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Effect of Rosmarinus officinalis .. on Growth Inhibition
and Apoptosis Induction in Cancer Cells
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Dept. of Food Science and Technology, The Center for Traditional Microorganism Resources,
Keimyung University, Daegu 704-701, Korea

Abstract

The goal of this study was to evaluate the anticancer effect of Kosmarinus officinalis L. In this study induction
of apoptosis by methanol extract of rosemary and their fractions were investigated in vitro. In examining the
effect of rosemary methanol extract on the inhibition of growth of Hela, HepG2, A549, AGS cells and HT-29
cell, it was found that the methanol extract of rosemary and their fractions demonstrated a cytotoxic effect
in a dose-dependent manner; in addition, hexane and chloroform fractions showed a particularly high cytotoxic
effect on Hela and AGS cells. The results showed that the hexane and chloroform fractions of rosemary have
cytotoxic effect which are related to the activity of the essential oil in the rosemary. Apoptosis in Hela and
AGS cells mediated by the hexane and chloroform fractions was associated with the increase of cleaved
caspase-3 levels and cleaved PARP. Therefore, with more researches on identification and action mechanism
of active compound, the hexane and chloroform fractions are expected to be natural sources for the developments
of functional food and medical agents to prevent gastric cancer and uterus cancer.
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° a-pinene, apigenin, B-carotene, B-sitosterol, betu—
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100 g of chopped samples
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g9 As TPt A3 TE AR EEE AAE Y8t
o AT & Axste] AR, FA 108 FH(w/v)<]
80% "IEHES 71t 24X7F F<F ARt F 33 REE
FZE3AY. FEHL F X (Whatman No. 3, Whatman
International Ltd., Maidstone, England)2 & 3}3} T} ro-
tary evaporatorZ 55°ColA &3 & T4 AZX3sIo] v
& FEEZ ALY Fig. 1olA9} o] 52 AxS 2
zukg] HEE FEFEL2 2001(w/v)Y SHF 5 &
hexane(hexane), chloroform(CHCls), ethlyacetate(EtOAc)
2 putanolBuOH)E +x12 0. & 33] §lE &3] 7zt &)
HE AFHoE B P ¢ 784 5
o7 7FNE= 3t speed vacuumlo E F&
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M= vl

B A3 AFEE AGS, HepG2, HT-29, Hela, A549 cell
S AN EF LYo ZHE] FFol ALE3IAT ZH7e]
Al ZF= RPMI(Rosewell Park Memorial Institute) 1640,
DMEM (Dulbeco Minimum Essential Medium), MEM
(Minimum Essential Medium)¥® 10% FBS$} 1% anti-
biotic-antimycotic®] 718 8iR]o| A 37°C2] 5% CO, vl
714 2~3dell & A A wj st
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Green 5 (14)9] T3k MTT assays AAI8HA T

Powdered MeOH extract in D.W.

’ Partition with hexane

Extract 24 hr x3 with 1 L of 80% MeOH

ﬁ Hexane fraction

Filter with Wattman No. 1 & 3 filter paper

E CHCl, fraction

Evaporate under reduced pressure at 55°C

Freeze drying

l

Powdered MeOH extract

Aqueous phase
| Partition with CHCl,
Aqueous phase
| Partition with EtOAC
I |

EtOAc fraction

Aqueous phase
’ Partition with BuOH

BuOH fraction Water fraction

Fig. 1. Fractionation procedure of methanol extract from Rosmarinus officinalis L. by solvent separation.
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96 well plateel] 1x10" cells/welle] A 200 uL
ANZE S T 2L A2 udsta, ARE
3438t 20 ul 718k 37°C, 5% CO., i 7]
43 Hoo%}‘ﬁﬂ} 7]el 5 mg/mLe] TEZ A2
€9 10 ulLE #H7ista & wigExddd A 443 9
vtk ATh wg & %— HBE A AL 2 well § DMSO
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100 pLE 7138l 10%3F 1Hket & ELISA reader(Molecular
Device Co., Sunnyvale, CA, USA)Z 550 nmolA4 &3 =5

S48t 44 A A EZH{Growth inhibitory effect (26)=100
~(NEAHTY FAE/NE2T FHE)x100)E 3l
FAE FF Al aARE FFstAh

