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Rhodiola rosea is a medicinal plant having stimulating and adaptogenic properties, and some reports also indicate its antic
ntimutagenic effect. However, the mechanism of its anticancer effect is unknown as there have been no cytological studies
ytostatics, cell cycle, induction of apoptosis or the mitotic activity of healthy and cancerous cells. In the present paper, those param
nvestigated using HL-60 cells, with flow cytometry and fluorescence microscopy.

It has been found that the extract ofRhodiola rosea rhizomes inhibits division of HL-60 cells, which is preceded by an accumulati
ells at the prophase stage. This leads to induction of apoptosis and necrosis in HL-60 cells, and to marked reduction of their su
ells enter apoptosis from phase G2/M of the cell cycle. After treatment with the extract, no chromosome aberrations or micron
bserved, which indicates the mild action of the extract.
The cytostatic and antiproliferative effect of theRhodiola rosea rhizome extract, and its mild action, raises hope for its use in antic

herapy by enhancing the effectiveness of cytostatics.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Rhodiola rosea L. (Crassulaceae) has been used for a very
ong time in Russian and Chinese folk medicine (Rege et
l., 1999); even orthodox medicine started to use it over 130
ears ago. Recently phytochemical studies of the rhizomes
nd shoots have revealed the presence of flavonoids, proan-

hocyanidines tyrosol and its glycoside salidroside, cinnamyl
lcohol and its glycoside rosavine,�-sitosterol, anthragly-
osides, as well as other glycosides, organic acids, etheric

∗ Corresponding author. Tel.: +48 22 55 42 001; fax: +48 22 55 42 022.
E-mail address: AgaMajewska@biol.uw.edu.pl (A. Majewska).

oils, sugars, fats, specific alcohols and proteins (Kurkin et
al., 1985). The best known biologically active compoun
are phenolic compounds—salidroside (1% of dry ma
rosavine (3% dry mass in underground stems) and tria
dine identified in tissue cultures (Kurkin and Zapiesocznaj
1986; Furmanowa et al., 1998). In Russia, roots and rhizom
are a pharmacopoeal herb standardised for the conte
rosavine (qualitative) and salidroside (qualitative and q
titative).

The sphere of application ofRhodiola rosea extracts is
very comprehensive. At present, liquid extracts fromRho-
diola rosea are used in medical practice as a stimula
and adaptogenic agent (Sokolov et al., 1985). The common

378-8741/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2005.05.051



44 A. Majewska et al. / Journal of Ethnopharmacology 103 (2006) 43–52

usage ofRhodiola rosea deals with its antiarrhythmic effect
(Lishmanov et al., 1993); Rhodiola rosea is also a stimulant
of the immune system (Kelly, 2001). Rhodiola rosea extract
protects the heart against damage caused by stress, most
likely by inhibiting the release of catecholamines (Maslova
et al., 1994). Many investigations have pointed toRhodiola
rosea’s anticancer role (Kelly, 2001) and shown its reaction
on Ehrlich, B 16 and Levis cancers (Razina et al., 2000).
The extract strengthened the activity of cyclophosphamide
(Udintsev and Schakhov, 1991) and lowered its hepatotoxi-
city. Similar activity was shown with adriamycin (Udintsev
et al., 1992). Rhodiola rosea extract has been used to lower
biological, physical and chemical stresses. One of the mech-
anisms is an antimutagenic reaction lowering the number of
chromosomal aberrations and micronuclei after cyclophos-
phamide in vivo treatment and inhibited rapid DNA synthesis
caused byN-nitroso-N-methylurea (Salikhova et al., 1997)
as well as mutations caused by 2,7-diamino-4,9-dioxo-5,10-
dioxy-4,5,9,10-tetrahydro-4.9-diaza prein (DDDTDP), ethi-
dine bromide, benzoperone, benzinidine and heavy metals
(Duhan et al., 1999).

