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Abstract Background: Salidroside [2-(4-hydroxyphenyl)ethyl-b-D-glucopyranoside],

one of the most potent ingredients extracted from the plantRhodiola rosea L.,

has been shown to have a cardiovascular protective effect as an antioxidant,

and early treatment of epirubicin-induced cardiotoxicity has been the focus of

clinical chemotherapy in patients with breast cancer. However, the cardio-

protective effects of salidroside on epirubicin-induced cardiotoxicity, espe-

cially early left ventricular regional systolic dysfunction, have to date been

sparsely investigated.

Objective: The aim of this study was to investigate the protective effects of

salidroside in preventing early left ventricular regional systolic dysfunction

induced by epirubicin.

Methods: Sixty patients with histologically confirmed breast cancer were en-

rolled. Eligible patients were randomized to receive salidroside (600mg/day;
n = 30) or placebo (n= 30) starting 1 week before chemotherapy. Patients were

investigated by means of echocardiography and strain rate (SR) imaging. We

also measured plasma concentrations of reactive oxygen species (ROS). All

parameters were assessed at baseline and 7 days after each new epirubicin

dose of 100mg/m2.

Results: A decline of the SR peak was observed at an epirubicin dose of

200mg/m2, with no significant differences between salidroside and placebo

(1.35 – 0.36 vs 1.42– 0.49/second). At growing cumulative doses of epirubicin,

the SR normalized only with salidroside, showing a significant difference in

comparison with placebo at epirubicin doses of 300mg/m2 (1.67 – 0.43 vs

1.32– 0.53/second, p < 0.05) and 400mg/m2 (1.68 – 0.29 vs 1.40– 0.23/second,
p < 0.05). Moreover, a significant increase in plasma concentrations of ROS

was found with placebo, but they remained unchanged with salidroside.
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Conclusion: Salidroside can provide a protective effect on epirubicin-induced

early left ventricular regional systolic dysfunction in patients with breast

cancer.

Introduction

Epirubicin is one of the most effective drugs
for treating breast cancer, and it is used in a wide
spectrum of malignancies. However, recent clin-
ical trials have shown that early left ventricular
systolic dysfunction accompanied by high gen-
eration of reactive oxygen species (ROS) occurs
during epirubicin chemotherapy.[1] It is well es-
tablished that oxidative stress plays an important
role in the occurrence of epirubicin-induced car-
diotoxicity.[2] Recently, salidroside [2-(4-hydroxy-
phenyl)ethyl-b-D-glucopyranoside], one of the
most potent ingredients extracted from the plant
Rhodiola rosea L.,[3] has been shown to exert car-
diovascular protection as an antioxidant.[4] In the
present study, we investigated the protective effects
of salidroside as an antioxidant on epirubicin-
induced early left ventricular systolic dysfunction
by strain rate imaging (SRI) derived from Doppler
tissue imaging (DTI), and its potential mechanism.

Materials and Methods

Study Population and Methods

Sixty female patients (mean– SD age 54 – 12
years) with histologically confirmed, previously
untreated breast cancer were included in the
study. The patients were all candidates for treat-
ment with an epirubicin-based chemotherapy reg-
imen (maximal cumulative dose 400– 40mg/m2)
according to the international standardized proto-
cols for breast cancer.

At enrollment before randomization, all pa-
tients underwent echocardiographic analysis, a
12-lead electrocardiogram, and blood pressure
measurement. The inclusion criteria were age be-
tween 18 and 68 years, and an echocardiographic
left ventricular ejection fraction (LVEF) value
‡50%. Patients were not eligible if they had a
history of coronary heart disease, hypertension,
or diabetes mellitus, and/or had been previously

treated with chest irradiation. Our study was
approved by the ethics committee of the Jiangyin
People’s Hospital, and written informed consent
was obtained from all subjects.

In all subjects, blood samples were collected for
the assessment of serum concentrations of ROS.
The echocardiography and laboratory variables
were assessed at baseline (t0) and 7 days after
reaching an epirubicin dose of 100, 200, 300, and
400mg/m2 (t1, t2, t3, and t4, respectively). Both
the subjects and the echocardiographic techni-
cians were blinded to the treatment assignment.
Salidroside with a purity of 99% was ordered
from the National Institute for the Control of
Pharmaceutical and Biological Products (Shanghai,
China).

The 60 enrolled patients were assigned as fol-
lows: 30 to the salidroside group and 30 to the
placebo group. We performed a blind random-
ization with salidroside (600mg/day) or placebo,
beginning the therapy 1 week before the start
of chemotherapy and continuing for the entire
period of epirubicin administration. The clinical
characteristics of the patients in each group are
summarized in table I.

