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ABSTRACT : Phosphatidylcholine was used to encapsulate aqueous extracts of Centella asiatica, and its biological activity
was compared with another aqueous extracts. Nanoparticle of C. asiatica was made by encapsulation to w/o type spherical
liposome which of aqueous extracts seized with oil phase as 78.2 nm average diameter. Cytotoxicity of the nanoparticle was
measured on human skin fibroblast cells, CCD-986sk, and showed lower cytotoxicity on 1.0 mg/mé of highest concentration
as 28% than that of another extracts. The nanoparticle showed the highest promotion of human B and T cell growth up to
138% and 135%, respectively, compared to the control. and the NK cell growth was promoted up to 8% higher than the
control in proportion to secretion of IL-6 and TNF-a from immune cell growth. Also nanoparticle showed highest inhibition
activity of hyaluronidase on 1.0 mg/m{ of highest concentration as 60.5%. It seems that because of enhanced biological appli-
cation of aqueous extracts on cell through nano-encapsulation process.
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M A ATt (Kim et al, 2002). A= HE 2 asiaticosideZF-E

A=H FEAEC] B-amyMyd F=5 T3l F2=e A2

WE (Centella asiatica L. Urban)y AF o) &3l 25 ALE At B % 9o (Inhee e al, 1999), 3k
g ThaA 207 ofZ]7te] Madagascarilo] 4oLt WES 784 FEEAdE iR 22 U Fa4%9

x
JAE=Fe] alREAY, Adotalol B ] 5A|©] 2 T asiaticoside, madecassic acid B! asiatic acid”7} 77} 40%,
gk 3ol ZEA AASL ATk (Hausen, 1993). WES A% 30%, 30%] HI&R Ffuled o EFEL 9529 A
4 ofro} A o] HAF S Tl QEARE o= o g AEs zhe 2HER Sl QS AT A= o
%o] $ko™ (Brinkhaus et al., 2000), F27%-2] asiaticoside A Ak AAR YA e A X7 BF2] daAE 4
9} madecassosidei= o-amyrin-ursolic acid group® & 3}= sl TSR AREIAL AT (Kim er al., 2002). ©]¢} 7+

pentacyclic triterpene glycoside® % A 2 vk A%k o] HEL YFEX A, FAXFA, 7198 S74A 2 AFEA
A5 &4 5 YT Bonte ef al, 1993). &3k o] & § TP ol &HI U= FEAEREA AN E SJokE,
A& Mycobacterium leprae®] waxy capsules -£3l57] o 7154 HE AR A Y8 v STk 9o
Foll U X 8ol AREEIET (Vogel ef al, 1990), 2% U, T2 AMx|go] drf & o}Arh Aol Feke) s afjo
ANME 53] asiaticoside= HtH|E|o} Bt BAS 7EL A= Al E AFH A ofElzo] o] S dEE A T2

S} T%- YA, %S BE RIS AR, JUAH, A FEe FYo EakL g Aol oled foleE o
o), WA, ) o) AEe] A g 2O BelA B WE Y 7 FaEel o &gl del A4se] e
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SIS - HRIE -4 F - UASY - HHE - & W - 08

= ol9] g8 &8 ATE g vg3 Aot o &o|3L, phosphatidylcholine 5mg< diethyleter %ol =

mEhA] 2 AFxe o WY g AAAEY Sl =2 At BHFTLINE o]& 7Axste] BEPEE vhEo] Az
o] 7dEle BE 78N FEES 820 &8 H HE FEAE 7Rl A F v, 2RV
et Jiegdzisl 388 a5l old wE WSzl 24 (VCX-500, Sonics & Materials Inc., CT, USA)ZS ©]&3a}lo]
< Ao g WHE FEES WY 714 S EE AW oA 208 B HESAA A FEE U=YRE Al
olx 84 2] AAEEA FXo] 7hedt 3HS BAE XeIGth ol& Tl AxE Uk 27 2 BES ¥
I AHS Ksisint. sl7] Sl TR ((TEM)S o]&ste] #2313tk v

