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Abstract
Background and aims Formoterol is a highly potent β2-
adrenoceptor-selective agonist, which is a muscle growth
promoter in many animal species, resulting in skeletal muscle
hypertrophy. Previous studies carried out in our laboratory
have shown that formoterol treatment in tumour-bearing ani-
mals resulted in an amelioration of muscle loss through dif-
ferent mechanisms that include muscle apoptosis and
proteolysis.
Methods The study presented involved rats bearing the
Yoshida AH-130 ascites tumour model—which induces a
high degree of cachexia—treated with the beta-2 agonist
formoterol (0.3 mg/kg BW).
Results The administration of formoterol to cachectic tumour-
bearing rats resulted in a significant reduction of muscle
weight loss. The treatment also increased lean body mass
and body water. The treatment, however, did not influence
heart weight, which was much decreased as a result of tumour
burden. Untreated tumour-bearing rats showed important
changes in parameters related with heart function:, left

ventricle (LV) ejection fraction, fractional shortening, LV
diameter and volume (diastolic) and LV stroke volume, LV
mass and posterior wall thickness (PWT) (both systolic and
diastolic). The administration of formoterol affected LV diam-
eter and volume, LV stroke volume and LV mass.
Conclusions The results suggest that formoterol treatment, in
addition to reducing muscle wasting, does not negatively alter
heart function—in fact, some cardiac parameters are im-
proved—in animals affected by cancer cachexia.
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1 Introduction

Cachexia is a multifactorial syndrome and appears usually in
advanced cancer. It occurs in the last stages in the majority of
cancer patients being responsible for a 22 % of their deaths
[1]. The degree of cachexia is inversely correlated with the
expected survival time and always prognoses a poor outcome
[2]. Cancer cachexia features anorexia; weight loss; muscle
loss and atrophy; anaemia; and alterations in carbohydrate,
lipid and protein metabolism [3].

Recent murine studies indicate that skeletal muscle and
cardiac muscle wasting in cancer cachexia are associated
[4–8]. The decrease in heart weight is accompanied by chang-
es in the cardiac function, which are suggestive of congestive
heart failure [4–8]. According to Schünemann, “cancer fatigue
syndrome reflects clinically non-overt heart failure”, which
clearly gives heart abnormalities part of the blame in the
fatigue of cancer patient [9]. Tian et al. suggested that cardiac
alterations in a mouse cancer cachexia model include as
follows: marked fibrosis, disrupted myocardial ultrastructure
and altered composition of contractile proteins such as tropo-
nin I and myosin heavy chain [7]. Similarly, Mühlfeld et al., in
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the cachectic tumour rodent model Lewis lung carcinoma,
observed a reduction of the total number of axons in the left
ventricle as a consequence of tumour burden [8]. This altered
innervation came along with a reduced expression of nerve
growth factor [8]. The challenged heart function observed in
tumour-bearing animals seems to be specifically related to
cardiac alterations [10]. The heart atrophy seems to be linked
to increased cardiac muscle proteolysis, shown through ele-
vated protein ubiquitinization and expression of MURF-1 and
atrogin-1 [10]. However, Cosper and Leinwand suggest that
the cardiac proteolysis is rather caused by increased autopha-
gy [11], contrary to what happens in skeletal muscle.
Surprisingly, in experimental animal, the inhibition of
NF-κB protects against tumour-induced cardiac atrophy
[12]. Drott and Lundholm also observed an increase in oxygen
consumption (as well as cardiac atrophy)—most likely related
to the anaemia so common in cancer patients—in the heart of
an experimental cancer rodent model [13]. Important ultra-
structural changes also occurred such as an increased ratio of
myofibrils/mitochondria and also sarcomeric alterations, con-
sistent with those observed during cardiac failure. The higher
oxygen consumption can be caused by increased energy ex-
penditure, converting the heart in an additional organ involved
in generating energy inefficiently. Indeed, the heart rate seems
to be elevated in cancer patients [14]. The heart rate seems to
be a very effective measure of cancer death risk, although the
association between these two parameters is still unclear. The
increased heart rate might be a marker of chronic stress and
anxiety: a natural consequence of the disease.

