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he  golden  root,  Rhodiola  rosea, prolongs  lifespan  but  decreases  oxidative  stress
esistance  in  yeast  Saccharomyces  cerevisiae
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a  b  s  t  r  a  c  t

The  effect  of  aqueous  extract  from  R.  rosea  root  on  lifespan  and  the  activity  of  antioxidant  enzymes  in
budding  yeast  Saccharomyces  cerevisiae  have  been  studied.  The  supplementation  of  the  growth  medium
ifespan
ydrogen peroxide
ntioxidant enzymes

with  R.  rosea  extract  decreased  survival  of  exponentially  growing  S. cerevisiae  cells  under  H2O2-induced
oxidative  stress,  but increased  viability  and  reproduction  success  of  yeast  cells  in  stationary  phase.  The
extract did  not  significantly  affect  catalase  activity  and decreased  SOD  activity  in  chronologically  aged
yeast population.  These  results  suggest  that  R. rosea  acts  as  a stressor  for S. cerevisiae  cells,  what  sensitizes
yeast cells  to  oxidative  stress  at exponential  phase,  but  induces  adaptation  in  stationary  phase  cells
demonstrating  the  positive  effect  on yeast  survival  without  activation  of  major  antioxidant  enzymes.

© 2011 Elsevier GmbH. All rights reserved.
ntroduction

Rhodiola rosea (also known as golden root or roseroot) is a
erennial plant of the Crassulaceae family that grows in the Arc-
ic and in the mountainous regions of Europe, Asia, and North
merica. The rhizome and roots of this plant have been long used

n traditional medicine in Eastern Europe and Asia for enhancing
he human physical and mental performance. Studies with cell
ultures, animals, and humans have demonstrated many health-
romoting effects of R. rosea, including antidepressant, anticancer,
ntioxidant, cardioprotective activities, and central nervous system
erformance (Brown et al. 2002). The R. rosea root was  found to
ontain compounds known as adaptogens that allow an organism
o counteract adverse physical, chemical, and biological stressors
ncreasing non-specific resistance (Kelly 2001). Since an increase
n stress resistance has frequently been reported to coincide with
xtended lifespan in variety of organisms (Longo 1999; Lithgow and
alker 2002), the involvement of plant adaptogens in the preven-

ion of age-associated diseases and the deceleration of senescence
ave been studied intensively. In recent studies, it was shown
hat R. rosea extracts were able to extend the lifespan of fruit fly
rosophila melanogaster (Jafari et al. 2007; Lushchak et al. unpub-

ished data) and nematode Caenorabdidis elegans (Wiegant et al.

008) in a dose-dependent manner.

The mechanisms, in which R. rosea increases stress resis-
ance are still unknown, although several studies have shown

∗ Corresponding author. Tel.: +380 342 714683; fax: +380 342 714683.
E-mail address: lushchak@pu.if.ua (V.I. Lushchak).

944-7113/$ – see front matter ©  2011 Elsevier GmbH. All rights reserved.
oi:10.1016/j.phymed.2011.06.010
an involvement of pathways leading to synthesis of heat shock
proteins as well as a development of oxidative stress resistance
(Boon-Niermeijer et al., 2000; Wiegant et al., 2008; Panossian et al.
2009). In this work, we  have investigated whether aqueous extracts
from R. rosea root could extend the lifespan of the baker’s yeast
Saccharomyces cerevisiae, which, due to its easy genetic manipula-
tion, sequenced genome, and short generation time, is widely used
as a model system to study many aspects of eukaryotic cell biology
(Longo 1999; Costa and Moradas-Ferreira 2001). Two types of aging
have been described in S. cerevisiae cells. Individual yeast cells have
limited number of divisions. An age-dependent decrease in num-
ber of cell divisions is defined as replicative aging. The second type
of aging, termed chronological aging, is attributed for yeast popu-
lations. Chronological lifespan is defined as the ability of stationary
phase cultures to maintain viability over time in a non-dividing
state. It has been considered that stationary phase yeast cells are
good model system for aging of somatic cells of higher eukaryotic
organisms, because they are postmitotic cells and rely on mitochon-
drial respiration to maintain viability. A variety of experimental
data suggests a key role of antioxidant defense in the extension
of chronological lifespan in non-dividing yeast cells. Thus, it was
shown, that deletion of SOD1 (encoding cytoplasmic superoxide
dismutase) or both SOD1 and SOD2 (encoding mitochondrial super-
oxide dismutase) dramatically reduced chronological lifespan in
S. cerevisiae (Longo et al. 1996). On the contrary, overexpression of
SOD1, SOD2 and CTT1 (cytosolic catalase T) at various combinations

