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The radioprotective effects of carnosic acid (CA), carnosol (COL), and rosmarinic acid (RO) against
chromosomal damage induced by γ-rays, compared with those of L-ascorbic acid (AA) and the
S-containing compound dimethyl sulfoxide (DMSO), were determined by use of the micronucleus
test for antimutagenic activity, evaluating the reduction in the frequency of micronuclei (MN) in
cytokinesis-blocked cells of human lymphocytes before and after γ-ray irradiation. With treatment
before γ-irradiation, the most effective compounds were, in order, CA > RO g COL > AA > DMSO.
The radioprotective effects (antimutagenic) with treatment after γ-irradiation were lower, and the most
effective compounds were CA and COL. RO and AA presented small radioprotective activity, and
the sulfur-containing compound DMSO lacked γ-ray radioprotection capacity. Therefore, CA and COL
are the only compounds that showed a significant antimutagenic activity both before and after
γ-irradiation treatments. These results are closely related to those reported by other authors on the
antioxidant activity of the same compounds, and the degree of effectiveness depends on their structure.
Furthermore, the results for treatments before and after γ-ray irradiation suggest the existence of
different radioprotective mechanisms in each case.
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INTRODUCTION

It is widely accepted that fruits and vegetables have many
healthful properties. It is generally assumed that the active
dietary constituents contributing to these protective effects are
the antioxidant nutrients (1). A large number of polyphenolic
compounds with antioxidant activity have been identified in the
Labiatae plantRosmarinus officinalis, including phenolic diter-
penes such as carnosic acid, carnosol, rosmanol, epirosmanol,
7-methylepirosmanol, and methyl carnosate (2-9). In addition,
several flavonoids, such as genkwanin, hispidulin 7-O-glucoside,
cirsimaritin, luteolin, and isoscutellarein 7-O-glucoside, are
found in Labiatae plants (8, 10); the phenolic compounds
rosmarinic and caffeic acids are also present (5, 12, 13).

The antioxidant activity of rosemary extracts depends on their
phenolic composition and has been determined by various
methods in different lipid and aqueous systems. In lipid systems,
the extracts with a high content of carnosic acid and carnosol
are more effective (2-4, 14, 15), whereas in aqueous systems,
rosmarinic acid shows the highest antioxidant activity (5, 13,
15).

Recent papers have shown specifically the antioxidant
properties of the main polyphenols present inR. officinalis in
different cell lines. Carnosic acid enhances the anticancer activity
of vitamin D3 and its analogues (16, 17), inhibits proliferation
of HL-60 and U937 human myeloid leukemia cells (18),
promotes the synthesis of nerve growth factor in T98G human
gioblastoma cells (19), and inhibits endothelial cell functions
as a novel potential cancer chemoprotective agent (20). On the
other hand, rosmarinic acid suppressed synovitis in a murine
collagen-induced inflammatory arthritis model (21).

It is known that ionizing radiations such X- andγ-rays
generate reactive oxygen species (ROS) in organisms and induce
cellular DNA damage, which leads to mutations and chromo-
somal aberrations (22-24). Recently, the scavenging ability of
certain plant extracts containing several polyphenols, flavones,
catechins, and procyanidins against ROS and their inhibitory
effects against X- andγ-ray-induced cell transformation were
reported, both in vivo and in vitro (22, 24-28).

The micronucleus assay, originally developed in vivo by
Schmidt (29), provides a simple and rapid method for detecting
chromosomal damage (30-33). At present, the micronucleus
assay in human lymphocytes irradiated and treated with cy-
tokinesis-block, as described by Fenech and Morley, is the most
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