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Enhancement of Skin Immune Activities of Curcuma longa L. Leaf
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ABSTRACT : Curcuma longa L. leaf was extracted by water at 60C for 12 hours after being treatment of Ultra High
Pressure under 500 MPa for 5-15 minute. The high pressure extraction for 15 minute (HPE15) was measured the highest
extraction yield of 25.48% (w/w), compared to those from conventional extraction methods. The HPE1S showed the lowest
cytotoxicity as 11.97% in adding 1.0 mg/mé of concentration. Also, HPE15 was measured the highest inhibition of hyaluronidase
as 44.48% in adding 1.0 mg/mf. In addition, The production of NO from macrophages was measured as 7.06 uM in adding
1.0 mg/ml of HPE15, which was lower than the those from others processes. Finally, HPE15 significantly reduced up to
649.44 pg/mé of ProstaglandinE, production from UV-irradiation. These results suggest that the Curcuma longa Linne leaf
extract from high pressure process might enhance the skin immune activities possibly by high elution of active components

than other processes.
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A& (Curcuma longa L) A37Fel &= ofHs) o]
2, gdd] 9 ofduiA gl Exsid o, IE 9 FHolA|
o} % QAR otk (Lim er al, 2013). BEE A3 =7}
oA o ZHE HAFS st AMEEl $kow, A &
& ko] g Holltky Wy H APEAEA] curcuming
IEZ 319 (He et al, 1998; Kim et al, 2005), =L Ak
se) 2 JEEY TF " 9 Adse Tz
AEs Ashe FaHt e AeR duld Aot
(Jayaprakasha et al., 2005). ©|®]o|%= &A| curcuminol] T3k
ATE AHHEAE ksl (Jung et al, 2004) 2 FF Ryu
et al., 2005), &85 (Ammon and Wahl, 1991; Gupta and
Ghosh, 1999), @Hlo]2]2 (Mazumder ef al, 2000)5 7+ %
A e &4 Foflld ok At HaElem, 3l

Corresponding author: (Phone) +82-43-299-8471

ul A A

H
YZ WS F=3H} o] Wl Cytokine 2 N
Oxide), PGE, (Prostaglandin E,)7} A4do] o}, d% Wk

o] o] He Ade BT (Higuchi er al., 1990).
ol Tl & AFolA= NO, PGE, A F 15 93¢l
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1. s Y A2
B Aol AN A8 (Curcuma longa L)Y HAEA

A 20119 3LRE AR Z1E g Ad 20114 99 A
S REO AQFHsIHeH, Agds $AAZ7] (PVTFD 100R,
ILSHINLAB, Yangju, Korea)s ©]&3}] ZF%= 10mm Torr,
-50C ZAoNAN FAAZSNLE ARFEL Ax A A

Wted Az F AR BAMREE A

2. M8 FE A

Za8 FE2 sAAxs] B | A Y AR 10g2
Hd o] E3} 37 Yol 377t B/ ¥=F & des
%, 2389} F=7*] (ILSHIN autoclave, Daejeon, Korea)s
o]g-3td 5000 bare] o= Zhzb s 15E7F 239 WA
g FE3HS AT 208 FE0] Bd A% de F
2] gRYZ717E 2 flaskel] 10812 FSHFE o83l
60CoA 12A17F8<E 23] WHE &390t dojxl F2ES
AR E At w53 & 2417 Bt F471% &)

o Aol ARE-sIT

379

FE20| 1) = gy 57X
3. HIEF 2 MIZ M HiX]

Aglo] o]8F MHEFZE Human fibroblast CCD-986sk
(KCLB 21947, Seoul, Korea)s ARE-3}.om, Al Zujjfo] &
2%k ¥lRA]Z Dulbeco's Modified Eagle’s Medium (Gibco,
Carlsbad, CA, USA)S ARE-SIASL 1 whe] AR wigel] B8
Sk A2k S 2 hepes buffer (Sigma-Aldrich, St. Louis, MO,
USA)S} fetal bovine serum (Gibco, Carlsbad, CA, USA),
gentamycin sulfate (Sigma-Aldrich, St. Louis, MO, USA),
trysin-EDTA (Sigma-Aldrich, St. Louis, MO, USA)S AR
sith Add A8-® AlXEE= Dulbeco’s Modified Eagle's
Medium (Gibco, Carlsbad, CA, USA) HiA] 90%¢l] FBSZ
10%2 Z-EAA wjgste] Aol o] &3slich.

