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In vitro shoots of sage (Salvia officinalis L.) were established under eight different hormonal
supplementations and proliferated by subculture of nodal shoot segments. The respective essential
oils, obtained by hydrodistillation, were composed of more than 75 compounds, 65 of which were
identified. The 10 major compounds were, by order of retention time, a-pinene (4.1—5.4%), camphene
(6—7.1%), B-pinene (9.3—14.5%), limonene (2—2.3%), 1,8-cinecle (3.6—5.6%), (—)-thujone (13.2—
16.1%), (+)-isothujone (6.6—7.4%), camphor (19.8—24%), o-humulene (5.1—6.8%), and manool (4.2—
7.7%). Notwithstanding the eight different hormonal supplementations tested, the percentage
composition of the shoot essential oils were kept in a narrow range of variation. However, the type
and concentration of growth regulators apparently influenced the accumulation of essential oils. The
highest accumulation of essential oils and the highest shoot biomass growth were obtained with 2.0
mg/L kinetin and 0.05 mg/L 2,4-dichlorophenoxyacetic acid.
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INTRODUCTION

Salvia officinalisL. (Lamiaceae) is a perennial woody sub-
shrub native to the Mediterranean countries. Like other sage
species, namely$. lavandulifoliaVahl. andS. sclareal., S.
officinalis L. (sage) is cultivated in several countries mainly to
obtain dried leaves to be used as raw material in medicine,
perfumery, and the food industry)(3S. officinaliswas included
in a group of aromatic and medicinal plant species that are being
investigated in Portugal to meet the needs of the essential oil
and extract industries and the need of finding new agrarian crops
as alternatives to the surplus traditional ones. The research
program includes the chemical characterization and the defini-
tion of micropropagation protocols of the targeted crops. The
chemical characterization of the in vivo cultivated plants of this
species was accomplished in determining what constitutes the
essential oils (2) and phenolic acid.(The data show that the
composition of the sage essential oil varies significantly
depending on soil mineral fertilization (4), light intensity (5),
organ ageR®), climate conditions®), season§, 9), and organ,
season, and culture sitg,(10). Because of such variation, the
sage essential oil composition sometimes does not match th
profile defined by standard 1SO 9909)(for official sage
essential oil, which, according to Brunetob) (is cis-thujone
[= (—)-thujone] (18—43%)trans-thujone [=(+)-isothujone]
(3—8.5%), camphor (4.5—24.5%), cineole (5.5—13%), humu-
lene (0—12%), a-pinene (1—6.5%), camphene (%3%),
limonene (0.5—3%), linalool [free and esterified (1% maxi-
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mum)], and bornyl acetate (2.5% maximum). In December, the
levels ofcis-thujone in essential oils from sage plants cultivated
at two different sites from the northern region of Portugal are
over the maximum limits of the standard ISO 99@9, fnaking
the respective use unsuitable, by that time, due to the toxicity
of thujones, especially on the central nervous systém).

Environment and nutritional factors, as well as growth
regulators, can be easily controlled in in vitro cultures. Besides
their importance in facilitating plant propagation, in vitro
techniques can afford system models to study, often advanta-
geously, the production, accumulation, and metabolism of
important metabolites, including those frd®®abia species 12—
14). Micropropagation oSabia species, through bud prolifera-
tion, has been reported, namely, canariensig15, 16), S.
valentinaandS. blancoang17), andS. officinalis(18). Molina
et al. (L5) isolated carnosol and some related phenolic diterpene
compounds from 25-day-old in vitro plantlets ®f canariensis
L. Rosmarinic acid was isolated from leaf callus cultur&s)(
and suspended cells (20) of S. officindlisFrom suspension
cultures of this species, ursolic acid, a triterpenoid compound
with potent antiinflammatory, anti-hyperlipidemic, and hepato-
protective activity, was also isolate@1(). In vitro cell suspen-
sions ofS. officinaliswere also used as system models in studies
of metabolism22) and catabolism23) of monoterpenoids being
demonstrated that the lack of the respective accumulation in
these types of undifferentiated sage cultures could be attributed
to a low level of biosynthetic activity coupled with a pronounced
capacity for monoterpene catabolism.

