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Enhancement of Skin Immune Activities of Curcuma longa L. Leaf
Extract by Ultra High Pressure Process

Nam Young Kim* and Hyeon Yong Lee**'

*Department of Medical Biomaterials Engineering, Kangwon National University, Chuncheon 200-701, Korea.
**Department of Food Science and Engineering, Seowon University, Cheongju 361-742, Korea.

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 (HPE1S5) was measured the highest
extraction yield of 25.48% (w/w), compared to those from conventional extraction methods. The HPE15 showed the lowest
cytotoxicity as 11.97% in adding 1.0 mg/mf of concentration. Also, HPE15 was measured the highest inhibition of hyaluronidase
as 44.48% in adding 1.0 mg/ml. In addition, The production of NO from macrophages was measured as 7.06 uM in adding
1.0 mg/mé of HPE15, which was lower than the those from others processes. Finally, HPE15 significantly reduced up to
649.44 pg/ml 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) 3737l &dk= ofHs| o]
Z2, g 9 oAl FEsfdom, Qe B FHokA
o7} % Q24 otk (Lim er al, 2013). AEE A% 27}
oA AEFE HFS Xt AREE show, o] ¥
S Holdntar Bz @ AEEAEZES] curcuming:
skl (He et al., 1998; Kim et al., 2005), = A}
T AEEY 8% "o Y¢S At TuEe

AAlel= FgaHArt 53 2oz A o
(Jayaprakasha et al., 2005). ©|®]o|%= &A| curcuminol] T3k
ATE Auud k3l (Jung et al, 2004) 2 I (Ryu
et al., 2005), &¥%5 (Ammon and Wahl, 1991; Gupta and
Ghosh, 1999), &Hlo]ziX (Mazumder et al., 2000Ys 2+ %
o] A7 &g Foplld ot A7t BauElen, W
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Ao AR-SE 73 (Curcuma longa L) FAER| o
A 2011 3€5E At A 2 A 2011d 98 A
o FERE AfFsilen, AdAE F471%7] (PVTFD 100R,
ILSHINLAB, Yangju, Korea)S ©]&3}] ZF%= 10mm Torr,
-50C =70l FAAZNY. AZRTELE A% 7 A5
iste] Az & Aj5e] FANEERE ALk

2 SR Z717F F-2E flaskell 108]9] TRGE
60ColA 1277F8 Rt 28] WiE FZ313dth o
AR At w53 & 12407
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FE20| 1) e gy 5
3. MIZF 2 HIZ A5 HiX]

Ago] o]gF MHEFZE Human fibroblast CCD-986sk
(KCLB 21947, Seoul, Korea)S ARE-3} o, Al Zujfo] &
2%k ¥R Z Dulbeco's Modified Eagle’s Medium (Gibco,
Carlsbad, CA, USA)S ARS-3IAL 1 HFe] Al wikol] o
3k A2k S 2 hepes buffer (Sigma-Aldrich, St. Louis, MO,
USA)$} fetal bovine serum (Gibco, Carlsbad, CA, USA),
gentamycin sulfate (Sigma-Aldrich, St. Louis, MO, USA),
trysin-EDTA (Sigma-Aldrich, St. Louis, MO, USA)S A&
itk Agd A8-® AlXEE= Dulbeco’s Modified Eagle's
Medium (Gibco, Carlsbad, CA, USA) ¥lX] 90%¢°| FBSE
10%2 Z-EAA wjgste] Aol o] &slith

4. HME 54 53
3-(4,5-dimethythiazo-2-yl)-2,5-dipheny-tetrazoliumbromide
MTT)E A&l MosmannHS HPAIA AE 54
At (Mosmann, 1983). CCD-986sk MEZE 96 well
plateo] 1.5 x 10*cells/well F=2 HES 5, 80% F=2] i
FAA ZE wellell Al FoJ3}al CO » incubatoroll A
24717F St viFsIATE. 5 ugml FEL] MTT €92 7t well
of A7bstal Nt - SAe AASIL, 1049 acid-
isopropanol (0.04N HCI in isopropanol)S 713t ths
microplate reader (Thermo Fisher Scientific, Waltham, USA)

=

a2=
5=

E 565mm 9] yFelM FFES SFsk

5. Hyaluronidase 2MlS0t 54

Hyaluronidase 94| & 7}+= N-acetylglucosamine®] < #-4
FEAR ZHstd &S FHSAY. 0.1 M acetate buffer
(pH 3.5)° =<1 hyaluronidase (7900 unit/ml) 50 (£ o A&
2 FF FE 02, 06, 1.0mg/ml 7} H== slo] 20 4% 7}
atar, g40] EAskE 98l 125 mMe] CaCl, 200 & &
3t $ 37C 0 2087 WiFA AT dE2E
DMSO &8 Ha1 87004 2027F v siict. &/dste
hyaluronidase £l 0.1 M acetate buffer (pH 3.5)° =<1
hyaluronic acid (12 mg/5ml) 250 0 S F7lsle] A =824
oA 4057+ Wittt WS 0.4 NaOHE-H 2t 100 /40 2}
0.4 M potassium tetraborate 100 /0 S W3- EFHE0] H718}

e FRoA L AR T BT YRR gt
SE°] dimethyl aminobenzaldehyd 8% (p-dimethyl amino-
benzaldehyde 4g, 100% acetic acid 350m¢, % 10 HCI
50me £3) 328 m & WhE EftEol WUk £ 37C 8
AollA 208-7F vlS}L, microplate readerS ©]-&3F] 585 nm
N FREE AT A& o3 2ol Alktsisi.

