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Cytotoxicity of Methanol Extracts of Edible Herbs Against 1.1210 Cells
with the Changes of Antioxidant Enzymes Activities

Soojin Kim, Yongsun Cho, and Siewon Park*
Department of Chemistry, School of Natural Science Sangmyung University, Seoul 110-743, Korea

Abstract — The methanol extracts prepared from ten kinds of culinary herbs were investigated for the cytotoxcic effect againt
L1210 cancer cells and the mode of action. The substantial cytotoxic effects were observed in all cases with the most prominent
effect demonstrated by lemon verbena extract showing 8744.1% cytotoxicity with 100 pg/ml concentration and 3 days culture
period. The cytotoxic effect was found to be dose and culture period dependent. With respect to the mechanism of the cyto-
toxicity, the augmented generation of O, ion and the dramatically escalated activities of antioxidant enzymes such as super-
oxide dismutase (SOD) and glutathione peroixidase (GPx) with addition of the herb methanol extracts suggested that there
would be the involvement of reactive oxygen species (ROS) metabolism in the course of L1210 cancer cell death by the meth-

anol extract of the edible herbs.
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$0= go] AREE= Alg] MolA| (Salvia officinalis), Y-
Wt (Melisa officinalis), B ¥} (Aloysia triphylla), 22
7V (Oreganum vulgare), A SRNE. (Mentha piperita), =3
OWIE (Mentha spicata), 272 (Rosemarinus officinalis),
A ek (Thymus vulgaris), 28810} (Stevia rebaudiona),
B (Ocimum basilicum)Z2A o] 52 n#W S H5A(%
AN, Mg)olA e AE FHE Y8 Murine
leukemic celld] L1210 A EE A& $Fed7-Ae] Sh=A
F 23 o R AE 9 Wekth RPMI 1640 medium, fetal
bovine serum (FBS), penicillin & streptomycin mixture<=
Gibo BRL (Grand Island, New York, USA), trypan blue,
xanthine, xanthine oxidase, cytochrome c, glutathione,
glutathione reducatase 5~ SigmaAtZF-E] £ 3T f
7140 2 R AF = AR AHE-SklTth Vacuum
evaporatort= EYELA (Tokyo, Japan), UV/VIS spectropho-
tometer= Varian Carry 3E (Varian PTY LTD, Australia)<
ZAZARNA G

A& 32 HEESFEE TM -
Ao 715 Srokdl o 24
70% WE-Eol Zx]3ke] 2447k A
HE A tha LAtell TA] 1
ml 7Fete] 247170 ¥h=] 5 Al
SN 3tsled 789 gauzeE FHAA
FRNE A 5T o= Us

377

o ARSI

L1210 MZE B — A2t ddrazie 9 wok
L1210 &A= 37°C, 5% CO,, humidified condition®l| A
vl k3l th. RPMI 164081 4]l 10% fetal bovine serum-S
A7k Wkl e AREslsl om ATl 3-4dmkct A
Bk, MEEA AALE 95 8]9S 24 well plateol A A
et aHarsl @ade Alzet] ¢ ME 50 mle]
culture flaskollA] THRRAES 31 TS A ZE FA st it
3} gaog A

MZEM (cytotoxicity) W MEE (viability) FH - 4
A g A ol Ulg Al ESA AAE BT flskelA
= T e WS AE3T) 24 well plated] 1x10%
mle] TEZ L1210 YA E Ti= AGNEE Hrlslar A7
A7k HjF A XSS NCIS protocol M= trypan
blue exclusion'§ol] <Jslf 22, vzt A ZSE haemocyto-
meter® Ao} AlZEA AEE AL A8t A&
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Histopaque *-1077 3 mkS: ZA2A 7k ohe 400 goll A
30%-7F ALoll X YR ST Pasteur pipette® 35
9l plasmazg A7} lymphocyte”} £33+ E-FH3 &
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Markesbery®] ¥ 2] wa} A|8)sleith. L1210 Al Zufek
el FHFZES H7Ie o UA7I1Z widst] 250 gell
A AR F Aede Wx £AE LI2I0FNEZE 24
well plate®]] 1x10° cells/well, 700 ul PBS, 50 ul cyto-
chrome ¢, 5 ug/ml€] phorpholmyristate acetate 50 ulS 3
7tsle] 6047 vl the f4lEE siiTh A4S 200 ul
o PBSE 7}l 1 mP7} H% & v 550 nmolA 5%
=5 Z4319t}. Ferricytochrome ¢2] #9k8-2 21.1/mM/
cmé] & F3A5E L3t Ao 0, AR
nmoles/10° cells/60 minZ ERAITE.