To our knowledge, the capacity of in vitro sage shoots in the
production and accumulation of essential oil compounds was
not yet sufficiently studied. However, these in vitro system
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Table 1. Effect of the Hormonal Supplementation of the MS Basal Medium on Shoot Proliferation, Linear, and Biomass Growth of Shoot Cultures
Using Nodal Shoot Segments as Explants

N° of shoots length of biomass fresh biomass dry wt
hormonal supplementation per explant? shoots (mm)?2 wt per shoot (mg)? per shoot (mg)?
0.10 mg/L 2,4-D + 1.5 mg/L BA 23+0.98 32+138 276 +109.7 9+36
0.10 mg/L 2,4-D + 1.5 mg/L ZEA 1.2+£0.35 34+£20.2 433 +65.5 16+24
0.10 mg/L 2,4-D + 1.5 mg/L KIN 1.9+£0.75 37+138 264 +39.6 12+18
0.05 mg/L 2,4-D + 1.5 mg/L BA 32+162 41+£97 159 +29.7 4+08
0.05 mg/L 2,4-D + 1.5 mg/L ZEA 14+044 42+15.0 280+ 112.1 15+£59
0.05 mg/L 2,4-D + 1.5 mg/L KIN 1.6£0.71 35+14.8 310+ 955 24+9.6
0.05 mg/L 2,4-D + 2.0 mg/L KIN 1.9+0.80 36 +15.2 374 +116.6 2677
0.05 mg/L 2,4-D + 4.0 mg/L KIN 21+091 36+139 273 +£859 19+10.2

@ Each value represents the mean * standard error of the data from the respective parameter. BA — benzyladenine; ZEA — zeatin; KIN — kinetin; 2,4-D — 2,4
dichlorophenoxyacetic acid. Wt (wt) — weight.

models resemble more closely the respective in vivo plants, andx 0.25 i.d., 0.25um film thickness) composed by 5% phenyl
recently in vitro sage shoots were reported to have higher methylpolysiloxane, J & W Scientific. Temperature program was 60—
capacity of accumulation of some types of antioxidant phenolic 285°C at 3°C min™* for the column, 300C for the injector and 320

compounds, namely, rosmarinic acid, than the in vivo sage pIantsOC for the flame ionizatiop detector (FID).;hvas used as carrier gas .
(24). at flow rate of 1.49 mL/min under a column head pressure of 12.5 psi.

. Injections were performed in a split/splitless injector with the splitter
The present paper rePF’”S on the r_esullts of ;tu¢es on theopened at the 1:13 split ratio. Three GC injections of each sample were
production and accumulation of essential oils by in vitro shoots made, and the percentage averages of the respective compounds were
of Salua officinalis developed under different hormonal supple- determined.

mentation. The estimation of the specific content of each essential oil compound
was made by usingdscholestane, as an internal standard, according
MATERIALS AND METHODS to the procedure reported befor2).( The quantitative GC response
factors used for each main essential oil compound group were 0.741
Plant Material and Sterilization. Aseptic plantlets o8. officinalis (monoterpene hydrocarbons), 1.014 (oxygen-containing monoterpenes),