Table I. Clinical data of the two groups included in the study

Characteristic Salidroside

[n =30]
Placebo

[n =30]

Patients

Sex (n; male/female) 0/30 0/30

Age (years; mean –SD) 51 – 7 52– 6

Body surface area (m2) 1.84 –0.26 1.86 –0.17

Heart rate (beats/minute) 71 – 10 73– 9

Tumor type

Breast 30 30

Tumor stage

I 15 14

II 8 9

III 5 6

IV 2 1
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Strain Rate Imaging (SRI) and Assessment of
Oxidative Stress Markers

Conventional echocardiography and SRI were
recorded using a commercially available system
equipped with dedicated software (Qlab 5.0, Philips
IE33). The LVEF was obtained from the apical
4- and 2-chamber views according to the Simpson
rule and was considered abnormal if less than
50%.Myocardial SRIwas derived fromDTI. Strain
rate (SR) data were recorded from the basal inter-
ventricular septum (IVS), using standard apical
views at a high frame rate (>90 frames/second).
The region of interest (ROI) was constant at 5mm2

during the whole trial and was tracked auto-
matically throughout the systole. SR data were
stored in digital format and analyzed offline with
dedicated software (Qlab 5.0, Philips IE33). SR
data were averaged from 4–6 cycles. Our method-
ology for the myocardial SR has been described
previously.[5] In all subjects, the ROS serum con-
centrations were determined on fresh heparinized
blood samples, using the free oxygen radicals test
(FORT). The results are expressed as FORT units
(FORT-U).[6]

Statistical Analysis

The data are reported as mean – SD. Intra-
group differences between t0 values and values
assessed at different epirubicin doses were calcu-
lated by a paired t-test. Differences between the
salidroside group and the placebo group at the
same epirubicin doses were calculated by a stu-
dent’s two-tailed t-test. The correlation between
instrumental and laboratory variables was assessed

by Pearson correlation analysis. p-Values were
considered significant when <0.05. To determine
the reproducibility of the SR derived from DTI,
SRI analysis was repeated by an additional in-
vestigator and by the same primary reader 1 day
later. During these repeated analyses, the investi-
gators were blinded to the results of both prior
measurements.

Results

There were no appreciable differences in clin-
ical characteristics between the salidroside and
placebo groups at enrollment (table I). All pa-
tients reached the scheduled cumulative epirubicin
dose of 400mg/m2. Chemotherapy associated with
salidroside was well tolerated in all patients. Fif-
teen patients were randomly selected to under-
take the intra- and interobserver reproducibility
of the SR.

Conventional Echocardiography, SRI, and
Laboratory Data

No significant abnormalities of the LVEF were
found in either of the two groups throughout the
entire treatment period (table II). However, we ob-
served a reduction in the SR peak at t2 (p < 0.05)
at an epirubicin dose of 200mg/m2, with no sig-
nificant differences between the salidroside and
placebo groups (1.35 – 0.36 vs 1.42 – 0.49/second,
p > 0.05). With growing cumulative doses of epi-
rubicin, the SR normalized only in the salidroside
group, showing a significant difference in compar-
ison with the placebo group at epirubicin doses

Table II. Conventional echocardiographic and strain rate imaging parameters in the two groupsa

Parameter and group t0 t1 t2 t3 t4

Left ventricular ejection fraction (%)

Placebo 66 – 5 65– 4 65 –6 65– 5 66 –5

Salidroside 66 – 7 65– 6 67 –6 65– 4 66 –6

Strain rate (/second)

Placebo 1.69 –0.64 1.67 – 0.19 1.35 – 0.36* 1.32 – 0.53* 1.40 –0.23*

Salidroside 1.68 –0.54 1.68 – 0.23 1.42 – 0.49* 1.67 – 0.43- 1.68 –0.29-

a The data are reported as mean –SD.

t0= baseline; t1= epirubicin 100mg/m2; t2= epirubicin 200mg/m2; t3 = epirubicin 300mg/m2; t4 = epirubicin 400mg/m2; * p< 0.05 vs t0;

- p< 0.05 vs placebo.
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of 300mg/m2 (1.67 – 0.43 vs 1.32 – 0.53/second,
p< 0.05) and 400mg/m2 (1.68– 0.29 vs 1.40– 0.23/
second, p< 0.05) [table II]. Furthermore, the ROS
serum concentrations significantly increased at t2
in the placebo group (498– 41 vs 849– 15FORT-U,
p< 0.05), whereas they remained unchanged in the
salidroside group (498– 30 vs 519– 12 FORT-U,
p> 0.05) [table III]. We randomly selected 15 pa-
tients to undertake the intra- and interobserver
reproducibility of the myocardial strain, and both
intra- and interobserver variability were below
13% (table IV).

Correlations between Echocardiographic
and Laboratory Data

We also correlated early impairment of signif-
icant echocardiographic parameters (calculated
as a change in the SR [DSR] by subtracting the
values from the baseline values) with an increase
in serum concentrations of ROS after 200mg/m2

of epirubicin. We found modest correlations be-
tween the DSR and an increase in plasma con-
centrations of ROS (r = 0.49, p< 0.05).