AA W 24 FE AHE de T RS FANS =9t 24 Ao R Al en, 0.1% phospho-
o Melx] g&Ho7 FFAA Y= A7Hs0t FEEESE tungstic acid (pH 6.8) £ e dAke] FIuHZL 1:19]
st Hdle] A8 a9E YASIES sl e Fou 23 HES sto] A7 EF A4 AJX1 F formvar and carbon
072 oFEo] $US HAIAA FAE-S A = JE F film coated copper grid 1o Sl 28 2477F B9 A=A
E FEPHE skt ok Uerlee WerE (10 m) A RS BT AIAS F EF-TEM, 120 kV ollx] viegixte]
T Aojehs 7%= DDS (drug delivery system)®] 218 J4g #AFAT A #x 2 54 E42 DLS
S S 54 F-90 Ae9E o] 7Fsstr] wEol <X,  (Brookhaven Instrument Co.) ¥ TEM$| image analyzing
AR5 HAd 7|2 7 o Yerlee 8 A (Image analyzer, image pro-plusl)E ©]&3}o] I3,
o] AEARE 50 & B ofY g U AAstE AR =45 9 YA e FEE 0.03%= SAsk] JAZE A
dale Akl Aok AAollM ZHEeles 2do] 7hedll A 328 BHE A Floll S5
HdA olg HAAME= HAF F7Iske FAlelth (Mainardes ef

al., 2004; Heurtault er al., 2003; Sharma and Sharma,
1997).

AN AF7EA L] v A7t 3 SighE 9 A8 =
A4S o] &3t A s ARt JFE o] o, seHEe]
o fxlo|ar E8IHA7F 2 A EEREY 784 M4
27 g ATE oFofRA] 3k Ho] ARt} (Seo et
al., 2004). WA =& A2jEo] 7|EE AAE =R
B 7P dubl 55 Bl 8RS A, old Y]
=S JEAFICEA AALEA SXo] 7Fsg BT-NT fusion
Aol 7|ZARRE o] &starAt & ATFE T

&

AlS

==

o] AMEEl WE (Centella asiatica L. urban) Z¥
< 2007 3¥ AF=ANA AFH T RS At A&}
2HE A dutol ARSIt AlEe st 742 1] 5
Freh o2 o] &ste] 242t 100C} 60T 2477 &
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3. MIEZZF U HIEZ M= il

WE A5 MEFAEE WEe| 5 &&Ae] &AE o
A AREEE Ae ARbsle] 17F 3l AlfrobMl £l CCD-
986skE ©l-&sle] HAFaInom, HAME AL F3 a9
17k W MlEQl THE (Jurkat, ATTC, USA), BAI¥E (Raji,
ATTC, USA)R} AZMAHEAMEL] NKAEE o8-8t 75315
oh Aol A" F Afomd e HAANEE 7H7}
DMEM HjX]¢} RPMI 1640 HjX]o] 10% FBS (heating-
inactivated fetal bovine serum)E Z7FA1A wlLSIAL, NK
HE (NK-92MI, ATCC, USAYE o-MEMH}AIS] 2mM L-
glutamine, 0.2mM myoinositol, 20mM folic acid, 107 M
2-mercaptoethanol, 12.5% FBS$} 12.5% horse serumS 3
7IAIA B st

A Zejfol] AFE-E DMEM, RPMI 1640 2 o-MEM HjA]|
= GibcoAl (USA)ZEFE 4335, Hepes buffer= Sigma
(USAPIA FYsted A3t E3& GibeoAte] FBS
horse serumE ©]&3} 2™, gentamycin sulfate, trysin-
EDTAE Sigmarte] 2 ARESIith AlZdAS 913
sulforthodamine B (SRB)2} MTTZ H|£3F LA AJoFs-o-
Sigma 2 H-E analyzed guarantied 5+ regent grade® 1Y
sto] Aol ARl

