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Introduction

There isan equilibrium between a free radical (FR)/
reactive oxygen species (ROS) formation and endogenous
antioxidant defense mechanisms, but if this balance is
disturbed, it can produce oxidative stress. This state of
oxidative stress can result in injury to all the important cellular
components like proteins, DNA and membrane lipids which
can cause cell death. In recent years, increasing
experimental and clinical data has provided compelling
evidences for the involvement of oxidative stress in large
number of pathological states including carcinogenesis (1,2).
Oxidative stress however, is not always detrimental.
Selective oxidative stress sometimes is desirable and can
be utilized therapeutically also. There are numerous drugs
which are known to act by the mechanism of oxidative
stress and can be utilized therapeutically like chloroquin,
quinine, mefloquine, primaquin, artemisinin (3) and
ciprofloxacin (4) etc. Recently, new therapeutic strategies
that take advantage of increased reactive oxygen species
or inhibition of endogenous antioxidant defense, hence
producing a state of oxidative stress selectively in cancer
cells have gained importance.

Potential anticancer agents acting by the mechanism
of oxidative stress.

Alkylating agents and radioactive isotopes are well
known to Kill cancer cells by the mechanism of oxidative
stress (3). Hileman et al proposed a hypothesis that
inhibition of superoxide dismutase (SOD) may provide a
novel way to kill cancer cells. Since, SOD is critical enzyme
responsible for the elimination of superoxide radicals and is
considered to be a key antioxidant in aerobic cells,therefore,
deficiency in SOD or inhibition of the enzyme activity may
cause severe accumulation of superoxide free radicals in
the cells and can result irreversible cellular injury and
ultimately result in cancer cell death (5). Studies suggest
that, by interfering with mitochondrial electron transport chain

and increasing the production of superoxide free radicals
in human leukemic cells are the novel mechanisms to
enhance apoptosis, induced by a clinically active antileukemic
agent, arsenic trioxide-AS,QO, (6). This agent has been also
suggested to induce apoptosis of esophageal cancer cells
(7). Arsenic trioxide with L-buthionine-sulfoxine could be
promising new drug against not only in the treatment of
leukemiabut also solid tumors. L-buthionine-sulfoxine, which
inhibits a critical step in glutathione synthesis effectively
enhance, in vitro, growth inhibitory effects of arsenic
trioxide on all the eleven investigated cancer cell lines
arising from prostate, breast, lung, colon, cervix, bladder
and kidney cancers etc (8).

Similarly, docosahexaenoic acid, a polyunsaturated
fatty acid enhances arsenic trioxide mediated apoptosis in
arsenic trioxide resistant HL—60 cancer cells and thereby, it
may sensitize this tumor cell effectively (9). 2-
methoxyestradial (2-ME), a new anticancer agent currently
in clinical trials, has been demonstrated to inhibit superoxide
dismutase and to induce apoptosis in leukemia cells through
a free radical mediated mechanism without exhibiting
significant cytotoxicity in normal lymphocytes (10). Further,
more it was also suggested that intrinsic oxidative stress in
the cancer cell is a biochemical basis for therapeutic
selectivity shown by 2-methoxyestradial (11). Catalase
enzyme, which is very important to catabolize hydrogen
peroxide is inhibited by ceramide and thereby it increases
oxidative stress and induces HL—-60 cancer cell apoptosis
(12). N—(4-Hydroxyphenyl) retinamide (4-HPR) induces
lymphoblastic leukemia cell death by generation of reactive
oxygen species (13) and altholactone, a novel styryl-lactone
induces apoptosis via oxidative stress in human HL-60
leukemia cells (14).

Neural crest tumors of childhood are particularly
resistant to apoptosis induced by chemotheraupetic
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agents. Recently, Schor et al have designed and tested,
preclinical model system approach to this problem. This
approach includes adjunctive use of oxygen radical-
generating neurotransmitter analog (6-hydroxydopamine)
taken up by these neural crest tumor cells with
scavenging agent [tempol (4-hydroxy-2, 2, 6, 6—
tetramethyl pepridine—N—oxyl) which is selective for
normal neural crest and the use of reduction dependant
prodrug of apoptosis—inducing agent (neocarzinostatin).
This strategy can induce apoptosis even in resistant
neoplasms (15).

Even diethyldithiocarbamate (DDTC) induced
cytotoxicity via oxidative shiftin the intracellular redox
state accompany the activation of endonuclease through
apoptosis in leukemia cell lines (16). Another important
potential drug in this category is sodium selenite. It can
induce apoptosis of NB4 cells and would possibly have
promising role in treatment of malignancy. The main
mechanism of action might be related to oxidative stress
induced by sodium selenite thereby leading to induction
of apoptosis in NB4 cells (17). Sodium selenite induce
overt production of various reactive oxygen species by
producing disturbance in mitochondrial transmembrane
and decreasing intracellular glutathione, an endogenous
enzymatic defense (17,18). This agent along with all-
transretinoic acid in low doses can very effectively
produce apoptosis in NB4 cancer cells (19). All
transretonoic acid also induce apoptosis in acute
promyelocytic NB4 cell when combined with
isogquinolinediol, a poly (ADP-ribose) polymerase inhibitor
(20). Similarly, it is also being suggested that tributyrin a
potential anticancer drug can promote apoptosis of
promyelocytic leumkemia cells (21). The involvement of
oxidative stress in tumor necrosis factor (TNF-4) related
apoptosis in Hela cancer cells has also been suggested
recently (22).