increased S. cerevisiae lifespan (Fabrizio et al. 2003). Taking these
data into account, we examined the effect of R. rosea root aqueous
extracts on stationary phase survival and antioxidant enzyme
activities in S. cerevisiae cells. For the estimation of potential

dx.doi.org/10.1016/j.phymed.2011.06.010
http://www.sciencedirect.com/science/journal/09447113
http://www.elsevier.de/phymed
mailto:lushchak@pu.if.ua
dx.doi.org/10.1016/j.phymed.2011.06.010
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effect of R. rosea extracts on the yeast viability measured by moni-
toring cell ability to form colonies on complete medium (CFUs). The
number of viable cells which could reproduce and form colonies
decreased in cultures with and without R. rosea extracts over time.
M.M. Bayliak, V.I. Lushchak / P

tress-protective effects of R. rosea, the resistance to hydrogen
eroxide in exponential phase yeast cells, which were grown
ithout and in the presence of roseroot extracts, was  compared.

aterials and methods

trains, growth conditions, and stationary phase survival

The S. cerevisiae strain YPH250 (MATa trp1-�1 his3-�200 lys2-
01 leu2-�1 ade2-101 ura3-52) used in this study was  kindly
rovided by Dr. Youshiharu Inoue (Kyoto University, Japan).
vernight cultures were grown in YPD medium (1% w/v  yeast
xtract, 2% w/v peptone, 2% w/v glucose), inoculated into flasks
ith the same medium supplemented with aqueous extracts from

. rosea root to final concentration about 0.3 × 106 cells ml−1, and
rown at 28 ◦C with shaking at 175 rpm.

To determine the number of viable yeast cells, starting at day 3,
liquots were removed from each flask, serially diluted and plated.
he viability was defined as the ability of an individual yeast cell to
eproduce and form a colony within 72 h (colony forming unit, or
FU) on YPD agar plates (Fabrizio and Longo 2003). The amount
f dead cells in yeast culture was measured by methylene blue
taining (Smart et al. 1999).

reparation of plant aqueous extracts, and determination of
alidroside

Commercial preparations of dried roots of R. rosea, collected
n Ukrainian Carpathians, were used in the work. The herbal raw

aterials were comminuted to obtain particle fraction of 1–2 mm
n size. The aqueous extraction was performed on the boiled

ater-bath in the ratio of 1:20 (herbal dried crushed rhizome mate-
ial:distilled water) for 30 min. All liquid extracts were filtered,
terilized by boiling for 20 min, and kept at 4 ◦C for 2 days. The con-
ent of saliroside in aqueous extracts and in dried rhizome material
as estimated spectrophotometrically at 486 nm according to the
ethod approved by the Soviet Pharmacopoeia (NPhUSSR 1990).

2O2 treatment

Exponential-phase growing cells were harvested and resus-
ended in an equal volume of 50 mM potassium phosphate buffer
pH 7.0). Aliquots of the experimental cultures were exposed to
ifferent concentrations of hydrogen peroxide during 1 h at 28 ◦C.
ell survival after hydrogen peroxide exposure was monitored by
easuring of colony-forming units’ number as described.

reparation of cell-free extracts and assay of enzyme activities

Cell extracts were prepared by vortexing yeast cells with glass
eads (0.5 mm),  as described previously (Lushchak et al. 2005).
he activity of superoxide dismutase (SOD) was assayed at 406 nm
s the inhibition of quercetin oxidation by superoxide anion
Lushchak et al. 2005). Dismutation of hydrogen peroxide by cata-
ase was measured at 240 nm using an extinction coefficient for
ydrogen peroxide of 39.4 M−1 cm−1 (Lushchak et al. 2005).

olyacrylamide gel electrophoresis

The native polyacrylamide gel electrophoresis (PAGE) was car-
ied out by the method of Davis (1964).  Superoxide dismutase

soenzymes were detected on the gels according to Beauchamp and
ridovich (1971).  Catalase activity was visualized by incubating the
els in 0.003% H2O2 for 15 min  at room temperature, followed by
reatment with solution, containing 2% (w/v) FeCl3 and 2% (w/v)
edicine 18 (2011) 1262– 1268 1263

K3Fe[CN]6 (Woodbury and Spencer 1971). Relative band intensities
were estimated, measuring density with TotalLab Quant Software.

