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ABSTRACT

This report describes the effect of triacontanol on shoot multiplication and production of antioxidant compo-
unds (carnosic acid, carnosol and rosmarinic acid) in S. officinalis cultures grown on MS basal medium (agar soli-
dified medium supplemented with 0.1 mg I'! TAA, 0.45 mg I'! BAP). It was found that shoot proliferation signifi-
cantly increased when triacontanol at concentrations of 5, 10 or 20 ug 1'! was added to the medium. HPLC analy-
sis of acetone and methanolic extracts of sage shoots showed that the production of diterpenoids, carnosic
acid/carnosol ratio, as well as, contents of rosmarinic acid were also affected by the treatment with triacontanol.
The highest stimulation effect of triacontanol was observed on the production of carnosol, where the treatment
with 20 pg 1" increased the content of this diterpenoid 4.5-fold compared to that in the control (sage shoots gro-

wing on MS basal medium, only).
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INTRODUCTION

Salvia officinalis L. (Lamiaceae) is one of the best
known species of the genus Salvia and is widely used in
official and traditional medicine. Leaf extracts of this plant
exhibited a wide range of biological activities i.e. antibac-
terial (Farag et al. 1989), antiviral (Tada et al. 1994) or an-
ti-inflammatory (Baricevic et al. 2001). The plant is also
used commercially in foodstuff for its antioxidant proper-
ties. It has been reported that natural antioxidants reduce
damage of cellular components, such as lipids, proteins
and DNA, and help to prevent mutagenesis, carcinogenesis
and aging due to their radical scavenging activities (Hara-
guchi et al. 1995). The sage (besides rosemary) is conside-
red in the top of the plant species with the strongest antio-
xidant activities among herbs. This is attributed to the pre-
sence of abietane diterpenoids, among them carnosic acid
(CA) and carnosol (Car) in aerial parts of S. officinalis
plants and rosmarinic acid (RA) (Cuvelier et al. 1994). The
last compound occurs both in leaves and roots of the
plants. It has been shown that carnosic acid and carnosol
inhibit cytochrome P 450 activation of carcinogenesis in

human cells in vitro (Offord et al. 1995) and enhance the
activities of conjugating enzymes involved in carcinogen
detoxification pathways in vivo (Singletary 1996).

We have previously reported on the micropropagation
procedure and antioxidant compound contents (CA, Car
and RA) in in vitro cultured shoots and micropropagated
plantlets of S. officinalis. It was also shown that the amo-
unts of the compounds produced under in vitro conditions
were lower than those in naturally growing plants (Grze-
gorczyk et al. 2005). Now, we report the effect of triacon-
tanol (TRIA) on S. officinalis shoot multiplication and pro-
duction of compounds with antioxidant activity.

Triacontanol, a long 30-carbon saturated primary alco-
hol, was discovered in 1933 as a natural component of epi-
cuticulary waxes of Medicago sativa (Chibnall et al. 1933).
The plant growth stimulating properties of TRIA (such as,
increase in dry weight, leaf area and level of reducing su-
gars, amino acids, soluble proteins and total nitrogen) have
been demonstrated by many researchers in various plant
species (Ries 1985). Some authors have observed the role
of TRIA in micropropagation of ornamental and other
plants (Kissimon et al. 1999; Reddy et al. 2002). However,
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very few information is available on the effect of this natu-
ral growth regulator on biosynthesis of secondary metabo-
lites.

MATERIALS AND METHODS

The shoot tips (0.5 cm) from in vitro shoots of S. offici-
nalis, cultured on MS (Murashige and Skoog 1962) 0.7%
agar (provided by Sigma-Aldrich) medium supplemented
with 0.1 mg I'! IAA and 0.45 mg I'! BAP, were used as
explants for shoot multiplication (Grzegorczyk and Wyso-
kifiska 2004). In order to study the effect of triacontanol,
a single explant was placed in each 25x190 mm culture tu-
be containing 25 ml of above-mentioned type medium sup-
plemented with TRIA at concentrations of 0, 5, 10 or 20
ug 1. TRIA was dissolved in chloroform and gradually di-
luted with distilled water according to Tantos et al. (1999).
MS medium with auxin (0.1 mg I'! TAA) and cytokinin
(0.45 mg 1" BAP), but without TRIA, served as the con-
trol. The pH of all media were adjusted to 5.6-5.9 prior to
autoclaving. The media were sterilized by autoclaving at
121°C for 17 min.

