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E&: o|Z YNE(Mentha suaveolensye= AEX 02 AME-H SHY| 3t THEH AP, 5, &dd a5 217 9
t}. 2=ug 2H(rosmarinic acid, RA)S 21 &4 AR o2 dEA Qrh RAE d4ts}, &4 —L/‘]":é, ek, FESH
2 oksH a3E vepie ZoE dEA itk & AFelre RAE EdEd F2EF Y=g o]&dt
ZEEIAA 7122 RA Bk O =2 23H 8235 Ueile dEdgAE idsiiict. @354 (dynamic
light scattering), A E 7] (zeta potential), A WAL FAPAAIEA T 7 (field emission scanning electron microscopy)
T o8 ARl =Ystetd 24S BAskL, v vt fef A2l HT22004 34kst a9t 8 A
oF f2f Al ZF<1 MDA-MB-231914] gelslsitt.

Abstract: Apple mint (Mentha suaveolens) has been widely used in traditional herbal medicine since it shows hypo-
tensive, analgesic, and anti-inflammatory effects. The active ingredient of apple mint is rosmarinic acid (RA), an ester
of caffeic acid and 3,4-dihydroxyphenyl lactic acid. RA has many pharmacological effects, such as anti-oxidative, anti-
apoptotic, anti-tumorigenic, and anti-inflammatory properties. In this study, RA is incorporated in PEGylated liposomes
to enhance its pharmacological effects. The physical characteristics of RA liposomes were demonstrated by dynamic light
scattering, zeta potential, and field emission scanning electron microscopy. The anti-oxidation and anti-cancer effects of
RA liposomes were evaluated in HT22 and MDA-MB-231 cell lines, respectively.

Keywords: rosmarinic acid, liposome, anti-cancer, anti-oxidant, drug delivery.
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Yol 7hsab AAl JhdskE A ElEF €92l Doxil®,
Depocyt®, Myocet® 5°] ZA|%o] 3 Lﬂli /‘]‘%‘51—7— AT

e ol9lol & g EF WA FeE2 80l Hol
A2, 7154 A EAEN ARELL Q)T

2"l 23235 (Stealth liposomey> SF=E AlZglolA] A
TEHI e Aoz Eddd@l=E] F(polyethylene glycol,

PEG)E ©]&3t 7HEstE ele A= #Z3H(PEGylation)



gt et} s dslE B EES Wvke-S WS, 1A
oAl Wztr] ket A W S4E e AHE 2
AT} olH g EAJE o] &3t FASAIZ BaxFe] NEs)
= =] TS =0l =9 29E FUAE 3
th= 7FeAdS zha Utk 2=nlaliKrosmarinic acid, RA)
2 Rosmarinus officinalis, Mentha suavelens®| T H=F
sigtEEA WE, et 2h2 s1H Fof| v e 9l
t}. RAE lithospermic acid, salvianolic acid, melitric acid,
yunnaneic acid®} 7Ho] ThekslE -x0] A EFo] EAsh,
oke|eld o= 3oL, 3 A%, Akt el dte|Ejote] &
HE Zh=riar gEA T AA| Aol mEH RAE €=
stoln], A 23, olEy], 27| ol a3E Hol=
Zoz Bl 2 Biel wEH RAZF MARK4AE A
gfate] AdaIE UeERl= At dxsto|m oA UE
= ol 2o]= B(Amyloid Byt 2] 33 S AsAA ¥
T YAk A47F BarE Qi

RAE B9 &% &35 A 7, dimethyl sulfoxide(DMSO),
dimethylformamide(DMF)2} 732 571810l 25 mg/mL7}A]
Zom g =rt Eoht

