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Abstract
Background: Dilated cardiomyopathy (DCM) is the most frequently diagnosed cardiomyopathy in rabbits. Timolol
maleate (nonselective beta-blockers), which reduces the heart rate (HR) and blood pressure, has been used for
glaucoma. However, this effect has not been assessed in a rabbit DCM model.
Aim: This study aimed to evaluate the circulatory effects of 0.5% timolol maleate eye drops on rabbit DCM models.
Methods: Rabbits were randomly divided into healthy (n = 8) and DCM rabbits (n = 8). Rabbit DCM models were
established through intravenous administration of daunorubicin (4 mg/kg/week), an anthracycline anticancer drug, for
6 weeks. We measured the HR, mean arterial pressure (MAP), and echocardiography before (pre) and at 10, 30, 60,
and 120 minutes after timolol maleate administration.
Results: Timolol maleate 0.5% eye drops significantly reduced the HR at 10, 30, and 60 minutes in DCM models and
10 minutes in healthy rabbits; however, there were no alterations in MAP. There was a significant fraction shortening
elevation at 10 and 120 minutes in DCM models; moreover, there were marked ejection fraction elevations at all
measurement points in only DCM models.
Conclusion: Timolol maleate eye drops exert several effects on the circulatory system in rabbit DCM models and
healthy rabbits.
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Introduction
Numerous myocardial diseases have been reported in
rabbits; furthermore, cardiomyopathy is a common
postmortem finding in older rabbits (Redrobe,
2001). Primary cardiomyopathies can be classified
as hypertrophic, restrictive, or dilated, with all these
different forms being reported (Varga, 2014) and
dilated cardiomyopathy (DCM) being the most
common in rabbits (Mitchell et al., 2008; Orcutt,
2014). Anthracyclines are cytotoxic anticancer
antibiotics derived from the Gram-positive bacterium
Streptomyces. They have been used for hematopoietic
tumors and numerous cancer types (Merlet et al., 2013).
Electrocardiography has revealed arrhythmias and
myocardial damage in the acute and chronic phases,
respectively. Irreversible myocardial damage results in
myofibril alignment abnormalities, vacuolar myocardium
degeneration, prolapse, and necrosis. Consequently, the
myocardium thins and the cardiac cavity expands due
to reduced cardiac contractility, which induces DCM
(Watanabe et al., 2000; Merlet et al., 2013; Hallman
et al., 2019); moreover, clinical symptoms, including
arrhythmia as well as loss of appetite and energy, are
observed (Hallman et al., 2019). Previous treatments of
choice for DCM were angiotensin-converting enzyme
inhibitors and other drugs. Moreover, beta-blockers
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were contraindicated as treatments, given their altered
negative potency. However, beta-blockers slow down the
progression of heart failure and improve cardiac function
in human medicine (Abi-Samra and Gutterman, 2016).
Other studies have reported that the administration of
metoprolol, which is a beta-blocker, reduces the heart rate
(HR) (Wu et al., 2019). Moreover, low-dose carvedilol,
a nonselective beta-blocker, has been reported to inhibit
the progression of myocarditis to chronic DCM in rats
(Watanabe et al., 2000). Specifically, beta-blocker usage
has become more established as a treatment given their
better prognosis compared with that of angiotensinconverting enzyme inhibitors and their ability to inhibit
heart failure progression (Merlet et al., 2013). Timolol,
which is a nonselective beta-blocker, has been used to
treat glaucoma and reduce intraocular pressure (IOP)
through inhibition of the production of ocular aqueous
humor. However, this drug affects IOP and HR, and
blood pressure (Bartels et al., 1980; Merlet et al., 2013).
This study aimed to evaluate the circulatory effect of
timolol eye drops in rabbit DCM models compared to
healthy rabbits.
Materials and Methods
Eight New Zealand white rabbits were placed in a
cylindrical retainer; subsequently, 24 G indwelling
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needles were placed in either the left or right
auricular vein. Next, intravenous administration of
daunorubicin (4 mg/kg) over 8 minutes was carried out
by two predetermined individuals to avoid extensively
stressing the animals, once per week for 6 weeks as
previously described (Talavera et al., 2015; Isaka et al.,
2021). After a 2-week observation period, we confirmed
the establishment of DCM models. Auscultation,
blood pressure measurement, and echocardiography
were carried out in the provided order before the eye
drops were administered (pre). Next, timolol maleate
0.5% eye drop was applied to the right eye, and the
aforementioned tests were repeated 10, 30, 60, and 120
minutes after administration. During the waiting period,
the rabbits were kept in a carrying case to minimize
stress and prevent excitement from affecting the
measurements. Three minutes before the measurement,
one researcher placed the rabbits in the prone position.
