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Short title: Impacts of anesthetics on cardiac function assessed by echocardiography

Summary

The present experiments were performed to study the effects and time trends of different
anesthetic agents on the left ventricular (LV) systolic function and heart rate by
high-resolution echocardiography in mice. Ten male C57BL/6J mice were submitted to
echocardiography imaging separated by 72-hour intervals under the following conditions: 1)
conscious mice, 2) mice anesthetized with isoflurane (ISO, inhaled), 3) mice anesthetized
with tribromoethanol (TBE, intraperitoneal), 4) mice anesthetized with chloral hydrate (CH,
intraperitoneal), and 5) mice anesthetized with pentobarbital sodium (PS, intraperitoneal). The
effect of 1SO, TBE, CH, and PS on LV systolic function was measured at 0, 1, 2, 3, 4, 6, 8,
and 10 minutes after anesthesia. The results showed that LV systolic function and heart rate
(HR) of anesthetized mice were reduced significantly (P < 0.05), compared with results in the
same mice studied in the conscious state. In addition, the results indicated that the anesthetic
with the least effect on LV function was CH, and followed by TBE, PS, ISO. We conclude
that different anesthetic agents always depressed the HR and LV systolic function of mice,
and, furthermore, the effects and time trends of different anesthetics on LV function are
different. In echocardiographic experiments, we should choose proper anesthetic agents
according to the experimental requirements.

Key words: echocardiography; mice; heart rate; left ventricular systolic function; anesthetic
agents.



Introduction

Murine models for cardiovascular diseases have become more and more important during the
last years, mainly because of the expanding availability of genetic models and gene knockout
models, as well as the advantages of low cost and easy to control (Tarnavski et al. 2004,
Yutzey and Robbins 2007, Houser et al. 2012, Hinton et al. 2008, Zhang et al. 2003).
Echocardiography is a well-established non-invasive technology with the advantages of no
radiation, dynamic observation, high repeatability, etc., and has been widely used to assess
cardiac morphology and function in mice (Gardin et al. 1995, Hoit et al. 1995, Pollick et al.
1995, Tanaka et al. 1996, Prendiville et al. 2014).

To ensure sufficient sedation and immobilization for assessment of cardiac function by
echocardiography, various anesthetic agents were used. However, it is well known that these
agents have effects on cardiac function which have been investigated in several studies
(Vatner and Braunwald 1975, Kiatchoosakun et al. 2001, Takuma et al. 2001, Yang et al. 1999,
Rottman et al. 2003, Zuurbier et al. 2002).

In previous animal studies, various anesthetic agents have been used to achieve sedation for
echocardiography in small rodents, such as isoflurane (Wu et al. 2010), pentobarbital sodium
(Kawahara et al. 2005), chloral hydrate (Tanaka et al. 1996), thiopental (Lukasik and Gillies
2003), halothane (Chaves et al. 2001), tribromoethanol (Kiatchoosakun et al. 2001) and the
combination of ketamine and xylazine (Hart et al. 2001, 23 Xu et al. 2007), meanwhile, the
significant differences in echocardiographic parameters measured under the influence of
different anesthetics were found (Akuma et al. 2001, Yang et al. 1999).

Riha et al. showed the effects of inhalation anesthesia with isoflurane on echocardiographic
parameters in mice (Riha et al. 2012). Songsak et al. reported the effects of tribromoethanol
anesthesia on echocardiographic assessment of left ventricular function in mice
(Kiatchoosakun et al. 2001). Furthermore, the effects of different anesthetic agents on cardiac
function and heart rate have been reported in previous studies (Yang et al. 1999, Pachon et al.
2015, Tanaka et al. 2016, Droogmans et al. 2008, Schaefer et al. 2005, Roth et al. 2002). In
recent years, there were some controversy about the anesthetic agent which exerted the least
depressant effects on left ventricular function and heart rate (Pachon et al. 2015, Tanaka et al.
2016). In addition, few studies have demonstrated the function characteristics and time trends
of these anesthetic agents on left ventricular function (Rottman et al. 2003, Schaefer et al.
2005).