were obtained by in vitro germination of open pollinated plant seeds 1.071 (monoterpenyl esters), 0.747 (sesquiterpene hydrocarbons), 1.018
supplied by Direcéo Regional de Agricultura de Entre Douro e Minho  (oxygen-containing sesquiterpenes), 1.263 (sesquiterpenyl esters), and
(DRAEM). Seed surface sterilization as well as medium and environ- 0.794 (oxygen-containing diterpenes). A GC response factor of 1 was
ment conditions of germination were as previously described (24).  assumed for compounds that did not belong to any of these groups, as
Establishment of in Vitro Shoot Cultures. Sage shoot cultures were  they are the cases ofalkanes. The sum of the specific contents of alll
induced from nodal segments10 mm), obtained from aseptic 6-week-  individual essential oil compounds was assumed as a parameter for
old sage seedlings on Murashige and Skdf§) pasal medium (MS)  the determination of the total specific essential oil yield.
supplemented with 20 g/L sucrose, and 0.1 or 0.05 mg/L of 2,4-  GC-MS analyses were performed with a Perkin-Elmer 8500 gas
dichlorophenoxyacetic acid (2,4-D) combined with benzyladenine (BA) chromatograph equipped with a fused silica DB-5 column as that of
or zeatin (ZEA) or kinetin (KIN) at 1.5 mg/L or with KINat2.0or 4.0  GC, connected with a Finnigan MAT lon Trap detector (ITD; software
mg/L, for a total of eight hormonal supplementations tested. Each 175- yersjon 4.1) operating in electron impact (EI) mode at 70 eV. Injector,
mL plant tissue culture vessel (Sigma) containing 20 mL MS medium interface, and ion-source temperatures were 300, 260, and®@20
solidified with 8 g/L agar and covered with Magenta B-cap was respectively. The oven temperature program and injection conditions
inoculated with three primary explants. A total of about 70 primary were as described above for GC. Helium was used as carrier gas with
explants were used for each MS hormonal medium variant. Cultures a column head pressure of 12.5 psi. The identification of the compounds
were maintained in a growth room at 252 °C with a photoperiod of  was performed according to recommendations of the International
16 h light/8 h dark. lllumination was supplied by cool white fluorescent - Organization of the Flavor Industry (26), following the methodology
tubes with a light intensity of 52.zmol m™2 s™*. Shoots from the used before in the identification of the compounds from essential oils
eight hormonal MS medium variants were subcultured to the same of this species (2). Mass spectra libraries, namely, a terpene library
medium conditions with intervals of about five weeks. The efficacy of containing mass spectra and retention times on a DB-5 column, were
each medium variant in shoot proliferation and growth was determined ysed in the identification of all compounds as well as the comparison
over the subsequent subcultures by recording the number of inducedwith published data, namely, retention times and retention indexes of
shootsper explant, the length of the shoots, and the mean biomass essential oil compounds on DB-5 colungi7( 28). The identification
fresh weight and dry weight. Dry weight was determined after freeze- of compounds available in the market was confirmed by comparison
drying at 0.05 mbar for 72 h. At the end of 7th subculture period, of their GC retention times and mass spectra with those of reference
shoots from about 10 flasks of each hormonal medium variant were compounds.
withdrawn and weighed, and the respective fresh biomass was gathered
and submitted to hydrodistillation for essential oil recovery. The fresh
weight of the gathered shoots from each hormonal medium variant RESULTS AND DISCUSSION

ranged from 8 to 21 g (0.5-0.8 g of dry weight). _ In Vitro Shoot Cultures and Micropropagation of Sage.

_ Hydrodistillation and Analysis of the Essential Oils. Hydrodis-  The induction and development of new in vitro sage shoots from
tillation was performed in a Clevenger type apparatus over 1 h, using ,qqa| segments of aseptic plantlets, or from routinely cultivated
volumes of 1.0 mL oh-hexane, containing Sa-cholestane (1 mg/mL), - 5qentic shoots, occurred with all eight hormonal variants of the

for retention of the hydrodistillate components. After that, the mixtures Murashige & Skoog 75) medium tested Table 1). The

constituted by the solvent;hexane, the shoot essential oil constituents, e .
and the internal standard,a&holestane, were analyzed by gas combination of 0.05 mg/L 2,4-D with 1.5 mg/L BA afforded

chromatography (GC) and gas chromatography coupled to rnass_the highest number of shoots per e>§plant aIIowi_ng_us to consider

spectrometry (GC-MS). it the best hormonal supplementation for multiplication of the
GC analyses were performed using a Perkin-Elmer Autosystem gasculture. The respective linear growth was also among the highest

chromatograph equipped with a fused silica DB-5 column (30 m long ones recorded. However, shoots maintained with this hormonal
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Table 2. Composition (%) of the Essential Qils from in Vitro Shoots of Salvia officinalis Maintained and Grown on MS Basal Medium Supplemented
with Eight Different Combinations of a Cytokinin (BA or ZEA or KIN) with an Auxin (2,4-D)2

