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Anticancer Activity of Monoterpenes and the Changes of Enzymes Activities Responsible
for the Conversion of Reactive Oxygen Species

Yongsun Cho, Soojin Kim and Siewon Park™
Departmet of Chemistry, College of Natural Science, Sangmyung University, Seoul 110-743

Abstract — The present study was undertaken to investigate the anticancer activity of monoterepenes in the animal and
the cancer cell line tests. Both of the noncyclic and cyclic monoterpenes showed significant life prolonging effects on ICR
mouse with abdominal cancer induced by Sarcoma 180 cells up to 67.4% and 63.5% in case of linalool and geraniol, respec-
tively. Linalool and geraniol also exhibited very excellent cytotoxicity against L1210 leukemic cells with ICs, value of 0.32
ug/ml in 5 days culture condition. In the presence of linalool and geraniol, the generation of O, ion were found to be
increased proportionally to the cytotoxicity arisen from these monoterpenes. Furthermore, the antioxidant enzymes activ-
ities such as superoxide dismutase (SOD) and glutathione peroxidase (GPx) responsible for the conversion of O, ion to
H,0, and then to H,0O augmented remarkably by linalool and geraniol. All data put together it can be postulated that monot-
erpenes may kill abdominal cancer cells of ICR mouse probably by activating anticancer system of the body, whereas the
death of L1210 cells may be due to the detrimental attacks of reactive oxygen species (ROS) including O, in spite of anti-
oxidant enzymes activities to overcome the ROS attacks.
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Table I - The life prolonging effect of monoterpenes administered pr-
ior to the injection of Sarcoma 180 cells on ICR mouse

Moneperpenes  Life span (days) Life prolonging effect (%)
Control 213 £ 47 100.0
Carvon 285 + 47 133.7
Citronellol 326 42 1524
Farnesol 36.1 £53 169.3
Geraniol 34.8 £ 3.9* 163.2
Limonen 29.6 £ 1.6% 138.8
Linalool 356 = 4.3* 167.1

Monoterepenes were administered orally for 4 weeks and then
Sarcoma 180 cells were injected peritoneally after interim pause
of 24hours. Life span was calculated by counting days of
survival after injection of Sarcoma 180 cells. Values represent
the mean £SD of five individual measurements. Significantly
different from the control *p<0.05 (Student ¢ test)

Table II-The life prolonging effect of monoterpenes daily admin-
istered on ICR mice with abdominal cancer induced by Sar
coma 180 cells

Moneperpenes  Life span (days)  Life prolonging effect(%)
Control 23.1 = 2.8 100.0
Carvon 258 * 6.4 111.6
Citronellol 314 £ 5.1 135.9
Farnesol 34.7 = 4.3* 150.2
Geraniol 32.8 = 3.5% 142.0
Limonen ©29.3 * 3.8 126.8
Linalool 359 = 4.2* 1554
Mitomycin 28.7 * 3.6 124.2

Sarcoma 180 cells were injected peritoneally to ICR mouse to
induce abdominal cancer and after 24 hours of interim pause
monoterpenes were administered orally once a day till the day of
death. Life span was calculated by counting the days of survival
after injection of Sarcoma 180 cells. Values represent the mean
+SD of five individual measurements. Significantly different
from the control. *p<0.05 (Student ¢ test)
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90 *%
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Cytotoxicity (%)
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Fig. 1-The cytotoxicities of monoterpenes (0.5 pug/ml) against
normal lymphocytes and L1210 cells. Values represent the
meant+SD of six individual measurements. (LI : Linalool,
GE : Geraniol, CI: Citronrllol, CA : Carvon, LM : Limonen,
FA : Farnesol, MI : Mitomycin, FL: 5-Fluorouracil)
Significantly different from the control *p<0.05, **p<0.01
(Student t test)
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Fig. 2 ~The cytotoxicities of monoterpenes (5.0 pg/mi) against
normal lymphocytes and L1210 cells. Values represent the
meantSD of six individual measurements. All values were
significantly different from the control **p<0.01 (Student ¢
rest) (LI : Linalool, GE : Geraniol, CI: Citronrllol, CA :
Carvon, LM : Limonen, FA : Farnesol, MI : Mitomycin, FL:
>-Fluorouracil)
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LI GE Cl CA LM FA MI
Monoterpenes
O Cytotoxicity (%) 1 day B Cytotoxicity (%) 3 days [Viability (%) 1 day E1Viability {%) 3 days

Fig. 3 — The effect of monoterpenes on the cytotoxicity and viability
of L 1210 cells according to the culture period. Values
represent Values represent the meantSD of six individual
measurements. Significantly different from the control.
*p<0.05, **<0.01. (Student ¢ test) (LI:linalool, GE:geraniol,
CLcitronellol, CA:carvon, LM:limonene, FA:farnesol, MI:
mitomycine)
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Table III — The effects of linalool and geraniol on the generation of
O, in L1210 cells according to the concentration and
culture period

0,” (nM/60 min/10° cells)

Geraniol

Concen-
tration

(ug/mb) 1 day 3 days 1 day

00 009005 024+ 003 011005 027 =006
01 013*008 018006 008007 030045
0.2 026 £004" 067 £005" 0.19 £ 011 054 = 0.08
05 034 £0.07" 132 +0.13" 027 +0.05 081 =013
1.0 030 =006 1.78 = 0.06" 0.19 £ 0.07 2.03 = 0.18"
50 045 *0.13 279 +0.17" 035 £ 0.13 244 = 017"
Values represent the mean £SD of five individual measurements.

Significantly different from the control. *p<0.05,**p<0.01(Student ¢
test)
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Fig. 4 —The effect of linalool on the SOD activity changes of
cytoplasm and mitochondria fractions of L1210 cells. Values
represent the mean+SD of five individual measurements. (C
: cytoplasm, M : mitochondria) Significantly different from
the control *p<0.05,*p<0.01 (Student ¢ test)
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Fig. i —The effect of geraniol on the SOD activity changes of
cytoplasm and mitochondria fractions of L1210 cells. Values
represent the meantSD of five individual measurements.
Significantly different from the control. *p<0.05,*p<0.01
(C : cytoplasm, M : mitochondria)
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Fig. s —The effect of linalool & genaniol on the Glutathione
peroxidase activity changes of L1210 cells. Values
represent the meantSD of five individual measurements.
Significantly different from the control. *p<0.05,
*p<0.01(Student ¢ test) (L : linalool, G : genaniol)
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