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Prooxidant action of Rosmarinic acid: Role of Transition Metals in the
formation of Reactive Oxygen Species
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Rosmarinic acid is found as a secondary metabolite in medicinal plants such as rosemary and salvia, which is
widely used as a culinary herb, especially in Mediterranean dishes, and is also used as a fragrant additive in soaps
and other cosmetics. Prooxidant action of rosmarinic acid and its constituent caffeic acid was analyzed in relation to
the role of transition metal. Rosmarinic acid and caffeic acid stimulated the copper-dependent oxidation of low densi-
ty lipoprotein (LDL) by reducing lag phase and increasing propagation rate. Autooxidation of ferrous ion was com-
pletely inhibited, and further cupric ion was effectively reduced to cuprous ion by these compounds. Treatment of
DNA from plasmid pBR322 and calf thymus with rosmarinic acid and caffeic acid plus copper caused strand scission
and the formation of 8hydroxy-2’-deoxyguanosine in DNA. Rosmarinic acid and caffeic acid-mediated oxidation of
LDL and the formation of DNA base adduct with strand scission can be explained by the reduction of transition
metals causing the generation of reactive oxygen species through the interaction with oxygen molecule. DNA base
adduct was also accounted for by the production of hydroxyl radical from hydrogen peroxide from dismutation of
superoxide radical. Anti-microbial and apoptosis-inducing effects of rosmarinic acid may be ascribed to the metal-

dependent generation of reactive oxygen species.
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Fig. 1 Effect of rosmarinic acid and related polyphenolic compounds on the activity of aconitase
in baker’s yeast. Yeast cells were permeabilized by incubation with toluene at 43C
before experiment. Permeabilized yeast of 10mg/ml was mixed with 0.5mM NaNs,
polyphenols at the indicated concentrations and 50 u M of FeSO4 in 40mM Tris-HCl(pH7.1).
After incubation at 37C for 10min, cells were collected by centrifugation at 800 X g for
5min and suspended with 50mM Tris-HCl(pH7.1) containing 0.5M sorbitol at the concen-
tration of 200mg/ml. Aconitase activity was determined by increase in absorbance at
340nm in the presence of 5mM citrate, 0.25mM NADP, 4mM MgCl, 10unit/ml of NADP-
ICDH and 1mg/ml of yeast. Abbreviations: RM, rosmarinic acid; caff, caffeic acid; PC, pro-
tocatechuic acid; asc, ascorbic acid; TEMP, ImM TEMPOL. a, p<0.001 vs Fe; b, p<0.01
vs Fe; e, p<0.05 vs 0.2mM RM
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B Fig. 2 Effect of Cu ion and polyphenols on DNA frag-
mentation and formation of 8OHdG. (A)
Fragmentation of plasmid DNA. pBR322(0.5 u g)
was incubated for 1 hour at 37C in the pres-
ence of additives and applied on agarose gel for
electrophoresis. (B) Effect of polyphenols on the
copper-dependent formation of 8OHAG. Calf
thymus DNA was treated with rosmarinic acid
and caffeic acid for 1hr and 8-OHdG was deter-
0 : ! mined by HPLC-ECD method as described pre-
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Fig. 3 Effect of rosmarinic acid and its related compounds on the reduction of transition metals. A.
Reduction of Cu®". CuSO4 of 0.0lmM was incubated with 0.5mM neocuproine and additives at
the indicated concentrations in 10mM Tris-HCl (pH7.1) at 37 C. The concentration of Cu” was
determined by measuring of absorbance at 450nm by micro plate reader. 4, rosmarinic acid; O,
ascorbic acid; A, protocatechuic acid; [ ], caffeic acid. B. Effect of polyphenols on the autooxida-
tion of Fe*" in the presence of isocitrate. FeSOy4 of 0.1mM was incubated with additives in 10mM
Tris-HCl(pH7.1) at 37°C. Aliquot of 0.2ml was mixed with 0.1ml of 0.5mM bathophenanthroline-
disulfonate and the absorbance at 540nm was recorded by micro plate reaer at the indicated
time. <, no addition; 49, 0.1mM isocitrate; B, isocitrate + 0.1mM rosmarinic acid; O, isocitrate +
0.1mM protocatechuic acid; 4, isocitrate + 0.1mM caffeic acd
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Fig. 4 Effect of polyphenols on the copper dependent oxidation of human low density
lipoprotein(LDL). LDL of 30 # g/ml was incubated at 37 C with additives in 10mM
potassium phosphtate buffer(pH7.4) containing 0.15M NaCl Oxidative reaction
was started by the addition of 2uM CuSOy4. Curve 1, control; Curve 2, 1uM of
rosmarinic acid added; Curve 3, 25uM of caffeic acid added; Curve 4, 25uM of
protocatethuic acid added
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