H Oo-1-&2
ODc— 0D

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



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

6. Macrophage= O|&St Nitric Oxide (NO) &2t A

NO AAd%F 8L 98 AHE AEFe= b= fd
J774.1 QAN ZE 2831900, AIZE 10% FBS? DMEM
HiR| o] Hjeksle] 24 well platedl] 4.5 x 10*cells/well®] &%
i e o, AIRE A7 A ATk e T VKA 7

S Wrol B 37C, 5% CO, Mig71el 4847+ F<F et
< LPS (lipopolysaccharide)E 200 ng/well®] F==2 *|2]5}]
48717 B MEE BTt e 50 S FHste] 5Y
F3]9] GriessAl 9 (1% sulfanilamide/0.1% N-(1-naphthyl)-
ethylenediamine dihtdrochloride/2.5% H;PO)S 37}ste] 4
A 1087 ¥H3-A1Z] & microplate readerE ©]-&-3h
540 nme| SF=E =931tk Nitrite?] EFEFIZE sodium
nitrite® ARG oY, FEE 32 pMOWTEi 0.25 pM71A]
RPMI 1640 WIX|2 208 84j5le] e mzaaz) u)ws}
o] AlaFsFATE (Choi er al., 2006).
7. Prostaglandin E, (PGE,) 2#M2F =X

GZol HAsk= A2 4R prostaglandin (PG)°] B
o] = 713--& LPS, SNP % UVl €]3}e] interleukin-1
(IL-1)3 interleukin-6 (IL-6), tumor necrosis factor (TNF)
I 72 cytokine®] HH]EW, phospholipase Ay(PLA,)’t &
A3} Ew, M|zt phospholipid®| 4] Arachidonic acid
7} EH]=]o] Arachidonic acid’} cyclooxygenase (Cox)oll €]
3] PGZ W3t} (Bernstein and Chen, 1994). EE3H UVE

ol
AT

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

986skE 10% FBSS} DMEM jA]ol] 2 x 10°cells/ml THg 5=
etk 2 F 50 MO aspiring ¥ HDFo| &A|5l=
COX Ao S AAAA LS PGE,] o] H=F 3}
Atk 2 H AEejSds} A ES 96-wel-platecl] 20 /L2
7¥sta 37C, 5% CO, incubator oA 2A17F F<F UV

3

ojf

e E3lo] UVA (63)/c)2S ZAIeIIeh wiokst ¥ 23
H MEE PBSE 23] MAHlA, G AEE Edle] TS

Y3t (Han et al., 2008).

PGE, A3/ %2 Prostaglandin E, Express EIA Short kit
(ACETM, 155019)5 col&3te] ZSHstAtt (Cui e dl,
2005). & PGE, A7} H-2hz] o] plate®] Z} wellol] 3|4
Sk AJZd3} A PGE,-acetylcholinesterase tracers 21
2ol A 18A17F HieE &, 7 wellel] Holle 898 THS]
gojl & 0.05% tween 20-phosphate buffer solution® =
7} welts 53] MZ 3L Ellman A19F 200 145 7t welldll ¥
& & A7 vjeFste] 405m oA EFREE =A T

o 1-=

ol
AT
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PGE, 2 XFEOZ 7Y d—% 233tz A RS A2 bl
ol o PGE, AAFHS Fsiuch

8. SAHX]

tlole FAAZE 33] vHro® Algsigion, wel &
A= SAS (Statistical Analy51s System) ZZI13-S 53}
two-way ANOVA 4 o ¢Jste] Agatint. Ae]77ke] &
2 Y 729 A (p<0.05)F FAAE sk

Al
=2

3]
)=

o v
o™ (Kwon et al., 2007
P AFAeM e 2
AT AIE HoFo] Z9t
Ze] 50| F

aYER ;qif’—‘” =S

o Zxlo] &

% HPE15%] zzo < 15;
E5°] 25.53%= F WAQl HPES F
I F|E HPES FEE0°] 23.20%, 70% ol
20.03%°] T&S Hom, dFFEE°] 1835
&S Bt o8 56}0% FEFH0] %
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2. MZ 58 54

Ade] AMEE  sampled] 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 0 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.
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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.