Protein concentration and statistical analysis

Protein concentration was  determined by the Coomassie bril-
liant blue G-250 dye-binding method (Bradford 1976) with bovine
serum albumin as a standard. Experimental data are expressed as
mean ± SEM. For statistical analysis of data, Student’s t-test, Dun-
nett’s and Student–Newman–Keuls tests were used.

Results and discussion

Toxicity and aging

The content of salidroside, a marker compound of R. rosea, in
dried rhizomes of R. rosea was  1.77 ± 0.05%. According to the Soviet
Pharmacopoeia, the raw material of R. rosea in dried form must
contain at least 0.8% of salidroside (NPhUSSR 1990). Thus, our
experimental stock plant material corresponded to minimal stan-
dard requirements to R. rosea raw material. The concentration of
salidroside in prepared aqueous extract from R. rosea root was
0.080 ± 0.009%, namely 1 �l of roseroot extract contained 0.8 �g
of salidroside.

It is well known that many phytochemicals being beneficial at
low concentrations may  become toxic at higher levels (Wiegant
et al. 2008). To test the toxicity of R. rosea extracts for S. cerevisiae
cells, we examined yeast growth in the presence of different con-
centrations of R. rosea. The incubation media were supplemented
with 2–50 �l of roseroot extract per ml  medium that has given
the final concentrations of salidroside 1.6–40.0 �g/ml medium. The
supplementation of the medium with R. rosea extracts at concen-
trations 2–20 �l/ml medium did not affect the growth rate of S.
cerevisiae YPH250 cells (Fig. 1), but in the presence of 50 �l/ml
R. rosea extract yeast cells showed reduced growth at 10–48 h.
In further experiments aqueous roseroot extracts were added to
the culture medium at concentration of 20 �l/ml which corre-
sponded to final concentration of salidroside of 16 �g/ml medium
and demonstrated no toxicity on yeast.

For the study of anti-aging effects of R. rosea extracts, yeast cells
were cultivated with them for 19 days. Fig. 2A demonstrates the
Fig. 1. Growth curves of S. cerevisiae incubated with different concentrations of R.
rosea aqueous extracts.
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Fig. 2. Viability of S. cerevisiae cells in the presence of R. rosea aqueous extracts.
Yeast viability was determined by counting the number of colony-forming units
(CFUs) (A) and by staining of dead cells with methylene blue (B). CFU was calculated
as  the ratio between the numbers of cells forming colonies by plating to the total
n *
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Fig. 3. Correlation analysis of data obtained with S. cerevisiae cells by long-term

umber of cells plated. Significantly different from respective control values with

 < 0.05 by Student–Newman–Keuls test. #Significantly different from respective
ontrol values with P < 0.01 using Student’s t-test (n = 3–6).

he number of reproductive active cells was higher in control cul-
ures at day 5, but at final period of cultivation (at days 15–19)
he percentage of cells which kept reproductive capability was
igher by 15–20% in cultures with roseroot preparations, than that

n control. The viability was also measured by counting dead cells
fter methylene blue staining. The age-dependent increase in the
mount of dead cells in cultures was observed (Fig. 2B). The per-
entage of dead cells was higher in cultures grown with R. rosea
xtracts at day 5, but at days 15–19 the roseroot-supplemented cul-
ures had 25% smaller proportion of dead cells, than control ones. It
ndicates that R. rosea extracts decrease yeast survival at first days
f cultivation and have a favorable effect on yeast cell long-term
iability. A strong negative correlation was found between yeast
iability determined with plating assay and dead/live cells stain-
ng, i.e. between CFUs and cell death (Fig. 3). This relationship was
bserved in cultures grown without and with R. rosea extracts. It is
onsistent with previous studies reported that the loss of the abil-
ty to reproduction was related with yeast cell death (Fabrizio and

ongo 2003). The time-dependent loss of viability was  compared
ith the concentration of the protein released into the medium by
amaged and dead cells. In agreement with measurements of cell
iability, the increase in the protein concentration in the media
survival: between the numbers of CFUs and of dead cells in cultures grown with-
out  (A) and in the presence of R. rosea aqueous extracts (B). Results are shown as
mean ± SEM (n = 3–6).