Blood pressure measurements were obtained through
the oscillometric method using the pet map graphic II
veterinary blood pressure monitor (AVS Corporation).
Another research wrapped a 2.5 cm cuff around the
right hand and measured the blood pressure six times,
with the average of the six readings being obtained. An
ACUSON SC2,000 PRIME (Siemens Healthineers,
Shinagawa, Tokyo) was used for echocardiographic
measurement of fraction shortening (FS) and ejection
fraction (EF). We compared the pre-treatment values
with those at 10, 30, 60, and 120 minutes after eye drop
administration. Statistical analysis software R was used.
Based on the Shapiro–Wilk test results, the variances
were determined using a Wilcoxon signed-ranked test,
compared to pre-administration, and Mann–Whitney U
test to compare both groups. p < 0.05 was considered
statistically significant.
Ethical approval
This study was approved by the Rakuno Gakuen
University, School of Veterinary Medicine Institutional
Animal Care and Use Committee (approval no.
VH19A10).
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Results and Discussion
There was a significant reduction in HR at 10, 30, and
60 minutes after the administration of timolol maleate
eye drops in DCM models and 10 minutes in healthy
rabbits; however, there were no alterations in the MAP
of both groups (Fig. 1). Upon timolol maleate treatment,
FS significantly increased at 10 and 120 minutes, while
EF showed marked elevations at all measurement
points in the DCM models (Fig. 2).
0.5% timolol maleate eye drops did not induce
alterations in MAP; however, they had several
circulatory effects, especially FS and EF improvements,
in the daunorubicin-induced DCM models. Β-receptors
are catecholamine receptors and are of two types: β1
and β2. β1 receptors are found in the sinoatrial node,
which regulates the heart rhythm and the myocardium
and atrial muscle, regulating heart contractility. The
sinoatrial node is excited by mouth opening and influx
of calcium ions into the cells, which excites the cells and
fastens the HR. Additionally, β-receptors are involved
in vascular smooth muscle contraction, which increases
blood pressure. Timolol is a nonselective β-blocker that
suppresses β1 receptors and blocks their effects on
cardiac myocytes and the sinusoidal nodule, reducing
HR and cardiac contractility. Similarly, it inhibits β2
receptors, which suppresses vascular smooth muscle
excitation and increases blood pressure. These two
effects have been similarly observed in numerous
studies on glaucoma using timolol as a therapeutic
agent (Januleviciene et al., 2012; Mishra et al., 2014;
Oddone et al., 2015; Gunther-Harrington et al., 2016;
McCauley et al., 2020; Slenter et al., 2020). In this
study, timolol maleate administration decreased the
HR but did not alter the MAP. A doxorubicin-induced
cardiomyopathy rat model showed a decrease in β1 and
an increase in β2 receptor expressions, which caused
an increase in the alternative action of β2 receptors
(Merlet et al., 2013). Thus, the circulatory effects in
our study might be related to the altered functions and

Fig. 1. Effects of timolol eye drops on HR and mean blood pressure.
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Fig. 2. Effects of timolol eye drops on echocardiographic parameters.

numbers of receptor subtypes. Blood flow velocity is
determined based on the pressure difference between
the left atrium and left ventricle; this difference is
specifically determined by the preload. In general,
cardiac output, which is calculated as (stroke volume)
× (HR), is defined by preload, afterload, and cardiac
contractility. Taken together, these findings suggest that
timolol maleate eye drops might improve FS and EF,
which results in a decrease in HR and an unchanged
MAP. A previous study on the rabbit maleate eye
reported that 0.5% timolol eye drops at approximately
40% inhibited isoproterenol-stimulated cyclic
adenosine monophosphate production by the cornea
in vitro at 3 hours, but HR showed a peak decrease at
1.5 hours (Bartels et al., 1980). Although our study
evaluated the circulatory effects for 2 hours, the peak
decrease of HR in the DCM models was observed at
30 minutes after timolol maleate administration, which
suggests that the circulatory reaction might be different
from that of the healthy rabbits, consistent with a
previous study (Bartels et al., 1980). Although there
was a difference between systemic and ocular effects,
timolol eye drops might present circulatory effects for
> 2 hours. Therefore, there is a need to evaluate the
circulatory effects over a longer duration. The present
study showed a trend toward increased EF and FS with
timolol maleate eye drops administration in the DCM
models, compared to healthy rabbits; this effect might
be clinically meaningful. However, further studies are
needed to evaluate clinical DCM and healthy cases.
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