Therapeutic approaches to treat or prevent cachexia have not
been very satisfactory, mainly because of the toxicity and side
effects of the used drugs. The most common anti-cachexia
treatments currently used are based on nutritional approaches,
progestagens—such as megestrol acetate [15]—or glucocorti-
coids, the latter showing important adverse effects. Our labora-
tory introduced the use of β2-adrenergic agonists as possible
drugs for the treatment of cachexia [16]. These agents are
known as potent muscle growth promoters in many animal
species, causing skeletal muscle hypertrophy [17–20], while
they reduce the body fat content [21, 22], but unfortunately,
β2-adrenergic agonists also show a certain cardiotoxicity
[23–25]. Formoterol is a highly potent β2-adrenoceptor-selec-
tive agonist, which combines the clinical advantages of the rapid
onset of action with a long lasting duration of action. This
compound is already prescribed to humans for the treatment
of bronchospasm associated with asthma. Our previous studies
have shown that formoterol treatment in tumour-bearing ani-
mals improved muscle loss through different mechanisms such
as muscle apoptosis and proteolysis [26]. A phase II clinical
study involving formoterol has also shown positive results in
patients with advanced cancer [27].

Bearing all this in mind, and since some β2-agonists are
involved in cardiotoxicity, the aim of the present investigation

was to analyse the effects of formoterol treatment on heart
function in tumour-bearing cachectic rats.

2 Material and methods

2.1 Animals

MaleWistar rats (Harlan-Winkelmann, Borchen, Germany) of
5 weeks of age were used in the different experiments. The
animals were maintained at 22±2 °C with a regular light–dark
cycle (light on from 08:00 a.m. to 08:00 p.m.) and had free
access to food and water. The food intake was measured daily.
All animal manipulations were made in accordance with the
European Community guidelines for the use of laboratory
animals.

2.2 Tumour inoculation and treatment

Rats were divided into two groups, namely controls (n=7) and
tumour hosts (n=16). The latter received an intraperitoneal
inoculum of 108 AH-130 Yoshida ascites hepatoma cells
obtained from exponential tumours [28]. The tumour group
was further divided into treated (n=8) and untreated (n=8),
the former being administered a daily intraperitoneal (i.p.)
dose of formoterol (0.3 mg/kg body weight (bw)) and the
latter a corresponding volume of solvent. On day 8 after
tumour transplantation, the animals were weighed and anaes-
thetized with an i.p. injection of ketamine/xylazine mixture
(3:1) (Imalgene and Rompun, respectively). The tumour was
harvested from the peritoneal cavity and its volume and cel-
lularity evaluated. Tissues were rapidly excised, weighted and
frozen in liquid nitrogen.

2.3 Body composition analysis

A nuclear magnetic resonance spectroscopy device
(EchoMRI-700™, Echo Medical Systems, Houston, TX)
was used to assess body composition with a sensitivity of
2 g [29]. Total body fat, lean mass and body fluids can be
measured by this system. In this study, body composition was
analysed 1 day before starting the treatment and 1 day before
sacrifice (8 days), and the results are expressed as the differ-
ence between both measurements.

2.4 Echocardiographic study

Rats were anaesthetized using 1.5 % isoflurane and laid in
supine position on a platform with all legs taped to ECG
electrodes for heart rate monitoring. Body temperature was
monitored and maintained at 39 °C using a heating pad. All
hair was removed from the chest. A high-resolution echocar-
diography system (Vevo 770; VisualSonics Inc, Toronto,
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Canada) was used [29]. The following parameters were
assessed using M-mode: the thickness of intraventricular sep-
tum (IVS), left ventricular (LV) posterior wall thickness
(PWT), LV end-diastolic diameter (LVDd) and LV end-
systolic diameter (LVDs). In this study, echocardiography
was performed 1 day before starting the treatment (results
not shown) and 1 day before sacrifice (8 days).

2.5 Statistical analysis

Statistical analyses of the data were performed by two-way
analysis of variance (ANOVA). Statistically significant differ-
ences by post hoc Duncan test. Different letters in superscript
indicate significant differences between groups.

3 Results

Formoterol treatment resulted in significant increases in lean
body mass and water both in controls and tumour-bearing rats
as compared with untreated animals (Fig. 1). Tumour burden
resulted in an important decrease not only in lean body mass
but also in body fat; the loss of fat mass was unaltered by
formoterol treatment (Fig. 1a). In a similar way, the beta-2
agonist did not inflict any changes in body fat in control
animals (Fig. 1a). The increase in lean body mass was
reflected by an increased weight of all analysed muscles
(Fig. 2). In healthy control animals, formoterol treatment
resulted in significant increases in gastrocnemius (10 %),
tibialis (9 %) and EDL (13 %). In tumour-bearing animals,
the treatment promoted an increase of gastrocnemius (15 %),
soleus (11 %), EDL (14 %), tibialis (14 %) and diaphragm
(23 %) (Fig. 2). Although the results did not reach statistical
significance (p=0.083), there was a tendency for formoterol to
increase heart weight (Fig. 2). Other studies have, however,

clearly shown an increase in heart weight in formoterol-treated
tumour-bearing animals [26, 27]. The observed effects of
formoterol on muscle mass clearly agree with previous studies
both in mice [26] and rats [26, 27].