2 AFolM= RAE ZE)olg@ S5 ExvEo] 2
Stelo]l e ZE W9} 1,2-dioleoyl-sn-glycero-3-phospho-
ethanol-amine(DOPE), 1,2-dioleoyl-3-trimethylammonium-pro-
pane(chloride salty(DOTAP) 2]F| = o83} 2]E2F3} AlA
T8 e BaEE =oli, BlEFo A3 B3 &
/3 A3 MDA-MB-231 ¢t 2l AlEFolxe] 3eta
e} HT22 whe-2 sliuf fref| Al 2ol A 9] itsl a3&
gRlsted St Udzstoln Weo| XBARS] 7FeAS Flst
P =
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M Z. 2',7-Dichlorofluorescin diacetate(DCFDA), dimethyl
sulfoxide(DMSO), rosmarinic acid, 4-(2-Hydroxyethyl)pipe-
razine-1-ethane-sulfonic acid(HEPES), hydrogen peroxide
(H,0,), Thiazolyl Blue Tetrazolium Bromide(MTT), D-a-
Tocopherol polyethylene glycol 1000 Succinate~ Sigma
Aldrich(St. Louis, MO, USAWIA ai33itt. 1,2-dioleoyl-
sn-glycero-3-phosphoethanol-amine(DOPE),  1,2-dioleoyl-3-
trimethylammonium-propane(chloride salt)(DOTAP)<  Avanti
polar lipid(Birmingham, AL, USA)AFellAl vl 3} % T},
Dulbecco’s modified Eagle’s medium(DMEM), Dulbecco’s
phosphate-buffered saline(DPBS), fetal bovine serum(FBS)=
Welgene(Daegu, Korea)oll A vl 8-t} Trypsin-EDTA=
Gibco(Gaithersburg, MD, USA)eIA] -u)| 8153 T

RAQ| E|ZZE JNEEL 2]xF /fEsg 2 ol =is
aate] APt A eSS/ ZRZEE(1:Lvv)Er ol =

B 245 3t - silks) g5 521

Table 1. Characterization of PEG Liposome

PEG:DOTAP:DOPE Size Zeta potential
(molar ratio) (nm) (mV)
2:10:98 180.4+6.8 30.3+0.7
4:10:96 145.1+4.2 31.8+2.5
6:10:94 137.8+5.0 32.5+0.7

Table 2. Characterization of PEG Liposome Encapsulated RA
(RA Liposome)

PEG:DOTAP: Size Zeta RA Encapsulation
DOPE (nm) potential efficiency

(molar ratio) (mV) (%)
2:10:98 909.6+130.4 -8.9+0.3 1.7
4:10:96 273.4+9.6 2.6+0.2 34
6:10:94 170.7£9.6 -3.9+0.2 35.0

7] 4= PEG-tocopherol} DOPE, DOTAPS Z}Z} Table 12
EH](molar ratio)= 7}z ALt fEjvte] gl 4mee] 2
V=5 AHoTE RAL g0 o] | mgs T3] ¥
o A 7EAE ol gsle] EYE IF vE 5, FER
EEOE A FYEE Fof Fi 7RaE ulE AAS +
o}, ZgollA 208-7F B3 F HEPES 5 mM(pH 7.4) 5~&<)
07 =of mA| 2SS 50 °ColA] 3027 2EjslFT). 23t
Zx] kS RAZ Amincon 10kD AHE o]&3sl] AA sl
&, A&t 2| 2ES EtOHd Fo]3l, 340 nmoll A RA2] &
BEE S5l BHES ALtei

2|ZFe| 37|t EH Mt £H. A<t¥ PEG x5
RA B|EF9] Alo]ze} B S 2 mg/ml 2|EF T2
T8 Mo A Zetasizer Nano ZS(Malvern, London, UK)E
o]-gate] A4z}

RA 2|ZEo| ™A WAL FARXIS0|E (FE-SEM). RA
YEEFS FHRTN FgAsta, A doly Sl 3uLE A
Agi), g2ola AZxAIZ] 5, Pt 8L 30s X3S FE-
SEM(S-4800, Hitachi, Japanyg- ©]&-3}o] =743},

M= SAM7} sltE3} It MDA-MB-231, HT22 X3
= DMEM, FBS 10%, Antibiotics 1%7} S Hl okl ol ]
HiFE A, trypsin EDTAS 2] &to] Au Satsitt.