Some ROS may react with DNA, and in few
cases may abstract an electron from the double helix,
leading to long range electron transfer (ET) reactions.
Thus, the DNA of living cells may be in a continuous
state of ET. Acridine-based anticancer drugs, which
bind to DNA by intercalation, might either donate
electrons to, or accept electrons from, the double helix,
thus actively participating in ET reactions. Particularly
two acridine-based drugs have been tested against human
cancer in the clinic. Amsacrine is a 9-anilinoacridine
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derivative that appears to act as an electron donor in ET
reactions on DNA, while N-[2-(dimethylamino)
ethyl]acridine-4-carboxamide (DACA) may act as an
electron acceptor. Such reactions may make important
contributions to the antitumor activity of these drugs (23).

Calcitriol, the hormonal form of vitamin D,
enhances the anticancer activity of the immune cytokine
tumor necrosis factor, interleukin 1 and interleukin 6 in
human breast and renal cell carcinoma cells without
affecting the cytotoxic action of interferon-alpha or killer
lymphocytes. It also enhances cytotoxicity induced by
the anticancer drug doxorubicin, by the redox cycling
quinone menadione, and by the reactive oxygen species
hydrogen peroxide. The synergistic interaction was
accompanied by increased oxidative stress, as manifested
by glutathione depletion and was abolished by exposure
to the thiol antioxidant N-acetylcysteine. The hormone
on its own brought about an increase in the cellular redox
state as reflected in the ratio between oxidized and
reduced glutathione and glyceraldehyde-3-phosphate
dehydrogenase, and a reduction in the expression of the
antioxidant enzyme Cu/Zn superoxide dismutase (24).

Iron chelators can deplete iron or cause oxidative
stress in the tumor due to redox perturbations in its
environment. They have been tested for their anti-tumor
activity in cell culture experiments, animal models and
human clinical trials. Examples of iron chelators that have
shown promising anti-tumor activity (in various stages
of development) include heterocyclic carboxaldehyde
thiosemicarbazones, analogs of pyridoxal isonicotinoyl
hydrazone, tachpyridine, O-trensox, desferrithiocin, and
other natural and synthetic chelators. Apart from their
use as single agents, chelators may also synergize with
other anti-cancer therapies (25).

Complex/dual role of oxidative stress in
carcinogenesis

Many recent studies have proved the role of
oxidative stress in carcinogenesis (26,27). The role of
vitamin antioxidants in reducing the risk of various
cancers by suppressing the state of oxidative stress have
been documented recently (28,29). The present review
suggests that oxidative stress is not always detrimental,
as it can be beneficial in cancers sometimes. Hence,
oxidative stress can act as a double way sword in
malignant states.
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Conclusion

Oxidative stress sometimes can be utilized

therapeutically. Potential anticancer drugs acting by this
mechanism may prove novel in future. However ,there
is a concern for selective production of oxidative stress
in cancer cells only, without exhibiting significant
cytotoxicity in the normal cells. Moreover, there is a
need of conducting larger, adequately powered clinical
trials to prove therapeutic efficacy and selectivity of
these potential anticancer agents acting by oxidative
stress mechanisms.

References

1.

2.

10.

11.

12.

Pillai CK, Pillai KS. Antioxidants in health. Ind J Physiol
Pharmacol 2002; 46: 1-5.

Hemnani T, Parihar MS. Reactive oxygen species and

oxidative DNA damage.Ind J Physiol Pharmacol 1998; 42:
440-52.

. Tracy JW, Webster LT. Drug used in chemotherapy of

protozoal infection: malaria. In: Hardman JG, Limbird LE,
Gilman AG, (editors). Goodman & Gilman’s The
Pharmacological Basis of Therapeutics. 10th ed. New York:
Mcgraw-Hill; 2001.pp.1069-79.

Becerra MC, Albesa I. Oxidative stress induced by

ciprofloxacin in staphylococcus aureus. Biochem Biophys
Res Commun 2002; 297: 1003-07.

. Hileman EA, Achanta G, Huang P. Superoxide dismutase: an

emerging target for cancer therapeutics. Expert Opin Ther
Targets 2001; 5: 697-710.

Pelicano H, Feng L, Zhou Y et al. Inhibition of mitochondrial
respiration: a novel strategy to enhance drug induce apoptosis
in human leukemia cells by a reactive oxygen species mediated
mechanism. J Biol Chem 2003; 278: 37832-9.

Shen ZY, Shen WY, Chen MH, Shen J, Zeng Y. Reactive
oxygen species and antioxidants in apoptosis of esophageal
cancer cells induced by As 203. Int J Mol Med 2003; 11:
479-84.

