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Effect of Geraniol on the Proliferation of L1210 Cells and ICR Mouse Macrophages,
and the Activities of Superoxide Dismutase (SOD) and
Inducible Nitric Oxide Synthase (INOS) Activities

Ji Yeon Kim and Sie Won Park”
Dept. of Chemistry, Sangmyung University, Seoul 110-743, Korea

Abstract — The present investigation was undertaken to find out the anticancer activity of monoterpene compounds.
Monoterpenes showed generally the inhibitory effect on the proliferation of 11210 cancer cells (cytotoxicity). Geraniol was
found to exibit the most potent cytotoxic effect on L1210 cells with an IC 5, values of 0.67 ug/ml. On the other hand, geraniol
proved to be capable of stimulating the macrophage proliferation (135% of control). When the life prolonging activity of
geraniol by daily oral administration of 0.1~10 ng/10 /20 g body weight to Sarcoma 180 bearing ICR mouse was examined,
there was also a significant elevation of survival (best result of 134% of control). The contradictory effects of geraniol
on the proliferation of L1210 cells and macrophages proved to be accompanied by the coincident alterations of RNS
(reactive nitrogen species) related enzymes activities such as inducible nitric oxide synthase (INOS) in macrophages
and ROS (reactive oxygen species) related enzymes activities such as superoxide dismutase (SOD) in L1210 cells, respec-

tively.
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o tiate] AR APBEAE 2A JEHAME 4T
YeiMe A 4L Jellls ZHAIE B F 8B (herb)
HNEEZRE L2 AAE AL u} Yp0 o] Fh= &8 A
i % 53] monoterpenesHolld 53] Fo] UER7]o] £ A+
oJ4}= monoterpeness FHOEE WL LAIHLE o]E2 ot
2183 ARFANA Aol wIXlE P vl £74354] geraniol
£ AEEglT O 2Ae713E B9 T3 Al F731Y ol
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ICR AFE 3 AT E ATV 5 SR RE 459
o] 7& FI8ked 20+1°C, 55+ 5%, 12 hrs/dark cycle®) A}
& Hollx oF 1~2F AHSAI the ARSIl o A B
S A AR AEAR mtel] oigh Aol AMBIR T,
AP macrophage T2 d@PgoE ] AY 39 A
thioglycolate brothE 57 Wl FAlR: A & A5
£ AY wykx] 23 AlRE F98] FEsch 2 ICR AFH
o) AEANE S8 A% A v Zoh ICR A9
B ol Alchufef Hlo2 Sarcoma 180 M EE 34 ICR 4
2 27l 1x10° cells/10 pl/20 g body weight®] SE& A&t
thE 24A17F FRE geraniold 0.01% W2 DMSOe] &35t
o 10~200 ug/20 g body weight®] F=2 Wl 44 AZkl &
2 A BT ¢ oS AHE BEsiEA 21980 dohd
< PRIFE AEEE ARBIAT. Controlol= AIEE €314
2 23 FY 8% DMSOE S5l 78l 47 5 slsict.

Alek & 217]
3-(4,5-Dimethyl-2-y1)-2,5-diphenyl tetrazolium bromideMTT),

dimethy! sulfoxide(DMSO), lipopolysaccharide from Escherichia
coil serotype 011:B4(LPS), trypsin-EDTA, Griess reagent,
ferricytochrome ¢, xanthine, xanthine oxidase(XOD), flavin
adenine dinucleotide(FAD), nicotineamide adenine dinucleotide
phosphate reducedNADPH), L-arginine, dihydropteridine-
reductase(DHPR),  (6R,S)-5,6,7,8-tetrahydro-L-biopterin(TH,),
lactic dehydrogenase, ethylene diamine tetraacetate(EDTA),
pyruvate, Hanks' balanced salt solution(HBSS), triton X-100,
aprotinin, geraniol, linalool, carvon, limonene, citronellol,
terpinol, cubenol, myrcene, ledene, phenylmethyl sulfonyi-
fluoride(PMSF), pepstatin A, thioglycollate brotht= Sigma
Chemical Co.(St. Louis, MO, USA)2] #}&0]| 23 Dulbecco's
Modified Eagle's Medium(DMEM), RPMI 1640, fetal hovine
serum, penicillin-streptomycin mixturet™ GIBCO(Grand Island,
New York, USA)olA 7433 o0, 6 well 2 24 well plate,
culture dish, 15m/ 2 50m/ conical tube, culture flask%}
pipette -2 Falcon(Dickenson Co. Tokyo, Japan)2] A|E©|3l
on §718W9 FNAFE 5F FF) AFL A8