MDA-MB-231, HT22 AlZFoA g|EFe] 54 8L 9
3 MTT assayS 3 3FTh AI2ZE 10000 cells/well2- 96
wellell &53FA4L, 24A17F 3= 77} polyetherimide(PEI) 25
kDot PEG 6% |52 A2I8I3itt. 24417 ¥, MTT(5 mg/
mL) A9FS 10 uL A28l 4A]7F 5wt S A AT
DMSO=Z Hepd x2upzhs 5o 570 nmollA S8 =E &
A it
RAS) FLHE H7HE 99k o] AEZ 96 welld] £
1L, 24417F - DMSO 0.1%°] 591 RAF} RA 2255 7}
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7} 6.25, 12.5, 25, 50, 100 uME = 2]3}e] 241]7F 48417 5
o MTT assays X13§3}Sich.

shitst 23 "It HT22 Al ZFE 8 wellell 20000 cells/
well2 53132, 2447k v dalint. 742 RAZ RA 2| 2E
< 10 pMS Z47F AHElste] 2447 st ©] ¥ H,0,
£ 50 pMS 30 minZ+ A 2]8}3L, DCFDA Al £S5 A58l
24 Av)7d LSM 880(Zeiss, Oberkochen, Germany))S: ©]
gste] #aiTh

EAIXE|. Student’s t-testS Graph Pad Prism5S ©]-&5}]
A2 sk

di 4 EE

RA 2|ZEo| EM 24, gxFo] A=e s 729
PEG-tocopherol, DOTAP, DOPES EH| & A #3lo] 2| L&
< AlZste] PEG Bl XES A28ttt DOPE= §3ll =7t
=2 YU =24 FAQ olFFe] FAH pH Hslol| nje}
FRolE doA oHE WEol §olskal, DOTAPS] ol
< FolA4 Mx¥a v glo] g3k & Al =&
ol AR BEFS YT F Ue Ao= st
Aok wHE FEes 2l wt Y xS AlFetaL, At
o] 1712 DLSE =43 tH(Figure 1). PEG B EFELS &
200 nmel&ke] A71E zh= S SRIS e, PEGY] =
H|7} Z7kstel| wel Alo]=7F 29 siRl= AL 391 Stk
(Table 1). ©]&= PEGS} DOTAP, DOPE 2¥|=7} obg o=
Folslo] 2lxgstE A4S & F Jom, A H9E A
gt A3 gl2EE0 39 Adke 30 mvelde] geoles
= A g1 4 Stk Rl 22 244 22t
RAS B33t gate] 2719 B3ES Rl Table 2).
PEGS] ol Qi#ke] =7] W37t Z19™ PEG 2% €
FZEL 9k 900 nme] YA A7NE 2+, 1.9%°] RA E3E
S YERAT) PEG 4%9] 2|XE5HL 2%H T ¢de 272 oF
300 nmE UYERH O™ 7]EHTE FokXl 3.4%2] RAS] &
ES YERNITH

E£3], PEG 6% 2| E£FE 200 nmo|3ke] 43k 27]15
ERloH, RA7} 35% &3ES UElo] 7]1&9] gl2sd =
AET P ARI 2718 eI PEGY] e Exid
£33 RAY] oalgo)] o3 g F oz glxFe] FAAT]
= AL G4 F k. o] F Mx A¥LE PEG 6%t T
H RA B|EFE o] g3t st

RA 2|Z&o| HEfl M. RA 2| ¥=9] S FE-SEMS
o] &-3te] FAI3IGATE. Figure 28] ARKIOIA] Kol 39 +F
At U YAt ERIEA2H, Figure 2(a)et 2o] 73S
243519 W oF 151 nmollA] 171 nm7FA] 9] Ale] == DLS
2 o]438 ZAH KT} oF 20 nm7t EOJE A7)9} ¥ A7)
S BT} ol AxH o] sl o AdE)
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Figure 1. Illustration of RA liposome and chemical structure.

Figure 2. Morphology of RA liposomes (PEG 6%) measured using
FE-SEM: (a) with diameter; (b), (c), and (d) RA liposome image.
Scar bar=500 nm.