4. TR MSOMTZ HIZSN =5
ol7

HE AF AESAL Q7 - oA CCD-986skE
o] &3] A|E ThildS GASI A|EL] F2olu BALS =

A3h= W<l SRB assay (Doll & Peto, 1983)2 =43
ot A A Al FEE 4-5 x 10* cellsmd ©F 96 well

o 1-=



plate®] Z} welloll 100 /£ 2]
C 5% COy% ¥, 717t

0.8 28]3 1.0mg/mlE 100 10 2 H7Fsle] 48~

o} wjge] SR Fol FeHS AA L A7E- 10% (W
v) TCA (trichloroacetic acid) 100 /4 S 7}3led 4CollA 14]
ZF S WA & SHSE 53] AlFEY TCAE AlASAL
AL (1~30C)lA plates A Zt wellell 1% (vv)

H7ksto] 2447k

NRE HE2EE

=

SESIIE

acetic acid®ll =91 0.4% (w/v) SRB €945 100 1 X 7}
SIAL 22 (15~25C)PlA 308 5t FMAIZCE AF=A &
SRB HAME 1% acetic acidZ 4~53] A= M3, A%
21 Fo 10mM Tris buffer 100 45 3718l GANe
=3l & 540 nm o] microplate reader (Molecular Devices,
THERMO max, USA)E °©]&3ly $8%E 43I

O

> rlo

5. HIOIME Mg ZZ F1}

He F7) ad= AR 7S 53 WAl Ee] Asx 3
01 E& =Aslgom, AN EE Q7 fd) WY T AE
9} B AZE o183t M=z ASL 10% FBSE -3t

= RPMI 1640 ¥jX|oA] 5% CO,, 37ColA wjdsialom,
HAME] F2E&S 53 2 WS Tl 3-45-
dimethythiazo-2-gl)-25-dipheny-tetrazolium bromide (MTT)
AlokS o]83 MTT assaye W 3l] AAISIT WM EZ
= 2x10* cells’well =% 96 well platedl] HE3 & z+
well2] 70~80% confluence H¥AI o A FE Folsle] CO,
Hj 71004 24A17F STt MTT 8-94(5 pg/mbys: 37}st
I AT 5 AR ste] s AIASEL 10 4 acid-iso-
propanol (0.04 N HCI in iso-propanol}g 713t & F=2A
9] formazan®] £Z% %% 3} microplate reader® 565 nm
N FF=E AU

6. Cytokine ZH|Z¥ A

Cytokine2 IL-69} TNF-02] #H]ZS Chemicon (USA}
o] IL-69} TNF-o A% kits ARS8l g5t M2 &
0-20x10% cellsyml ¢ F=2 ZH3I T 24 well
plateol] 900 10 & FH7lsked 2447k ok vl (37C, 5%
CONZ & AR HFFEE 0.5mgml 2 100 1«0 2 A7}
atod 8 & oAl Wi (37C, 5% COLBITh UAlEel7]
E o] &st] widujAe] 4T HE FH3 thE microplate
readers ©]&3td 450 m oA FEE SAS I Lol
OD#S EFEZE o83 243 FF34F Blaste]

AL
cytokine®] %S AT (Han ef al, 1998).

=
a=

7. NKM[ZZQ] HHASZE G}
NKAM ZE= o-MEMHE|A 9] 2mM L-glutamine, 0.2 mM

myoinositol, 20mM folic acid, 10-4M 2-mercaptoethanol,
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12.5% FBSS} 12.5% horse serum (Myelocult)oll 2 x 107
cells/mee] =2 34117 o] 88lltt. A7F WY BHIEZSE T
AEES T25 flaskell vlFehar A5 TS 58 SHI=S
HRSPHA 3~40] Al v F Al2E dAlEelst] 3
AS H3th NKHIES 24 well plateol] 4~5 x 10* cells/ml
B 900 0 A FFBAL 2447 T Zzte] HAA| R ATl S
7} plateol] 100 /L 2 Fod&bar wieF 4847 - 6 H<t cell
counter (HIZAPE 7|12)E ©]&, WA EFE 7AlAFete] NKAE
9] BY=E =3I (Yueran er al, 2003; Cecilia 2002).