ek

Peritoneal macrophage #£2|

Peritoneal macrophage® 9+ W& 7|22 08 Chung®
WS A 8319t} Macrophage harvest 39 A 1m/Y 3%
thioglycollate brothZ ICR 72} 57l FAF31o] macrophage
£ A3 F, A8 laminar flow el HFEZz &
APAIA 70% ethanolZ AAE AE3F 3 BrlRo) mpe iy
3! Hanks' balanced salt solution(HBSS) 30 miZ 27} Uol] &
UgH T oF 3R B =RA| massages 31 2+ A7) Bof gl
v} E2181 macrophage”} 2 S|A)=)A) st ¢Aojo] skins:
Forcep® 2 28 Eo] &8 T A7t §F needle $i= FAVIR
E7} H& 50ml conical tubedll ZAAHA 3=t <k 30 ml
9] exudate’} FoAZILE, o] B} A& 4°C, 500 rpmelA 1057
44 Balsled 9L macrophagedl] HBSSZ 7}alod AlAst o
< DMEM(10% FBS, 1% penicillin-streptomycin)°l} F-3-A]#
Apg-gict,

L1210 MIZHfeF

Mg of & ATAERE F ol L1210 A¥= ICR A
AZRE U GAEEA 37°C, 5% CO,, humidified con-
ditionoll A s <F3l T}, Biek-S RPMI 16408 %] ol 10% fetal
bovine serum& 7} Wi FoA o]Fo|F om Arhufk
& 3~4qYuirt AlEITE A = s A8 24 well plate
ofli Al g4 A AR % wiek 50 mi®) culture
flaskell A Bk 310 MEE FA310] o|FoiFih
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Macrophages®} L1210 M|Z2| M &= 2 W YEF ALt

A A JHE Bl AE FHE A s AT 5 A
2k trypan blue exclusion .22 hemocytometers A&}
o APksigick. B aef met slide Aol AEAZE ¥ trypan
blue(0.4% in PBSYE 713l¢] 3837+ ¥4 & Fekain| sl
B 2 EAIEA TS} 2 AERPEMAE)S] 75 2k A
3133}, AlEe) 213t macrophage®} L1210 ME2] BE& A
HolAE Mosmann®] HE™ g W43 MTT & Alalsiol
controlgkel] et WEEE ARSIt MTT Wi v &
oh AIEE H7151 24 well plateclld ikt o IAEER
¥ 23§ macrophage T+ L1210 Al o] MTT &8 welld
I 71t 3 4A7E 5k 37°Coll A F-3] shd AE A E9
dehydrogenasel] 23 =& 9] 843 Alekel MTTE-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)7} X.2}
A0l v19-84 9] formazan AP0 F AU Aol fete2n
geld 4 Ut} o] formazan 2L DMSOZ 91 ¥ o)A
37°Cel 10%7F WA § 540 nmel] S35 5733193 control
it vlwste ME-gE Yehlict

Nitric oxide(NO) H g

Nitric oxide %2 Griess*|2k& AF310d Thomas® "ol
e} AJEEIITE Geranioks: 371310 wiFet L1210 A¥ B
macrophage ¥l N-& AAEE F WS FF2] Griess
reagent(1% sulfonylamide, 0.1% naphthylethylene diamine
dihydrofluoride, 2.5% phosphoric acid)Z 7}3+ ¥ 15%7F A&
of|A] M]3 £ 540 nmel X FFEE 4319t

Macrophages MZ % L1210 MZ0jiA 4AHE O; 012 Y

Macrophage®} L1210 A3 sljofoio) geraniols 713t vk
U713 w3 AL 0;0129) PHE& Markesbery'®] w
Hol| &J3te] oFeF Tl Geraniols 71510 MEFA Q] H57}
e AY 2107 50ml culture flaskolA thEufars 3 o
& TR AESE T8I 24 well platec] 1x10° cells/well,
700 u/ PBS, 50 W cytochrome ¢, 5 ug/mi2] phorphol myristate
acetate(PMA) 50 miE #71310] 60%3} vioF Fofl 94d%e 3}
Gt} o) 45 & 200 well PBSE 718lol 1 mi} EIES 3143}
32 550 nmellA FF=F F4313i0). Ferricytochrome 2] $9
9 21.VmM/eme] E54A1TE 83 er O, Wd%e
nmoles/60 min/10® cells® VFERASITE.