Additionally, we decided to investigate the effects of
formoterol on heart parameters in the experimental rat model
used in our study. The results presented in Table 1 indicate that
tumour-bearing animals displayed an overall deterioration of
cardiac function: untreated tumour-bearing rats showed a
significant impairment of the left ventricular ejection fraction
and the fractional shortening being associated with a worse
heart contractility. Also, the stroke volume (LVSV) and the
end-diastolic volume (LV vol dia) were reduced in the tumour
group compared to control rats, while the end-systolic volume
was non-significantly increased.

The administration of formoterol prevented the loss of left
ventricular diameter (LVD) (in diastole and systole) (Table 1);
in fact, the loss of LV mass is correlated with survival, and its
prevention after the treatment with drugs commonly used to
treat heart failure improved survival [35]. Furthermore,
formoterol could increase LV stroke volume (LVSV) and the
end-diastolic and end-systolic volume (LV vol).

4 Discussion

Formoterol is able to ameliorate muscle wasting in tumour-
bearing rats through different mechanisms that include de-
creased protein degradation [26], increased protein synthesis,
decreased apoptosis [26] and increased muscle regeneration
[30]. Formoterol also reduces oxidative stress associated with
muscle wasting [31]. A factor to be taken into consideration is
the presence of β-adrenoceptors in tissues other than skeletal
muscle. From this point of view, any therapy involving the
systemic administration of formoterol must take into account
that it affects tissues other than the skeletal muscle,
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Fig. 1 Body composition in tumour-bearing rats. Results are expressed
as the difference between day 0 (tumour inoculation) and day 8; mean ±
SEM.C control rats,C+ F control rats treated with formoterol, T tumour-
bearing rats, T + F tumour-bearing rats treated with formoterol. Statistical

significance of the results by two-way analysis of variance (ANOVA).
Statistically significant differences by post hoc Duncan test. Different
letters in superscript indicate significant differences between groups
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particularly the heart. However, as promising as formoterol
seems as a therapeutic drug for cancer-related muscle
wasting and weakness (asthenia) through its effect on
pathways that modulate skeletal muscle growth, the intra-
cellular pathway involved—β-agonist signalling—has been
well described and shows selective coupling to a
heterotrimeric G-protein in order to initiate downstream

signalling, traditionally believed to occur via the stimula-
tory Gα subunit (Gαs) coupling to adenylate cyclase
(AC), and resulting in the conversion of ATP to cyclic
AMP (cAMP) with the subsequent activation of protein
kinase A (PKA) is highly susceptible to down regulation
via chronic stimulation, with possible adverse effects if
administration is discontinued.
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Fig. 2 Skeletal muscles and heart weights in tumour-bearing rats. Results
are mean ± SEM. Muscle weights are expressed as mg/100 g of initial
body weight (IBW). C control rats, C + F control rats treated with
formoterol, T tumour-bearing rats, T + F tumour-bearing rats treated with

formoterol. Statistical significance of the results by two-way analysis of
variance (ANOVA). Statistically significant differences by post hoc Dun-
can test. Different letters in superscript indicate significant differences
between groups