8. Hyaluronidase & Xoll S}

Hyaluronidase A€ 3}<= Rooster Comb.oll4 ¥ N-
acetylglucosamine?] & E3F AR A3l &S At

Atk 0.1 M acetate buffer (pH 3.5)°] <0 hyaluro-
nidase (7,900 unimL) 50 pLell AIZEE HFIFZ 02, 04,
0.6, 0.8, 1.0mgmL7} H=2 k] 20 LA 7}8la, T
2A35l= Qs 12.5mMe] CaCl2 200 uLE £3He 3 37C
TEGNA 2087 WA ZATE B2 DMSO (dimethyl
sulfoxide) &1 Wil 8dol|A] 2027+ v s}t Ca*'=
&4 3}E hyaluronidase &4 0.1 M acetate buffer (pH
3.5)° =<1 hyaluronic acid (12 mg/5mL) 250 uLE 37}8ked
CHA =8 2dollA 4027 aiFslict. vl - 04N NaOH
£ 100 uL2} 0.4M potassium tetraborate 100 uLS ¥H3-
SR ksl #BE oA 3EZF Mzl & WA
ZAh. YAzl WES-Eol dimethyl aminobenzaldehyde -£<Y
(p-dimethyl amino-benzaldehyde 4 g, 100% acetic acid 350
mL % 10N HCl 50mL €§&9) 328 mLE W& S9HE9
A7FeE 5 37C 428 2gollA] 2087 vl 585 nmof|l A &
BEE SAATE A& thadt 2ol Attt

Hyaluronidase Inhibition (%) =[(ODc — ODs)/ ODc] x 100
ODc : Optical density of control, ODs : Optical density of
samples
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¥
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do] 7= ng AAEE = Q17
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=

5x10%~10° cel/ml F%=< A Eo] 0.5ppm2]
(FITC)o] A3te FEES Fos &, x4 olA davide
o]gate] A7 Aol mE WE 78 FEEY AE AT
AxE gRlsiit.
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1. LQIRIo| SHR24

Wedalsl 348 ol AxE edxhe BEe] 784
FEZS Y] TRk wo 349 ZlEFoR =AU
v o= TEM #9< 53 gelsiith. 3 DLS 3 image
analyzerg o|&ste] A3 A3 AxE Y=dxb= 50~

F

Fig. 1. Microphotograph of transmission electron microscopy of
Centella aisatica nanoparticles.
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800 nm o] =7] ®WLlollA FAPE AL ERISIATE Fig. 12>
TEMS o]&3ale] #93 HE 584 Y=YAE 50~200 nm

5ol 37% 7R 7] dAde & 4 3lvh Fig 2=
DLS A& el A2 A2 4% Yaksol B 782m
<l 31'75‘% TR SEA FEH e Ae AT 5 9l

ok 4AF A7 100 nm o3l M= YA7F Stoke's laws WE
A gorz FHo] S v ool A AEjolA
A Ao AlgEr. Fig 3& AARAVE S T3l E9E ¥
E T8 FEE b]-_‘r_‘?:}X]»E—— image analyzers ©|-83lo =
Agk YA =7] & %q] L}L:?:}X}.J 0% o]%Fe] 200 nm
ojate] A7|= &‘?—J_ S T UTH LRk
Ao 2 WeAk= 200 nm 015}-4 37101]"1 ‘ﬂi FIgdo] =
2 Zo® dHA o] WE 784 FEE U=YA=E AW
X F T 2 AAEEAS BY Zo= 7|Er.
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Fig. 3. The size distribution of Centella asiatica nanoparticles by
image analysis.
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Fig. 2. The particle size analysis of Centella asiatica nanoparticles by dynamic light scattering.
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Fig. 4. Cytotoxicity of Centella asiatica extracts and nanosample
on human skin fibroblast, CCD-986sk.
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Fig. 5. The growth of human immune B and T cells by adding
extracts and nanosample of Centella asiatica.