Enzyme solution ZX|

Geraniok]] 2J&} oF7)=l= macrophages$} L1210 A|3Z2] SOD
sk iNOS &4 WgE H3s] Ad s A9 2AE oa3
7t} 50 mi9] culture flaskell macrophage®}t L1210 M| £5 7t
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2} 1x10° cellymi®] 58 4383 o7 geraniolS 0.1,
0.5, 1.0pugmiel T2 H7lsto] z+z 27t ksl
Geraniots 7FsPd MESA30) oJslo] M3 427} ZR4dhr] whi
of EARAE SAP] AT FES AFEFE gr3p| g8t
=] 50 mi2] culture flaskell HiRES A|8HE}%I T}, Macrophage
< uijoke] B¢ o 4] & PBSE 23] Mld ¥ BHd ¥
A5lo] 9l= macrophagesE spatula® Fouo] a1}, ot
< #7382 culture flask 3 7|3 A sh= WH 224 macro-
phages®} L1210 Ao thal] FAsHA Hejsiict. vieF 5
Z7]¥ macrophages®} L1210 A ¥2] =8 A1 ]2 o7)o)
50mM sodium phosphate buffer(pH 7.4) 1.0miE 7}38}¢
Elvejehn homogenizerZ ©]43}%] ice bathflolld] 534 53]
2 3} st oAl 233 a2 3024t 38 239 Aesiy
mitochondria matrixell EA45k= A 22 422 MnSOD &47}t
2 £&A17) 748 AL 12,000 rpmolld] YaEe] dlo] A oA
& 84 Ao I53Igom FAF el FUst 238 vt
Eafo] dojR F AR &4 HE R AR AT el AMg
33t

Superoxide dismutase(SOD) assay

SODE439] 574 712402 McCord and Fridovich™?]
Hell 93] o]FoJ R} ¥ & 3miol 50 mM potassium
phosphate buffer(pH 7.4), 100mM cytochrome ¢, 50 mM
xanthine, 0.1 mM EDTA(pH 7.8), SOD &4 H& X FAA
25°CollA 15%-7F AX|3t ThS xanthine oxidaseXOD)ZS 7}
o] 7HAlE WhEE 550 nmolA 102 D9IR 587 FBEE
#J3lo] o]FoiAt}. Xanthine oxidase F71S FA oS $h
R ok whe Ao FTAT F4vl B HAG 0.0257)
= zAsigich SOD 8742 g4 o] F{HA| 92 vk
9} cytochrome c®] FIETE 50% AISH= % 1 unitZ
Jalgod, A48yl Hlas 1x10049) NZFE gtes
units/min/10% cells® ERASIT}

3
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Inducible nitricoxide synthase(iNOS) &y &3

iINOS 2’32 Broks?®2) Wjel] we} o} Foigit}, Hks- o 1 mi
o z}7} 1002 2] FAD, NADPH, GSH, BH,, DHPR, L-
arginine, Tris buffer(pH 7.4)72}3 &4 %L ¥ & 7H 3
2] et o] SRS A4Ee] §F thE Griess reagents 718}
o] 1587k H4] ¥ 540 nmelld FHEE At

SAIX2|

A8 ZHik= meantSDOE EAISIIt). Controlgtd} Al 3k
Atole] 21432 Student's ¢ testS 2§35} p*<0.05, p**<
0.05%! A5 Aol iz Ao WA
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L1210 MZ0| C{#} monoterpenes®| MEZN &1}

L1210 M Xof diste] 10%52 monoterpenes 4 7}3}od
L1210 AIE < ®iglell vl §gks sl Hort. Monoter-
penesZ 0.1 pg/mis} 1pug/mio) F 7HA F52 1% 10° cells/m/
2] L1210 Mol 715101 24 hret 48 hr vjekrZ) A3 ofite)
monoterpenes®l] 2|3 BloF 24417H)2) ABEgo] oF 88%~56%
S Jehfo] AESAJ0] oF 129~45%0] o|2F AL U H
QA3 71 B 480 1pgmiel F5olA ok 37%~73%
2 HE #A55 en £3] geraniol, linalool, limonenes 2 2
73%, 68%, 63%2) <3t AZEA 7S VeI o)t
AE = AT Vet AE=A Z31= monoterpenes 3+g
Eof ojekst 3 awr) S 5 e 7hedE ARt B
4 At

MacrophagesOll CHE} monoterpenes®] MZZA| §i

o]4d2] A8l monoterpenesT7t L1210 #|EF2 ol ths)
et AAAE-S VERSIE, Al Jolld ME AA o
&5 = macrophagedl] tiaixE ojwdt 28-S Ehll=A] A