BA[L.5] ZEA[L.5] KIN [1.5] KIN [2.0] KIN [4.0]
2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D
compounds [0.1] [0.05] [0.1] [0.05] [0.1] [0.05] [0.05] [0.05]
1-butyl acetate 0.2 0.1 0.1 0.1 0.1 tr tr tr
cis-2-methyl-3-methylene- 0.1 0.4 0.1 0.1 0.2 0.1 0.1 0.1
hep-5-ene
trans-2-methyl-3-methylene- tr 0.1 tr tr
hep-5-ene
tricyclene 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3
o-thujene 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3
o-pinene 5.4 5.2 4.4 49 4.1 5.2 49 51
camphene 6.9 6.7 6.0 7.1 6.0 7.1 7.0 7.1
sabinene 0.2 0.3 0.2 0.2 0.1 0.3 0.2 0.3
[-pinene 13.6 14.5 9.3 11.7 11.7 13.1 12.1 12.6
myrcene 0.9 1.0 0.9 1.0 1.0 11 11 11
n-decane tr tr tr tr tr tr
o-phellandrene 0.1 0.1 0.1 0.1 tr 0.1 0.1 0.1
o-terpinene 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2
p-cymene 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
limonene 2.1 2.1 2.0 2.3 2.0 2.3 2.2 2.2
1,8-cineole 3.6 4.1 4.2 4.6 4.8 5.6 5.6 49
Z-[3-ocimene 0.1 0.1 0.1 tr tr tr tr 0.1
E-/3-ocimene tr tr tr tr tr tr tr tr
y-terpinene 0.4 0.4 0.3 0.4 0.3 0.4 0.3 0.4
cis-linalool oxide 0.2 0.2 0.1 0.1 0.2 0.2 0.3 0.2
terpinolene 04 0.4 04 0.5 0.4 0.5 0.5 0.5
n-undecane 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2
linalool 0.4 0.3 0.4 04 04 0.3 04 04
cis-thujone 132 134 14.7 14.8 16.0 15.6 16.1 14.8
[= (-)-thujone]
trans-thujone 74 7.1 6.6 6.8 6.7 6.6 6.9 6.9
[= (+)-isothujone]
o-campholenal 0.1 0.1 0.1 tr tr 0.1 0.1 0.1
camphor 19.8 20.4 22.3 21.0 214 22.0 24.0 22.3
cis-pinocamphone 1.0 1.2 0.7 0.8 0.9 0.7 0.7 0.8
[= (cis-3-)-pinanone]
borneol 1.6 0.9 22 1.8 15 1.4 11 12
pinocamphone 0.5 0.7 0.4 04 0.5 04 0.3 04
isomer (T)
4-terpineol 0.5 0.4 0.5 0.4 0.4 0.4 0.4 0.3
o-terpineol 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1
bornyl acetate 0.6 0.7 0.9 11 1.0 0.9 0.9 0.7
cis-sabinyl acetate 0.1 0.1 0.1 0.1 tr tr 0.1 0.1
o-elemene tr tr tr tr tr tr tr
trans-carvyl acetate tr tr tr tr tr
cis-carvyl acetate tr tr tr tr tr tr tr
neryl acetate tr tr tr
[-bourbonene + tr 0.0 0.1
geranyl acetate
E-caryophyllene 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5
aromadendrene or 0.3 0.2 04 0.4 0.3 0.3 0.3 0.3
a-guaiene (?)
o-humulene 6.6 6.5 6.4 6.0 6.8 5.2 5.1 5.8
allo-aromadendrene tr tr tr tr
germacrene D tr tr 0.1 tr tr tr tr tr
isomer #3
germacrene D tr tr 0.1 tr tr tr tr tr
o-selinene 0.2 0.2 0.3 0.3 04 0.2 0.3 0.2
o-cadinene 0.1 0.1 0.1 tr tr 0.1 tr 0.1
caryophyllene oxide 0.1 0.1 0.3 0.2 0.1 0.1 0.1 0.1
viridiflorol 0.1 0.1 0.1 0.1 0.1 tr tr tr
widdrol (?) 0.5 0.3 0.6 04 0.3 0.2 0.2 0.2
n-hexadecane 0.1 0.1 0.1 0.1 tr tr tr tr
n-heptadecane 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2
n-octadecane 0.2 0.5 0.2 0.2 0.5 0.1 01 04
(2)-a-trans-bergamotol 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.2
acetate
n-nonadecane 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1
n-eicosane 0.1 0.1 0.1 0.1 0.1 tr tr tr
manool 6.0 55 7.7 6.4 6.0 51 4.2 51
n-heneicosane tr tr tr 01 tr
n-docosane 0.3 0.3 04 0.3 0.2 0.2 0.2 0.1

n-tricosane 0.8 0.2 0.6 0.3 0.3 0.1 0.1 0.2
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Table 2. (Continued)

