (C) Protein expression levels of senescence biomarkers
in HDFs following treatment with the Hovenia dulcis Thunberg ethyl acetate fraction. EF, Hovenia dulcis Thunberg ethyl acetate

fraction.
ojmj A3} ylw ATS st sm2E FAA Y. Sm229)
sslo] @2 82 UVBY 93] AfotMZodAE gld
vk glon, AN FE 3t FUAEAME B vt gl
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4 9 sl Retsisl, 4 fopA 2 HDF
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HDF M £5& 01%0}04 AT oot El o] E £ &
< A& A EGF (p<0.01), PDGF-BB (p<0.01), SHH (p<
0.05)9] AtelE7kQle] frolHom 7k AL Alstgln
(Fig. 3.A), 150 ng?l tha B& vl de 243 A3} EGF,
PDGF-BB, Shhe| @ £4jo] SjHs o dotAElo]E #
42 AN 7S 4T 5 AU (Fig. 3B). AZ =347}
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