Azl S1Al9] Bede] MIE Al % macrophage, NK cell
£ H|E3F T cell, cytokine S 08 A% o] Q=Y 2 e
Z1 vle} Zo] macrophage®) T2 &d b (reactive oxygen
species, ROS)®} 243 2 Ax(reactive nitrogen species, RNS)S
7182 ARsle] Alat, viojel 2z, Mol sl F A8k, T cell

Table I - Inhibitory effect of monoterpenes on the proliferation of
L1210 cells

L1210 cells

Monoterpenes 24 hr 48 hr
0.1pugm! 10pgm/  0lpgml 1.0pugml
Viability (% of control)
None 100.0 100.0 100.0 100.0
Geraniol 93.5x4.9 56.4x£5.7%* 784+7.6% 265+2.3**
Linalool 102.7+3.9 59.6+83* 78.6x8.9* 31.9+3.2**
Citronelloi 96.7+£3.1 785x3.6** 83.5+x4.6* 46.8+8.9*
Limonen 89.4+56 654+53** 88.1+52*% 36.9+2.6%*
Carvon 108.6+6.7 74.6+25** 953+6.4* 53.6+6.9%
Terpinol 98.2+95 73.2+8.7 79.6+4.5** 49.6+8.3*
Cubenol 89.0+58 57.3+8.5*% 83.5+6.8* 63.1+1.8**
Mpyrcene 95.3+4.7 88.2+6.4 74.3%5.5% 52,1+25%*
Ledene 104.5x6.7 78287 83.7£9.7 62.4+2.3*%*
Cubenol 101.5+54 824+59 74.6+4.3* 55.8+6.1%

L1210 cells (1x10°cells/m!) were incubated in the presence or
absence of monoterepene (0.1 ug/m/ and 1.0 ug/mi). At the end
of the incubation, the viability was measured by MTT method as
described in Material and Method. Data are mean=SD of five
experiments. Asterics denote a significant difference compared
with the control group (*p<0.05, **p<0.01).

Table II - Stimulating effect of monoterpenes on the cell pro-
liferation of macrophages from ICR mouse

Macrophages
Monoterpenes 24 hr 48 hr
0lpgm/ 1O0pg/m/ O0lpgml  1.0pg/ml
Viability (% of control)

Control 100.0 100.0 100.0 100.0
Geraniol 119.5+4.9 124.8+57* 128.4+7.6* 138.7+5.3**
Linaloo} 109.7£39 121.6+83 125689 1359+6.2%*
Citronellol 113.7%+5.1 1185+74 1185+5.9* 130.6+7.8*
Limonen 118.9+7.2 120.6+4.5* 1104283 1285%9.2
Carvon 108.6+6.7 112.6+6.5 109.5+7.5 125.6*8.6
Terpinol 1082+9.4 1056+75 111.7+6.8 125.9+5.6*
Cubenol 117.9+53 116285 119584 121.9%+8.6
Myrcene 107.9+9.5 1204+94 1125+0.5*% 123.3=4.9**
Ledene 104.5+6.5 118.9+8.7 114.7+8.3 122.4*7.3*
Cubenol 106.5+8.4 117.9+79 111989 122.2+69*

Macrophages (1x100°cells/ml) were incubated in the presence
or absence of monoterepene (0.1 ug/m/ and 1.0 ug/ml). At the
end of the incubation, the viability was measured by MTT
method as described in Material and Method. Data are mean=*
SD of five experiments. Asterics denote a significant difference
compared with the control group (*p<0.05, *¥p<0.01).

2493} 4l B cell 43lE Ao Fojghs ATz A
AANA FAHol 1 A 91:‘ kg sh= Alxol.3Y
ICR 3% 2% &] #2]3 macrophages®l] monoterpenesg 3
7¥atod wiekst e controlgkell thall ARlet MEAYEES Table
el Arjsisct, Aol 2318 monoterpenes2 713+ Alg1t2]
macrophages == 81F 2477+ Al 1.0 ug/mi®] =0 control
kol Bl 105%~125%°1 0|2 /Mg Blom 4847t Hl
& Aol 120%~139%2] 43¢ N¥EFA s JeRigict
3] geraniol# linalool®} -~ oF 140% A=2) 7F¢ =& 4
*ﬂﬁ F7HeS UEUgich mEkA BlE vitro @340]74]“}
2 monoterpenes®] ¢hAlEo] tiaiAE AESAS VER T,
Aol st 23]s 8934 5 9&% 7Fsgo)
ol F5 in vivo FRAWFo] TRIER HQg 7 A

