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Anti-aging Effect on Skin with the needles of red pine, Pinus densiflora
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ABSTRACT

Objectives : We investigated the anti-aging effect on skin with the extract of the needles of red pine,
Pinus densiflora

Methods : We measured various effects related to skin such as the anti-oxidant effect, the protection
against ultraviolet (UV) irradiation, the inhibition of reactive oxygen species (ROS) generation, the
induction of heat shock protein 70 (HSP70), the reduction of matrix metalloproteinase-2 (MMP-2)
synthesis and senescent cell.

Results : The results were as follows :

The extract of the needles of red pine (RP) had the potent anti-oxidant effect and the ROS scavenging
effect. Also RP preserved the systemic anti-oxidant enzyme system (superoxide dismutase and catalase)
from UVB irradiation. RP protected the cell membrane from the damages induced by UVB irradiation. RP
induced HSP70, a mediator of resistance to UVB irradiation. RP reduced the synthesis of MMP-2 induced
by UVB irradiation. And RP inhibited the amount of senescent-associated (SA) B-galactosidase staining,
as a marker of replicative senescence.

Conclusions : The results of our study indicate that the extract of the needles of red pine, Pinus
densiflora, has anti-aging effects on skin.
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E A¥d AME® #RiAZEE(the needles of red pine,
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2) A2k & 717]

(1) Al2h:dge] AH8" Ao 11-diphenyl-
2-pycryl-hydrazyl (DPPH), phosphate buffered
saline (PBS), HEPES-buffered control salt solution
(HCSS), senescent cell staining kit & Sigma
USAA AFL AHEEHoH,  typsin/EDTA,
penicillin/streptomycin, Dulbeccos Modification of
Eagles medium (DMEM), fetal bovine serum (FBS)
T2 Gibco (USAA AFS AMLF}3, 2.7'-
Dichlorodihydro-fluorescein  diacetate (DCFH-DA)
%2 Molecular probes (US.A} AFE AHL3HH
ot LDH %2 Promega (US.A) A cytotox 96
non-radioactive cytotoxicity assay 71EE AR}
t}. Zymogram gelatin gel® W& €9, gel G2}
2 Invitrogen (US.A)AF AFE o] 8319 Western
blotoll ALE-E 1A} 34 F catalase Sigma (U.S.A)
A} AEL, superoxide dismutase (SOD), HSP70 &
actin® Santa Cruz Biotechnology Inc. (US.A) A&
S AMgsl9ey, 23 &A= goat anti-mouse HPR
conjugate® Amersham Corp. (US.A) AEE A
gt 7lel dutrjeke EFAIHE AHEE T
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(2) 717] : A+8¥® 217l ELISA reader (DI
biotech, Korea), fluorometer (PerkinElmer, U.S.A),
UVB ZA7] (Sankyo Denki, Japan) $& AR89
ok
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4BAL L FEsnEd  FEdgd. %
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FHNA F5T F o ol =& Qlo] AlRE A}
4319}

2) DPPH g o|2st Alpaic|z 44 &AM
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gaslEe 2337 918 Takao (1994) 59 W
e £ AREgn. A" wHe 11-
diphenyl-2- pycryl-hydrazyl (DPPH) ¥hgo2 A3
4L AL FxEE 343l 100l %6 well
plated] ¥ 5mM olg-g &Aoo 2 x=2¥ DPPHE
% 53E 2000LZ 3HA 9o} 37TCA 3087 14X
3t ¥ 520nm ELISA reader® 3%=8 ZX3to 2
e E AA g4q4%E B

3) Xteld B (UVB)Oll 2|8t MEStAl HE BX

Aol 2183 HAEFE 59 gdFAEH Dr
Fusenig8 €  ¥9#&  human  keratinocytes
HaCaT cell line22 9% well plate®) zZ+ wellol
1X10cell/mLe] cell& 100uL¥ Q3 37T, 5% CO;
incubatorell A} 24413t B¢F wioksle] R&sch. wy
& F APANESY FEIF 0625 1.25 25 Spg/mLE
T3 widdoz mA st 3MEL wYE 5 )
FAE AATT ZF welll 50uLe 1SR AR
(phosphate buffered saline, PBS)S 2t 294
B (UVB) 92§ o]&3ld A4 30m]/chE ZAE
%, PBSE “ollln 7 welid] A7) x4 AJHAE
7} 3" MEeidd 200uLE H7Fst 24417 w)
FEHh 2442 T uig ASAe AP Held
AE &) AF a4 ANEFEL8EA (lactate
dehydrogenase, LDH)9] <% cytotox 96 non-
radicactive cytotoxicity assay 71EE o|&-3ld &3