To our knowledge, various kinds of anesthetic agents have been used to sedate small rodents
during echocardiography (as above), but the most frequently used anesthetic was isoflurane,
in addition, tribromoethanol and pentobarbital sodium were commonly used intraperitoneal
anesthetics in mice (Pachon et al. 2015). However, that does not mean that isoflurane exerts
the least effects on cardiac function. The researchers reported that chloral hydrate had no
significant effects on children’s cardiac function, and concluded that chloral hydrate was a
safe and successful anesthetic for use in children for transthoracic echocardiography (Napoli
et al. 1996, Coskun et al. 2001). To see if we can get this kind of response in mice, we
performed echocardiography in mice with and without anesthesia using a high-frequency;,
high-resolution digital imaging system (Vevo® 2100 Imaging System, FUJIFILM
VisualSonics Inc., Toronto, Canada). Four anesthetics, isoflurane, tribromoethanol, chloral
hydrate and pentobarbital sodium, were tested. We assessed the effects and time trends of
different anesthetic agents on the left ventricular function and heart rate by the high-resolution
echocardiography in mice.



Methods

Animals

A total of 10 healthy male wild-type C57BL/6J mice (8-10 weeks old, Vital River
Laboratories, Beijing, China) weighing 20 to 26 g were used in this study. The animals were
kept in standard conditions (12h light/dark cycle) under constant temperature (22°C + 2°C)
and humidity (60%), and given free access to food and water.

All our animal experimental procedures were performed according to the Guide for the Care
and Use of Laboratory Animals of the National Institutes of Health (NIH) of the United States
and approved by the Ethics Committee for Laboratory Animals Care and Use of Hebei
Medical University.

Experimental Protocols

Before the study, conscious mice were trained for echocardiographic measurements over a
period of 3 days using the method described below (Pachon et al. 2015). We picked up the
mouse by the nape of the neck and held it firmly in the palm of one hand in the supine
position, with the tail held tightly between the last two fingers of the examiner, the probe of
the ultrasound transducer was placed lightly on the mouse left hemithorax. Before
echocardiography, the left hemithorax hair was carefully removed by using a commercial
human depilatory cream.

The mice were randomly anesthetized by isoflurane, tribromoethanol, chloral hydrate, or
pentobarbital sodium, followed by another measurement using a different anesthetic 72 hours
later until all anesthetics were used (Pachon et al. 2015). Echocardiographic measurements
were performed on mice at 0, 1, 2, 3, 4, 6, 8, and 10 minutes after anesthesia. The depth of
anesthesia was determined by immobility and assessing the absence of the withdrawal reflex
of the right paw.

Anesthesia and sedation

Isoflurane was used at 3% concentration for ~2 min for the induction of anesthesia and was
then inhaled through a sealed nose cone at 1%-1.5% concentration for the maintenance of
anesthesia (Riha et al. 2012); 2.5% tribromoethanol was used at a dose of 290 mg/kg ip
(Pachon et al. 2015, Roth et al. 2002); 3% chloral hydrate was used at a dose of 400 mg/kg ip
(Wise and Munn 1995, Cao et al. 2018); and 1% pentobarbital sodium was used at a dose of
50 mg/kg ip (Rottman et al. 2003). The induction time which was defined as the time
from injecting anesthetic agents to mice to sedation and effectual time which was defined
as the time from sedation to awake were also recorded.

Echocardiographic Method

Transthoracic echocardiography was performed using a high-frequency, high-resolution
digital imaging system (Vevo® 2100 Imaging System, FUJIFILM VisualSonics Inc., Toronto,
Canada) with a high-frequency transducer probe (VisualSonics MS400, FUJIFILM
VisualSonics, Inc., Toronto, Canada with a frequency range of 18-38 MHz).