MBS AN =X — L1210 AIES 1x10° cells/miS] 5
=2 ZE3 i 10miE 50ml culture flaskollA] LA
717 vRFRE - 1,000 gollA] A41Ee] st FHE L1210
H|3ZE 50 mM sodium phosphate buffer (pH 7.4)=Z A&
R UM B buffer 1.5 mlol sl GgAellA 524
53] #2steATE o] FAHE 4,600 gollA A4 EE St
AEHE cytoplasmit-B 22 3|4=5}17 mitochondria”} £
2 JAEd = O FY buffers 1.5 ml 718t &4
] 524 53] &3} *2]3l mitochondria matrixol £
e AoE 4#id MnSOD™ EAvt &350 Yoxs
T 4,600 goll A FAEE] 81 pellet= W23 e
& AREsiSith.

Superoxide dismutase (SOD) &4 =3 - SOD &4
9] 2A 71EA S 2 McCord and Fridovich®’] ¥ o)
o]&] o] Fo}F t}h 50 mM potassium phosphate buffer (pH
7.4), 100 mM cytochrome ¢, 50 mM xanthine, 0.1 mM
EDTA, B4Ho] Z3Hd &g 25°CellA 15%%F S A3k o
& xanthine oxidaseE: 71t BEg-& /|AlEHA o H whg-
2 550 nmellA] 102 BYR 587 FEEE 23 o) F
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o]z t}. Xanthine oxidase 71 4H-E FHeHA] o8
wgolo] ERT Ty Bk A4 00257 HEE A
31tk SOD #2432 cytochrome c2] FAEEE 50% A7)
Fh= S 1 unitE A5 unity/min/10° cells2 LFERAAT.
Glutathione peroxidase (GPx) &4 &3 - GPx €4
o] 2L Matsuo 2] Wl 2Js) o] Fo|F Tt AA W
ol 2 mi®+= 50 mM potassium phosphate buffer (5 mM
EDTA, pH 7.0), 8.4 mM NADPH, 1 unit glutathione
reductase (GSSGR), 150 mM glutathione (GSH) ¥ &4
S 718le] vk 37°CellA 5EZF X3 & 0.16 mM9] #-
butyl hydroperoxideS 7}3ke] ¥E-8-& 7HAIAIZ1 3L 340 nmo|
A 3BRZF = WslE 102 DR 7S 24 A
AsIIth. GPx2) 1unit= 137H]) 1 umole®] NADPHE 4t
AFIE B Aollod units/min/10° cells@ 2 EA|SIATE
Catalase®M &N - Catalase®4 9] %42 250 nm,
25°ColM ERE 7S AR SHE Marak er al’¥9) W
NS #8359 th 50 mM potassium phosphate buffer (pH
74), 125 mM H,0, @ &4HL 718l AA wkgdo] |
mi7} =% 3 & 250 nmellA] 102 SHE 587 3=
H3lE 2431590k 1,08 & F3AGE 7122 39 H)0,
pmoles degraded /min/10° cells & E4& Yep2ich
AlgZNol X - HHE 7 EF O triplicate® WHE
AF e o Ztel e EAAEE Student ¢ testE Al
&)aled 1 43 F-9A4E *p<0.05, *¥p<0.01Z FAISHI.