3k

4) XtefM B (UVB)Ol| 2|8t EEMAT (reactive
oxygen species, ROS) MMAH &X
HP=48 96 well black plated] 2 wellol
20X10°cell /mLe] human keratinocytes HaCaT cell
< 100uL)® B8 37C, 5% CO: incubatorol] A
24X WiFE F AEAEE ARSI AlHAE
o BTE 0625 125, 25, Sug/mLE AT
AHAIEE 93 2447 ks ¥ HCSSZE A1y
gt} dolole wiAE AASIT HCSSA 20iME &
vl® DCFH-DAE 100uL 718tz 37C, 5% CO»
incubatoroll A 207t widstar ohA] HCSSZ A4 s}
Aot olF Al FEEE X" HCSSE 100uL 7}
¥ 3 294 B G0ml/em)HE ZAMIL 3X3 Fo
AT E fluorometer (Ex=485 nm, Em=530nm)2 &
I =g A3

5) AtefM B (UVB)Oil 2/t SOD, catalase
uszte g8 53

6 well plated]  1X10°cell/mL®]  human
keratinocytes HaCaT cell& 2mL¥ Y3 37C, 5%
CO: incubatoroiA] 24417 F<F wlds & Al8Ag
& Ak AEARY FEE Sug/mLE 9Tt
AFASE ¥ 4AT wRd & PBSE AlEsHY
Folde WAE AASHY, 0ule PBSE ¥ A9
A BE ZAIRE ¥ PBSE “ojuln AlEAISE A
3he] 48A17HE St wl ST 48AF B ¥ AEE
T3 ATEFAY (Lysis buffer : 250mM NaCl,
2omM Tris-HCl pH75 5mM EDTA pH80, 1%
NP-40, 0.IM PMSF, IM DTT, protease inhibitor
cocktail, DW)2.2 4TColA 333 F BCAE o =w
gdgs FAFIAY. P el F =)
sample buffer® 4304 sample® WHE ¥ sodium
dodesyl sulfate (SDS) polyacrylamide gel #7149 %
oz Ry

Western blot analysisE 93} ¥ duids &
#+3 acrylamide gel$ nitrocellulose membrane® 2
electroblotting®l] €13} Ao]A7 F 5% skim milkE
33 TBS-T (019 Tween 20 in TBS)E A2
A 1AIZF incubationdte] Mol d¥iAE] Uit
blocking& A3t TBS-TE 29 M3t M3
% SOD$} catalase 1xF 84 (1 : 200008 242t A€
3l 4ToNM overnightAlZ & 1A Ao @ 231
A (11200008 A& Ad2oiA 1A wAIF
t}. TBS-TZ A3 % enhanced chemiluminescence
(ECL)89-& A8AZ the daolA X-ray filmd

=3
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Z+53AA SOD 2 catalase ©¥R 2] WSS W
i@ B3 @do] ¥ HolHASS &3t
7] 93l 15 AL actin® AHEES A7) AR
wEsle BAET

6) HSP70 A ZXI2 S8t MXE B3 £X

6 well plated] 1X10°cel/mL®] normal human
fibroblast& 2mL® %3 37C, 5% CO: incubatordl
A UM 59 ujgEle MEES BEAZ F AIEA
85 025, 05 luyg/mLE A3l APARE A
3l UANDFS g F AXE TG AED
gdoz 4T #4% ¥ BCAgHoR Gzt
< A Fgog 9 A sample
bufferg 43014 sampleg THE ¥ sodium dodesyl
sulfate (SDS) polyacrylamide gel A719%52.2 £
3Fic}. Western blot analysisE $13] £a2lg @93
£ 8% acrylamide gel€ nitroceflulose membrane
o2 electroblotting®] &3] Ae]A)Z1 ¥ Ponceus S
solution®.& GAsted F% HoldAL&E AR
o} g@¥do] Hol® membraned 5% skim milkE
8483 TBS-T (0.1% Tween 20 in TBS)E A2l
A} 147} incubationdte] wlSo}Fl BilAE] g
blocking€ A3} TBS-TE 28 AAsct A4
¥ HSP70 1z 4 (1:10008 Xt 4TqAlA
ovemightAlZl ¥ 1% Ao 2= 23 A (1:
200008 ARt AredlA 1A wRSAIFCL
TBS-T2 43 % enhanced chemiluminoesence
(ECL) £9¢ A& o F4oA X-ray filmol
Z3AA HSPT0 e Aol @SS vin 2484
=%