! && i _llm

0(

Geraniol®] L1210 M2} macrophage MZo] MZER0|| cist
g

olare] A2 RE| geraniol¥} linaloolo] A Fef tisk Ml
E4 73} ¥ 9 ohe} macrophage FA AT 7P Egkow
T o]FoA geraniols AEsto] HY APE AlBS AAE
Table I AAISIATE. Table Ie] el 25k geraniole- 48
AIRE jelslE w) L1210 Aol disiAs tiF-E-2] w50l A
FEAE VeRRli=d) control dkoll Blal #Hi ok 89%7hx] <)
AxEEA 5395, 72137 macrophagesoll TiaiA{+= control kol

vl oF 140%7H412 &2 AIE 5 S7EHRE WERSIT) of

ZA7E geraniok® YMESY T4 AAIBIHEAME macrophages
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Table III - Effect of geraniol on the proliferation of L1210 cells and

Table IV - Effect of geraniol on the survival of ICR mouse with

macrophages induced abdominal cancer
Geraniol L1210 cells Macrophages Geraniol (ug/10 ) Survived animals (number) % of Control
(ug/mi) 24 hr 48 hr 24 hr 48 hr 0.0 1.78+0.42 100.0
Viability (% of control) (())é ;?;ig(l)g** }(2)351)

0.0 100.0£2.9 100.0+3.5 100.0£1.7 100.0%3.2 1'0 2'3810.09** 133'7

0.1  948+34  786x48* 110357 1116274 50 59750.11% 1275

02  883%25  749%46* 107.0+28 1259473 10.0 1874056 1051

0.5 75.4+6.8% 593+65%* 1183165 137.6+7.5* —— -

10 643+72%  315+18% 1235+74 131.6+8.5** Each data represents the mean*SD of four individual experi-

20 63.8454%*% 286+34% 126.9+56% 1397427+ ments (n=>5). Asterics denote a significant difference compared

50  557+49% 213+49** 1285+72* 1373+3gex  With the control group (*p<0.05, **p<0.0).

10.0 51.6+3.8** 152+18* 126.4+56* 132.6%7.7*

11210 cells (1x10%cells/m!) or macrophages (1x10°cells/ml)
were incubated for 24 hr or 48 hr in the presence or absence of
geraniol. At the end of the incubation, the viability was
measured by MTT method as described in Material and Method.
Data are mean=SD of five experiments. Asterics denote a
significant difference compared with the control group (*p<0.05,
**p<0.01).

L FAAIE T ) @98 Yehie Zol Fataiziv,

Geraniol0| L1210 MZ2} macrophages2| O; % NO A0]l
0|kl 28

opde] Fat2RE| geraniok> LI210 A1¥2} macrophage®] Al
X o] thste] Ritl a3E JEpieER 7 71&E 1E3t
A} el gotel) TR0 7 BAIEE Bdaka 2 gLt
AAE HES Fysisinh R ® ulof] et cisplatin,
doxorubucin, anthracycline, arsenic trioxide, bleomycin, daunoru
bicine 52 FUA7E YER{E SAE APAAL-L olF 3A9HA
7} SAIE el 05, Hy0, - OH <] #44k4rt NO, ONOO
e GALE FU3laL Qolo) #3)gh o5 E40] apoptosis
Z oplahs Aoz AR Yok 7322 geraniolo] <
3 YERdt L1210 AIE 5= 734 /49 macrophage®] A = 5
Al el 84 Ataut ERATL 7Y s darat NOst O,
£ A 2AE Adesie] FZsIh Table IVell A vlof]
318 geraniolg 0.1 ug/m/~5.0 ug/m!Z macrophages®} L1210
Al 7Fstod AJE NOSE 0, o]2S %3 A3 L1210 A
¥ 79 NO 2 HiL °F 121% == controlgtel] H[3l] A
o] HakA] 92 HbAE O, o] control kol thall 452%71412)
52 Z71E Byt £ geraniolol]l 93t L1210 ME2) AEEA]
o= 0, ol Adeo] Uds] =& T/ VERISIth

$HA geraniold& macrophagesell F71sP8 L1210 ME2h= 34
g e] ffo] HEbtth & geraniolol 213t macrophage 52
F¥of= NO AAdeko] control 442} ok 286%714 wis- A &
7Fek jid, 033+ control k9] oF 128% ol ESISit)
1 #8445kl 0,9 NOt macrophaged] F2 ZH4-<l
Alet, vloleiiut AR Elx] o) SAEAEA, AAZE NO