#3 o o

5|59l HEEREE0 =xof ujl7|Ziol WE L1210
M=ol chst MEZESHESH - 3 Ee fEe F28°] ¥5

Table L Cytotoxicity of methanol extracts prepared from edible herbs against L1210 cells according to the concentration

Concentration (ug/ml)

Extracts 1 10 30 50 100
Cytotoxicity (%)
Cherry sage 25432 14.0+3.2 28.312.1* 41.543.4* 66.815.1*
Lemon balm 6.1£2.1 21.4443 36.91£3.4*% 57.317.1 78.248.3
Lemon thyme 8.243.5 10.51+2.6 325432 45.414.8 69.4+4.9*
Lemon verbena 7.543.1 232421 56.514.0%* 72.342 .5%* 87.244. 1%+
Oregano 4.843.2 18.5+4.7 38.617.2 48.915.6 62.317.5
Peppermint 34443 15.317.7 337184 45341 4% 59.316.9
Rosemary 52450 18.3145.3 26.412.1 40.316:8 48.61+2.8*
Spearmint 9.01+24 17.224.8 61.415.7 77.513.7%* 84.147.1*
Stevia 7.244.1 18.9+54 60.8+4.7* 79.21+7.4 84.5+5.3*
Sweet Basil 4.613.5 8.714.6 34.517.3 55.1+4.8* 63.8174

Culture was carried out for 3 days. Values are the mean®SD. Significantly different from the control (*p<0.05, **p<0.01).
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o8t L1210 MZe| MEE -
"ﬁ F& F 7K AR S cell growth cycle®]
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Table III. Effect of the methanol extracts of edible herbs on
the viability of 1.1210 cells

Viability (%)

Extracts Culture period

1 day 3 days
Control 93.245.6 89.5+7.4
Cherry sage 83.944.1 57.31£6.9*
Lemon balm 91.316.8 59.248.2*
Lemon thyme 93.5£3.9 68.31+4.1*
Lemon verbena 86.2+7.3* 39.814.5%*
Oregano 88.419.2 55.3+5.8%
Peppermint 91.2£5.2 59.812.3%*
Rosemay 8§7.9£3.4 63.744.2%%
Spearmint 82.117.6* 42713, 7%%*
Stevia 90.613.1 45.613.2%%*
Sweet Basil 88.716.9* 60.718.4*

The concentration of the herb methanol extracts was 30 pg/ml.
Values are the mean®SD. Significantly different from the control
(*p<0.05, **p<0.01)

Table II. Cytotoxicity of methnol extracts prepared from edible herbs against L1210 cell according to the culture period

Culture period (days)

Extracts
1 3 5
Cytotoxicity (%)

Control 3125 4.6+£3.7 8.5£5.7 11.845.6

Cherry sage 23125 12.6x4.1 39.3+4 8** 60.216 4%
Lemon balm 8.514.1 21.3+6.9 41.7£5.5% 69.218.2%
Lemon thyme 6.5139 20.4+2.9 33.715.0%* 76.3+4 1%
Lemon verbena 6.717.3 37.4+4.5% 59.4£3.1%* 88.617.3*
Oregano 5.614.5 28.4£5.3 42.616.8 63.11£8.3*
Peppermint 8.2+5.2 18.943.8 43.3+3.9% 71.81£2.3%*
Rosemay 7.613.4 24.545.6 46.514.9* 62.7+4.2%*
Spearmint 3.112.6 31.6£3.7 54.1£5.1* 92.4+44 9%
Stevia 4.313.1 27.916.5 49.5%7.1 86.318.2*
Sweet Basil 84154 17.3£3.8 36.415.7 63.8+7.2%

The concentration of the herb methanol extract was 30 pg/ml.

Values are the meantSD. Significantly different from the control (*p<0.05, **p<0.01)
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L1210 MIZe| O, o|22| dMol CHEt 5= HiElEF
E29| gt - o= o|9 e |E vEFEE0l
L1210 YAIEE APEAT )= 2e7]2He 8kt AlEs
43 Akt AAIE AYsidh 40 HES
2l apoptosis % BA7 A ¢haFL] Al BAE 7}
S0 AnZ AXEAS IAEE Zd04] vidshEA
AAEE 0, ol A7ste] 2 AFE Table Vol A4
BT AUA AN i SRR A P vy, &
ZoRIE, Z~H|o} eEFEE-S 30 pg/ml= H7Hsto]
AlZE o] A YeluA] &= uiF 19419 7o X
=Ao] dAS vl 3UA L] NEE T3 0, oL F
e Aldainh. FaE v sdAE AlEsAe] YR 7
A ZERe NEFE 7Y B ot Ui we 4SS
ol ES AEE AL B F flonz A tiidolA
A2}t