7) Xte|M B (UVB)Oll 218t MMP-2 Mgt 2H|
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6 well plateo] 1X10°cell/mL® normal human
fibroblast2 2mL® Y1 37T, 5% CO; incubator®l
A UANT B kst AREE BN F AIRA
BE 025, 05 lpg/mLez H3Heh o]F 4719
w3 £U381A UVB 30mf/em’™e ZAME F AIEA
2E APty 4AN0F wSSaY g F AR
wjod e FAsl AE wjddzt sample bufferE
Mol  sample® TWE F  gelating #HET
zymogram geld] loading ¥ A71945oz E3A
. MMP-2 #1¢ ¢i3 EelE 9uds IR
zymogram gel& A2FAYY  AMERe] . E43H
renaturing buffer (2.7% Triton X-100)2 4-2°0A

3027} incubation3t3 developing buffer (50mM
Tris Base, 40mM 6N HCl, 200mM NaCl, 5mM
CaCL +2H.0, Brij 35 002%)2 A& 1A%
incubation & %ol A2 developing buffer &2
2 zrolr 37TANA ovemight2 2 HHEAIZTH ¥k
o] By gele FAslY 1 AR IEE HIALN
th AE7 o7t UL Bl YA ARE
TPl NEsdos  4TAHN HAT F
nitrocellulose membrane2.2 electroblotting®l 2|3}
MolA)17) & Ponceus S solution® 2 FAsf FF
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8) Senescent cell Z4 &H

6 well plated] 1X10°cell/mLe] aged human
normal fibroblast (doner : 75years—aged, passage -
102 2mLA ¥ 37T, 5% CO: incubatoroll A 2441
7+ S njokate MEE BRI F AQAMNRE
0.25, 05, lpg/mLo.g2 M)t 48A1ZH5<Lt widst s
o} wjok & M FE S senescent cell staining kitg ©l
835l A2kl AMgHel 48t SR Al
9] vlgAe AAST PBSE AAHT Fol AL
N 6783 MEE 2% F A PBSE A ¥ A
H3lgch X-galo]l THE FAEARE WolFa CO,
7} Sol7kM pH¥E} A7|1A $5E parafimoE
2 78 Fo)) 37Col| overnightdtdoh dvl3oez &
AsteA AN AEFe) Q49 AT FE Ao H
23t

9) EAIXMel

AFHARLe AFA+HERA (Mean * SEM)E
ehiiglon, iz 483y Ha9 Aolg A
A wo]= one-way ANOVAE ZHAsH Pgkol
005 ulutel W) BEAHoE §F o7l gE RS
2 BA3A

2
1. DPPH & &Ad wA& 4%

A F2E Fust 4 kel AN
DPPH g o4& Afatld &A% Ade A
F3tATh 2PAA B uie) Zo] HiE FEEL
oF 100-300pug/mLe] sEclAd DPPHEIHZ &A 2
e Jehisien 50%9 oid 24849 YE
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T % (G 16lpg/mLolct. ¥4 dizwoz
AH-§8 vitamin C9) ICx& oF 15pg/mLeolAth (Fig.
b.

Activity {%}

—e— Vitamin C
—=—ap

0 100 200 300 400 500 600 700
Concentration (ug/mL)

Fig. 1. DPPH radical-scavenging activity of vitamin C and the
needles of red pine (RP). Each value is the mean * SEM of
4 experiments and DPPH radical scavenging activity (%) =
[(Ap-A1)/As] X 100, Ay - absorbance of blank sample, Ar
- absorbance of tested solution.

2. A9 B (UVB)oll 9% A==t ¢4
B3 ES

Zpe] Mol 2§t AT 4o diF REEHE Al
g3yl sl Axy SRR RANgSsEs
(LD A& &A% A3}, HaCaT keratinocytesl
UVB 30mJ/citE ZAFSHHA 2477 3 LDHY Aol
ok 2v) (Q64%AE FURIAY. FRE FE2E2L
0625, 1.25, 25, tug/mLY T=EE A3z, UVB
E ZAIRE FAAE UVB ZAb) 9% 1LDHY Alx
i<k wjAjo o] 84571} v dEHom Fas)
© Z#E BYon FAALE: {8 FYE o
£ & JAU} Fig. 2). 3 bpg/mLel H4 —’1‘-%%
& A A¢ UVBE AR ¥ dz27 4%
o2 LDHE 9dAgS 28 4 AATH1082% of
control).

% of Control
= - N
-« 8 8 8 8
|
|
I
H
X
4

CTL w 0.625 1.25 2.5 5
Congcentration (ug/mL}

Fig. 2. Effects of the needles of red pine (RP) on LDH
productions. Each value is the mean * SEM of 6
experiments. Significantly different from control (#* :
p<0.01). CTL : non-treated Control, UV : UVB 30mJ/em’.