All cultures were maintained at 26+£2°C under a photope-
riod of 16 h with cool-white fluorescent lamps at a PPED
of 40 pM m2 571,

For evaluation of the effect of triacontanol the number
and length of shoots, as well as their fresh and dry weight
were measured after 5 weeks of culture.

Extraction and determination of antioxidant compounds

Crude extracts for quantitative analysis were obtained by
adding 250 mg of air-dried and powered shoots to acetone
(sample for diterpenoid analysis) or to methanol (for RA
analysis). Acetone and methanolic extracts were analyzed
by HPLC. The analysis was performed on a Waters (Mil-
ford, USA) Symetry® C18 column (4.6x150 mm, 3.5 pm)
with 2 cm guard column. The Waters LC system consisted
of a Water 600 pump and a Water 996 Photodiode detec-
tor, a Waters 717 plus Autosampler was used (injection vo-
lume was 5 pl). The details of extraction procedure and
HPLC analysis were described in our previous work (Grze-
gorczyk et al. 2005). CA, Car and RA were identified by
comparison of their retention times and UV spectra with
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authentic samples under identical conditions. The quantifi-
cation of these compounds was achieved using calibration
curves prepared with standard compounds. RA was pur-
chased from Carl Roth GmbH, while carnosol and carnosic
acid were provided by Cayman Chemical Company and
Sigma-Aldrich, respectively. The calibration curves obtai-
ned for all three compounds gave good correlation values
(r = 0.9841-0.9999). The recovery of the known quantities
of CA, Car, RA added to biomass sample was 98.3, 96.84
and 98.63%, respectively. HPLC separation of acetone and
methanolic extracts of S. officinalis shoots cultured in vitro
is shown in Figures 1 and 2.

Statistical analysis

Significance of treatment effects was determined using
U Mann-Whitney test (p=0.05). All experiments were con-
ducted with three replicates for each treatment.

RESULTS AND DISCUSSION

The shoot tips of Salvia officinalis were incubated on
agar-solidified MS medium supplemented with IAA and
BAP. The combination of the growth regulators was selec-
ted on the basis of our earlier report (Grzegorczyk and Wy-
sokinska 2004). Under these conditions shoot proliferation
occurred as a result of the release of axillary buds from api-
cal dominance. In order to examine the effect of TRIA, the
growth regulator at concentrations of 5, 10, or 20 pg I'! was
added to the shoot multiplication medium. The best re-
sponse with respect to shoot proliferation was obtained on
medium containing 10 ug I'! of TRIA. Thus almost 6 new
shoots were formed from single explant within 5 weeks
(Table 1). At lower (5 pg 1')) or higher (20 pg 1'!) concen-
tration the effect of TRIA was less effective, but still indu-
ced more shoots than it was found with the untreated con-
trol (shoots grown on MS medium without TRIA). The ef-
fectiveness of TRIA in shoot proliferation has been earlier
reported for several other herbaceous plants such as Melis-
sa officinalis (Tantos et al. 1999), Bupleurum fruticosum
(Fratanele et al. 2002) and woody (e.g. Malus domestica)
plants (Tantos et al. 2001). The experiments on Melissa
officinalis performed by Tantos et al. (1999) have shown
that TRIA had a positive effect on both multiplication and
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Fig. 1. HPLC chromatogram of acetone
extract of sage shoots (a), standard of carno-
sic acid (CA) (b), standard of carnosol (c).

300 400 500 600 700 800 900  10.00

Minutes

Waters Symetry® column (4.6x150 mm, 3.5
pm); mobile phase: acetonitrile/0.1% o-pho-
sphoric acid 65:35 (v/v), detection at 230 nm.