A AHE FEl RA glEFo] v YA A71E 2= A
A 4 AURATE olH et FHstar 2R v YAk= Al

FdE]o] of=S Adsh=t a820= 28gH 4
o7 dgdrt

PEG 6% 2|Z&2| M= =4 H7}. MDA-MB-231 %
oF A|ESFS} HT22 vk dflnp HlEF0llA] MTT assay= ©]
83t PEG 6% 2|25 Alxsd A3-S S3sISltt. Figure
3(a)= MDA-MB-23194 2] AFE Y270 2E Fo|2A]
Z2]™<l PEI 25 kDS ARE-3FATE. tha<* PEI 25kD9] 7
+ Tt ool Wk 50% o]she] mlg- e AEES
Kolm, 025 pg/mLe] FEANMFH w2 545 YEt
ek WA, PEG 6%2] 2] EFS 2 pg/mLe] FEol M= v
T 80%°1/de] F2 AEES BYoH, izt Hws
= o mg e SA4E Bole As sl AT
olxe] YA, ok, o] F ol tigh WS A Al e}
H|wsle] A o2 £7] wEol PEG 6% BlEF2] 2734
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Figure 3. Evaluation of cytotoxicity PEG 6% liposome using MTT assay for 24 h: (a) MDA-MB-231; (b) HT22 cells.
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Figure 4. Anticancer effect of RA liposome in MDA-MB-231cells: (a) for 24 h; (b) for 48 h. Each sample was compared with the same con-
centration by the unpaired Student’s t test (ns, not significant; ***p<0.001).

olxe] AL ERIgh Axjolr}. thxzl PEI 25 kD2 A3}
© BE =AM 20% olate] AEES Kol & 54S
UER AT ¥, PEG 6% B XEF2 0.5 pg/mL =oM%
80% oPde] =& AESS B 2EE 12 pg/mLe] F
TolM= 30-20%2] AEES HAA N PEI 25kDS} H]wa}
AE wf e 5AE zhom, AA| RAY BF § AHHE
EFL 2 0.5 pg/mL ©J3to]7] wiiZel] EAdel Y v
A S Aoz o 4= 9l

RA Z|Z&9| &2t £} RAQ Y a4E s ¢
3] MTT assayS MDA-MB-231 A|E50l|4] $=33}30t}. RA
o} RA |EES FEEE AL 24A17F, 48417 F1F vl
Fate] Y3t ATE” Figure 4(a)y= 247174e] vl Azt=2 4

= 125 uMellA 90% o]’de] AEES Holm Al 2t
7} S UERESL, RA ElEE812.5 Mol 30% o) A=
&o] AsE RS 1T F AUUTE o F, 125 yMET} =
< FE°] RAS RA B|EEFS A3z, 48417 w43t
t}. Figure 4(b)2] Z3}ollA DMSO°l 521 RAE 100 yMS
A RS wll, GAE] A EHE Ho|A] Tt v,

RA FZELS 125 uM2] E=0lA F 30% o4 A=A,
100 uMellA = 60% o’ Al e A3 eI

oleIE AE FUINAS ), /1Ee] RAS A2l
£ 589 o) gt A W FAE] TS ot I

2= YR o AS AR Rl

A, RA |¥E52 W2 sRoX = godadsE Vel
3L, Sz S AsirTE AL gRlaEin oldg 4
= RA B]EFO] H2 83llE9} Yie Alo|Z2E 27| wii
of ME W FRIES B ALFINE =2 dd &34
Helll= A0 HeIth®?

&Hitst §3F "WIL RA E|EE0] il &
SJ&ll HT22 Al ZFlA DCFDA f4& o] 831 Al <]
2HAd kA (reactive oxygen species)S ERISIATEH 2O E
= H,0,5 A2 A3 A2lehA] 2 & ARSI

A3 RIS W, H0,5 A2lgh <] &g<] Al7|7}t
=7 Yehte S gR1e1th(Figure 5(a)). W, ZF2F RA
o} RA B XES AEslal H,0,5 AEeh 2] 49 32 3
Z M71E Ue= AE 8RIE 5 AT Figure 5(byell 2
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Figure 5. Anti-oxidant effect of RA liposome in HT22 cells. Sam-
ple was incubated for 24 h and cells were dyed using DCFDA: (a)
confocal microscopy image; (b) fluorescence intensity value.
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2 A= £l +&4d2 RAE PEG-tocopherol
DOTAP, DOPEE- ©]-€-3te] 2] EE35}A]7]5L 200 nm ©] 35}
#Ag 7P ] YRE FAY 2SS & AFE
A AREEE RA B EFS w9 B SAS Zkon aapz|o
2 MDA-MB-231 44 £ RAZ W&3te] A4S A
ks G FolsldlaL, HT22 sfnpi| Z3oA dhats)l &
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T Zh Qe RS ER1E k. 2 A¥S 3 RA &
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