After sedation, the mouse was placed in a supine position on a warming pad (38°C) to
maintain normothermia. The gold-plated electrodes of the warming pad were attached to the
mouse’s legs by the gummed paper tape, and pre-warmed ultrasound gel was applied to the
left hemithorax. Heart rate (HR) and respiratory physiology were continuously monitored by
ECG electrodes. All echocardiograms were performed by one trained individual. Images were
captured on cine loops at the time of the study and afterward measurements were done
off-line.

The probe of the ultrasound transducer was placed slightly left of the sternum over the fourth



and sixth ribs by hand or by the use of a rail system. The parameters of the left ventricular
end-diastolic dimension (LVEDD) and the LV end-systolic dimension (LVESD) are measured
from M-mode images at the level of the papillary muscles. Each of these captured image
loops included 10 to 20 cardiac cycles, and data were averages from at least 3 cycles per loop.
Other parameters such as the LV end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), ejection fraction (EF), fractional shortening (FS), stroke volume (SV), and cardiac
output (CO) were derived automatically by the Vevo® 2100 high-frequency, high-resolution
digital imaging system from the following formulas:

(1) LVEDV =[7.0/(2.4 + LVEDD)] x LVEDD?;

(2) LVESV = [7.0/(2.4 + LVESD)] x LVEDD?;

(3) EF (%) =100 x [(LVEDV - LVESV)/LVEDV];

(4) FS (%) =100 x [(LVEDD - LVESD)/LVEDD];

(5) SV = LVEDV - LVESV;,

(6) CO =SV x HR.

Statistical Analysis

Results were expressed as mean = SEM. Statistical analysis was performed using an SPSS
software package, version 13.0 (SPSS, Inc., Chicago, IL, United States). Comparisons
between two time points from one mouse were made using paired samples t-test.
Comparisons between two groups were made using Student’s t-test. The results for three or
more groups were compared using one-way ANOVA followed by Student Newman-Keuls
t-test. P < 0.05 was considered statistically significant.



Results

Effects of anesthetics on left ventricular function and heart rate.

After sedation, the ejection fraction (EF), fractional shortening (FS), heart rate (HR), and
cardiac output (CO) of anesthetized mice were reduced significantly (P < 0.05), compared
with results in the same mice studied in the conscious state (Fig. 1A, 1B, 1E, and 1F).
Nevertheless, there were no significant differences in the stroke volume (SV) between
anesthetized mice and conscious mice (Fig. 1C). Regarding the left ventricular end-diastolic
dimension (LVEDD), conscious animals had lower values than animals anesthetized with
isoflurane (ISO) and pentobarbital sodium (PS) in Figure 1D. The results showed that chloral
hydrate (CH) alone exerted the least depressant effects on left ventricular (LV) function, with
tribromoethanol (TBE) second (Fig. 1A and 1B).

Time trends of the different anesthetic agents

Figures 2, 3, 4, and 5 showed time trends of the effects on cardiac function, induction time
and effectual time of the four anesthetic agents.

Mice anesthetized with 1SO showed a significant reduction in HR over the 10-minute study
period, the LVEDD and the left ventricular end-systolic dimensions (LVESD) increased firstly
then decreased with anesthesia time, while time trends of EF and FS were smooth (Fig. 2A,
2B and 2C). The induction time and effectual time of 1SO were 2.4 minutes and 1.8 minutes,
respectively (Fig. 2D).

In the study of mice anesthetized with TBE, it was found that the EF, FS and HR declined
firstly and then rose with the anesthesia time, where as LVEDD and LVESD were of the
opposite trend (Fig. 3A, 3B and 3C). The induction time and effectual time of TBE were 1.4
minutes and 10.8 minutes, respectively (Fig. 3D).

For mice anesthetized with CH, there was no obvious change of LV function and HR in the
first 5 minutes, and then EF and FS decreased significantly, whereas HR, LVEDD and
LVESD increased in the second 5 minutes (Fig. 4A, 4B and 4C). The induction time and
effectual time of CH were 2.1 minutes and 63.4 minutes, respectively (Fig. 4D).
Administration of PS resulted in a significant decrease of HR, whereas EF, FS, LVEDD and
LVESD remained unchanged (Fig. 5A, 5B and 5C). The induction time and effectual time of
PS were 2.0 minutes and 59.1 minutes, respectively (Fig. 5D).