BA[1.5] ZEA[1.5] KIN [1.5] KIN [2.0] KIN [4.0]
2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D 2,4-D
compounds [0.1] [0.05] [0.1] [0.05] [0.1] [0.05] [0.05] [0.05]
n-tetracosane 0.1 tr 0.1 tr tr
n-hexacosane 0.1 0.1 0.1 0.1 0.1 0.1 tr 0.1
n-heptacosane 0.1 0.1 0.1 0.1 0.1 tr 0.1
n-octacosane 0.3 0.3 04 0.2 0.1 01 01 0.2
Grouped Components
monoterpene 31.0 32.2 245 29.1 26.7 31.0 29.6 30.2
hydrocarbons
oxygen-containing 49.2 50.1 53.3 52.0 53.9 54.2 56.6 54.1
monoterpenes
monoterpenyl esters 0.9 1.0 12 14 15 11 13 0.9
sesquiterpene 7.8 7.6 7.9 7.3 8.3 6.3 6.2 6.9
hydrocarbons
oxygen-containing 0.6 0.4 0.9 0.6 0.4 0.3 0.3 0.3
sesquiterpenes
sesquiterpenyl esters 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.2
oxygen-containing 6.0 55 7.7 6.4 6.0 51 4.2 51
diterpenes
n-alkanes 2.7 2.2 2.6 1.9 19 12 1.0 15
others 15 0.9 1.9 11 1.0 0.7 0.5 0.7

2 The identification of the compounds was performed according to the recommendations of the International Organization of the Flavour Industry (26). Both mass spectra
and retention indexes of the compounds match those of the corresponding compounds from the terpene library of the computer database and those published before (2),
and the respective retention times and retention indexes are coherent with the corresponding compounds described by other authors (27, 28). BA — benzyladenine; ZEA
— zeatin; KIN — kinetin; 2,4-D — 2,4 dichlorophenoxyacetic acid. Concentration units of the growth regulators, in brackets, are mg/L. Tr (tr) — trace amounts (<0.05%).