4. HMEZ 54 53
3-(4,5-dimethythiazo-2-yl)-2,5-dipheny-tetrazoliumbromide
MTT)E A&l MosmannHS WHPAIA AE 54
A 3tA T (Mosmann, 1983). CCD-986sk A :EZE 96 well
plated] 1.5x 10*cells/well F=Z HE3 5 80% H:=2] uj

O L T,

=

SAHAA 4 welld] AIFE FoI5F3L CO ; incubatoro A
24X 7F FF vt 5 gl F2e] MTT S48 ZF well

off H7IetaL 4rZF & AFdE A AL, 104 9] acid-
isopropanol  (0.04N HCI in isopropanol)S H7}3F T2
microplate reader (Thermo Fisher Scientific, Waltham, USA)
2 565 o] vFelM FFES S8t

5. Hyaluronidase Mg} &

Hyaluronidase &JA| & 7}+= N-acetylglucosamine®] %42 %
BEAZ A8t &S ATk 0.1 M acetate buffer
(pH 3.5)°1 =<1 hyaluronidase (7900 unit/ml) 50 Lo A&
£ HE FX 02, 06, 1.0mgml 7} EE= 3t 20 L2 7}
atal, g4e] EAskE 98l 125 mMe] CaCl, 200 & &
g § 37C FEFNAM 2027 WFA AT HEEe
DMSO 898 il 87004 2027F wigsisict. &/dste
hyaluronidase €4l 0.1 M acetate buffer (pH 3.5)° =<l
hyaluronic acid (12 mg/5 mf) 250 1 & H7Fste] thA] 787
oA 407 HFSIATE WIS 0.4 NaOHE-3 100 10 2F
0.4 M potassium tetraborate 100 /0 S W3- EFHE0] 7138}

e FRolA 3L AR & WA WAAIRD g
SEol| dimethyl aminobenzaldehyd €< (p-dimethyl amino-
benzaldehyde 4g, 100% acetic acid 350m¢, 2 10 HCI
50me &3ty 328l & WS- EgtEC] HRe & 37C &

?‘jl

=2 1o
dollA] 2087F vl FSIAL, microplate readerS ©]8-3F] 585 nm
A FEEE ST Asle2 vt 2ol ALt

H o-1-=

ODc—- 0D

Hyaluronidase Inhibition (%)= ( ODe S) x 100



ODc: Optical density of control, ODs: Optical density of
samples

6. MacrophageE 0I28t Nitric Oxide (NO) A4Mgt =X

NO A% F38L 98 AHE AEFe= b= fH
J774.1 M 2E ARESIlem, Al2S 10% FBSSH DMEM
HiR| ol Hjksle] 24 well platel] 4.5 x 10 cells/well®] &%
i 9 o, ARE AU A HreA &2 7K

S o] B 37C, 5% CO, Wig7]oll 48417 F<t vt
< LPS (lipopolysaccharide)E 200 ng/well®] F==2 *|2]5}]
48717 B MEE w et e 50 S FHste] 5Y
F3 9] GriessAl % (1% sulfanilamide/0.1% N-(1-naphthyl)-
ethylenediamine dihtdrochloride/2.5% H;PO,)S Z7}sle] 2
A 1087 ¥H-3A1Z] & microplate readerE ©]-&-3h
540 nme] S5 =439 Nitrite] XFEZZE sodium
nitriteS AFESINOH | FEE 32 pMOARE 0.25 uM7HA]
RPMI 1640 WA= 20§ B]4sto] 2 FFE=49 vlaLst
o] AT (Choi et al., 2006).