In spite of these therapeutic effects ofRhodiola rosea
extract, little is known about the anticancer mechanism of
its action, because no extensive cytological investigations
have been conducted on mitotic activity, cell cycle or sur-
vival of cancer and normal cells. Our results from tests on the
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DMSO does not cause visible structural changes in HL-60
cells according to the results of the experiments ofRowinsky
et al. (1988).

2.2. HPLC analysis

Chemical investigation was carried out in the same way as
earlier described byFurmanowa et al. (2002). Dried and pul-
verized rhizomes were extracted with ethyl acetate then with
methanol and the extracts were purified. HPLC analysis was
performed on a DIONEX HPLC system, equipped with UVD
detector. Separation was done in an EC 250/4 Nucleosil®

120-7C18 column (Machery-Nogel). The mobile phase con-
sisted of 0.04 M H3PO4—A, acetonitrile—B, methanol—C,
used in the following gradient elution: from 7B/8C in 30 min
to 20B/20C. The flow rate was 1 cm3 min−1, detection 220,
250, 275 and 320 nm. The standard substances: salidroside,
tyrosol, cinnamyl alcohol, triandrine and rosavin fraction
were analyzed in the same conditions. Peaks were assigned
by spiking the samples with standard substances and com-
parison of the retention times and UV spectra.

2.3. Cell culture and exposure to the extract from
Rhodiola rosea

Promielotic leukemia cells of the HL-60 line were
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lant Allium cepa showed that extract fromRhodiola rosea
hizomes caused inhibition of the mitotic activity of me
ematic cells ofAllium cepa root tips and accumulation ce
n G2/M phase of cell cycle (Majewska et al., 2003). The aim
f this paper is to further investigate the biological ac
survival, cell cycle, apoptosis) of the antimitotic activity
hodiola rosea on promyelotic leukemia cells on HL-60 lin

o define the anticancer effect of the extract.

. Material and methods

.1. Extract preparation

The rhizomes of ground plants ofRhodiola rosea were
rown for 2 years in the experimental field of the Dep
ent of Biology and Pharmaceutical Botany of the Med
cademy in Warsaw. The plant material was dried at 80◦C.
0 g of ground dry raw material was dipped in 60 ml
6% ethanol. Extraction was carried out in flasks on a ro
haker, at 25◦C, in darkness for 12 h. The extract was
ered, and the filtrate was evaporated at 35◦C, at reduce
ressure (20 mbar). The dry residue (0.23 g) was diss

n 5 ml dimethyl sulphoxide (DMSO) whose final conc
ration was 2%. This solution was used for dilution w
istilled water. During investigation, the following dilutio
f the basic solution were used: 4.5, 9, 45, 90, 180,
50�g/ml, where the maximal concentration of DMSO in
btained dilutions did not exceed 0.5%. Such a concentr
f DMSO was used as a control in all our experiments. 0
btained from the Department of Clinical Cytology of
edical Centre for Postgraduate Education in Warsaw. T
ere cultured in RPMI 1640 (GIBCO) medium supp
ented with 20% inactivated newborn calf serum (Bioch
G), penicillin and streptomycin (GibcoBRL, Life Tec
ologies) at 37◦C in air supplemented with 5% CO2. For
ytological investigation, 105 cells per ml of RPMI medium
ere used. Cells were treated with different concentra
f the extract for 6, 12, 24, 48 and 72 h. After each tim

ncubation cells, were collected for further cytological inv
igations.

.4. Cytological investigations

.4.1. Mitotic activity
HL-60 cells were fixed in 3% paraformaldehyde w

.25 M mannitol (45.54 g/l) for 2 h, rinsed in PBS buffer a
tained with DAPI (indolo-4′,6-dwuamidyno-2-fenylidyny
80 nm). After rinsing in PBS, the cells were embedde
itifluor. On the basis of microscopic preparations, the mi
ndex and phase indices were counted and microphotog
ere made with a fluorescent microscope (Optiphot 2 Nik
or each experiment, the indices were counted per 1000
sing four replicates.