AlEZe] S-S STMIE RS IRIT = ATk AlESY 4
H2TE & F e AHEA =Ygl 2R FEE I
o] & F=E& AR vlal ZAY Avks 2s ke, W
£ 19 S AR AlE W &80] WesiAEtE Bl &
BEIRTRE AS ERIE 4 ok =S WE A0 WY FX
Are WY 4S8 vehlle 2102 ezl AR 5=
< T 71E AT (Lee et al., 2004H 20~50% 5 F31
Folle HAA ZsHAT ASE531E FElo] R F =
FRZA, HEol| HAM 22 *gr SN = Aol ot
Hoj 3o, 259 35 B RSt Bl FoHEed &
de] Fxlo] 7hed As Rl 4 S

4. Cytokine ZHIZ¥ =3

Table 12 <171 A|Ee] S ZAEE g 4 9]
= AEEA HY MEEC] U8k cytokine (IL-62F TNF-

)] BHFS B, T Alxe ALoA EA3 445 Yepd
Aot} ZF A5l W2 cytokine #H] S HAME AFE=9}
HEshs 43S ek 2 AlE Hrtel wE BAEe
IL-69} TNF-0.2] 20]2S Aunw RE HyktolA gz
o Hlg] e EujEke Yehd AL g £ glon, 7t A
ol ek BAIES] IL-69F TNF-ao] HH|ZS AmEd, e
AR} HArkro]l 6UA ZFzF 491 % 10+ pgleelld 5.56 x 1074



Z1
=

O:
=]

oA .

=

SERIG -

Y .
|

I

okm

olsE

9

=
oo—'—n_

Table 1. Comparison of IL-6 and TNF-a. secretion from human B and T cell growth by adding extracts and nanosample of Centella asiatica.

Cultivation time

Specific secretion from B cell (107 pg/cell)

Specific secretion from T cell (107 pg/cell)

Condition (DAY) IL-6 TNF-a IL-6 TNF-a.
1 0.26 * 0.04 0.55 + 0.08 0.96 += 0.13 1.15 + 0.12
2 0.53 + 0.08 0.85 =+ 0.04 1.23 +0.18 1.45 + 0.13
Control 3 1.33 = 0.11 1.76 = 0.11 2.03 = 0.14 2.36 *= 0.09
4 1.86 = 0.10 242 +0.13 2.56 = 0.16 3.02 * 0.08
5 2.44 +0.15 3.26 = 0.16 3.14 +0.20 3.86 + 0.10
6 3.56 + 0.16 4.48 = 0.18 4.26 = 0.19 5.08 + 0.12
1 0.30 = 0.13 0.63 = 0.18 0.82 = 0.14 1.25 *0.15
2 0.59 + 0.06 0.87 + 0.20 1.25 +0.18 1.56 + 0.19
60 EOH 3 1.59 + 0.19 1.94 + 0.22 2.15 *= 0.14 2.79 = 0.25
4 2.07 = 0.20 2.80 + 0.26 2.78 = 0.13 3.59 + 0.16
5 2.89 + 0.21 3.47 +0.20 3.55 = 0.16 428 +0.18
6 401 = 0.18 4.69 = 0.15 4.65 = 0.18 5.73 = 0.19
1 0.25 = 0.12 0.65 =+ 0.04 1.04 = 0.04 1.42 +0.13
2 0.67 = 0.14 0.96 + 0.03 1.47 + 0.05 1.93 + 0.20
60 EtOH with 3 1.82+0.17 2.19 + 0.07 2.65 + 0.08 3.02 * 0.19
ultrasonification 4 2.13 +0.21 2.99 +0.19 2.97 +0.06 3.80 = 0.22
5 2.94 + 0.22 3.68 = 0.18 3.79 + 0.12 4,57 +0.20
6 424 +0.14 5.13 + 0.08 5.12 = 0.18 5.95 + 0.16
1 0.12 = 0.1 0.43 * 0.05 0.90 + 0.06 1.08 = 0.09
2 0.55 =+ 0.10 0.83 + 0.06 1.34 + 0.10 1.52 + 0.09
100°C Water 3 1.45 + 0.09 1.89 = 0.09 2.34 +0.13 2.67 =0.10
4 2.08 + 0.17 2.66 + 0.09 2.85 + 0.17 3.48 +0.15
5 2.85 =+ 0.16 3.41 +0.20 3.62 + 0.21 413 +0.13
6 3.95 + 0.20 4.66 = 0.23 4.86 = 0.19 5.34 + 0.28
1 0.50 = 0.10 0.96 + 0.03 1.12 £ 0.16 1.47 + 0.08
2 1.03 =0.18 1.27 + 0.06 1.64 = 0.14 1.77 £ 0.16
Nanopatrticle of 3 2.04 = 0.19 2.46 *+ 0.10 2.63 +0.18 2.94 * 0.14
60T EtOH 4 2.97 +0.22 3.67 = 0.11 3.53 = 0.15 412 +0.18
5 3.31 +0.20 423 +0.18 3.87 £ 0.16 467 +0.18
6 4.91 = 0.20 5.56 + 0.22 5.43 = 0.10 5.97 + 0.09