R

L

7. Prostaglandin E, (PGE,) 28M2F =X

FZol Hshk= A2 4R prostaglandin (PG)°] B
o] = 717--& LPS, SNP % UVl €]3}te] interleukin-1
(IL-1)3 interleukin-6 (IL-6), tumor necrosis factor (TNF)
I 722 cytokine®] H]EW, phospholipase Ay(PLA,)’t &
A3} =, M|zt phospholipid®|A] Arachidonic acid
7} EH]=|o] Arachidonic acid’} cyclooxygenase (Cox)oll <]
3] PGE W3} (Bernstein and Chen, 1994). X3 UV

[ R=N
AT

COX,2l 4S S7MA the] PGEy7F 2AsHA Ent (Liou
et al, 2007). HDF (Human Dermal Fibroblast)3] CCD-

986sk= 10% FBSS} DMEM BiA]ol| 2 x 10° cells/m T 5~
Atk = H 50 M2 aspiring ¥ HDFo| EAsk=
COX &4°] 848 JAIAA 5L PGE,S] o] H=E 3t
Atk 2 5 AlEedds} A FE 96-wel-plated]] 20 4%
7Fst2 37C, 5% CO, incubator o4 2417+ E<t UV

g

off

JEZS Esle] UVA (63)/ch)S ZALeIeh wiokst ¥ 23
¥ NEE PBSZE 23] AlAsla, Y2 AEE Edlo] AFHS

Z1gysIA Tt (Han et al., 2008).

PGE, A}/ %2 Prostaglandin E, Express EIA Short kit
(ACETM, 1550190 °]&3ted =43ttt (Cui ef al,
2005). & PGE, A7} H-2hz] o] plate®] Z} wellol] 3|4
Sk AFZA3} A PGE,-acetylcholinesterase tracers 2
204 18A17F viFsE =, 72t wellel] Holle 89S EH3)
gojll & 0.05% tween 20-phosphate buffer solution & =

o]

[ R=N
AT

155

7} well& 53] A1A3}32 Ellman A2F 200 1S ZF welld] ¥
2 T A wlgste] 405 mm oA FEEE AT
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ﬂ

L—% BE AR o
?_

PGE,E ZTFES=E HY

Astel] 2} A
o Fo| PGE, AYFL 75

ATt

8. SAIx2

tlole] A= 33] vHRe® Algsigion, 23
A= SAS (Statistical Analy51s System) ZZ 1
two-way ANOVA HH o elate] 22jalsict. ]
2 frol 20l 2 (p<0.05)2 T ST

Adof] Hsl AFolA 2t
Hlgl| 1.997}A] F7Fd Ao] Bl
A=}l RS o]
0] 34% 71 531

o
)

T At (Jin et al., 2008).
53l Olﬂiﬂ Agsol wgEe] A

ol
o™ (Kwon et al., 2007), ﬂr—‘e: &
RSP EIrS PELSS

1__

Za8F F=

h=]

=

o

Q. /o ==9

B EE ALY &S

2L B4 850 7 ZoE HRlnh & A FE=E
% HPE15%] 2T 155 52t 718k 553 243 9o &+

Z£E0| 2553%% F WHACl HPES FEEHT =& 585,
I F& HPE5 FZE0°| 2320%, 70% &€& F&Eo
20.03%°] &S BAoH, dFFEE0] 1835%°] W F
&5 B o8 ol 2y FEFHO AR o F=

TE& STkl 2 A
2. MZ 549 =4

Ado] AeH 02, 04, 06, 08,

Table 1. Yield of Curcuma longa L. leaves by extraction condition.

Sample Temp. (C)  High Pressure Yield (%)
EE 75 - 20.03 £ 0.17¥A**
WE 100 - 18.32 £ 0.238
HPES5 60 5 min 23.24 +0.08¢
HPE15 15 min 25.48 £0.12°

*Mean values + SD from triplicate separated experiments are shown.
**Mean with difference letter (A-D) within Yield are significantly
different at p < 0.05. WE; water extraction at 100C for 24 h, EE;
ethyl alcohol extraction at 75C for 24 h, HPES5; high-pressure
extraction for 5 minute at 500 MPa and 60 C with water for 12 h,
HPE15; high-pressure extraction for 15 minute at 60C with water
for 12 h.



= raly < =} o5 =
=9t SHE 0|38 2
18 q ——WE Ea

164 —E-EE
—&—HPES
—=HPELS

Da
14 4

12

Cytotoxicity (%)

02 04 06 08 10
Concentration (mg/ml)

Fig. 1. Cytotoxicity of the Curcuma longa L. leaves by
different extraction process. Mean values + SD from
triplicate separated experiments are shown. Mean with
difference letter (A-E) within same sample are significantly
different at p < 0.05 and mean with difference letter
(a-d) within same concentration are significantly different
at p < 0.05. WE; water extraction at TOOC for 24 h, EE;
ethyl alcohol extraction at 75 for 24 h, HPES5; high-
pressure extraction for 5 minute at 500 MPa and 60T
with water for 12 h, HPE15; high-pressure extraction for
15 minute at 60T with water for 12 h.