.4.2. Survival of cells and detection of percentage of
poptosis and necrosis

Survival of cells was evaluated on the basis of PI (pro
um iodide, Sigma P4170) staining. PI (final concentra
�g/ml) was added to each examined sample for 10
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(room temperature, darkness). The samples (105) were ana-
lyzed in FACSCalibur flow cytometer (Becton Dickinson,
USA, equipped with argon laser with emission spectrum
488 nm). Ten thousand cells were analyzed using four repli-
cates. The results were analyzed with CELLQuest program.
On the basis of penetration of PI (FL2) and size of cells (FSC),
the percentage of apoptotic and necrotic cells was evaluated.

2.4.3. Investigations of cell cycle
Cells (105) were fixed in 75% ethanol for 4 h and than

washed in PBS and suspended in 0.1% NP40 (Nonidet P40,
Biochemica Fluka) andRNAse (Ribonuclease A,DNAse-free
preparation, 10�g/ml, Serva) for 20 min at room tempera-
ture. Next PI was added (final concentration 5�g/ml) for
12 h at 4◦C in darkness. Samples were analyzed with FAC-
SCalibur flow cytometer (Becton Dickinson, USA). For each
sample, 10,000 cells were analyzed using four replicates. The
results were analyzed with CELLQuest program.

2.4.4. Statistical analysis of results
All results were statistically analyzed using ANOVA

parameter tests and Student–Newman–Kelus test.

3. Results
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(24, 48 h), the survival rate gradually rose, finally reaching
(72 h) values close to control.

Treatment with a concentration of 90�g/ml markedly
reduced survival, by 50% in proportion to the control, after 12
and 24 h of incubation, then survival started rising after 48 h,
not reaching, however, the control value after 72 h (Fig. 1).
Treatment with 180�g/ml reduced the survival to 15% after
24 h, followed by a slight growth after 48 and 72 h (Fig. 1),
and the highest concentrations ofRhodiola rosea extract (225
and 450�g/ml) reduced it to almost 0 after 48 and 72 h of
incubation.

During incubation with all concentrations of theRhodi-
ola rosea extract, the decrease of percentage of live cells
was accompanied by proportional growth of the percent-
age of apoptotic and necrotic cells (Figs. 2–5). The pro-
portion of both types of cells varied throughout the exper-
iment.

During the initial period of incubation (6 and 12 h), all
concentrations gave a higher percentage of apoptotic than
necrotic cells (with the exception of the concentration of
450�g/ml, which had an opposite effect after 12 h of incu-
bation) (Figs. 2 and 3).

Fig. 2. Changes in the percentage of normal, apoptotic and necrotic cells
during incubation (6–72 h) in different concentrations ofRhodiola rosea
extract.* P < 0.05 in comparison to control value.
.1. Survivability and induction of apoptosis and
ecrosis

Rhodiola rosea extract caused a marked decrease in
urvival of HL-60 cells (Fig. 1), depending on its concentr
ion and incubation period.

The two lowest concentrations, 4.5 and 9�g/ml, narrowly
ncreased the survival of HL-60 cells for 6 h of incubati
nd reduced it slightly after 12 h. At further incubation tim

he survival rate rose, reaching its top value after 72 h (Fig. 1).
A concentration of 45�g/ml reduced the survival of ce

y 30% after 12 h of incubation. During further incubat

ig. 1. Changes in survival of HL-60 cells after treatment with different
entrations ofR. rodiola extract during 72 h of incubation (control = 100%
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Fig. 3. Changes in the percentage of normal, apoptotic and necrotic cells during incubation (6, 12, 24 h) in 90�g/ml (A–C); (A) and (D)—6 h, (B) and (E)—12 h,
(C) and (F)—24 h. Cells were incubated in propidium iodide. In R1 gate are alive cells, R2 gate—apoptotic cells, R3—necrotic cells; FSC—forward side scatter,
FL-2 fluorescence of propidium iodide.
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Fig. 4. HL-60 control cells (A) and after 24 h of treatment with theRhodiola rosea extract at the concentration of 90�g/ml (B)—visible fragmented cell nuclei
and forming apoptotic bodies. Staining with DAPI. Fluorescent microscope Optiphot 2 (Nikon). Magnification 1800×.