from cultures of different ages was observed (Fig. 4). Moreover, a
strong positive correlation between the protein concentration and
the number of dead cells was  found (Fig. 5), suggesting that pro-
tein concentration in culture medium may  be used as a marker
of yeast cell viability. A major increase in the protein concentra-
tion was  detected in the medium taken off from control cultures
at day 19 that corresponded to a significantly lover number of
alive cells in these cultures (Fig. 4). However, the release of pro-
tein in cultures with R. rosea was  ∼1.7-fold lower, than in control,
at final day of cultivation. It confirms the above observations which
demonstrated higher yeast viability in cultures supplemented with
roseroot extracts. Taken together, these results suppose that R.
rosea extracts prevented cell death at a long-term cultivation of
S. cerevisiae and increased the reproductive potential of aged yeast
population.
Superoxide dismutase and catalase: activity and isoforms

Oxidative phosphorylation is a main source of energy to main-
tain the viability in yeast cells at stationary phase. Reactive oxygen
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Fig. 4. Protein concentration in the medium from the yeast cultures of S. cere-
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Table 1
Activities of superoxide dismutase and catalase in S. cerevisiae YPH250 grown in the
presence of R. rosea aqueous extracts.

Days of cultivation SOD (units/mg protein) Catalase (U/mg protein)

Control R. rosea Control R. rosea

3 87 ± 12 61 ± 10 102 ± 6 51 ± 3#

7 213 ± 16a 106 ± 9a,# 120 ± 16 119 ± 17a

11 237 ± 18a 73 ± 12b,# 95 ± 13 132 ± 13a

19 132 ± 21a,c 58 ± 8b,# 100 ± 20 86 ± 27

a Significantly different from respective values at day 3 with P < 0.05 by
Student–Newman–Keuls test.

b Significantly different from respective values at day 7 with P < 0.05 by
Student–Newman–Keuls test.

c Significantly different from respective values at day 11 with P < 0.05 by

as adaptive response to enhanced oxidative danger. The decrease
in SOD activity at late stages of cultivation can indicate that there
is the increased exposure of macromolecules to ROS. In this case,
isiae grown in control and R. rosea aqueous extract supplements from days
 to 19. *Significantly different from respective control values with P < 0.05 by
tudent–Newman–Keuls test (n = 3–6).

pecies (ROS) produced during respiratory metabolism have been
roposed to cause cumulative oxidative damage to cellullar com-
onents and with depletion of antioxidant defense seem to be key
actors leading to yeast cell aging and death (Jakubowski et al. 2000;
osta and Moradas-Ferreira 2001). To elucidate whether lifespan
xtending effect of R. rosea on yeast was connected with the influ-
nce on antioxidant defense, we examined the activities of SOD
nd catalase, which are known, to play an important role in yeast
urvival at prolonged cultivation (Longo et al. 1996; Fabrizio et al.
003). Table 1 shows SOD activity of during the yeast cultivation
ith R. rosea extracts. SOD activity did not differ in cells grown
ithout and with roseroot extracts at day 3 and was lower in cells

ultivated with R. rosea extracts as compared to control at further
ultivation. Higher SOD activity at R. rosea supplementation was
bserved at day 7, compared to ones at day 3, and this increase was
igher in control cultures (2.4-fold versus 1.7-fold). The enzyme
ctivity in control cells remained at the same level to day 11 and

ecreased by 1.8-fold at final day of cultivation. At the same time,

n cells cultivated with R. rosea extracts SOD activity significantly
ecreased at day 11, compared to day 7, and further did not change
o the end of cultivation. Using native PAGE following the quan-

ig. 5. Correlation between protein concentration in the medium and the number
f  dead cells in cultures S. cerevisiae grown without and in the presence of R. rosea
queous extracts at days 3–19. Results are shown as mean ± SEM (n = 3–6).
Student–Newman–Keuls test..
# Significantly different from respective control values with P < 0.01 using Stu-

dent’s t-test. Results are shown as mean ± SEM (n = 4–6).