Western blot analysis

Hela cell2 5 & £32]: Hela cellS 6-well plate©]
5x10° cell/2 mLE2 EF8ta 2=vle] #3152 A3 &
24717t v FtATh vl AEE 120x goll A 108 B3t
GAEE st 22 H PBSE M A G MAHE cellsol
lysis buffer(50 mM Tris/HCI, 1 mM EDTA, 1% Triton
X-100, 0.16 ym PMSF)& ¥ 11 Suspenswnﬂ 5, 42 ¢l
A 2087 FAAZ 3 &3E AlEE 13,000 rpm, 4°C, 10%-
7F AR AT AEAS At Al FEO &7|aL 1
9 A8 BCA kitE AME-3te] A #H3 Ao
A71dF: SDS-polyacrylamide gel electro-
phoresisZ €3t WA 10% running gel® 4.5% stacking
gelS A Z&A Tt ojuf B dufdo] w5 10 ygo 2
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immobilon-P transger membrane¥ transfer buffer(20%
methanol, 25 mM Tris-HCl, 192 mM glycine) & A}-&3}¢]
180 mAolA 90E 7t transfer AT @ do] o]FH
membrane< ponceau solution®. £ transferd %= 342l
3k % 5% non-fat skim milk solution(100 mM Tris-Cl,
1.5 M NaCl, 05% tween-20)2.2 58 71202 33] A X3}
Aot Al&ske] o] &A1 goat anti-Rabbit IgGel 241 3F
YA 71 BhA] TTBSO.Z 33] Al H stk S/HTE A
3}l membrane®] ECL detection kite] W A|eF 13} TS
112 e 3o EgalS =¥ 33 X-ray filmol] =3}
4t & filmd band =& #A3ATE A3 ol A8
1, 22} A2 Bcel-2, Bax, Goat Anti-Rabbot IgG, Goat
Anti-Mouse IgG 5-& Santa CruzAHCalifornia, USA)Z 5
B, caspase family+= Cell Signaling Technologies(Beverly,
MA, USAAERE F93tlen, 12 Wel Ags® 55

Western blotting:
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Zola 108 31438k 3] 2 mLoﬂ 29 3]49 3k Folin A] ¥
2 mLE& Hretn & E9s & 35—7} WA & 10%
NaxCOs 2 mLS ¥ 1A17F ¥H-8-A1%1 & UV/Visible spec-
trophotometer(UVIKON 922, Kontron Instruments, Milan,
Italy)& AH&3te] 700 nmell A she 243 &

FAEE 54

BEFFHoEZRE FFE F3ATh o] W tannic acidE ©]
£33 FFIHNouRE £ ZdEs IFS 7Y
= ZgjgdLo|= &t
% ZE xol= g2 Nieva Moreno 5 (15)2] 5ol
95l Z43Ah 7+ A8 100 uLE 80% ethanol 900 ul.ol

3 A% & 100 uLE 3k 10% aluminum nitrate®} 1 pM
-3} 80% ethanol 4.3 mLoll &3t
3}

WAgE 5 415 nmell A

postassium acetateE
3o} ALoj M 408

=
EFY=S 54

Aot ol total flavonoid &2 querceting ©]-83}o =
e @I HozRE g LAk

SAXzE]

AHEL PH+EFQAE FA G, HFe] BAsL
Student t-testE® A3t PZLo] 0.05 u)5el A% &
AR frofsitte A& shalor, Ze 498 514
o2 33] o] HAAlEtA FAAEE stATH

Zont & o

EXORE| HEZ FEE9| ASH =24 T2

Z2zug] e FEEE F4°] 02 &9l hexane,
chloroform, ethylacetate ¥ butanolZ =32} £3%3}92oH

I 8L Table 13 2t} Water 38 E 3} ethylacetate ¥

JEL& 747} 335%, 1026% 2 & &S B oH, buta-
nol ¥8 &3} hexane #8E&E2 17.1%, 25%9 F&2 UE
Wt chloroform £8E-& 09% 2 7 ¥& =88 YeEith
E2x0l2| FES9| AM=EZFo| it &N 0t
7248 M EFo] Z2ulE] MeOH 555 2 EIES
AP ET R At 24217 Bt A gt & okl MxE
o] & 43 A7= Table 29 2%4th MeOH FZFE 9

Table 1. Yields of Rosmarinus officinalis L. methanol extract
and their hexane, chloroform, ethyl acetate, butanol, and wa-
ter fractions