3. Zt2l A B (UVB)oll 93 A4 44E
(reactive oxygen species, ROS)
A mH

UVB ZA} 3712 A3 & 29 AR ge
hzF Hlg] UVB 30m)/chs AR ol A
U gAaAEo] 1821% ZF71sHe AL B o
B3 Frbe FRE FEFEE 0625 125 25 5u
g/mLY FEEE X3 A T YEHoE ¥4
AaFE Aol dAHe NS Y £ e,
S5AMc2E fo% ARE AL F AN (Fig.

3).
100
) I
0 .

0.625 1.25
Concentration (ug mL}

Fig. 3. Effects of the needles of red pine (RP) on DCF
oxidation in HaCaT keratinocytes. Each value is the mean *
SEM of 6 experiments. Significantly different from control
(#x : p<00). CTL :non-treated Control, UV :UVB
30mJ/cm’.

% of Cantral

4. &8)4 B (UVB)ell ¢ & SOD, catalase
B A I8 55

HaCaT MEo] UVB 30m]/ctE RAVST 483217
= SOD, catalase?] ©¥id @dE #3247 SOD
9} catalased] W&ol A3 LTS ¢ F AUL
(Fig. 4), 5% F28 dug/mle MRE o 24
Aol o3 a3t 54 BE ZAE Aoz JA|
ARE BEE 5 JATh

sz rsu

Fig. 4. Effect of the needles of red pine (RP) on catalase and
SOD protein expression in HaCaT keratinocyte by Western
immunoblot. (Lane 1) non-treated Control, (Lane 2) UVB
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30mJ/cm’, (Lane 3) UVB + RP Sug/mL, (Lane 4) UVB ¢
RP lpg/mL, (Lane 5) RP only 5pg/mL

5. HSP70 =¥ A4 &Rl v|X+
¥

FAE 2229 AXRZENE Hrslr) 98l
normal human fibroblastol] A% F&22& a3t
I 24A1 Fofl HSP70 @A A £ Al¥E A
g3AG. 2 A FLE FEFEL lug/ml HEA
HSP70 @¥d Aol Bo] f=EHNeY, 5% &
o2 HSPI0 @¥ld Aol f=gE &Y + 4l
Ao} (Fig. 5).

Fig. 5. Effects of the needies of red pine (RP) on HSP70
synthesis. (Lane 1) non-treated Control, (Lane 2) RP 0.25n
g/mL, (Lane 3) RP 05pg/mL, (Lane 4) RP lug/ml.

6. A2l4 B (UVB)ell 213 MMP-2
AFA 9A 1%

Aol 2% ECMEAS Aol i A3E MY
&) 93 FAE FEES ANLTY AMeE ¢
Foll UVB 30mJ/cdE MEo] ZALSIY MMP-2 A%
A F7HE s, A RRE FEES 4T
AUtk 2 A S FEES lug/ml A
Al BAFHLE 92 MMP-2 Aol JAERA
94 5% My vxd JEFoz AHIL U
¢ F AN (Fig. 6).

1 2 3 4

MMP-2
synthesis

Protein
Amounts

125 00

100 00 -
7500 - .
50.00 -
25.00 -
0.00 - S -
uve 025 0.5 '

Concenlration {va/mt}

Fig. 6. The effects of the needles of red pine (RP) on the
synthesis of MMP-2. Significantly different from control (x
*:p<001). Each value is the mean * SEM of 4
experiments, (Lane 1) UVB 30m)/em’, (Lane 2) UVB
0m/em’ + RP 0.%5ug/mL, (Lane 3) UVB 30mJ/em’ + RP
05pg/mL, (Lane 4) UVB 30mJ/cm® + RP lpg/mL.

% of Contro

7. Senescent cell 24 &%

FinE F2E9 senescent celld] djg EFNE B
71 9184 76419 Yole AYAZRE ¥L nommal
human fibroblastE ©]-838} replicative senescence
2 Eoj7le 7] AEiQ) passage 109! AeidlA
B F2ES AT A3 AA HES of
3] X-galgdo] © HE $£E BE2 UFo ¥l
g 2An FuE FE2ES FHAINIYS 9 AR
X-galg 4ol ® AE F2] Hlgo] FAHAULH, 0.25
ng/mLet 05pg/mL AHElAlele BA3H fFYxE B
| Fig. 7.

