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ABSTRACT

Maral root (Leuzea charthamoides DC), roseroot (Rhodiola rosea L.), and crowned saw-wort (Serratula coronata L.) were grown in a
phytotron under controlled conditions at 9, 15, 21°C day/9°C night and 21°C. All these treatments had 24 hours of light (long day-LD). In
addition there was one treatment at 21°C with only 12 hours of light (short day-SD). Plants were harvested after four months and plant
growth was recorded. Leaves of S. coronata and the underground part of L. carthamoides and R. rosea were dried and analyzed for
adaptogenic compounds. The number of shoots and dry weight of caudex with roots of R. rosea increased by raising the temperature from
9 to 15°C. Differentiated day and night temperature with an average temperature of 15°C further increased the growth. The lowest number
of shoots and the lowest dry weight of roots were produced at the highest temperature (21°C). The concentration of tyrosol and cinnamic
alcohol in dried R. rosea roots and rhizomes was significantly affected by temperature and the highest levels were achieved at the lowest
temperature, and the northernmost clone had the highest content of adaptogens at all temperatures compared to the southern clones.
Growth of L. carthamoides leaves and underground part was the best at the two intermediate temperature treatments, while S. coronata
seemed to prefer warmer temperatures and produced most leaves at 21°C. At 21°C, short days had negative effect on growth of all three
species. The levels of ecdysteroids were significantly affected by temperature in both roots of Leuzea and of Serratula leaves with the

highest levels at the intermediate (15°C) temperature.
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Abbreviations: 20E, 20-hydroxyecdysone; h, hours; In, 25S-inokosterone; LD, long day; SD, short day

INTRODUCTION

The species included in this project were roseroot (also
called “golden root” or “Arctic root”) (Rhodiola rosea L.),
maral root (Leuzea charthamoides (Willd.) DC., synony-
mous Latin names are Rhaponticum carthamoides (Willd.)
lljin and Stemmacantha charthamoides (Willd.) M. Dittrich
and crowned saw-wort (Serratula coronata L.). All of them
are classified as adaptogenic herbs. Adaptogens were dis-
covered in 1946 by the Russian scientist Dr. Nikolay Laza-
rev (Lazarev 1946). Since then more than a thousand expe-
rimental and clinical studies on adaptogens have been done,
most of them in Russia and Germany. Adaptogens are
defined as a class of metabolic regulators which increase
the ability of an organism to adapt to environmental factors
and to avoid damage from such factors (Pannosian et al.
1999) and the active ingredients can be divided into two
groups, phenolic compounds and tetracyclic triterpenoids
(Pannosian and Wikman 2005). Extracts of roots and rhi-
zomes of R. rosea belong to the first group (phenolic com-
pounds) of adaptogens and the most known are the rosavins
and salidroside (Brown et al. 2002, 2004). Roots of L. char-
thamoides and leaves of S. coronata are members of the
second group (tetracyclic triterpenoids) with their ecdyste-
roids (5 P-cholest-6-on-7-ene derivatives) (Abubakirov
1975; Dragland 1998; Volodion 2003; Budesinsky et al.
2008; Kokoska and Janovska 2009).

Rhodiola rosea (family Crassulaceae) is widely distrib-
uted in the Arctic and mountainous regions throughout

Europe and Asia (Frolov and Poletaeva 1998; Khanum et al.
2005) and has been used in traditional medicine in Scandi-
navia, North-East Europe, Russia and in many countries in
Asia to increase physical endurance, work productivity, lon-
gevity and as a medicine against numerous diseases such as
flu, infections, headache, inflammations, depression, cancer
and cardiovascular diseases (Spasov et al. 2000a; Tolonen
et al. 2003; Saratikov and Krasnov 2004; Khanum et al.
2005). Several studies, most of them performed in earlier
Soviet Union, indicate that Rhodiola root extracts have anti-
fatigue, anti-stress, anti-hypoxic, anticancer, antioxidant,
anti-inflammatory effect, immune enhancing and sexual sti-
mulation effects (Darbinyan et al. 2000; Spasov et al.
2000b; Brown et al. 2002; Abidov et al. 2004; Brown et al.
2004; Saratikov and Krasnov 2005).