Fraction Yields (%)
Methanol extract 27.3
Hexane fraction 25

Chloroform fraction 0.9
Ethyl acetate fraction 10.26
butanol fraction 17.1

Water fraction 335
Total 64.26

b Percentage of each fractions to methanol extract content (100 g).
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Table 2. Inhibition rate of rosemary methanol extracts and their fractions in Hela, AGS, HT-29, HepG-2, A549 cells

Inhibition rate (%)

Fraction Concentration Cell line
(pg/mL) Hela AGS HT-29 HepG-2 A549
MeOH 50 35.57+1.00 80.68+2.57 23.88+2.61 855+3.64 38.43+£3.35
€ 100 83.98+£1.04 95.53+£0.24 7856+£4.11 65.63+£4.36 60.10£3.93
Hexane 50 81.18£0.73 91.33£1.27 59.30£1.48 38.31£2.90 48.883£5.67
100 93.93£0.32 92.98+1.04 85.72+0.09 84.47+1.54 8771 £1.75
CHCI. 50 76.14+9.30 60.92+2.06 16.56 £3.43 — 18.20£2.70
3 100 92.69+0.05 95.30+0.35 87.04+0.07 7553+1.83 62.77+£1.32
EtOAc 50 13.85+0.71 6.63+6.67 — 5.03+0.03 22.82+3.37
100 12.23+1.98 8.26+1.97 — — 18.39+1.67
Butanol 50 2.894+4.00 2.89+3.91 — — 22.31+1.10
utano 100 28.39+3.56 1.52+2.33 - 4.19+0.04 7.02+1.39
Water 50 26.87£2.83 — 0.03+3.25 — 25.73+0.39
100 20.23+5.80 6.664.76 — 7.84+354 21.10%+0.13
The values are mean = standard deviation. —: no inhibition.
A M =& w59 100 pg/mLe H7F Al YA EFQ apoptosisE FE3}e Baxe] @3 @3 e Frof vg st
AGS cello| A 5% =2 718 =& AAA3 a2 BYa, o] Z7}38F Wb apoptosisE J A Sh= Bel-2 @ d e 55

o592 Hela, HT-29, HepG2, A549 =92 Z7} 83%,

78%, 656%, 60%E A3ste Aoz YElET B E9 7}
A =& F%59 100 pg/mLeS 7} Al hexane £ EA &

Hela celll A 93% 2 713 =2 Al A4S veldon,
chloroform% 2] 7% 100 ug/mLS 7} A, AGS celloll A
BXE 7HE =2 A 4S5 YElH S, Hela cellol A=
92% o)4e] A&l FAS Ve I 01919 ethyl acetate,
butanol, water EZ &A= A FEF thd A s Ao
T2 eyt olejg A3E Faf 4o oAl
Fo| = ZZutg] 9 hexane, chloroform 3 &-o] o]
"éﬂ A AF/E Udell= RS & F UReH o5

B35 A Hela Al X3 Uigk M EZAME f= 7]A
%O}ES’&‘:}.
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Z=0|2| hexane, chloroform apoptosis 2

2 CHHZEo| HEh5of D|X|= Y&
Bcl-2 family @A 9] q: X EL F9 o7 A=
E9] Wl o) wjg- ”]7"5‘}74] wh-gst, A= F&
Zeo) wet o] v AL AEANE Asdg HAFES
5}50}74] Hr} -/Fﬁ ”‘Z_«] ATFE %3}"4 MEAE A
AAHEo] gz
Bcl-2 famﬂyoﬂ &3)= Oﬁﬂi ‘i‘rlié%% apoptosisell Al =8
3t 935S st=d o] ¥ Bax, Bad, Bak, Bid, Bcl-xS 52
&S 341, Bel-2, Bel-xL 52
apoptosis® HA|sl= 7leS 7RG B EJG(6).
Bel-2 family 5 Bax9} Bel-29] @ 28-S western blot
Wi o 7 305k gi vl &= mke] 9] hexane, chloroform &2