1100 1200  13.00



Vol. 75, No. 1: 11-15, 2006

ACTA SOCIETATIS BOTANICORUM POLONIAE

13

2.00
1.80
1.60
1.404
1.20
1.00
0.80 7
0.60 7
0.404
0.204

RA

AU

A M . ;

0.00
2.00

=

1.80
1.60
1.404
1.204
1.00
0.807
0.60 7
0.404
0.204
0.00 o

RA

AU

|

Fig. 2. HPLC chromatogram of methanol
extract of sage shoots (a), standard of ro-
smarinic acid (RA) (b). Waters Symetry®
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7 column (4.6x150 mm, 3.5 ym); mobile pha-
se: acetonitrile/0.1% o-phosphoric acid
30:70 (v/v), detection at 330 nm.

TABLE 1. The effect of TRIA on multiplication and growth of S. officinalis. Shoots grown on solid MS medium supplemented with IAA (0.1 mg I'") and

BAP (0.45 mg I'!) for 5 weeks.

TRIA Number Average shoot length Average shoot Fresh weight Dry weight
(ugI'h of explants (cm) number/explant
0 40 2.26+0.14 a 3.3240.19a 0.49+0.03 a 0.04+0.003 a
5 35 2.1620.11 a 3.97+0.30 a 0.49+£0.03 a 0.04£0.003 a
10 35 2.08+0.10 a 5.60+0.29 b 0.61+0.03 b 0.05+0.003 b
20 36 1.69+0.09 b 5.00+0.33 b 0.51+0.02 a 0.04+0.002 ab

The values are the means £SE. The means in the column followed by the same letter do not differ statistically at p=0.05.

rooting phases. Also, in the case of Decalepis hamiltonii
(Reddy et al. 2002) the number of roots and their length si-
gnificantly increased at TRIA concentration of 10 pg I-\.
However, we observed that root formation was not impro-
ved by TRIA at concentration which is responsible for S.
officinalis shoot multiplication (data not shown). General-
ly, TRIA also enhanced elongation of multiple shoots and
micropropagated plantlets, although such effect has not be-
en found when the woody plants (Malus domestica and Ce-
rasus fruticosa) were treated with this growth regulator
(Tantos et al. 2001). Our results showed that TRIA induced
a slightly but not statistically significant (p=0.05) decrease
in length of micropropagated shoots of S. officinalis with
exception of length of shoots grown at concentration of 20
ug 1'! TRIA, which showed a statistically significant decre-
ase (Table 1). At the same concentration of TRIA (20 pg 1)
the inhibitory effect on Melissa officinalis shoot length was
also observed (Tantos et al. 1999). The growth measured
as fresh and dry weight of S. officinalis shoots, was slightly
increased (about 20-25% compared to the biomass of con-
trol shoots) at concentration of 10 ug I'! TRIA. Other tested
concentrations (5 or 20 pg I'') gave the same results as
TRIA-free medium (Table 1). These data are in agreement
with results obtained with sour cherry, where TRIA used at
concentrations of 2-20 ug I'! affected a slight increase in
fresh weight of shoots, although this increment was not sta-
tistically significant (Tantos et al. 2001). Hangarter and
Ries (1978) suggested that the increased growth caused by
TRIA is not simply caused by water uptake and cell enlar-
gement but rather by an increase in cell number.

The effect of TRIA on the production
of antioxidant compounds

The phenolic compounds with strong antioxidant and ra-
dical scavenging properties were extracted with acetone
(carnosic acid and carnosol) and methanol (rosmarinic
acid) from S. officinalis shoot cultures grown on MS agar
medium supplemented with IAA and BAP. The compo-
unds were identified by UV spectra and retention times and
their contents were determined by HPLC system. Thus, to-
tal diterpenoid yield (calculated as the sum of carnosic acid
and carnosol) of 5.25 mg g'! dry weight was obtained, of
which 4.37 mg g'! dry wt was CA and 0.82 mg g'! dry wt
was Car. RA (12.25 mg g'! dry wt) was also detected in sa-
ge shoots grown on MS basal medium within 5 weeks.