Discussion

Our study demonstrated that the use of any of the tested anesthetic agents induced a reduction
in left ventricular (LV) function and heart rate (HR) compared to the same animals in the
conscious state. The extent of these effects depended on the type of anesthesia and anesthetic
timing.

A few studies have compared the effects of different anesthetic agents used for transthoracic
echocardiography on echocardiographic parameters in rats (Pachon et al. 2015, Tanaka et al.
2016, Plante et al. 2006, Stein et al. 2007). Ronald et al. reported that ketamine exerted the
least depressant effects on LV function and heart rate, with TBE second (Pachon et al. 2015).
A previous study indicated that the combination of ketamine and xylazine might be the best
anesthetic option for the in vivo assessment of cardiac systolic function in hamsters (Tanaka
et al. 2016). As shown in Figures 1A and 1B, we observed that the anesthetic with the least
effect on LV function was chloral hydrate (CH), and followed by tribromoethanol (TBE),
pentobarbital sodium (PS), isoflurane (ISO). This suggested that CH or TBE could be used
when it is not feasible to study mice in the conscious state. Even more important, there were
no significant differences in the strake volume (SV) between anesthetized mice and conscious
mice (Fig. 1C).

The present results also showed that the timing of echocardiographic measurements after
anesthesia could affect echocardiographic parameters in mice. For more detailed
measurements, we chose a shorter time interval (2 minutes) between echocardiographic
measurements than others (Xu et al. 2007, Roth et al. 2002, Schaefer et al. 2005, Droogmans
et al. 2008).

Our results showed that LV systolic function of mice anesthetized with PS was stable in 10
minutes after anesthesia, as well the left ventricular end-diastolic dimension (LVEDD) and the
left ventricular end-systolic dimensions (LVESD). This suggested that PS can be used for the
long-time echocardiographic measurements. Compared with other anesthetic agents, CH
alone exerted the least depressant effects on LVEF and LVFS in 5 minutes after anesthesia,
with TBE second, and it was consistent with the results above.

Inhalation anesthesia with ISO has currently been considered ideal and useful for
experimental studies in the mouse because of its rapid conduction, safety, easy control of the
depth of anesthesia (Collins et al. 2003, Butterfield et al. 2004, Szczesny et al. 2004, Matsuda
et al. 2007). Previous research showed that over 75% of studies in mice with anesthesia used
ISO (Pachon et al. 2015). A previous study found that less variability overtime in FS with ISO
compared with TBE and ketamine-midazolam (Roth et al. 2002). ISO in our study showed
less variation overtime in EF and FS compared with CH and TBE.

Anesthetic agent, timing of echocardiographic measurements, and genetic background are all
critical variables during echocardiography in mice (Roth et al. 2002). Any anesthetic can
affect the heart function and heart rate of mice, but it is comparable in the same group. In
echocardiographic experiments, appropriate anesthesia should be selected according to the
actual needs and the characteristics of anesthetics, and the consistency of anesthesia
conditions in the whole experiment should be maintained. In the present study, the results
indicate that chloral hydrate alone exerts the least depressant effects on LV function of
wild-type C57BL/6J mice, but in view of good stability, PS is suited for the long-
time echocardiographic measurements. Moreover, I1SO is doubtlessly the safest
anesthetic for experimental studies in the mouse.

In the present study, all anesthetic agents reduced heart rate and cardiac output significantly,



compared with results in the same animals studied in the conscious state (Fig. 1E and 1F), that
may result in decreases in blood pressure (Droogmans et al. 2008). However, on the other
hand, anesthetics also can inhibit the output of sympathetic nerves by inhibiting
cardiovascular center, and then dilate blood vessels to lower blood pressure.