In the further course of the experiment (24, 48 and 72 h),
the percentage of apoptotic cells decreased and the percent-
age of necrotic cells rose, proportionally to the concentration
(Figs. 2 and 3). After 24, 48 and 72 h of treatment with the
highest concentration of the extract (225 and 450�g/ml), the
percentage of necrotic cells was much higher than of apop-
totic cells (Figs. 2 and 3). Microscopic observation confirmed
the death of the cells. Beside normal cells, some cells with
distinctly fragmented nuclei or containing apoptotic bodies
were observed (Fig. 4).

3.2. Cell cycle analysis

Analysis of the cell cycle after treatment of HL-60 cells
with theRhodiola rosea extract showed that, during incuba-
tion in the extract, the proportion of G1 and G2/M phase cells
was reduced (Figs. 5 and 6), and the percentage of cells at
the S phase of the cell cycle grew. This was dependent on the
period and concentration of the extract, and was accompa-
nied by the appearance of a large number of apoptotic cells
at the sub-G1 phase (Fig. 5).

Treatment with the lowest concentrations of the extract
(45 and 90�g/ml) caused only a slight decrease of G1 and
G2/M phase cells after 24 and 48 h (Fig. 6) of incubation,
in comparison with the control and higher concentrations of
t f S-
p afte
2 n of
t

c e of
G and
a f G1
c e cells

had already risen after 6 h, and it significantly increased dur-
ing further incubation, reaching the highest values after 24
and 48 h of incubation. After 72 h of incubation, the percent-
age of cells in the S phase slightly decreased, but it was still
much higher than in the control (Fig. 6).

3.3. Mitotic index after treatment with Rhodiola rosea
extract

TheRhodiola rosea extract, in all chosen concentrations,
reduced the percentage of cell divisions or led to their total
inhibition, which depended on the extract concentration used
(Fig. 7).

The lowest one, 45�g/ml, reduced the mitotic activity of
HL-60 cells only slightly after 6 and 12 h of incubation; how-
ever, with further incubation, the IM rose to slightly exceed
the control value after 72 h (Fig. 7).

TheRhodiola rosea extract in a concentration of 90�g/ml
lowered the IM statistically significantly, by about 65%, after
12 h of incubation, which was followed by its increase, to
exceed the control value after 48 h of incubation (Fig. 7).

The two highest concentrations of the extract, 180 and
225�g/ml, led to total inhibition of cell division. The con-
centration of 180�g/ml inhibited cell division after 12 h,
but they slowly spontaneously reappeared in further incuba-
tion (Fig. 7). After treatment with the highest concentration,
2 of
i all
a

3
e

sen
c

he extract. A significant increase of the percentage o
hase cells under those concentrations was observed
4 h of incubation; further incubation caused a reductio

his value, until reaching the control level after 72 h (Fig. 6).
Higher concentrations of the extract (180 and 225�g/ml)

aused an almost two-fold reduction of the percentag
2/M phase cells as soon as after 12 h of incubation,
pproximately about 20% reduction of the percentage o
ells. In these concentrations, the percentage of S-phas
r
25�g/ml, total inhibition occurred as soon as after 6 h

ncubation. This lasted until 48 h of incubation, and sm
mounts of cell division were seen after 72 h.

.4. Phase index after treatment with Rhodiola rosea
xtract

Analysis of the phase index after treatment with all cho
oncentrations of the extract (45, 90, 180�g/ml) showed
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Fig. 5. Changes in the level of nuclear DNA of HL-60 cells in the control (A) and after treatment withRhodiola rosea extract in different concentrations (90,
180 and 225�g/ml) after the same incubation period (6 h) (B); and in the same concentration (180�g/ml), after different incubation periods (12, 24, 48 h) (C).

a typical significant growth of the prophase index after 6 h
of incubation (Fig. 8B–D). In further incubation, this index
decreased, which was correlated with a reduction of the
mitotic activity of cells. Meanwhile, the telophase index
started increasing, and it markedly exceeded the control
value, especially after treatment with concentrations of
45�g/ml and 180�g/ml. The anaphase index was low, close
to 0 (Fig. 8B and D). The highest fluctuation of the index
were observed after treatment with the extract at the con-
centration of 90�g/ml (Fig. 8C), which caused the highest

increase of the prophase index. It remained higher than the
control value until the end of incubation, which correlated
with a reduction of the metaphase and anaphase indices
(Fig. 8C).