tification of SOD activity we  showed that the relative level of SOD
isoforms (Fig. 6A) was  similar in cells from both cultures at day 7
(Mn-SOD – 25 and 22%, Cu,Zn-SOD – 75 and 78% in control cells and
cells incubated with roseroot preparations, respectively). Thus the
higher SOD activity in control cells, compared to cells incubated
with R. rosea extracts, at this period was  not caused by changed
distribution of SOD activities between two  isoforms.

Superoxide dismutase is a major antioxidant enzyme in yeast
stationary phase, and its both isoenzymes, are required for long-
term yeast survival, protecting the cells against damaging effects of
superoxide anion and, in turn, other ROS (Longo et al. 1996; Fabrizio
et al. 2003). The production of ROS has been shown to increase
during prolonged incubation of stationary cultures of S. cerevisiae
(Jakubowski et al. 2000). Therefore, the observed increase in SOD
activity at first 7 days of yeast stationary phase may  be considered
Fig. 6. Native PAGE electrophoresis of SOD (A) and catalase (B) activity in S. cerevisiae
cells  grown during 7 days without and in the presence of R. rosea aqueous extracts.
An  amount of total protein applied to each well was 50 �g and 10 �g for SOD and
catalase, respectively.
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Fig. 7. Survival of S. cerevisiae cells grown with R. rosea aqueous extracts to mid-
266 M.M. Bayliak, V.I. Lushchak / P

OD itself could become a target for ROS attack. It is known, that
OD is inactivated by exposure to hydrogen peroxide, especially
igh sensitivity to oxidation was demonstrated for its cytosolic

soenzyme – Cu,Zn-SOD (Costa et al. 2002). However, an alternative
xplanation that the decreased activity of SOD is due to decreased
rotein turnover or protein synthesis in stationary cultures cannot
e excluded. Decrease in SOD activity during long-term incubation
ay  promote oxidative damage, resulting in a loss of viability. It is

onfirmed by studies reported age-dependent inactivation of mito-
hondrial aconitase which is the primary target of superoxide and
ay  contribute to aging and death in yeast (Fabrizio et al. 2003).
In the case of catalase, the activity of this enzyme in control

ells was unchanged during all periods of cultivation (Table 1). In
he cells, grown with R. rosea extract the catalase activity was lower
y 50% at day 3 but did not differ from controls during next days of
ultivation. The PAGE also demonstrated no differences in relative
evel of catalase isoenzymes in cells, cultivated with and without
oseroot preparations at 7 day (Fig. 6B) (catalase A – 29 and 28%,
atalase T – 71 and 72% in control cells and cells grown with R. rosea
xtracts, respectively).

The obtained results suggest that an elevation of activity of
he major antioxidant enzymes did not require for life-extending
ction of R. rosea in S. cerevisiae cells, and moreover the decrease
n SOD activity was observed. Recently similar results demon-
trating protective role R. rosea on human cells against oxidative
tress without activation of antioxidant defences were reported
Schriner et al. 2009). It cannot be excluded, that R. rosea may
ct in other manner, such as providing DNA stability or via inter-
ction with mediators of signaling pathways that provide stress
esistance by mechanisms including not only antioxidant enzy-
atic defences. That fact, that in cultures with R. rosea extracts the

umber of dead cells increased and the CFUs’ number decreased
t first days of cultivation compared to control, suggest that ini-
ially R. rosea may  act as mild stressor, causing observed effects. An
daptation to R. rosea results in increase in CFUs and yeast survival
on days 8–19). In animal studies, some mechanisms of stress-
rotective activity of R. rosea has been identified, such as regulation
f molecular chaperon synthesis (Panossian et al. 2009) and inter-
ction with insulin/IGF-1-like/daf-2 pathway by activating DAF-16,