supplementation were thinner, with fewer and smaller leaves, total n-alkanes (1.0—2.7%), and that of the only diterpene
and with lower weights than the shoots maintained with the compound, manool (4:27.7%), were higher than those of the
other hormonal supplementations tested (Table 1). BA was corresponding groups from essential oils of in vivo plants. In
considered the most suitable cytokinin in the shoot proliferation contrast, the total oxygenated sesquiterpenes (0.3—0.9%) were
of S. canariensig15, 16) andS. sclarea(29). The increase in  much less represented in the essential oils from in vitro sage
KIN concentration from 1.5 to 2.0 and to 4.0 mg/L, in the shoots than in those from the corresponding in vivo plants. The
presence of 0.05 mg/L 2.4-D tended to increase the shootpercentages of the total oxygen-containing monoterpenes<49.2
proliferation and allowed us to find the combination of 0.05 56.6%) from in vitro shoots were within the range of percentage
mg/L 2,4-D with 2.0 mg/L KIN as the most suitable hormonal variation of this compound group recorded in the respective in
supplementation, from those tested, for biomass growth, in termsvivo plants, while those of sesquiterpene hydrocarbons (6.2—
of dry matter reached per shodtable 1). Similar effects of 8.3%) were the majority among the lowest ones recor@gd (
KIN concentration in Murashige & Skoo@%) medium on the Comparing the eight percentage essential oil profiles from the
shoot proliferation of.valentinawas reported(7). The results shoots grown under the effect of the eight different hormonal
here described on the in vitro shoot proliferatiorSobfficinalis supplementations tested, it can be seen that variation ranges are
are much better than those reported by Olszowska and Fur-much narrower than the corresponding ones previously reported
manowa (18) for a male sterile genotype of the same species.for samples of in vivo plants harvested over the year with
These authors obtained, from that genotype, one shoot per nodaintervals of two months (2).
segment with a length of about 1 cm, reached at the end of 5 The new compounds from the essential oils of in vitro sage
weeks of culture in a modified Nitsch and Nits&30§ medium shoots, not found in the corresponding ones from in vivo plants,
containing 0.1 or 10.0 mg/L of indol-3-acetic acid and KIN-(O  consisted basically of a seriesmfalkanes, fronm-hexadecane
1.2 mg/L). to n-octacosaneaj-pentacosane being the only lacking alkane.
Shoot rooting was induced after separation of the multiple Linalool is another constituent from essential oils of in vitro
shoots followed by their transference to a MS medium devoid sage shoots, not found in the essential oils from the respective
of growth regulators. Four weeks after, multiple adventitious in vivo plants. However, this compound is a common constituent
roots per each shoot had been formed. The same strategy haétom the sage essential oil (1).
already been successful in the micropropagatio8.oélentina Apparently, the type and concentration of the growth regula-
Vahl andS. blancoanaNebb & Heldr subsp. Figuerold ). tors did not influence the composition of the essential oils from
Essential Oils from Shoot Cultures. The essential oils  the in vitro sage shoots. The sum of the 10 most representative
obtained by hydrodistillation of in vitro growing sage shoots compounds in the essential oils from in vitro sage shoots ranged
were composed of more than 75 compounds, 65 of which were from 83.4 to 88.2% in shoots grown with 0.1 mg/L 2,4-P
identified, with three of them still doubtfull@ble 2). The list 1.5 mg/L ZEA and in shoots grown with 0.05 mg/L 2.4-b
of total compounds from the essential oil of in vitro sage shoots 2.0 mg/L KIN, respectively. With the exception for shoots
(Table 2) included and exceeded, in number, all the constituents grown with BA, the first, second, and the third major compounds
from the essential oils of aerial vegetative organs from the were camphoris-thujone, angB-pinene, respectively. In shoots
corresponding in vivo cultivated plant8)( Comparing the data  grown with BA, camphor was the first one, bftpinene and
on the essential oils from in vivo cultivated plants previously cis-thujone were the second and third ones, respectiVealylé¢
reported (2), it was found that, in in vitro shoots, the relative 2). These compounds are among those whose percentages in
amounts of the total monoterpene hydrocarbons (2352%), the essential oils from in vivo sage plants most vary over the
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| 00,08 mgil 2.4-D 0,1 mgil 24D phase. On the other hand, rhizogenesis had not been induced
preventing the metabolism of the bis-glucose derivative of

] camphor.

20 An alternative degradative pathway of the camphor described

in cell suspension cultures and leaf disks of sage involves the

conversion of camphor, in sequence, to 6-hydroxycamphor,

10 6-oxocamphorg-campholonic acid, and 2-hydroxy-campho-

lonic acid (22,23). In vitro shoots or in vitro plantlets of sage

myg'g dry weight

51 are system models apparently more suitable for studies of
p metabolism of terpene compounds than the respective suspen-
1.5 mgl BA ISmgIZEA  1SmgIKIN 20 mglKIN 40 mgl KIN sion cultures or leaf disks because they resemble more closely
Figure 1. Total essential oil specific contents in the in vitro sage shoots the in vivo plants. To our knowledge, however, up to now, no
maintained on MS medium under the effect of eight different hormonal study of metabolism and/or accumulation of terpene compounds
supplementations. BA — benzyladenine; ZEA — zeatin; KIN — kinetin; 2,4-D in sage shoots was made. ) _
— 2,4 dichlorophenoxyacetic acid. Chemotypes of. officinaliswith either cis-thujone trans-