S %3 w8 243 A3 A7 Fig. 2, 33 2o

apoptosis® &3Z13=

1 EiloPoq L] 1%}i3}5&

2l
Caspase S 2 23: Apoptosis FEFH A A+ cas—
paseg}il B2 & cysteineAl 9] @ Fa a4 Fo] T
3t} Caspase-9& Fastt TNF S84 ¢ 22 death re-
ceptorEs EA HU A= AlZ o] w83 A apoptosome
S A3, o] A ] caspase-3E HAste] BAFAI7|
PARPE}= 712§ o] &M AEAMES fF=3HA Eth6).
nEZE=gol 2ol cytochrome c7h EA8HH A=Al
ANEAE WEHI ol A EAE S FE3+ caspase 32
gA43x71 715S gtk & nEZ=gol 2] M ert
FHAPOZA AAAGA Al=F o] B2 5] ol 474
o2 AfrEtvZde] AAo] FUHEL THHSE MEANE
235 A 1 H(17). Caspase-3= Yama, Apopam o=
Eat FAXZAN Herd=E -9 apoptosis’t FEFH I
(18) caspase—S activity inhibitorE A}F&-3}H apoptosis”}
A 5 apoptosisoll A 23 &S sl Ao = U
5312”1(19), caspase—7 T3t o] 71X 7|A ] ATS do
A AAAR F59 AqA &S e Ao = gt
(20). @etA] 2zubE] £8Eo] FE3HE apoptosis 289
caspased] AT AL 7]AS LolH 1A} Hela cello] ZZu}
2] 9] hexane, chloroform ¥38E&-5 6.25, 12,5, 25, 50 pg/mL
o 52 Z}7 %8t caspased FAE =A3 A
Fig. 4, 59} Bo] =% oJ&EZFH o T I FAo] ZItHE AHE
& & AJY. w3 2211 hexane, chloroform £ 3 &-&
2zt AN 02 H HFZH 02 PARP
Ao 2 UEl

¢

[o

caspase-3, 7, 9=
£ A3 A)A apoptosisE FEHE
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Extracts (ug/mL)
con 6.25 12.5 25 50
S T T Bcl-2
L — —— Bax
| —— —— m— e e | B-actin
Bcl-2 Bax
1.0+ N 150
£ g c "g * Fig. 2. Effect of rosemary hexane fraction
‘3 3 G 3 1007 on protein levels of Bcl-2 and Bax in Hela
%E 051 af cell. Bcl-2 and Bax activities were normal-
gg et §§ 504 . ized to B-actin activity. Each value repre-
= ok < sents the means*+SE of three independent
* experiments and is _eXpressed relative to a
004 o control; “p<0.001, “p<0.01, “p<0.05.
con 625 125 25 50 (ng/ml) con 625 125 25 50 (ng/mL)
Extracts (ug/mL)
con 6.25 12.5 25 50
- Bcl-2
] - - Bax
A | 5-cctin
Bcl-2 Bax
3- 7.5 -
= c ‘g Fig. 3. Effect of rosemary chloroform
B 5 'fé' 3 5.09 fraction on protein levels of Bcl-2 and Bax
g.‘? a? in Hela cell. Bcl-2 and Bax activities were
%5 EE b normalized to B-actin activity. Each value
og < 25 . = represents the means=SE of three in-
dependent expen'rr_l_ents and is_ expressed rela-
0.0 tive to a control; “p<0.001, “p<0.01, p<0.05.
con 625 125 25 50 (ng/ml) con 625 125 25 50 (ng/ml)
= Eojdz &g EelE L o|= st MeOH FEEL 17269 mg/ge 2 Uelgon EIEL
He=A AES HEA 9 X = 23 At hexane, chloroform, ethyl acetate, butanol, water fraction
AR 9] st EA ThofFd xR BAES A ZEE . &0 2 Z+z} 161.41, 122.22, 489.02, 283.05, 120.92 mg/g 2]

ol=¢} Eldo] FARo|th ZghR o] = (flavonoid)= ¥
= ZHEEA 24 SR E(flavonol), & (flavone),
Z#}vl=(flavanone), ZEhul=(flavanol), <StEAJoIUY
(anthocyanidin), ©]4Z & (isoflavone) 522 EFHT
(21). ©] 52 phenolic hydroxyl(OH)7] S zt7] wj&of whul
A % Ve A BAES gA A #4atsl, 39 59
oeFst AZgds JRY B AdoA e 22rhE