Maeda H, Hori S, Ohizumi H et al. Effective treatment of
advance solid tumor by the combination of arsenic trioxide
and L-buthionine-sulfoximine. Cell Death Differ 2004; 11:
737-46.

Sturlan S, Baumgartner M, Roth E, Bachlertner-Hofmann T.
Docosahexaenoic acid enhances aresenic trioxide—mediated
apoptosis in arsenic trioxide resistant HL—60 cells. Blood
2003; 101: 4990-97.

Zhou Y, Hileman EO, Plunkett W, Keating MJ, Huang P.
Free radical stress in chronic lymphocytic leukemia cells and
its role in cellular sensitivity to ROS generating anticancer
agents. Blood 2003;

Hileman EO, Liu J, Albitar M, Keateng MJ, Huang P. Intrinsic
oxidative stress in cancer cells: A biochemical basis for
therapeutic selectivity. Cancer Chemother Pharmacol 2004;
53: 209-19.

lwai K, Kondo T, Watanabe M, et al. Ceramide increases
oxidative damage due to inhibition of catalase by caspase-3
dependent proteolysis in HL-60 cell apoptosis. J Biol
Chem 2003; 278: 9813-22.

K SCIENCE

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Goto H, Takahashi H, Fujii H, Ikuta K,Yokota S. N- (4—
hydroxyphenyl) retinamide (4—HPR) induces leukemia cell
death via generation of reactive oxygen species. Int J Hematol
2003; 78: 219-25.

Inayat-Hussain SH, Osman AB, Din LB, Taniguchi N.
Altholactone, a novel styryl-lactone induces apoptosis via
oxidative stress in human HL-60 leukemia cells. Toxical Lett
2002; 131: 153-59.

Schor NF, Kegan VE, Liang Y et al. Exploiting oxidative stress
and signaling in chemotherapy of resistant neoplasms.
Biochemistry 2004; 69: 38-44.

Kanno S, Matsukawa E, Miura A et al. Diethyldithiocarbamate
induced cytotoxicity and apoptosis in leukemia cell lines.
Biol Pharm Bull 2003; 26: 964-68.

LiJ, Zuo L, Shen |, Xu CM, Zhang ZN. Induction of apoptosis
by sodium selenite in human acute promyelocytic leukemia
ND4 cells involvement of oxidative stress and mitochondria.
J Trace Elem Med Biol 2003; 17: 19-26.

Wang HT, Yang XL, Zhang ZH, Lu JL, Xu HB. Reactive
oxygen species from mitochondria mediate SW480 cells
apoptosis induced by Na2SeO3. Biol Trace Elem Res 2002;
85: 241-54.

SunY, Zuo L, Xu C et al. Apoptosis and differentiation
induced by sodium selenite combined with all-  transretinoic
acid in NB4 cells. Zhonghua Xue Ye Xue Za Zhi 2002; 23:
628-630.

Berry DM, Williams K. Mechling—Cill KA. All-transretinoic
acid induces apoptosis in acute promyelocytic NB4 cell when
combined with isoquinoline diol, a poly (ADP-ribose)
polymerase inhibitor. Leuk Res 2000; 24: 307-16.

QiuH, Wang W, CenJ etal. Study on the differentiation and
apoptosis of promyelocytic leukemia cells induced by
tributyrin . Zhonghua Xue Ye Xue Za Zhi 2000; 21: 77-80.

Lee MW, Park Sc, Kim JH et al. The involvement of oxidative
stress in tumor necrosis factor (TNF-a related apoptosis
inducing ligand (Tracil)-induced apoptosis in Hela cells.
Cancer Cell 2002; 182: 75-80.

Baguley BC, Wakelin LP, Jacintho JD, Kovacic P. Mechanisms
of action of DNA intercalating acridine-based drugs: how
important are contributions from electron transfer and
oxidative stress? Curr Med Chem 2003; 10: 2643-49.

Ravid A, Koren R.The role of reactive oxygen species in the
anticancer activity of vitamin D. Recent Results Cancer Res
2003; 164: 357-67.

Buss JL, Torti FM, Torti SV. The role of iron chelation in
cancer therapy. Curr Med Chem 2003; 10: 1021-34.

Wiseman H, Halliwel B.Damage to DNA by reactive oxygen
and nitrogen species :role in inflammatory disease and
progression to cancer. Biochem J 1996; 93: 113-20.

Monya K, Nakagawa K, Santa T. Oxidative stress in the
absence of inflammation in a mouse model for hepatitis C
virus-associated hepatocarcinogenesis. Cancer Resear 2001;
61: 4365-70.

Fleischauer AT, Olson SH, Mignone L. Dietary antioxidants
supplements and risk of epithelial ovarian cancer. Nutr Cancer
2002; 40: 92-98.

Schuurman AG, Goldbohm RA, Brants HA. A prospective
cohort study on intake of retinol, vitamins C & E and
carotenoids and prostate cancer risk (Netherlands). Cancer
Cause Control 2002; 13: 573-82.

\Vol. 7 No. 1, January-March 2005