thujone, camphor, or 1,8-cineole, as the main constituents, or

based on theicis/trans-thujone ratios 10:dis/trans, 1.5:1cis/
year (2,8, 10). According to some authors, monoterpene trans, and 1:1@is/trans, have been proposed by some authors
compounds from sage essential oils are produced and ac{10). However, as the percentages of each of these compounds
cumulated in two types of glandular trichomes differentiated vary greatly in flowers, leaves, and stems, and vary with the
on the respective leave81) and as the leaves expand the season and site where plants grow (2), it is not surprising that
camphor content increase82). However, as the plant ap- the composition of the essential oils from the aerial partS.of
proaches maturity the content of camphor declines by roughly officinalis plants taken as a whole vary significantly depending
half, in fully expanded leaves, being metabolized to a water- on the ratio of leaves/stems/flowers of the biomass used as
soluble metabolite via its lactonization to 1,2-campholide essential oil source and depending on environmental and soil
followed by conversion t@-p-glucoside-6-O-glucose ester of  factors. Such variability would explain the difficulty in ascribing
the corresponding hydroxy acid [1-carboxymethyl-3-hydroxy- a plant to one or another chemotype. In our view, in vitro shoot
2,2,3-trimethylcyclopentane]3B) which is translocated from  cultures could be advantageously used as a tool in determination
leaves to roots where it is subsequently metabolized (34). In of chemotypes because such sources of variability would be
view of these data, the high levels of camphor in in vitro sage kept under control.
shoots are easily rationalized because, at the time of hydrodis- Besides the utility as tools, in vitro shoot cultures of sage
tillation, the respective leaves were young and in expanding afforded essential oils whose composition, independent of the
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Figure 2. Specific contents of each one of the main compound groups from the essential oils of in vitro sage shoots maintained on MS medium under
the effect of eight different hormonal supplementations. BA — benzyladenine; ZEA — zeatin; KIN — kinetin; 2,4-D — 2,4 dichlorophenoxyacetic acid.
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growth regulators used, for the majority matches the profile
defined by the standard 1SO 9909)( The exception was for
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(4) Piccaglia, R.; Marotti, M. Characterization of several aromatic
plants grown in northern ItalyFlavour Fragrance J.1993,8,

115-122.

(5) Li, Y-I.; Craker, L. E.; Potter, T. Effect of light level on essential
oil production of sageSalvia officinalis) and thymeThymus
wulgaris). Proccedings Int. Symp. Medicinal and Aromatic Plants.
Acta Hortic. 1996,426, 419—426.

(6) Langer, R.; Mechtler, Ch.; Tanzler, H. O.; Jurenitsch, J.
Differences of the composition of the essential oil within an
individuum of Salvia officinalis.Planta Med.1993,59, A635—
636.

(7) Mathé, 1., Jr.; Olah, L.; Mathé, A.; Mikléssy, V. V.; Bernath, J.;
Bluden, G.; Patel, A. V.; Mathé, I. Changes in the essential olil

cis-thujone whose percentage, independent of the hormonal
supplementation used, stood lower than the minimum (18%)
fixed in the 1SO 99091).

Figure 1 shows the contents of the essential oils in in vitro
shoots grown with each one of hormonal supplementations
tested. The influence of the type and concentration of cytokinin
and concentration of 2,4-D seems to be more evident for
accumulation than for the composition of the essential oils from
in vitro sage shoots. According to some authors, the density of
glands and the specific essential oil content from in vitro shoots

of some species, nameRelargoniumsp., varies with the auxin/
cytokinin ratio 85). As the essential oil of sage accumulates in

leaf glands, an eventual lower density of glands on the leaves

induced by the higher auxin/cytokinin ratio would explain the
lower specific essential oil accumulation in the in vitro shoots
grown with 0.1 mg/L 2,4-D. However, dSgure 2 shows, the

hormonal supplementation seems to influence differentially the

production ofSalvia officinalisunder climatic conditions of the
temperature beltPlanta Med.1992,58, A680.

(8) Putievsky, E.; Ravid, U.; Dudai, N. The influence of season and
harvest frequency on essential oil and herbal yields from a pure
clone of sagealvia officinalis) grown under cultivated condi-
tions.J. Nat. Prod.1986,49, 326—329.