Mean values = S.D. from three separate experiments are shown

pg/celts VFERO] 7P W M-S YERIOH, nizbt
A2 THIES] cytokine EH|ANME Y=dAF H7kEo] 644
747} 543 x 107 pg/eellZt 5.97 x 107* pgleellS YERAH T
AlZe} vlwste] 7P B cytokine #HFS YERAATE
agste] e FEES B3 A7 (Lee e al, 2003)

\__

ol

SolM BuE HAME cytokine Y|} FARF X2 HE
o] 84 FE Aol "ML S 57 F cytokine
g S7FE B WY S €48 Y 2S59He F

= 9 Y=zt 345 53 M S 7Rl U
gl 4 = Agoltk
5. Natural Killer cell (NK cell)?] HAZSZE S}

NK Mxzeo] 84 SA2 A8E H7is Wl BA2ZS}F TA
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Eo] Wil NK AE] A7hslel thehie A ws)
& A7NSA e gzt vladel B9E SHAA,
Table 2% BAIZS] F3% A& =g AES A7l

Rt gl
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Fe] AREATE
sl S7he RS
7

232 ek

% NK Al2e] H71sls o vehhs
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5 A 57 240904 iz
F AA. BE 277 B9
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5“ ok 220091 %-/\-] _Z_ ]..,g. g']—o ) 2= 019}\1:]— q.__i 60C
dqeks 5 ¥4 o)F 25IE WA FEE0] 11.8x
10* cells/mé & VFER™ =g zpel AL 215 VERESL
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Table 2. The growth of NK cells by adding the secretion from immune B cell growth with the extracts and nanosample of Centella asiatica.

Cultivation time (day) 1 2 3 4 5 6
Sample Visible cell density (x 10* cell/mL)
Control 4.8 =0.2 5.8 +0.3 6.9 +0.2 7.6 £0.2 89 =+0.2 9.8 0.2
60T EtOH 4.8 +0.4 6.1 = 0.1 7.5+x0.2 95+04 10.6 = 0.3 11.0 £ 0.5
60C EtOH with ultrasonification 54+0.3 6.9 0.2 8.6 0.3 10.2 +0.4 11.2+04 11.8+0.4
100C Water 50=+0.3 6.0 0.2 70+04 9.4 +0.3 10.2 = 0.3 10.0 £ 0.3
Nanoparticle of 60T EtOH 55=*0.2 6.8 =04 8.9 = 0.5 10.5 = 0.6 11.4 +0.5 12004

Mean values = S.D. from three separate experiments are shown
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Fig. 6. The growth of NK cells (left axis) by adding the secretions
from immune T cell growth (right axis) through adding
extracts and nanosample of Centella asiatica.
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Fig. 7. Hyaluronidase inhibitory activity of Centella asiatica
extracts and nanosample.
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(c) Cell after treating nanosample with fluorescent dye

Fig. 8. Confocal microphotography of immune B cells, Raji, in adding sample of Centella asiatica with fluorescent dye, FITC.
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