Table 1 Effect of formoterol on cardiac function

Experimental group C C + F T T + F ANOVA

A B A+B

LVejection fraction (%) 77±0.7 73±0.6 68±2.4 67±2.3 0.000 ns ns

Fractional shortening (%) 47±0.7 44±0.5 38±1.8 38±1.7 0.000 ns ns

LVD dia (mm) 6.3±0.1 6.8±0.1 5.4±0.2 5.8±0.1 0.000 0.000 ns

LVD sys (mm) 3.4±0.0 3.9±0.0 3.3±0.1 3.6±0.1 ns 0.000 ns

PWT dia (mm) 1.7±0.1 1.7±0.1 1.3±0.1 1.2±0.1 0.000 ns ns

PWT sys (mm) 2.7±0.1 2.5±0.0 2.0±0.1 1.8±0.1 0.000 0.043 ns

LV vol dia (μl) 201±5 258±6 136±5 156±7 0.000 0.000 0.007

LV vol sys (μl) 38±2.2 57±2.2 43±2.8 51±3.3 ns 0.000 ns

LVSV (μl) 163±6 201±6 93±5 105±7 0.000 0.000 ns

LVmass (mg) 453±15 515±17 292±23 303±8 0.000 0.032 ns

Cardiac output (mL/min) 71±3 83±3 35±3 35±2 0.000 ns 0.048

Echocardiographic data at day 8 of non-tumour-bearing rats (C), non-tumour-bearing rats treated with formoterol (C + F), tumour-bearing rats (T) and
tumour-bearing rats treated with formoterol (T + F). Results are mean ± SEM. LV ejection fraction (LV vol dia-LV vol sys)/LV vol dia; fractional
shortening (LVD dia-LVD sys)/LVD sys; left ventricle diameter in diastole (LVD dia); left ventricle diameter in systole (LVD sys); posterior wall
thickness in diastole (PWT dia); posterior wall thickness in systole (PWT sys); left ventricle volume in diastole (LV vol dia); left ventricle volume in
systole (LV vol sys); left ventricle stroke volume (LVSV) (LV vol dia-LV vol sys); left ventricle mass (LV mass) (expressed as mg/100 g of initial body
weight); cardiac output (expressed as mL/min). Statistical significance of the results by two-way analysis of variance (ANOVA); ns non-significant
differences. A (tumour effect); B (treatment effect); A*B (interaction effect of tumour and treatment)
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Based on a clinical study with over 4,000 autopsy reports,
Houten and Reilley [32] suggest that at least 11 % of cancer
deaths are due to heart problems. In fact, these data could be
underestimated since a high percentage of deaths are actually
attributed to infections, drug-induced toxicity and alterations
in the osmotic balance, which are directly related to heart
problems. McBride et al. [33] observed that more than 50 %
of multiple myeloma patients suffered cardiac failure in the
cause of a neoplastic process. Our own data also indicate that
in experimental animals, tumour implantation resulted in a
lower heart weight [5]. Drott and Lundholm [13] observed a
heart-related increase in oxygen consumption in an experi-
mental cancer model. Furthermore, several studies also report-
ed important ultrastructural changes characterized by an in-
crease in the ratio of myofibrils/mitochondria and sarcomeric
alterations as also observed during cardiac failure [7].
Moreover, a clear systolic dysfunction is associated with
tumour growth [4], and, in mice, cancer induces cardio-
myocyte remodelling and hypoinnervation in the left ven-
tricle [8]. The cardiac parameters analysed in the present
study are signs for a myocardial dysfunction induced after
tumour inoculation. In addition, the reduction of the pos-
terior wall thickness (PWT) suggests atrophy of the myo-
cardium as shown by a reduced LV mass and heart weight
in the tumour-bearing rats (Table 1). All these results are
similar to the previously reported results by Springer et al.
[34, 35]. The authors reported that there was an impair-
ment of the heart function at day 7 due to an increased
proteolysis, decreased anabolism and elevated rate of au-
tophagy in the heart in tumour-bearing rats [35].

The results presented here suggest that formoterol may
inhibit, to some extent, atrophic mechanisms in the heart,
therefore improving heart function. It should be taken into
consideration, however, that the improvement in ventricle
diameter could also be due to larger chambers. If this were
the case, it would suggest heart dilation and incoming failure.
Furthermore, the posterior wall is not getting thinner what is
typical for dilation. The beneficial effect of formoterol could
be explained by the fact that the activation of beta-2-
adrenergic receptors can induce anti-apoptotic signalling [26,
36, 37]. Some authors have suggested that inhaled formoterol
administration does not show negative effects on healthy
subjects [38]. Moreover, formoterol could have some benefi-
cial effects on isolated rat hearts where it improves contract-
ibility and thus heart rate [39].

The results suggest that formoterol treatment, in ad-
dition to reducing muscle wasting, does not negatively
alter heart function in animals affected by cancer ca-
chexia; to the contrary, some cardiac parameters are
indeed improved by the β2-adrenoceptor-selective ago-
nist. Future anti-cachectic multi-modal treatment includ-
ing formoterol may, thus, contribute to decrease cardio-
myopathy associated with cancer cachexia.
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