LR

Vol. 48. No. 6. 2004

7} 0; o)1 ¥F-§-3te] {538 peroxynitriteE ¥ /J 3t ©|
peroxynitrite”} A7, Hlole]l A T A X 2] apoptosistt
necrosis® Uo7 AFEA7)E 707 AR Stk o] 3o
A Fa% A2 NOgt 0,9 w5H]olH, NO2| 5% H4A] 43
3] olok stk AMIE HuET g}, 7k NO9 527t 5
& uoE NO= AlFAPE Bok= 03]# redox signal® 28
3}0] neurotransmission, vasorelaxation, smooth muscle relt
axation, innateimmune response Y}°}7} endothelial cell®]
migration¥} proliferation?” %} 7o) Q3 B2)akg-2 vehd
= 7oz 4giA gt ulebA Table IVelA]2] geraniol 71
olg] fE NO 55T ol AEsAd ikl F41& o713
& JT9 W2 FE X macrophage®] TAE Yo7l How
f5act

o33} 7o) geraniol F7l] €Jgk L1210 4|32} macrophage
2] M 4= H3te 7hAe} Ve dide]Rla, olef it B
= NO%} 0;% 27} thZrh= 2L geraniolo] ©)5 Aol o
3t Z}zb ARl 7|3 Fate] AHgshe ZoE % Ak
U A7} o] FolAol & Ao F AR H

Geraniol0l] 2|8+ €2} ICR MF|e] MEG 8|

Sarcoma 18022 wota7) ICR AF ol geraniold FERZ
AT Folsle] 21940l Aol nleldE Alo] Akt JEE
3= Table IVell ¥ vle} 7}, ICR A3 oll Sarcoma 180
AEE HEste] 24417k0] Ak FHE geraniold 0.1 pg/mi~
10 pg/miz. o S ARFo] FA 21UA ] obA Ao}
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Table V - Effect of geraniol on the generation of NO and O, in
L1210 cells and macrophages

NO (umoles/10® cells)

0; (umoles/10® cells)

Geraniol

(ng/m)) 11210 Macrophages L1210  Macrophages
0.0 0.92+0.05 1.14+0.03 1.07+0.05 1.38+0.06
0.1 1.03+0.08 1.18+0.06 1.18+0.07 1.56+0.04
0.2 0.88+0.08 2.17£0.06%* 2.15+£0.09** 1.37+0.05
0.5 1.12+0.04 3.04+0.05** 3.27x0.11** 1.42x0.08
1.0 1.07x0.07 3.75x0.13** 3.68+0.08** 1.36+0.07
2.0 1.03+0.06 3.55+0.06** 4.68x0.07** 1.44x0.08
5.0 0.95+0.13 2.06x0.17** 4.31+0.13** 1.76x0.17*

At the end of the incubation of L1210 cells or macrophages in
the presence or absense of gernaiol, NO and O; were assayed as
described in Material and Method. Data are mean+SD of four
experiments. Asterics denote a significant difference compared
with the control group (*p<0.05, **p<0.01).
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Fig. 1 -Effect of geraniol on the activities of iNOS and SOD
activities of L1210 cells. At the end of the incubation of
L1210 cells in the presence or absence of gernaiol, the
determination of iNOS and SOD activities were carried out
as described in Material and Method. Data are mean +SD
of four experiments. Asterics denote a significant
difference compared with the control group (*p<0.05,
**p<0.01).
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Fig. 2 —Effect of geraniol on the changes of iNOS and SOD
activities of macrophages. At the end of the incubation of
macrophages in the presence or absence of geraniol, the
determination of INOS and SOD activities were carried out
as described in Material and Method. Data are mean =SD

of five experiments. Asterics denote a significant difference
compared with the control group (*p<0.05, **p<0.01).