Leuzea carthamoides (family Asteraceae) is a perennial
medicinal plant endemic for Siberia, Russia. It grows in the
high alpine and subalpine meadows at 1200-1900 m above
sea level (Dragland 1998). The plant has a woody rhizome
with wiry roots with a length of 20-40 cm. The adaptogenic
ecdysteroids are extracted from the roots of Leuzea as the
content of ecdysteriods is 0.1-0.3% of the dry matter in
roots, while as low as 0.01-0.1% in leaves (Syrov and Kur-
mukov 1976; Volodin 2003). Only 20-hydroxyecdysone is
currently considered to play an important role in the adapto-
genic action of Leuzea (Syrov and Kurmukov 1976). Har-
vesting is simpler with Serratula coronata L. (syn. Ser-
ratula wolffii Andrae) (family Asteraceae) that have high
levels of several ecdysteroids in the leaves (Volodin et al.
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1998), where as much as 2.3% 20-hydroxyecdysone have
been reported (Bathori ez al. 1999; Chadin et al. 2003). Ser-
ratula is a perennial plant with a widespread distribution
throughout large parts of Europe and Asia (Komarov 1963).
Extracts from Leuzea roots have been shown to have anti-
bacterial (Kokoska et al. 2002; Havlik ef al. 2009) and anti-
carcinogenic effects (Gaube ef al. 2008). Phytoecdysteroids
have been reported to have antidepressive effects (Ibatov
1995); they increase protein synthesis (Syrov and Kurmu-
kov 1976), improve physical and sexual performance and
prevent infections (Gadzhieva et al. 1995; Azizov et al.
1997; Mirzaev et al. 2000).

Presently there is an increasing demand for herbs grown
in the Northern regions because of assumed better quality
(higher content of active compounds), and the added mar-
keting value herbs from the arctic can represent. Domestic
production of herbs and medicinal plants can also be a new
alternative income for farmers, in addition to the traditional
agricultural production. The results of several cultivation
experiments have been published by Galambosi et al.
(2003) and Dragland (1998, 2004). Nevertheless, there are
still unsettled problems preventing them from being widely
cultivated. These problems arise due to the exhaustion of
the supply of wild plants, lack of cultivation techniques and
large variation of active compounds.

All species in this study have good climatic tolerance
and represents potential new cultures for growers in the
Arctic regions. Northern growing conditions are charac-
terized by long days with ample light and relatively low
temperatures during the growing season. The light intensity,
photoperiod and temperature have been reported to influ-
ence the biosynthesis of many secondary metabolites (Hoh-
tola 2007; Bidart-Bouzat and Imeh-Nathaniel 2008; Bruni
and Sacchetti 2009). The explanation is that secondary meta-
bolites mainly act as defence substances in plants subjected
to stress (Shain 2005; Hohtola 2007). In this study, per-
formed under controlled climatic conditions, we tested the
hypothesis that low temperatures and long days increase the
level of adaptogenic compounds, and that plants from nor-
thern areas have adapted to northern growing conditions
during evolution by producing higher levels of secondary
metabolites of adaptogenic nature than clones/plantlets
from the same species with a more southern origin.

MATERIALS AND METHODS
Plant material

The R. rosea plants were clonal material originated from Buren
close to Tromse, Northern Norway (69° 39’ N, 18°57'E), Kise,
South-East Norway (60° 77" N, 10° 80" E) and from Rovaniemi,
North Finland (66° 30’ N, 25° 44’ E). The Tromse material all ori-
ginated from the same clone while the Kise and Rovaniemi plants
originated from two and six individual clones, respectively. The L.
chartamoides individuals used in the experiment was from one
single seed population (origin from Mikkili, Finland, 61° 41’ N,
27° 16’ E) and 6 years old clonally propagated plants from two
different clones, these also with origin from Mikkili. The seedlings
of L. carthamoides were four months old. S. coronata plants were
all one year (150 plants) and four months (50 plants) old and
originated from one single seed population from Syktyvkar, Komi,
Russia (61° 40’ N, 50° 48’ E). The initial origin of plants was from
Western Siberia.