Table V] Aol AAEH ATl AlZE5F0] 72| o]
VA e ik 1959] L1210 A1E2] 0, A4 control
2F9] F vlsEilen, wiEe MEEAo] s ¢
oJub= vileF 3UA] L1210 Ml X¢] O, o298 A= A
Al 7Yt control Z2F9] <F 48 WA 7ai7ER| ol &3t
Z 30 pug/mle] T== G Wy, Aol E| AHH|ok
2 AA71sle] 1978 wilket L1210 HI22e] O, o)2<] A4
22 7+7} 0.82, 0.67, 0.75 ug/ml 2241 0.78 pg/ml
controlzk¥} A €] Hls=sigl ot 3U7k vkl A3 50%
opde] MAEEANS et 790 0, ole] AP 3.85,

Table IV. Cytotoxicity of methanol extracts prepared from edible herbs against normal lymphocytes according to the concentration

Concentration (pg/ml)

Extracts 1 10 30 50 100
Cytotoxicity (%) .
Cherry sage 2.1+2.7 8.0+74 12.244.0 13.243.1 18.3%+1.5%
Lemon balm 3.143.7 12.1£12.3 13.3+10.2 21.614.1 23.417.8
Lemon thyme 2.310.6 9.2+4.7 19.41+8.4 27.316.2 16.5+13.6
Lemon verbena 1.7£1.9 4.8%2.5 6.713.2 9.247.5 15.245.9
Oregano 0.843.4 6.314.8 9.916.3 15.716.9 19.81+3.8
Peppermint 2.8+2.9 8.417.6 14.2+1.5% 23.212.7* 28.7+5.9
Rosemary 37432 9.7£3.9 12.81+8.8 30.0+4.0 38.712.4%*
Spearmint 24+1.0 6.1£7.7 7.5+1.6 9.8+0.9* 17.4+3.5
Stevia 2.1+£2.8 6.3+4.0 8.3+3.2 114443 18.7£8.9
Sweet Basil 1.5£2.3 5.416.5 7.816.4 12.716.3 18.3+5.7

The culture period was 3 days. Values are the meant+SD. Significantly different from the control (*p<0.05, **p<0.01).
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Table V. The generation of O, in L1210 cell during the
cytotoxic process by the methanol extracts of edible herbs

Culture period

Extracts 1 day 3 days

0, (nmoles/60 min/10° cells)

None 0.78+0.12 0.9110.06
Lemon verbena 0.8210.25 3.851+0.15%*
Spearment 0.6710.13 4.16£0.08%*
Stevia 0.7510.21 5.41£1.46*

The concentration of the methanol extracts of edible herbs was
30 pg/ml. Values are the meantSD. Significantly different from
the control (*p<0.05, **p<0.01).

Table V1. The catalase activity changes of L1210 cells with
addition of the methanol extracts of edible herbs

Culture period

Extracts I day 3 days
Catalase
(moles H,0, degraded/min/10°cells)
None 0.00410.005 0.00610.003
Lemon verbena ND 0.0031£0.004
Spearmint 0.002%0.005 ND
Stevia ND ND

The concentration of the methanol extracts of edible herbs was
30 pg/ml. Values are the meantSD. ND means not detected.
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Fig. 1. The superoxide dismutase (SOD) activity changes of
the cytoplasmic fraction of L1210 cells with addition of the
herb methanol extracts. The concentration of the herb
methanol extracts was 30ug/ml. NO: none, LV: lemon
verbena, SP: spearmint, ST: stevia (**p<0.01)

10.0 &l 1 days

1 3 days

SOD (units/min/10° cells)

sP ST
Herb Extracts

Fig. 2. The superoxide dismutase (SOD) actvity changes of

the mitochondrial fractions of L1210 cells with addition of

herb methanol extracts. The concentration of the herb
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