12} apoptosis FFEEIN L3} 3 1AS|EH geraniolo]

Bl AEEAE ot dakaE fiste] ojRojAl= |

= GAE RUNAAE Fafetne dEE f3e 0.5 A7
&taLAk SOD AAE ¢ o] oid 7h AFRE )

Geraniol 0| 28t macrophages2| inducible nitric oxide
synthase(iNOS), superoxide dismutase(SOD) ¥4 H8}

Geraniol2- macrophagesl| H7tsha MIT57F $7180, 19
4831 NO Ad=o] A F7ksialoms #A|a4ql iNOS
447} SOD &495 =3¢t Aur} Fig 20 AAES Qo 2
Pl w2 INOS 252 control #k2] 283%71X12) whg =2 &
/38 vERA WA SOD &4 tii--e] ZellA] control kel
HlE] 115%2} 135% A2 A el Adskrh ol8A geraniol
o] 98 INOS &/do] Folslthe 22 NO A g% et
= A& A Table VO] Aztels & UX)gich 28] o)
NO %7H= macrophage AIX <= F71o) W& @R 2o 1)
FolRo} o] NO 5t HEEAE oP|8HE peroxynitrite 3
AR NZZAE FR8H= redox signal” V2 2-gsto] 7
A7} macrophage 520] dojili= Aoj ohd 7} ARE gl o,
ol B9 ulg) 7o) NO7} guanylate cyclase 878}
olw A7) c-GMP7} Q&Z Q) HHS ZHEh cell divisiono]
FAEE Mo R /ROl 21 A3} macrophage F4o} o]
W& 7hsAol AKEEIGICH o] BE AE FEeE e

A 59 F7HARL geranioks: HehE HFTEY AL A

J. Pharm. Soc. Kovea



Geraniol ©] L1210 M3} ICR A5 iAAES] 54 | Superoxide Dismutase(SOD) 2+ Inducible Nitric Oxide Synthase(GNOS) ...... 315

3] AABIR oM, ¥IE in vitro o)A SATE AH o)
o, UFE $HH © 2= macrophages® ZAAI71 0 2A) SH X E
o)) 015 ARE YT FE AU PLEARAY 7FsA0) A
AtEIlom SRS i vivo AT O o] S FA1T Hevt Q)
= Aoz AgEH o

AL AL

o] =R 2004 NS A7) Sate} SaFIglo
] o]o] g}

1) Astrow, A. B. : Rethinking cancer. Lancet 343, 494 (1994).

2) Bailer, J. C. and Gormick, H. L. : Cancer undefeated. N. Eng.
J. Med. 336, 1569 (1997).

3) Hakim, E T,, Flomerfelt, E A., Boyiadzis, M. and Grees, R. E. :
Aging, immunity and cancer. Curr Opin. Immun. 16, 151
(2004).

4) Jakobisiak, M., Lasek, W. and Golob, J. : Natural mechanisms
protecting against cancer. Immunol. Letters 90, 103 (2003).

5) Terabe, M. and Berzofsky, J. A. : Immunoregulatory T cells in
tumor immunity. Curx. Opin. Immunol. 16, 157 (2004).

6) Lerdau, M., Guenther, A. and Monson, R. : Plant production
and emission of volatile organic compounds. Bioscience 47, 373
(1997).

7) White, C. S. : Monoterpenes: their effects on ecosystem
nutrient cycling. J. Chem. Ecol. 20, 1381 (1994).

8) Choi, H. S., Song, H. S., Ukeda, H. W. and Sawamura, M. :
Radical scavenging activities of citrus essential oils and their
components: detection using 1,1-diphenyl-2-picrylhydralyl. J.
Agric. Food Chem. 48, 4156 (2000).

9) Pauli, A. : Antimicrobial properties of essential oil constituents.
Int. J. Aromather. 11, 126 (2001).

10) Umezu, T, o, H., Naghano, K., Yamakoshi, M., Oouchi, H.,
Sakaniwa., M. and Morita, M. : Anticonflict effects of rose oil
and identification of its active constituents. Life Sci. 72, 91
(2002).

11) Barrata, M. T, Doman, H. ], Deans, S. G. and Figueriredo,
A. S. : Antimicrobial and antioxidant properties of some
commercial essential oils. Flav. Fragr J. 13, 235 (1998).

12) Clark, S. S., Perman, S. M., Sahim, M. B., Jenkins, G, J. and
Elegbede, J. A. : Antileukemia activity of perillyl alcohol :
uncoupling apoptosis from GO/G1 arrest suggests that the
primary effect of POH on Bcr/Abl-transformed cells is to
induce growth arrest. Leukemia 16, 213 (2002).

13) Clayton, J. : d-Limonene, an anticarcinogenic terpene. Nutr
Rev. 46, 363 (1988).

Vol. 48. No. 6. 2004

14) Pelicanp, H., Carney, D. and Huang, P. : ROS stress in cancer
cells and therapeutic implications. Drug Resis. Updates 7, 97
(2004).

15) Higuchi, Y. : Chromosomal DNA fragmentation in apoptosis
and necrosis induced by oxidative stress. Biochem. Pharmacol.
66, 1527 (2003).