 FOXO-family transcription factor, that influences the synthesis
f proteins involved in stress resistance and thereby declines the
ate of aging (Wiegant et al., 2008). In C. elegans, among the genes
egulated by-he daf-2 pathway are mitochondrial Mn-SOD and sev-
ral heat shock proteins (Cherkasova et al. 2000). In S. cerevisiae
as2/Cyr1/cAMP/PKA and the Sch9 pathways are similar to that

dentified in worms and regulate stress resistance and longevity
y modulating activity of transcription factors Msn2/Msn4, which

nduces the expression of similar proteins (heat shock proteins,
atalase, Mn-SOD and other maintenance proteins) (Fabrizio and
ongo 2003). Msn2/Msn4p are considered as components of gen-
ral stress response and they will be activated under different stress
onditions (Costa and Moradas-Ferreira 2001). Therefore it may
e supposed, that in our experiments R. rosea extract may act, at

east partly, due to interaction with Msn2/Msn4 transcription fac-
ors inducing synthesis of protective proteins. We  did not show the
ifference in activity of catalase and detected the decrease in SOD
ctivity in yeast treated with aqueous R. rosea extract. It can indi-
ate that R. rosea influences other, than antioxidant, cell defense
echanisms, such as a level of the heat shock proteins, analog-

cally to worms, or may  prevent the depletion of glutathione, a
ow-molecular mass antioxidant, which play an important role in
east survival at stationary phase (Stephen and Jamieson 1996),

s it was shown in cell cultures (Calcabrini et al. 2010) and mice
Kim et al. 2006). In this case the increase in activity of antioxidant
nzymes in R. rosea extract treated yeast is not necessary, and the
odulation activity of the other protective components may  be suf-
dle  exponential phase under treatment with different H2O2 concentrations for 1 h
(n = 4–6). *Significantly different from respective control values with P < 0.01 using
Student’s t-test.

ficient to provide stress resistance and yeast longevity during the
definite time. However the weakness of defense mechanisms and
accumulation of damaged molecules at late stages of cultivation, as
was  mentioned above, led to decrease in yeast survival as in control
as in roseroot treated cultures.

Susceptibility to hydrogen peroxide

One of the major properties of plant adaptogens is that they have
been shown to increase resistance to different stresses in model
organisms (Boon-Niermeijer et al. 2000; Wiegant et al. 2008).
Therefore, we addressed the question whether extracts from R.
rosea root were able to enhance resistance against oxidative stress
in S. cerevisiae cells. Oxidative stress was  induced in exponential-
phase yeast cells by hydrogen peroxide. Yeast cells grown in the
presence of R. rosea aqueous extracts showed greater susceptibility
to H2O2 compared to control (Fig. 7). After treatment with 10.0 mM
H2O2 the viability of the cells grown without and in the presence
of R. rosea extracts amounted to 11% and 55% of the untreated cell
viability (without H2O2), respectively.

Such antioxidant enzymes as catalase and SOD play a critical
role in protection of S. cerevisiae against damaging effects of H2O2.
It was previously reported that biosynthesis and activities of cata-
lase and SOD in S. cerevisiae were elevated upon cell exposure
to low concentrations of hydrogen peroxide (Godon et al. 1998;
Bayliak et al. 2006). Therefore, in the present study we investi-
gated also the effect of R. rosea extracts on the cell response to
H2O2-induced stress. Data presented in Table 2 demonstrate that
the activity of catalase in YPH250 cells grown with R. rosea aqueous
extracts did not differ, while the activity of SOD was by 60% lower,
than in control cells. Exposure to 0.5 and 2.5 mM  H2O2 enhanced
SOD activity by 1.4-fold in cells grown with roseroot preparations
and in controls, but there was  no marked difference in the activ-
ity between cells untreated and incubated at 10.0 mM H2O2. At the
same time, 0.5 mM hydrogen peroxide increased catalase activity
by 1.3-fold in control cells, but did not change it in cells culti-
vated with R. rosea extracts. Higher concentrations of hydrogen
peroxide resulted in the decrease in catalase activity. A degree of
enzyme activity decline was  higher in cells cultivated in the pres-

ence of R. rosea extracts. Thus, hydrogen peroxide induced weaker
adaptive response in cells grown with R. rosea extracts, compared
to control that was in parallel with lower survival of these cells
under H2O2-exposure. When we  plotted the activity of SOD against
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Table  2
Activities of superoxide dismutase and catalase in S. cerevisiae YPH250 cells grown
with R. rosea aqueous extracts to middle exponential phase under treatment with
various H2O2 concentrations for 1 h.