The biosynthesis of secondary metabolites in in vitro cul-
tures is often affected by growth regulators. In order to get
information on the influence of TRIA on the production of
antioxidant compounds, content of carnosic acid, carnosol
and rosmarinic acid in sage shoots grown in the presence
of this growth regulator at the concentrations of 5, 10 or 20
ng I'! was investigated. It was found that the maximum le-
vel of identified diterpenoids, 10.2 mg g! dry wt, was
achieved in shoots grown in the presence of 5 pg I'' TRIA.
The value was twice higher than in untreated shoots (Table
2) and comparable with the diterpenoid content in shoots
of naturally growing plants of S. officinalis (Grzegorczyk
et al. 2005). The use of higher TRIA concentrations (10 or
20 pg 1Y) did not induce further increase in the diterpenoid
yield of sage shoots. It is worth mentioning that TRIA tre-
atment increased mainly carnosol content in sage shoots,



14 EFFECT OF TRIA ON SHOOT MULTIPLICATION AND PRODUCTION

Grzegorczyk 1. et al.

OF ANTIOXIDANT COMPOUNDS

TABLE 2. The effect of TRIA on content of carnosic acid, carnosol and rosmarinic acid in shoot culture of S. officinalis. Shoots grown on solid MS medi-

um supplemented with TAA (0.1 mg I'') and BAP (0.45 mg 1'!) for 5 weeks.

TRIA Compound contents (mg g! dry weight)

(ng 1 CA Car CA + Car RA
0 437022 a 0.88+0.02 a 5.25+0.21 a 12.25+0.11 a
5 6.30+0.15 b 3.94+0.09 be 10.24+0.21 b 18.50+0.48 b
10 5.01£0.04 ¢ 3.84+0.04 b 8.85%0.17 ¢ 16.35+0.03 ¢
20 4.59+0.08 a 4.13+0.09 ¢ 8.72+0.06 ¢ 19.98+0.04 d

The values are the means £SE. The means in the column followed by the same letter do not differ statistically at p=0.05 according to U Mann-Whitney

test.

with little influence on carnosic acid (the dominant product
of untreated shoots). For example the relative ratio of CA
to Car in control was approximately 5:1, while it was chan-
ged to 1.6:1 and 1:1 in shoots treated with 5 and 20 pg 1!
TRIA, respectively. It indicates that TRIA promoted co-
nversion of carnosic acid to subsequent metabolite i.e. car-
nosol (higher oxidized diterpenoid with d-lactone structu-
re). Another interesting result of our work is the increase in
RA content in sage shoots treated with TRIA. The shoots
which were grown on medium supplemented with 20 pg 1!
TRIA showed the highest content of the compound (about
20 mg g'! dry wt) (Table 2). This value is 63% over that of
the control culture and 41-fold over that of the commercial
sage sample (482 ug g'! dry wt) reported earlier by Santos-
Gomes et al. (2002). However, the level of RA in TRIA
treated sage shoots was much lower than that achieved by
Hippolyte et al. (1992) in suspension culture of the same
sage species.

The results presented here show that TRIA is an effecti-
ve growth regulator for S. officinalis shoot multiplication.
The compound could also be used at a very low concentra-
tion to improve antioxidant compounds yield, mainly diter-
penoids in shoots of sage species. In this respect, the hi-
ghest value of carnosic acid and carnosol (about 11 mg g’!
dry wt) obtained in shoots treated with 5 ug 1! TRIA can
be considered a valuable result because it represents
a 100% increase in relation to untreated sage shoots. The
ability of TRIA to enhance diterpenoid production might
be explained by the fact that biosynthesis of the compo-
unds has probably been localized in the chloroplasts (Mun-
ne-Bosch and Alegre 2001), and TRIA is known to increa-
se chlorophyll content in many plants and tissue cultures
(Ries 1985).

There are only two instances evaluating the effect of
TRIA on biosynthesis of secondary metabolites in in vitro
cultures. Fraternale et al. (2003) have observed an increase
in the essential oil yield in micropropagated plantlets of
Thymus mastichina, when triacontanol was added to hor-
mone-free medium. The addition of TRIA to medium con-
taining BAP, IBA or BAP + IBA did not induce a signifi-
cant change in the essential oil yield. TRIA enhanced also
the production of secondary metabolites in Artemisia an-
nua cultures (Yaseen and Tajuddin 1998). The mechanism
for those responses is unknown. Reis and Houtz (1983)
suggest that TRIA, like other plant hormones, may activate
enzymes or alter a membrane, which triggers a cascading
effect resulting in increased metabolism and the accumula-
tion of various critical intermediate metabolic compounds.
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