Experimental design

In order to study climatic and genetic effects of the climate on
growth and level of adaptogenic compounds, plants were grown at
the following temperature treatments; 1) 9°C, 24 h light (LD); 2)
15°C, 24 h light; 3) 21°C during daytime and 9°C during night, 24
h light; 4) 21°C, 24 h light and 5) 21°C, 12 h light (SD). Daylight
was supplemented with cool white fluorescent tubes giving the
minimum of 150 pmol cm™ s™ PAR, and plants at 12 h light were
placed in a dark growth room at the respective treatments from
20:00 to 08:00. The humidity was regulated to ensure 0.5 MPa
water vapor deficits. Plants were watered daily, and fertilized with
a complete nutrient solution once a week. The experiment took
place from the Aug 31 to Nov 9, 2007. Each treatment had 28, 36
and 40 individuals of R. rosea, L. carthamoides and S. coronata,
repectively. The different genetic materials of each species were
divided equally among the different treatments.

Chemical analysis

After 15 weeks growing plant material (leaves of S. coronata and
underground part of R. rosea and L. carthamoides) was harvested,
washed, sliced and dried at 40°C for 10 days. All soil was
removed from the roots by washing. The R. rosea samples were
quantified for salidroside, rosavin, total rosavins, tyrosol and
cinamic alcohol per HPLC by PHARMAPLANT Medicinal and
Aromatic Plants Research and Breeding, Ltd. Germany, a DIN EN
ISO 9001:2000 accredited laboratory. About 20 g (dry weight) of
each sample were grounded, and of this 15 g powder of each sam-
ple were extracted with 25 ml of 96% EtOH in a shaker (150 rpm)
for 24 h at room temperature. After filtration, the filtrate was dried
in a rotavapor at room temperature and redissolved in 10 ml 50%
EtOH. The ethanol extracts were analysed with validated HPLC
methodology, with inter-and intraday precision and accuracy well
within internationally accepted values (CV < 15%) (Hellum et al.
2009). The analysis of ecdysteroids was performed as described by
Chadin et al. (2003b) on dry leaf (S. coronata) and root material
(L. carthamoides).

Statistics

Statistical analysis of growth data, flower development and adap-
togens were performed using the General Linear Model procedure
of Minitab 15. Data from S. coronata was analysed for effects of
plant origin, temperature treatment and interaction between origin
and treatment. For R. rosea and L. carthamoides the analysis in
addition included effects of clone (nested within plant origin) and
interaction between clone and temperature treatment.

RESULTS AND DISCUSSION

The growth of the plants was very much affected by the
temperature treatments (Fig. 1, Tables 1-3). Short days at
21°C severely decreased the growth of all three species.
They inhibited production of flowers completely in S. coro-
nata and L. carthamoides while LD treatment at the same
temperature gave 2.0 and 1.3 flowers per plant for S. coro-
nata and L. carthamoides, respectively. The negative effect
of SD on growth and flower development reflect the fact
that these plants are adapted to northern conditions with
long days during the growth season.

The best growth of golden root (R. rosea) at the LD

Table 1 Climatic effects on growth and level in adaptogenic compounds of Rhodiola rosea.

Treatment Number of Root dry weight Cinnamic alcohol Rosavin Tyrosol Salidroside Total rosavines
°C shoots (g mg/g d.w. mg/g d.w. mg/g d.w. mg/g d.w. mg/g d.w
P=0.000 P=0.020 P=0.001 P=0.371 P=0.000 P=0.311 P=0.180

9 28.3 17.6 0.75 3.02 0.15 242 5.59

15 30.3 21.9 0.67 2.98 0.11 3.34 4.96

21/9 40.3 24.1 0.72 2.66 0.09 2.85 4.66

21,SD 12.3 13.2 0.61 3.29 0.06 3.27 4.97

21, LD 22.5 154 0.66 2.94 0.06 2.98 4.75

73



Climatic effects on adaptogens. Martinussen et al.