Conversely, decreased blood pressure can also affect cardiac function through baroreceptor
reflex. In any case, our research only focused on the overall impact of different
anesthetics on cardiac function in mice.

In addition, the effect of timing of echocardiographic measurement after anesthesia could be
also affected by activation of both stress axes during experiment. Stress is associated with an
increase in the activity of the hypothalamic-pituitary-adrenal axis. It has been shown
that different anaesthetic/analgesic protocols may stimulate a stress response (Gil et al.
2010, Gonzélez et al. 2001, Gonzélez et al. 2006). Korneyev et al. also reported that
anesthetic doses of ethanol, chloral hydrate, and urethane induce sharp and sustained
dose-dependent increase in rat brain pregnenolone and progesterone content. In
contrast, other general anesthetics such as ketamine, pentobarbital, and the sedative/
hypnotic clonazepam decrease brain pregnenolone and progesterone content. Meanwhile,
they found that blood-borne steroids fail to contribute to the anesthetic effect during
anesthetic-induced activation of hypothalamic pituitary adrenal axis (Korneyev et al. 1993).
There were several limitations in this study. One was that we did not evaluate effects of
different anesthetic agents’ concentration on LV diastolic function in mice, and additionally,
whether this protocol is also applicable to sick mice remains unknown. Another limitation was
that we examined only one dose of each anesthetic, although doses of anesthetic agents were
chosen to be in agreement with published reports. Future studies will be necessary to solve
these limitations.

In summary, our study demonstrated that different anesthetic agents always depressed the HR
and LV systolic function of mice, and, furthermore, these effects were dependent on
anesthetic agent and the timing of echocardiographic measurements after anesthesia. From
our study we concluded that for echocardiographic experiments in mice, we should choose
proper anesthetic agents according to the demand, and more importantly, we should keep the
timing of echocardiographic measurements after anesthesia consistent during the whole
experiment.
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Figure legends

Fig. 1. A, Ejection fraction of conscious and anesthetized mice; B, Fractional shortening of
conscious and anesthetized mice; C, Stroke volume of conscious and anesthetized mice; D,
Left ventricular internal dimension diastole of conscious and anesthetized mice; E, Heart rate
of conscious and anesthetized mice; F, Cardiac output of conscious and anesthetized mice.
Con: conscious; 1SO: isoflurane; TBE: tribromoethanol; CH: chloral hydrate;

PS: pentobarbital sodium. Repeated measures ANOVA was used for statistical analysis.

Fig. 2. Measured and derived echocardiographic parameters of C57BL/6J mice with
isoflurane anesthesia at 0, 1, 2, 3, 4, 6, 8, and 10 min after anesthesia. A, ejection fraction
and fractional shortening. B, heart rate, strake volume, and cardiac output. C, left
ventricular internal dimension (diastole and systole). D, induction time and effectual time of
isoflurane. Fig. 3. Measured and derived echocardiographic parameters of C57BL/6J
mice with tribromoethanol anesthesia at 0, 1, 2, 3, 4, 6, 8, and 10 min after anesthesia.
A, ejection fraction and fractional shortening. B, heart rate, strake volume, and cardiac
output. C, left ventricular internal dimension (diastole and systole). D, induction time and
effectual time of tribromoethanol.

Fig. 4. Measured and derived echocardiographic parameters of C57BL/6J mice with
chloral hydrate anesthesia at 0, 1, 2, 3, 4, 6, 8, and 10 min after anesthesia. A, ejection
fraction and fractional shortening. B, heart rate, strake volume, and cardiac output. C,
left ventricular internal dimension (diastole and systole). D, induction time and effectual
time of chloral hydrate.

Fig. 5. Measured and derived echocardiographic parameters of C57BL/6J mice with
pentobarbital sodium anesthesia at 0, 1, 2, 3, 4, 6, 8, and 10 min after anesthesia. A, ejection
fraction and fractional shortening. B, heart rate, strake volume, and cardiac output. C, left
ventricular internal dimension (diastole and systole). D, induction time and effectual time
of pentobarbital sodium.
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