Discussion

Although epirubicin is one of the most powerful
antineoplastic agents, its clinical use is limited by
dose-related cardiotoxicity.[7] Epirubicin-induced
myocardial dysfunction detected early by serial
tissue Doppler echocardiography has been cor-
related with oxidative stress markers with an un-
changed LVEF during epirubicin chemotherapy.[8]

DTI associated with SRI has shown its value in
early detection of epirubicin-induced cardiotox-
icity, and a measurable SR peak depression has

been regarded as the earliest sign of left ventric-
ular regional systolic dysfunction in epirubicin-
treated patients long before a clinical manifestation
of heart failure.[9] Our study also showed that a
subtle systolic decline of the SR peak appeared
after an epirubicin dose of 200mg/m2, but the
LVEF remained unchanged in the salidroside and
placebo groups between baseline and epirubicin
chemotherapy.

Our findings also showed that a significant rise
in ROS concentrations continued throughout
epirubicin chemotherapy. Although the patho-
genesis of epirubicin-induced cardiotoxicity remains
controversial, the oxidative stress-based hypothesis
has gained the widest acceptance.[10] Robust gen-
eration of ROS is defined as oxidative stress, and
significant increases in generation of ROS (a col-
lective name for hydrogen peroxide, superoxide,
and hydroxyl radicals) in cardiomyocytes, as well
as serum concentrations, have been reported in
epirubicin-induced cardiotoxicity.[10,11] ROS are
excessively generated from a likely mitochondrial
source, then hasten lipid peroxidation and DNA
damage, and consequently initiate cell apopto-
sis or necrosis.[12,13] Accordingly, successful an-
tioxidant interventions targeted to reduce ROS
offer insights into preventing epirubicin-induced
cardiotoxicity.

Rhodiola rosea has long been used as an adap-
togen in traditional Tibetan medicine.[14] Salidroside
[2-(4-hydroxyphenyl)ethyl-b-D-glucopyranoside],
the main active compound of Rhodiola plants,
is reported to possibly play a central role in alle-
viation of mitochondrial-generated ROS and
modulation of mitochondrial-related apoptosis
signaling in multiple types of cells.[15] More re-
cently, in vitro analysis showed that pretreatment
with salidroside exerted remarkable benefits in
inhibition of ROS overgeneration as an anti-
oxidant, and decreased mitochondrial superoxide
concentrations.[16] Salidroside supplementation

Table III. Serum concentrations of reactive oxygen species in the

two groupsa

Group Reactive oxygen species concentration (FORT-U)

t0 t1 t2 t3 t4

Placebo 498 – 41 502 –36 849– 15* 1023– 75* 932 –68*

Salidroside 498 – 30 500 –31 519– 12- 573 –87- 542 –98-

a The data are reported as mean –SD.

FORT = free oxygen radicals test; FORT-U =FORT units; t0 =base-
line; t1=epirubicin 100mg/m2; t2= epirubicin 200mg/m2; t3=epiru-
bicin 300mg/m2; t4= epirubicin 400mg/m2; *p<0.05 vs t0; - p< 0.05
vs placebo.

Table IV. Intra- and interobserver variabilitya of the strain rate in

15 randomly selected patients

Intraobserver variability (%) Interobserver variability (%)

10 –4 11 – 3
a Intra- and interobserver variability values (%)= percentage of the

mean of two repeated measurements –SD.
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could protect cultured cells against ultraviolet
light, paraquat, and H2O2.

[17] In the present study,
an early DSR derived from DTI parameters
observed after an epirubicin dose of 200mg/m2

was accompanied in the placebo group by a sig-
nificant increase in ROS serum concentrations,
which seems to confirm the relationship between
a ROS increase and epirubicin-induced early left
ventricular systolic regional dysfunction.

Safety assessments of salidroside have been
reported in our earlier study.[18] Adverse events were
spontaneously reported by the investigator at the
end of the study. The investigator made the
decision about whether an abnormality repre-
sented an adverse event. There were no clinical
adverse events throughout the period of salidro-
side therapy.

The small number of patients enrolled and
the short follow-up are some of the limitations of
the present study. Moreover, DTI-derived strain
measurements are dependent on the direction
of the Doppler angle of incidence in relation to
myocardial motion. This limitation could be over-
come by a new measure of two-dimensional strain,
using speckle tracking echocardiography, in a
further study.

Recent studies have shown that salidroside
induces cell-cycle arrest and apoptosis in human
breast cancer cells and may be a promising can-
didate for breast cancer treatment.[19] In a further
study, we will focus on investigating (i) the un-
certain effect of the salidroside-epirubicin com-
pound; and (ii) the dose-related pharmacologic
and probable toxicologic effects of salidroside.

Conclusion

Our preliminary study demonstrated that sal-
idroside can provide a protective effect against
epirubicin-induced early left ventricular regional
systolic dysfunction in patients with breast cancer,
and the protective effects provided by salidroside
may be explained by its reduction of oxidative
stress.
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