After treatment with theRhodiola rosea extract, no mor-
phological changes of chromosomes nor micronuclei were
observed; only the highest concentrations of the extract,
i.e., 225 and 450�g/ml, caused thickening and shortening
of prophase and metaphase chromosomes (2–3%) (data not
shown).
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Fig. 6. Percentage of control cells in G1, S, G2/M phases of the cell cycle
and after treatment (6–72 h) with different concentrations ofRhodiola rosea
extract.* P < 0.05 in comparison to control value.

3.5. HPLC analysis

Analysis of the retention times and UV-spectra of com-
pounds present inRhodiola rosea rhizome extract, and com-
parison of standard substances with the same data, showed
the presence of phenylopropanoids like rosavin and cinnamyl
alcohol (0,13%). The above-mentioned compounds best pen-
etrates into ethyl acetate during extraction. In the UV spectra,
theλmax (MeOH) for rosavin and its aglycon cinnamyl alco-

Fig. 7. Changes in the mitotic index of HL-60 cells after treatment (6–72 h)
w

hol are 206, 251 and 283 nm; thus detection in 250 nm was
optimal for these compounds. There were also unidentified
compounds (Fig. 9) which together with rosavin and cin-
namyl alcohol could caused the observed changes in mitotic
activity.

4. Discussion

According to recent reports, use of plant extracts is very
effective in anticancer therapy, due to the supplementary or
synergistic effect of particular compounds of the extract (Li
et al., 2000). The cytostatic effect of whole plant extracts
on cancer cells is often much better than the effect of their
particular biologically active compounds (Yano et al., 1994;
Vickers, 2002). From this point of view, it is important to
study the mechanism of the anticancer effects of a whole
extract and its separate biologically active components.
There has been no investigations regarding the effect ofRho-
diola rosea extracts on the mitotic index, survival, apoptosis
induction or cell cycle of healthy and cancerous cells. The
results of investigation on in vivo anticancer use of extracts
from this plant in mice and rats show their high therapeutic
effectiveness (Dement’eve and Iaremenko, 1987; Kelly,
2001). In addition, Rhodiola rosea extracts have no side
effects, and they act synergistically with some other cytostat-
i and
p ry
p rapy.
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ith different concentrations ofRhodiola rosea extract.
cs and reduce their toxicity. The anticancer, synergistic
rotective effect ofRhodiola rosea extracts seems to be ve
romising for their use in supplementary anticancer the

HPLC analysis ofRhodiola rosea root showed the pre
nce of rosavin, which is an adaptogenic agent, an
innamyl alcohol (Kucinskaite et al., 2004). However, no
alidroside was found, although it is present in roots ofRho-
iola rosea more than 5 years old, growing in the Botan
arden of Medicinal Plant Institute in Poznań (Furmanowa
t al., 1998). According to reports (Bykov et al., 1999), the
ontent of the above-mentioned compounds in the roo
he plant rises with its age. For therapeutic purposes,
lder than 5 years are used.

The results of our investigations show that extrac
hodiola rosea rhizomes reduces survival of HL-60 ce
y (accelerating them towards) programmed death. H
ver, longer incubation periods result in the appearan
ecrotic cells (apart from apoptotic cells), which outnu
er the apoptotic cells, especially after treatment with
ighest concentrations of the extract. Some reports ind

hat low concentrations of some compounds in HL-60 c
nduce apoptosis, while high concentrations induce nec
Del Bino et al., 1990, 1991). The appearance of necro
ells may be also a result of incomplete apoptosis (Leist and
icotera, 1998). Probably, the extract induces apoptosis,

he cells enter necrosis at a later stage; or this result m
onnected with a more complex effect of the compound
he extract, reflected by changes in the percentage of
t particular stages of the cell cycle after treatment with
xtract.
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Fig. 8. Changes in the phase index of HL-60 cells after treatment with different concentrations ofRhodiola rosea extract.