(
*
20 - .
10+
!
0 I S e L
CTL 0.25 0.5 1

Concentration (ug/mtL)

Fig. 7. The effects of the needles of red pine (RP) on the
amount of senescent cell. Data represent the mean * SEM
of 4 experiments. * Significantly different from control (* :
p<0.05). Pic. 1: non-treated Control, Pi¢. 2 : RP 0.25pg/mL,
Pic. 3 : RP 05pg/mL, Pic. 4 : RP 1pg/mL, (Scale bar : 200 p
m, 100X final magnification), CTL : non-treated Control.
(Scale bar : 200 pm, 100X final magnification).

Senescent cell (%)
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B7] 93 o8 7K AEe 3 29 5% &
7t Agol FHHANL, A7 APWEE F4e
2 37g AFYsid oLy 2o

=3t AfettdZHfree radical)d) BAE 8L 4
TE 53 2 ¢ud AR, AuEuge ZAH
QU AN B st AA T HESS AEE
22 EAATIL olHF £AEC] 2HH AX
3l9l £89) olz2A Fohe Aol gaA Utk A
A0 AN Y A Ee A W
o A3t superoxide dismutase FE catalase$}
22 3aksl &4 glutathione, ascorbic acid(vitamin
C), a-tocopherol(vitamin E) ¥+ ubiquinone®} #&
kel woiela Fell gste AAHT gloy, 9y
3 AAHA F1 ok AAHA FL AFde
AX g 2 0F =250 X W DNA 2 @
BAG SANA o, deEHE, ¢xdoly T &
A AL opT B ol AXE 2 23L gIi
Hozx =38 Ay AU, 5RE g7 Fo) =
Z5o] Q7] WEo) WA =3 Hintrinsic aging) Bwk
obel Ut ¢ R Mo] 3] dAste B3t
(photoaging)7} ol B} o|2F Ud 2 A9

AL HRo) Y B 3¢ ARz wol LAy
719, oleigk Afetuigdo] &) Il was
AAAlE &5 WA Heol FEo] FUH1, YU}
olgEE T MEwsy} 714 ¥9°” DPPH WY
& vmd gE AfeltigsE EAsh= DPPH 2}
feElt e 44 A4S 8sh= FAHAN Yo
2 gaslass QEe wielty. Fikndk =28
o ksl 848 Hrslhy] $lsl DPPH Afetdzd
27% A¥S AR A A FEAE 4
2 vitamin C Rt 50%9] AFaold 2 Ag48
Jehe & ICo)7F &4 Je7le sded, #
BE F2E 94 5% A5T49Z 2AEA] o
gl A=Ak

A ujgdol A LDHY Aol M ZAo) <
3 FHEthe AL AEY &40 HE Qo &
ke LDHZE ME wre 2 fEsd JUghs 3L
oujdty. 53] Sug/mle] A4 FE2EL AU 7
4+ UVBE ZABHA g UET F#§o2 LDHE
AAge B ¢+ YA oI g B o 5k
NE FZE2 UVBZAY 98k HaCaT A ¥9] AX
w2 &8 FrFos Rt #gd 4+ rh
olg]g Am QA UVB AL & FAsMA Z7iHe
FAHNALES ERHOZE PN § e dstE
ol 7108 AR AlgH, AHs AP E
wel Ay FANLFY wsE #FY £ Sle
DCFH-DAE ©|§% $i8s #Hr7ke AAsi.
AN ZAF 3AZF AR F AR FinE FEE
4 TEHE AT A Tx dFEFHOE ML
Z Aol dA=EE e #EL & UAAT o)
3 A%E B o fAE FEES YA A 9
g AT ggAEFe AL dARME 550 ¢
F3ta Bad & AU

AXY FAAAE Fed Faxz LA
SOD$} catalase®] 23 #A&AF AF HaCaT AIE
d UVBE ZA18F & 48A17F 5 SOD, catalase®] ©
Wy ol HAS AT ¢ £ AT, FiRIE
Z2E Sug/mLe HIAPL o A 2§ iz}
AN A4S FHFZ AL BRY 5 3
At olEF AT B u) FiE FE2ELS I AH
2 a3 5§58 7R 8 ohEt YR £ 959
A FEEE A3 2EG 2 gl QX B
ol Qv IR HEAaALH &4 dig RS E
H7} $43te FFHOE ARALE BRIdhe 7T
< JERE Rog Bgd 4 gy

HSP70 d¥ide XEgie] wHgstd fES<
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gids o8 2Ed 20 sl AT MAAE
B 330 NEALE 9r|% de Aoz ¥3A Aok
£ og 33y Holgle HSP) dde H¥E
2EZAU ZE EAOoZRE HIdE Aoz F
A A FRAE FEES MIHIENE
B 718171 918l normal human fibroblastoll i 3
ZE& AN 4M7 Fol HSPIO ©9d A4 £
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