H2O2 (mM)  SOD (units/mg protein) Catalase (U/mg protein)

Control R. rosea Control R. rosea

0 182 ± 15 111 ± 10* 7.48 ± 0.47 6.80 ± 0.82
0.5  255 ± 24a 163 ± 22*,a 10.2 ± 0.58a 7.58 ± 0.45*

2.5 255 ± 22a 173 ± 10*,a 9.28 ± 0.95 3.68 ± 1.26*,a

5.0 225 ± 30 128 ± 24* 7.23 ± 0.68 4.03 ± 0.95*,a

10.0 170 ± 14 94 ± 11* 6.05 ± 0.34a 3.43 ± 0.86*,a

* Significantly different from respective control values with P < 0.05 using Stu-
dent’s t-test.
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a Significantly different from respective values for untreated cells (without H2O2)
ith P < 0.05 by using Dunnet’s test for multiple comparisons. Results are shown as
ean ± SEM (n = 4–6).

atalase activity, a positive correlation between catalase and SOD
ctivity was found in control cells treated with different H2O2 con-
entrations (Fig. 8), but not in cells grown with R. rosea extracts
not shown). A similar relationship between the two enzymes was
ound in our previous studies (Lushchak et al. 2005; Bayliak et al.
006). It suggests the coordinated action of these enzymes under
xidative challenge, but in some cases, as in the case of cells cul-
ivated with roseroot extracts, this relationship is, probably, more
omplicated and can be realized not only at the level of enzyme
ctivities. The concentration-dependent changes in the activities
f antioxidant enzymes under H2O2-exposure may  reflect a bal-
nce between processes of their activation and inactivation that
epend on concentration of ROS in the cell. The lower activity of
ntioxidant enzymes together with higher sensitivity of yeast cells
rown in roseroot cultures to H2O2 may  suggest that R. rosea act as

 relatively strong stressor in actively reproducing cells and under
n additional exposure by H2O2 cell defense mechanisms are not
apable to cope with both challenges that leads to cell death. Sim-
lar results were shown in cell cultures studies reported that R.
osea extract at high doses facilitated the toxic action of oxidants
Schriner et al. 2009). Nevertheless, it cannot be ruled out, that R.
osea extracts can act through suppression of gene expression or
ynthesis of protective enzymes.

In summary, our data show that extracts from R. rosea root

xhibit geroprotective action in S. cerevisiae,  being able to pre-
ent viability and reproduction decline of yeast cells in stationary
hase. Extracts of R. rosea at concentrations extending yeast lifes-
an did not demonstrate protective effects against oxidative stress

ig. 8. Correlation between SOD and catalase activities in S. cerevisiae exponential
ells in control cultures treated with different H2O2 concentrations for 1 h (n = 4–6).
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induced by H2O2 in S. cerevisiae at exponential phase and sig-
nificantly increased sensitivity of exponentially growing cells to
this oxidant. Low concentrations of hydrogen peroxide induced a
weaker adaptive response and were already toxic for cells, grow-
ing in the presence of R. rosea extracts, in contrast to control cells.
These observations suggest that in exponential-phase yeast cells
R. rosea acts as stressor which did not provide pre-adaptation to
next oxidative challenges. The extracts did not effect on catalase
activity and decreased SOD activity in chronologically aged yeast
cells. These effects, probably, are not connected with positive influ-
ence of R. rosea on S. cerevisiae lifespan. The opposite effects of R.
rosea extracts on stress resistance and lifespan of the yeast may  sug-
gest that beneficial doses for “young” exponentially growing cells
and “old” non-dividing yeast cells in stationary phase are different.
Taking into account that exponential phase yeast culture is some-
what relevant to proliferating cells of metazoas, whereas stationary
phase – differentiated cells (Longo 1999), and received here date
may  expect that R. rosea preparations may  be especially efficient
for protection of the cells of nervous system.
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