1.0mg/ml 2 Z-43sk] A7H
=S S 48

= EHoR MESA

frobMlESl CCD-986skoll ThEH
A giiEe] FE2A 5
o] F7lelE e T F AN
o, HPEIS7} A9 BE FolA] uf$- vk Alx=4S yet
WAtk (Fig. 1). 954 F=52°] 1.0 mgmle] F=lA 15.24%
o] MEEARS RIoH, e FE25, IS4 S8 FEE

=1

oL

2 EIY 15E FEES 2L FRA 747 16.83%,
1246%, 11.97%°] AE54S KT o= JF9 24
S 1Y 3 B f SR SEtel=9 1§ Ay
2 AN 22 1mgmb FEo] B e Ele]=
2hlo] 18.53%S HER Az wwehd e AEZEYS
oBX, F5 AFog FE dEEA AMEE TFsAo
2130tt (Jeong er al., 2008). 7] A=
b 3802 sl 45 ol FiEle] dd A
Az E A Sl FA el A
| €% ¥ Z0= HolH, oy
FEa AT S 29t 8] A
(Kim et al., 2007, Seo et al., 2011)
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Fig. 2. Hyaluronidase inhibitory activity of the Curcuma
longa L. leaves by different extraction pocess. Mean
values + SD from triplicate separated experiments are
shown. Mean with difference letter (A-D) within same
concentration are significantly different at p < 0.05 and
mean with difference letter (a-c) within same sample are
significantly different at p < 0.05. WE; water extraction
at 100C  for 24 h, EE; ethyl alcohol extraction at 75C
for 24 h, HPES5; high-pressure extraction for 5 minute at
500 MPa and 60C" with water for 12 h, HPE15; high-
pre;sure extraction for 15 minute at 60C with water tor
12 h.

27 2 4 ot o] AgoAE ©]23t hyaluronidase] A
2IE ERIFgoZA 8 o FEEC] fHdd tig &%
S Yol ). 7% S 559 hyaluronidase <A
295 S5k Fig. 20 e 23S B8 RE A
E°I4 hyaluronidase”} A== Z1& 1T Al 5
< FLo vt Frkske AFS JYEdeH, 48S
B3 Alsel wEk oF 20~45%9] A 4 eI
HPEISE Ht AlE Fo5=2 1.0mgml oA 44.48%7H4]

hyaluronidase #31&/S YeRHATE ¥, 100C 8 =

oot WY

£l WEO| A¢ 22 TxolA 33.74%= B 45 UE
ek e we] Ao digh A3 A7 fAkr 28 E
5o g FEEO B3 A} vwEdS o, 5Y v
oA At 42.1%2] A& SAHES H Ao vkl oA B2
Al FAES UERd 202 Kol (Choi er al., 2013), XL
o TS AR A I FEES oF AgEAe sk F

(¢}

ek a3t e A ERlsisiTh
4. MacrophageE 0l&8t Nitric Oxide (NO) &2t =X
2] AERLD J774.15 083 NO B HS Flste
Eo] Aol tist 4L Fig. 301 YeRSITh
e 203l A9 3~4uM LR T} Blasie]
Z 2ol2 Holx] ekt TE LPset A A AS,
LPSE w=o= A3k 1232 pMET}H Y& NO A4
89uM olate] FX& YeRlNe™, 1 F HPE159]
7.06 uMZH] w2 NO A FS UeRITH WY S48 o
o T A2 FAHL o AR gk Ao}l vl RH,
AR 74 7P W NO Aol 10.5 pM=2 e ATh

o,
of
0,
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Fig. 3. Stimulation of nitric oxide production on the macro-
phage, RAW 264.7, through the addition of 1.0 mg/mé
of the Curcuma longa L. leaves by different extraction
process. Mean values + SD from triplicate separated
experiments are shown. Mean with difference letter
(A-D) within same processing are significantly different at
p < 0.05. WE; water extraction at 100C for 24 h. EE;
ethyl alcohol extraction at 75C for 24 h. HPE5; high-
pressure extraction for 5 minute at 500 MPa and 60C
with water for 12 h. HPE15; high-pressure extraction for
15 minute at 60°C with water for 12 h.