Fig. 1 Representative individuals of (A) Rhodiola rosea, (B) Leuzea char-
tamoides and (C) Serratula coronata after 3 months at (from left to right)
9°C, 24 h light (LD); 15°C, 24 h light; 21°C during daytime and 9°C
during night, 24 h light; 21°C, 24 h light and 21°C, 12 h. Photos: Gunn-
laug Rethe and Inger Martinussen.

treatments was at the differentiated day and night treatment
(21°C at day, 9°C at night = average temperature 15°C)
while number of shoots and dry weight of roots was lowest
at 21°C. However, the different clones from different geo-
graphical origins differed considerably in their response to
the temperature treatment. Number of clones for each geo-
graphical origin was 1, 6 and 2 for Buren, Rovaniemi and
Kise, respectively. There were a significant effect of origin
on number of shoots (p=0.000) and dry weight of roots
(p=0.000) and there was a significant interaction between
geographical origin and treatment on both shoots (p=0.000)
and roots (p=0.006). Number of shoots were significantly
affected by clone (p=0.000), while dry weight of roots was
not (p=0.913). The interaction between clone and treatment
was not significant on either shoot or root production. The
growth of the single northernmost clone from Buren,
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Table 2 Climatic effects on growth and level of the ecdysteroid 20-
hydroxyecdyzone (C 20E) in Leuzea chartamoides.

Treatment Height Flowers Root dry C 20E %
°C (cm) weight (g)
P=0.000 P=0.000 P=0.000 P=0.000

9 53.0 0 1.7 0.05

15 68.5 0.4 5.5 0.14

21/9 69.8 0.5 42 0.14

21, SD 30.2 0 1.4 0.11

21, LD 59.7 1.3 24 0.06

Table 3 Climatic effects on growth and level of ecdysteroids 20-hyd-
roxyecdyzone (C 20E) and 25S-inokosterone (IN) in Serratula coronata.

Treatment Height  Number of Leafdry C20E % In%
°C (cm) flowers weight (g)
P=0.000 P=0.000 P=0.000 P=0.000 P=0.001

9 20.3 0 0.8 0.13 0.09

15 93.1 1.4 11.4 0.30 0.42
21/9 80.0 2.9 8.2 0.27 0.23
21,SD 17.2 0 0.9 0.10 0.06

21, LD 81.8 2.0 16.0 0.27 0.13

Tromse, was not significantly affected by the temperature
treatments. There were no variation in root growth between
the six different clones from Rovaniemi, however, clone R3
produced far more shots than the others at 21/9 and 9°C
(Fig. 2A). The biggest plants in this experiment were the
two southernmost clones from Kise, South-East Norway.
Interestingly, the growth of the southernmost material was
affected by the temperature treatment with a severe reduc-
tion in growth (number of shoots) at the SD treatment. This
is reflected in the results of all clones together given in
Table 1. The Kise plants have been growing at Kise for
years but are originally from Hofstad in Mid Norway (64°
11" 48" N, 10° 24’ 09" E). This can explain the adaptation to
long days.

The maral root (L. chartamoides) plants had two ori-
gins; one seed population from Mikkili and two different
clones from Mikkili. There was a significant difference bet-
ween the two different origin of plants (clonal or seed
plants) on both plant height (p=0.000) and root weight
(p=0.000), but no difference within the clonal material and
within the seed population. This can be explained by a dif-
ferent age of the plant material, as the seed plants were only
three months old while the clonal plants originated from
six-year-old mother plants. The best growth (height and
root weight) of L. carthamoides was at the two intermediate
temperature treatments (21/9 and 15°C, both LD) (Fig. 1B,
Table 2). On the contrary the low temperature treatment
(9°C LD) and the SD treatment given at 21°C gave the
lowest plants and smallest roots. The effect of treatments
was significant for all growth parameters measured.

The S. coronata plants all originated from one seed
population; however, there were two different age classes.
The reason for this was problems with germination after the
first sawing of seeds. The two groups of plants differed by
one year in age and this was reflected on the growth as
there was a significant difference between the two groups
on both plant height (p=0.000) and dry weight of leaves
(p=0.016). The S. coronata plants grow poorly and pro-
duced no flowers at the lowest temperature and at 21°C
when given short days (Fig. 1, Table 3). There was a signi-
ficant difference in height between the above mentioned
treatments and the others. The highest production of leaves
were at the highest temperature (p=0.000) at long days.