16) Steel, V. E.
chemoprevention of cancer. J. Biochem. Mol. Biol. 36, 78
(2003).

17) Miller J. W. H. : Molecular targets of arsenic trioxide in
malignant cells. Oncologist 7, 14 (2002).

18) Miyajima, A., Nakashima, ]., Yoshioka, K., Tachibana, M.,
Tazaki, H. and Murai, M. : Role of reactive oxygen species in

: Current mechanistic approaches to the

the dichlorodiammine induced cytotoxicity on bladder cancer
cells. Bx J. Cancer 76, 206 (1997).

19) Serrano. J., Palmeria, C. M., Kuehl, D. W, and Wallace, K. B. :
Cardioselctive and cumulative oxidation of mitochondrial DNA
following subchromic doxoruicin administration. Biochim.
Biophy. Acta 1411, 201 (1999).

20) Cho, Y. S, Kim, S. J. and Park, S. W. : Anticancer activities of
monoterepenes and the changes of enzymes responsile for the
conversion of reactive oxygen species. Yakhak Hoeji 47, 37
(2003).

21) Kim, S. J., Cho, Y. S. and Park, S. W. : Cytoxicity of methanol
extracts of dible herbs against L1210 cells with changes of
antioxidant enzymes. Kox J. Pharmacog. 33, 36 (2002).

22) Chung, H. S, Shin, C. H., Lee, E. J., Hong, S., H. and Kim, H.
M. : Production of nitrixc oxide and tumor necrosis factor by
Smilacis rhizoma in mouse peritoneal macrophages. Compar
Biochem. Physiol. part C : Toxicology and Pharmacology 135,
197 (2003).

23) Mosmann, T. : Rapid colometric assay for cellular growth and
survival: Application to proliferation and cytotoxicity assays. J.
Immunol. Methods 65, 55 (1983).

24) Juliet, P A. R, Hayashi, T, Iguchi, A. and Ignarro, L. J. :
Concomitant production of nitric oxdie and superoxide in
human macrophages. Biochem. Biphy. Res. Commun. 310, 367
(2004).

25) McCord, ]J. and Fridovich, L. : Superoxide dismutase. An
enzymatic function for erythrocuprein (heterocuprein). J. Biol,
Chem. 244, 6049 (1969).

26) Brooks, P S. Mitochondrial nitric oxide synthase.
Mitochondrion 3, 187 (2004).

27) Bogdan, C. : Nitric oxide and the immune response. Nature
Immuno. 2, 907 (2001).

28) Thomas, D. D., Liu, X,, Kantrow; S. P and Lancaster, J. J. : The
biological lilfetime of nitric oxide : implications for the

perivascular dynamics of NO and O,. Proc. Natl. Acad. Science

USA 98, 355 (2001).



316 A

Rlsai

29) Schmidt, H. H. W. H. and Walter, U. : NO at work. Cell 78, 919
(1994).

30) Moncada. S., Palmer, R. M. J. and Higgs, E. A. : Nitric oxide :
physiology, pathophysiology and pharmacology. Pharmacol.
Review 43, 109 (1991).

31) Maulik, N. and Das. D. K. : Redox signaling in vascular
angiogenesis. Free Radical Bio.l Med. 33, 1042 (2004).

32) Zich, M., Morbidelli, L., Masini, E. S., Americni, H. J., Granger,
C. A, Geppetti, P and Ledda, E : Nitric oxide mediates
angiogenesis # vivo and endothelial cell growth and migration
vitro promoted by substance B J. Clin. Invest. 94, 2036 (1994).

33) Duncan, R. E., Lau, D., EI-Sohemy, A. and Archer, M. C. :
Geraniol and f-ionone inhibit progression, and cyclin-

34

~

35)

dependent kinase 2 activity in MCF-7 breat cancer cells
independent of effects on HMG-CoA reductase activity.
Biochem. Pharmacol. 68, 1739 (2004).

Carnesecchi, S., Bra-Goncalves, R., Bradaia, A., Zeisel, M.,
Gosse, E, Poupon, M. and Raul, E : Geraniol, a component of
plant essential oils, modulates DNA synthesis and potentiates
5-fluorouracil efficacy on human colon tumor xenografts.
Cancer Letters 215, 53 (2004).

Izumi, S., Takashima, O. and Hirata, T. : Geraniol is a potent
inducer of apoptosis-like cell death in the culcured shoot
primordia of Matricara chamommilla. Biochem. Biphys. Res.
Commun. 259, 519 (1999).

J. Pharm. Soc. Korea