(Seo et al., 2013). A1X12] NO A H3} vlwsh S w), 743+
Y2 R g NO S Belon, 78 o 589 ¢
NO A% W} Fg5 %0 & Zo= AlgHY
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5. Prostaglandin E, (PGE,) M2t 5H

& ol FEEC] gAY g aE S35 flsted
UVE ©|-&3+ PGE, TS IRIsk3itt. PGE, A8 57
ol AlfobrlER] CCD-986skE AME-EIIOH, UVERARE &
ste] Aot Ee] d3S FAUTE UVE &8 AfrobdlEd
48 9l FE2ES APkl PGE, A HS 243 A3E Fig.
40l JERNRITE. Fig. 4(ay= UVZ}E fle A3olx 2] PGE,2)
RS Jebd A02A, 7P 52 5 1.0 mgmlo|A] 7}
ot AyAJsFe] =4 ¥ HPE159] 434.98 pg/ml A

A Apolg HIA EFFZ2E, Jdeke 28 293 23
S T8E s AAERE W A ARl felEl 2}
o7} g2l A ekgtth. UV AL Al PGE, AR UVE
Ab A3 AR Pde BYlem, ulRl7kA = HPE1Se] Hdf
FE 1.0mgmlolA 64944 pgml 02 AA ZAE o] FEE
vk PGE, & YERIQITE AAl AlZo] UVERAL Ao
= d7 33 3o|2 BIo, FY FroM FEEE
HES W, UV A} A3 mp7l 2 HPE 152 A

sk AE7L] Aol WS- vin] sk ol Bal 2wt

off" ofy

fo

700 7 m02mg/ml E04 mg/ml WO0.6 mg/ml MO0.8 mg/ml W10 mg/ml

PGE2 level (pg/mf)

WE EE HPES HPE15
(a) Non-UV irradiation

1400 7 ®0.2 mg/ml E04 mg/ml W06 mg/ml M0.8 mg/ml H1.0 mg/ml
Ab
Ac

PGE2 level (pg/me)

WE EE HPES HPE15
(b) UV irradiation

Fig. 4. Effects of Curcuma longa L. extraction on the
PGE, secretion of the human fibroblast, CCD-
986sk, by non-UV irradiation and UV irradiation.
Mean values + SD from triplicate separated
experiments are shown. Mean with difference
letter (A-E) within same sample are significantly
different at p < 0.05 and mean with difference
letter (a-d) within same concentration are sig-
nificantly different at p < 0.05. WE; water ex-
traction at 100°C for 24 h. EE; ethyl alcohol
extraction at 75C for 24 h. HPE5; high-pressure
extraction for 5 minute at 500 MPa and 60C with
water for 12 h. HPE15; high-pressure extraction
for 15 minute at 60C  with water for 12 h.

F AR 29 A
A& & 4 9}t HPEI5Y PGE,

N =
A 279L o8 2vgenel

UVE glalo] Al5S w2 A2t 458§ Al IL-10v
ZUHA1e1R} (TNF)S Cytokine®] AAJel thale] 748k o 3
=50 o]5S oAlske &%) UeS RIS S
o FEEO] 2% 38E ARo=EH & FEHHE
PGE, A3 o] 7tAr]o] FFAQ tjgt a50] F%1E
< sk

7180 &9 g5l sl I s CRCR 3
#jgto 24 =4 2 Hyaluronidase A3l H7}, NO A 3
Q1 9 PGE, A ZFS Aot 23 A FE=

o‘ﬂl{}l

kv

o



Zet SHE 0|85 28 ¥ FE=0| I By 2Y &
FZAHRET 9= fdF AAELS A7AA HFE HAo sk Crop Science. 16:439-445.
g0 =7 e Feldglor), ¥= §uS g 29 Jung SH, Chang KS and Ko KH. (2004). Physiological effects
& o7l Kineo] A1 akQ’ 2A50] 279 ZzHol of curcumin extracted by supercritical fluid from turmeric
& RIAFRL cytokine o= Toor At TeEw (Curcuma longa L.). Korean Journal of Food Science and
cytokine A3 B35 A7 5 A=Al gk 7 A7) Technology. 36:317-320.
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