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ABSTRACT 
Medicinal herbs are important sources of natural antioxidants. Conditions favoring oxidative stress such a$ drought, 

temperature, pH or light stresses cause the formation of high oxidized diterpenes. Rosmarinic acid (RA) is one ofthe most 
commonly occurring diterpenes and it is widely spread in family Lamiaceae. Since the influence of pH on the l$tioxidant 
activity is seldom taken into account, the main objective of this study was to investigate the influence of four different pH 
levels on RA accumulation in callus culture of four lamiaceae members through three successive subculture~, also the 
effect of seasonal variation on RA accumulation in vivo and in vitro. It was found that the highest RA accumulation in leaf 
tissues and in callus culture occurred during the summer and the second subculture in all four species, also it was found 
that the pH has a significant influence on RA accumulation in callus culture of the four species, the best pH~ 6.8 in all 
species except in sage callus culture where the RA concentration increased significantly at pH 5.8. The highest ~pecies in 
RA concentration in field production was the sage followed by the rosemary, thyme and oregano and was (0.0~8, 0.045, 
0.035 and 0.026 mg RA/gm fw) respectively, while in vitro culture the highest RA accumulation occurred 4uring the 
second subculture in the summer at pH 6.8 in Rosemary, Thyme and Oregano (0.086, 0.073, 0.069 mg Rrvgm fw) 
respectively and the least accumulation occurred in sage in the second subculture during the summer at pH 5.8 (0.062 mg 
RA/gm fw). 
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INTRODUCTION 

Herbs and aromatic plants are important sources 
of natural antioxidants (Minnunni et a/., 1992). The 
diterpenes (rosmarinic acid and camosic acid) are 
very strong antioxidants produced in the chloroplast 
via a non-mevalonate isopentenyl diphosphate 
pathway, used to protect plant tissues against free 
radicals and lipid peroxidation caused by stress 
(McGarvey and Croteau, 1995). 

The most important diterpenes are camosic 
acid, camosol, 12-0-methylcamosic acid, 
rosmarinic acid, iosrosmanol and 11, 12-di-0-
methylisorosmanol. (Munne-Bosch et al., 1999). 

The conditions favoring the oxidative stress 
such as drought, temperature, pH or light stresses 
causes the formation of high oxidized diterpenes 
such as rosmarinic acid, isorosmanol and 11, 12-di-
0-methylisorosmanol, which are enhanced in the 
leaves through the Shikimate pathway. (Andarwulan 
and Shetty, 1999). 

Rosmarinic acid (RA) is one of the most 
commonly occurring caffeic acid esters in the plant 
kingdom, it is widely spread in family Lamiaceae. 
The molecular structure of RA is a.-0-caffeoyl-3,4-
dihydroxyphenyllactic acid, it has an antimicrobial, 
antiviral, anti-inflammatory effect and an efficient 
natural antioxidant, which makes it a very valuable 
product for the phannaceutical, cosmetic and food 
industries. (Munne-Bosch and Alegre, 2001). 

Chloroplasts, where RA is functioned itt, are the 
most organelles exposed to oxidative d~mage in 
plant cells since they function under hig~ oxygen 
and light tension. As a result of de-regqlation of 
photosynthetic activity due to stress, more lfree may 
cause disruption of membranes and the de~th of the 
cells if the plants are not protected by a.rj.tioxidant 
defenses. (Osmond et al., 1997 and Asada, • 999). 

Some studies have investigated the eff~ct of pH 
on the antioxidant properties of po(yphenols 
(Tyrakowska et al., 1999; Lemanska et ql., 2001) 
and have reported that the pH-dependent ~havior is 
related to hydroxyl de-protonation, a corisiderable 
increasing in antioxidant activity was obsetved with 
an increase in the pH level. 

The pH causes the formation of hycbloxyl OH 
group this reactive molecules are highly d~structive 
to lipids, nucleic acid, and protein, tJle plants 
scavenge and dispose of these reactive mol~cules by 
use of antioxidant defense system. (Bucharlan et al., 
2002). 

pH can affect ion uptake and affect existing 
ionic competitions. The competition among protons 
and other cations and other ani()ns is of fundamental 
importance for the mineral nutrition of plants. Many 
studies have shown that low pH le:vels are 
associated with inhibited cation uptake, • whereas 
anion uptake may not be influenced at alL (Pasqua 
et al., 2002). 
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