(9) Grella, G. E.; Picci, V. Variazion stagionali dell'olio essenziale
di Salvia officinalis.Fitoterapia 1988,59, 97-102.

accumulation of each one of the main groups of essential oil (10) Perry, N. B.; Anderson, R. E.; Brennan, N. J.; Douglas, M. H.;

compounds. For instance, in the presence of 1.5 mg/L KIN,

the contents of the total monoterpene hydrocarbons and total
oxygen-containing monoterpenes in shoots grown under the

effect of 0.1 mg/L 2,4-D were lower than the corresponding
contents accumulated in shoots grown with 0.05 mg/L 2,4-D.

The contrary occurred, however, with the contents of the total
sesquiterpene hydrocarbons, oxygen-containing sesquiterpenes,

alkanes, and manooFigure 2). On the other hand, from the
three KIN concentrations tested, 4.0 mg/L KIN was the most
favorable inn-alkanes accumulation while 2.0 mg/L KIN was
the most suitable in the accumulation of all the other main
compound groupsHigure 2). These results hardly can be
explained by the effect of growth regulators on the glandular
trichomes density as it was observedlielargoniumsp. shoots
(35).

The three concentrations of KIN (1.5, 2.0, and 4.0 mg/L), in
combination with 0.05 mg/L 2,4-D, had already been tested in
the production of phenolic antioxidant compounds by in vitro

Heanney, A., J.; McGimpsey, J. A.; Smallfield, B. M. Essential
oils from dalmatian sages@lida officinalisL.): variations among
individuals, plant parts, seasons, and sileé\gric. Food Chem.
1999,47, 2048—2054.

(11) Baricevic, D.; Bartol, T. The biological/pharmacological activity

of the Salviagenus. InSage, The Genus 3@, Kintzios, S. E.,
Ed.; Harwood Academic Publishers: Amsterdam, The Nether-
lands, 2000.

(12) Hippolyte, I. In vitro rosmarinic acid production. Bage, The

Genus Salia; Kintzios, S. E., Ed.; Harwood Academic Publish-
ers: Amsterdam, The Netherlands, 2000.

(13) Kintzios, S. ESalua spp.: Tissue culture, somatic embryogen-

esis, micropropagation and biotransformation. Sage, The
Genus Salia; Kintzios, S. E., Ed.; Harwood Academic Publish-
ers: Amsterdam, The Netherlands, 2000.

(14) Panagiotopoulos, E.; Skapeti, M.; Kapetanos, C. Production of

secondary metabolites using liquid cultureSa#lviaplants: up-
to-date reports and scale-up potentialSkge, The Genus 3,
Kintzios, S. E., Ed.; Harwood Academic Publishers: Amsterdam,
The Netherlands, 2000.

shoots of sage. The results showed that sage shoots developed) Molina, S. M.; Andrés, L. S.; Luis, J.; Gonzalez, A. Studies on

in the presence of 2.0 mg/L KIN had contents of total phenolics

35% and 23% lower than shoots maintained with 1.5 and 4.0

mg/L KIN, respectively, in inverse correlation with the biomass

growth (24). In this case, however, shoots developed in the

presence of 2.0 mg/L KIN had a content of total essential oil

37% and 32% higher than shoots maintained with 1.5 and 4.0

mg/L KIN, respectively, in positive correlation with the biomass

the isolation of diterpenes from in vitro propagationSdlvia
canariensisL. Plant Tissue Cult1997,7(1), 29—34.

(16) Molina, S. M.; Luis, J. M. A.; Luis, J. GIn uitro mass

propagation ofSalvia canariensidy axillary shootsActa Soc.
Bot. Pol.1997,66, 351—354.

(17) Cuenca, S.; Amo-Marco, J. By vitro propagation of two spanish

endemic species dbalvia through bud proliferationln Vitro
Cell. Dev. Biol.-Plant2000, 36, 225—229.

growth. Therefore, the results here reported on the specific (18) Olszowska, O.; Furmanowa, M. Micropropagation Ssbia

accumulation of the total essential oils and on the biomass

growth show that from all eight hormonal supplementations
tested in MS medium, KIN at 2.0 mg/L with 2,4-D at 0.05 mg/L

is indubitably the most suitable for essential oil production by
in vitro shoots ofSalvia officinalisL.
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