After treatment, inhibition of mitotic division of HL-60
cells occurred. The inhibition depended on the concentration
of the extract and was observed much earlier than the total
death of the HL-60 cells. After treatment with the extract at
the concentration of 225�g/ml, total inhibition of cell divi-
sion occurred as soon as after 6 h of incubation, and the most
significant decrease of survival of cells took place between 6
and 48 h of incubation. This could indicate that the cells enter
apoptosis and necrosis starting from the interphase of the cell
cycle. However, the inhibition of cell division was preceded
by an accumulation of cells at the prophase stage. If prophase
cells did not proceed to metaphase and entered the interphase
instead, the percentage of cells containing double DNA (4C)
contents would increase. We did not observe this. Instead,
we observed a significant decrease of the prophase index,
correlated with the inhibition of cell division, and marked
elimination of cells at the G2/M cells. This was accompanied

by the appearance of large amounts of apoptotic cells. So it
can be speculated that cells enter apoptosis at the border of
the G2/M phase.

The results of our earlier work on meristematic cells of
Allium cepa L. roots showed that, during incubation, a marked
accumulation of cells at the G2/M phase of the cell cycle
occurs, which was preceded by an accumulation of cells at
the prophase (Majewska et al., 2003). The accumulated and
changed prophase cells did not enter metaphase, but their
division was inhibited, and cells containing 4C passed to
interphase and accumulated at the G2/M phase (Majewska
et al., 2003).

The present investigation on HL-60 cells has shown that,
during incubation with theRhodiola rosea extract, cells at the
G2/M phase were eliminated instead of being accumulated.
Many reports agree (inter alia,Bhuyan and Groppi, 1989;
Gorczyca et al., 1993) that the phase of the cycle in which

(Rt of
Fig. 9. Separation of ethyl acetateRhodiola rosea extract
 rosavin—19.24 min, Rt of cinnamyl alcohol—25.19 min).
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the progress is stopped by low concentrations is the same
where high concentrations induce apoptosis. This results in
a quicker disappearance of cells at those phases of the cell
cycle after treatment with higher concentrations.

The results of our investigations showed differences in the
effects of low and high concentrations of the extract towards
the prophase index, and its specificity towards the cell cycle.

Lower concentrations of the extract (45 and 90�g/ml)
caused much weaker elimination of cells at the G2/M phase
of the cell cycle, and higher accumulation of cells at the
prophase after 6 h of incubation. However, after 12 h, a
marked decrease of the prophase index, connected with
reduction of the mitotic index and the simultaneous appear-
ance of a large amount of cells in apoptosis, was observed.
This suggests that treatment with lower concentrations results
in stopping the cells at the M phase and/or at the border
of the G2/M phase, from which they enter apoptosis. The
mitotic index and survival of cells rose during further incu-
bation, which was positively correlated with the increase of
the prophase index. The proportion of cells in apoptosis was
also lower at that moment.

Higher concentrations led to much stronger elimination of
cells at the G2/M phase after 12 and 24 h of incubation, in
comparison with lower concentrations. This was also corre-
lated with a significant increase of the percentage of apoptotic
cells at that time. The prophase index rose very slightly after
6 ns.
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The results of our investigations show that the extract of
Rhodiola rosea leads to inhibition of cell division of HL-
60 cells, which is preceded by an accumulation of cells at
prophase. This leads to induction of apoptosis and necrosis
in HL-60 cells and to a marked reduction of their survival. The
cells pass to apoptosis from the G2/M phase of the cell cycle.
No chromosome aberrations or micronuclei were observed
after treatment with the extract, which suggests its mild effect.

The cytostatic and antiproliferative properties and mild
effect of theRhodiola rosea extract raises hope that it could
be used together with other cytostatics for enhancing their
effect and reducing of toxicity, or in supplementary cancer
therapy.
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