MeOH #%% % 2850 A5 ¥ Zelsls a3
% Befuicol= e YT B3 (Table 3), 2=}

2 ZY9 = FES st Ao, 53] ethyl
acetate £ EANA 71 £ ZPHE FHS AL Z
g R o= &2 (Table 4)& MeOH FZ& &4 21.15 pg/
mgl 2 YEE S ™ ethyl acetate fraction= 89.23 pg/mg
0 &2 QA BHE FAAA 7MY =2 FFE YA
A Zzke] GMEFo g A3 AHE Rl A
hexane, chloroformz=dA 7} Hold E37} el d AL
2 Ho} apoptosis fr=oll G vz &S A=/t

old Z=27u}g] 9] hexane, chloroformZol £A|3t= AHA
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Cleaved caspase-3

l Cleaved caspase-7

‘ - -‘ Cleaved caspase-9

[ . wm| Cleaved PARP

[ et

Cleaved caspase-3

C-C3/B-actin
(Arbitrary unit)

con 625 125 25 50 (ng/mlL)

Cleaved caspase-9
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C-C9/B-actin
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o
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con 625 125 25 50 (ng/mL)
Extracts (ug/mL)
con 6.25 125 25

Cleaved caspase-7

C-C7B-actin
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Cleaved PARP
200
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g

=1
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50

] S B B W { Cleaved caspase-3
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*
¥
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Cleaved caspase-7
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0.5
0.0
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Cleaved PARP
10.0 el
£ -
= 75
5%
o2
&_.E 5.0
B
US’ 25 >k *x
0.0
con 625 125 25 50 (ng/ml)
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Fig. 4. Effect of rosemary hexane fraction
on protein levels of cleaved caspase 3, 7,
9 and cleaved PARP in Hela cell. Caspase
3, 7,9 and cleaved PARP activities were nor-
malized to B-actin activity. Each value repre—
sents the means*=SE of three independent
experiments and is expressed relative to a
control; “p<0.001, “p<0.01, "p<0.05.

Fig. 5. Effect of rosemary chloroform
fraction on protein levels of cleaved cas-
pase 3, 7, 9 and cleaved PARP in Hela cell.
Caspase 3, 7, 9 and cleaved PARP activities
were normalized to B-actin activity. Each
value represents the means £SE of three in—
dependent experiments and is expressed rela—
tive to a control; “p<0.001, “p<0.01, p<0.05.
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Table 3. Contents of total polyphenol of rosemary methanol
extracts and their fractions (Unit: mg/g)

Rosmarinus officinalis L. Total polyphenols“

Methanol extract 172.69+27.887
Hexane fraction 161.41 +£14.78
Chloroform fraction 122.22£29.70
Ethyl acetate fraction 489.02+64.04
Butanol fraction 283.05+47.27
Water fraction 120.92+£20.15

1)Milligrams of total polyphenol content/g of plants based on
4 tannic acid as standard.
?Each value is mean=SD (n=3).

Table 4. Contents of total flavonoid of rosemary methanol
extracts and their fractions (Unit: mg/g)

Rosmarinus officinalis L. Total flavonoids”

Methanol extract 21.75+1.50”
Hexane fraction 6.07+0.29
Chloroform fraction 898+1.76
Ethyl acetate fraction 89.23 +8.52
Butanol fraction 74.38 +£6.51
Water fraction 13.59+1.92

1)Milligrams of total flavonoid content/g of plants based on
tannic acid as standard.
YEach value is mean+SD (n>3).

Boluh A&
tannin &
YA E

0] /K]-‘OJ
form%<] A
°ﬂ ?33} 3
SRR

X821 apigenin, B-carotene, B-sitosterol,
ole} AZkEIR, G Aol A Zzulele] &
Edo| g £A40] aFHrh

2=y E"Q% % hexane¥} chloro-
2442 apoptosis =4
Z74& %53 apoptosis
° 5“}?/]“ FHaHRs 7t
ERERE S
A7k,

offl e
_E P S o

uy)

e,

In
2

i

2
o X
o
%2
X
H
L
d—;

N

]_

)

>

o

>.

)

il

=

Mo

N2 P

Ty

% @ @
2

9, o

oy f“f

e

X

X

(o]

r

N
I
X
o,
re
-
N
%
Og{;:“
A
2
9
et
Y,
[ o
O::

HT A S50 €8A A e 22 E o &
3} apoptosis F=714-& alA3t7] st A A5

l

¢ Hela MEFE o2 Z2AS A= a3 204 2
zntg] £8E Z hexaneZ% chloroform% 9] 8] 5% 9
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