Lomg/me = ZAste] QIZHdfobM| Q] CCD-986skell that
AxEds SAsIT A Ao o] FE221494 &
T oEHog Mol Tk Ag ERIT F UYL
o, HPE157F A9 g oA ml$ v Ax54S LE
WAtk (Fig. 1). €54 F=52°] 1.0 mgmle] F=olA 15.24%
o] NEFAS HoH, ders FE2E, 2394 58 FEE
9 239 158 FEES P2 FmoA 247 16.83%,
12.46%, 11.97%2] MESAS BATh ol IHHY
AL 3 & B G S SlEe| =9 I
F ApolA] e 1 mgml Tro] Bl S8 HEle
2] 18.53%% UERA 23 H|wshH W Mxsde
PoZH, FF 2Foy T AEEA A8E T4
A a1t (Jeong et al., 2008). 7] AH=Z
o2 &l A3 el FfrElo] AW ME
Zo| Azt @ A} FA F4ol A
o] &% @ Zo7 Holn o3 &
SEARE A 239 ol #4

et al., 2007; Seo et al., 2011),
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3. Hyaluronidase 2ME0 ZH
a3= 3lslr] €8 hyaluronidase YA EAS
Hyaluronidasex= ¥5-¢] & 3 HFo| 3lo] g

B,
[} R
hyaluronic acidS #3lshs G4oH, ¥FHS S Al &
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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.

271 2 4 ot o] AgolAE o2l hyaluronidase] A
gIE ERIgto =M 75t
Yol 312} 3T 7
#H= A3t Fig. 290 L AFRE B RE A
o)A hyaluronidase”} A== It A=l 7=
sko vt Frkhe A JepiloH, A¥S
Za A8ol wat o 20~45%2] A A4S JeERAUTH
HPEI5E AW AR Fo%%9 1.0 mg/ml oA 44.48%71A]
hyaluronidase #J31€/3-2 JeRHATE ¥H, 100C 8 =
Q0 WEQ| % 2 TZoA 33.74%=2 w2 &4
Wtk 2= o] &Ago tigk da A7 ikt EE
o FF FEE A Aol vusilS o, FYs &
o
%

Mo g tol nlo

d

kil

oA Hul 42.1%2] Al EHES Bl Aol vkl tha
Al BAES UERN A0 Z Ho} (Choi ef al., 2013),
TS AN A o FEES uF AgEA e sk
3k gapt e AL RIS

kI orlo B

ofy

ol

4. MacrophageS 0|88t Nitric Oxide (NO) 24Mgk ZX
Aol i ML J774.18 ©]&3 NO =S gRlste]
o thek 4L Fig. 391 YERHALE
49 3~4uM HAEZ 2 H)wslke]
Z Zol= HolA skl w3 LPSet A HHE AL
LPSE ©=o® A3t 1232 uMETH W NO A4 2l
89 uM olate] FX& JeRlle™, 1 F HPEISS] 7
7.06 uMEH] w2 NO A #S JeRAITH WY S48 9
S T A2 8L AR Aok HasiEY,
2A219] A9 7 22 NO A7) 10.5 uM= YeRAATH
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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). A1¢] NO A ZH3} vlwsdS o, 743+
Qe R e NO TS 1o, 78t o 559 ¥
NO A Wt Fg5 d%°] & Zo= AlgHY

>

5. Prostaglandin E, (PGE,) M2t 5

& o FEEC] gHHA g adE S5 flsted
UVE ©|-&3 PGE, 7S IRIsk3itt. PGE, A8 57
ol & oAl EL CCD-986skE AME-3loH, UVRAE &
ste] Aot Ee] d3S FUTE UVE S8 Aot e
748 9l FE2ES Akl PGE, A HS 243 43S Fig.
49 JERATE Fig. 4@ay= UVZE §le Ad o412 PGE,2]
S el Ao 2A, 7P 22 % 1.0 mgmlo|A] 7t
2 e o] =4 @ HPEISS] 7S 434.98 pg/ml A4
2k g0lalth. HPE1SOA ThE F2E3) Hlwale] 2%
9l zols HGAIWE AFFEE, dekd FE2E 183 23
o 8L s AAES e A AR fFeIARl A
o]7} ¢l A YTt UV ZAF Al PGE, AAZS UVE
AF A FARE S o, wiE IR E HPELSe]
EE 1.0mg/mlolA] 649.44 pgml 02 AR 73} o] FE2E
o PGE, #S YEMISIEE HA AMEe] UVERAL Al
T R g% xjolE B0, FY FRolN FEEY
H W3S o], UV ZAF A3} w7 = HPE 158 A

sk AEZe] Aol v v Sk, o)F Bl 2wt

off i

fo
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PGE2 level (pg/mf)
&
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PGE2 level (pg/mef)

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.

o] M FXo| =go] 2 F YA =3¢ FF
7+ 5t ot 4= 9ith. HPE159] PGE,
AAEES WY §50] USE B ZTUYEL o83 Ay STy

-
9= UV A9 1,010 pg/mle] PGE,
FEE°] PGE, B4 F°]
300 pg/ml o) B A LA 7)o AHE AEA
UVZ Qlae] A= v A7t 952 F8 Aol IL-10]u
TYIARIAL (TNF)S Cytokine®] Aol thste] 735 o
=50 o5 ks &%) A IS Bk, 7
G A FEEC] 238 RS ARCEA 7Y FEURR
PGE, A3 %] 7Haso] vlRwde| g a50] Sxd
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7180l 9 &l disl gl A%S 29t 3
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