The concentration of tyrosol and cinnamic alcohol in R.
rosea roots was significantly affected by temperature
(Table 1) and the levels were highest at the lowest tempera-
ture. The other adaptogenic compounds in R. rosea tended
to be higher at the lowest temperatures (9 and 15°C) than at
21°C, but the results were not significant. The northernmost
clone of Rhodiola (Buren) had interestingly the highest
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content of all adaptogens at all temperature treatments com-
pared to the clones from the more southern origins (Rova-
nimi and Kise) (Table 1), and there was a significant inter-
action between geographical origin and treatment for both
the content of tyrosol (p=0.009) and cinnamic alcohol
(p=0.000). Galambosi et al. (2007) compared levels of phe-
nylpropanoids in roseroot clones collected from wild popu-
lations in North Finland with levels in clones cultivated in
South Finland and found that clones from the north (Kilpis-
jérvi) had the highest levels of total rosavins and salidroside,
however, plant age, temperature, soil, etc. differ and it is
hard to conclude anything about both genetic effects and
effect of a northern climate. It should be taken into conside-
ration that the northernmost origin in this study is rep-
resented by only one single clone while Rovaniemi and
Kise is represented by six and two clones, respectively. The
six clones from Rovaniemi are considerably different in
content of the different adaptogens with R4 high in tyrosol
and salidroside (Figs. 2E, 2F) and R2 high in rosavin, total
rosavines and cinnamic alcohol (Figs. 2D, 2E, 2G). These
levels are almost similar to the levels of the northernmost
clone (Buren). However, Buren is the only clone that had a
high level (and higher than the others) of all analysed adap-
togens. In an experiment performed on R. rosea clones col-
lected from 15 different counties in Norway, from Finnmark
in the North to “Vest- and Aust-Agder” in the South, Drag-
land and Mordal (2006) found large variations in both rosa-
vin and salidroside contents between and within the coun-
ties. There was no clear pattern in level of adaptogens in
relation to origin, and the levels in northern clones were not
higher than in clones from the south. This experiment was
performed on 6-8 clonally propagated plants each of a total
of 93 clones in one field with uniform growth conditions.
The number of locations from each county varied conside-
rably (from 18 to one), and the environment was not con-
trolled. In a separate study (Hellum et al. 2009), using six
of the same clones as described by Dragland and Mordal
(2006), found a large variation in active constituents
between the clones, unfortunately the origin of the different
clones is not given. Interestingly, the variation in active
constituents seemed to be of minor importance to the inhib-
ition of CYP3A4 and P-gp.

The concentration of analyzed ecdysteroids was signifi-
cantly affected by temperature in both L. carthamoides
roots with rhizomes and S. coronata leaves. The levels of
both 20-hydroxyecdysone (20E) and 25S-inokosterone (In)
was highest in leaves from S. coronata plants grown at
15°C and the differentiated day night treatment 21/9°C
(mean temperature 15°C) and lowest at the SD treatment
and at 9°C. In L. carthamoides leaves, highest concentration
of 20E in roots was at 15°C. In L. carthamoides leaves the
highest level of 20E in roots with rhizomes was gained at
15°C, but the SD treatment at 21°C did not have any
negative effect compared to the LD treatment at the same
temperature. Levels of 20E were 0.11% at SD and 0.06% at
LD. The two age classes of S. coronata seedling did not
differ in content of ecdysteroids, and similar for the two dif-
ferent clones of L. carthamoides from Mikkili.

CONCLUSIONS

The conclusion is that all three herbs species included in
this study are very well suited to be cultivated at northern
conditions. The results indicate that it might be an advan-
tage to grow R. rosea and L. carthamoides at low average
temperatures, while S. coronata should be grown at slightly
warmer places, however, it must be remembered that the
experiment is limited to a restricted genetic material of each
species. The results with R. rosea indicate that clones from
the north might have a higher content of adaptogens than
clones from more southern areas, while levels of ecdyste-
roids in L. carthamoides and S. coronata were highest at
medium temperature (15°C). The presented results are valu-
able in order to choose the best plant material for cultiva-
tion at different geographic origins.
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