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ABSTRACT. The purpose of this study was to determine the effect of pravastatin (PS) on hemodynamic parameters in healthy dogs. Five 
beagle dogs were repeatedly used in each of the 4 groups. One group was not medicated (control). Dogs in other groups received 0.5, 
1.0 or 2.0 mg/kg PS orally q24hr, for 4 weeks. Physical examination, blood biochemical tests, blood pressure measurements and Doppler 
echocardiography were performed before and 1, 2 and 4 weeks after PS administration in all dogs. PS significantly reduced the left atrial-
to-aortic diameter ratio (LA/Ao), early diastolic transmitral flow (E) wave, E/early diastolic mitral annulus motion velocity (Em) ratio, left 
ventricular (LV) fractional shortening, LV ejection fraction, mid systolic myocardial velocity gradient, stroke volume (SV), cardiac output 
(CO), right and left ventricular Tei indices and elevated Em and early diastolic myocardial velocity gradient. Heart rate was not significantly 
altered during PS administration, but mean blood pressure decreased slightly. The hematological and blood biochemical values were within 
normal limits during PS administration. These results revealed that PS administration increases LV expansion capacity and decreases LV 
constriction and left atrial pressure. It has been suggested that PS may be effective in improving heart failures with LV diastolic dysfunction 
or elevated left atrial pressure in dogs.
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Pravastatin (PS), the 3-hydroxy-3-methyl-glutaryl-CoA 
(HMG-CoA) reductase inhibitor, reduces blood cholesterol 
levels by inhibiting HMG-CoA reductase in the mevalonic 
acid pathway [27]. PS has also been reported to reduce the 
incidence and severity of myocardial infarction in humans 
[22, 34]. This cardioprotective efficacy may be caused by 
the pleiotropic effects and antihypercholesterolemic proper-
ties of PS [39]. For example, PS inhibits cardiac remodel-
ing caused by pressure overload in mice [41] and reduces 
cardiac angiotensin (AT) expression level in spontaneously 
hypertensive rats [12]. In hypercholesterolemic males, statin 
derivatives reduce AT subtype 1 (AT1) receptor expression, 
inhibit AT-induced vasoconstriction and enhance the effects 
of AT receptor antagonists [24]. Moreover, statin derivatives 
exert anti-inflammatory responses in humans [2]. Long-term 
administration of PS reduces plasma concentrations of C-
reactive protein, an established marker of inflammation, in-
dependent of a change in lipid profile in human patients with 
myocardial infarction [28]. In addition, statin derivatives, 
including PS, exert an antiarrhythmic effect in multiple spe-
cies, including mice, rats and humans [1, 15, 16, 19, 37], as 
well as an antithrombotic effect in humans [6]. Furthermore, 
statins activate the PI3- kinase/Akt pathway through inhibi-

tion of the mevalonic acid pathway [27] and activates endo-
thelial nitric oxide synthase followed by an increase in the 
nitric oxide (NO) production [7, 21, 29]. In addition, statins 
induce the differentiation of vascular endothelial progenitor 
cells through the PI3-kinase/Akt pathway [8]. The plethora 
of cardiovascular effects of statins has been revealed through 
in vitro and in vivo murine and human studies. Therefore, we 
hypothesized that statins, particularly PS, may be a powerful 
therapeutic agent in veterinary medicine for the treatment 
of cardiovascular diseases in dogs. Furthermore, canine 
models of heart failure are critical for the translation of new 
discoveries to humans. Therefore, it is critical to examine 
the cardiovascular effects of statins to better understand their 
mechanism of action. To the best of our knowledge, there 
are no reports in the literature on the cardiovascular effects 
of statins, including PS, in dogs. Therefore, the aim of the 
present study was to fully characterize the effects of PS on 
key hemodynamic and functional parameters in this species 
as well as to determine its potential safety and efficacy for 
veterinary applications.

MATERIALS AND METHODS

Animals: Five healthy adult, neutered female beagle dogs 
aged 9–19 months (mean weight, 7.9 ± 0.3 kg) were used 
in this study. Animals were fed a standard commercial dry 
food formulated for dogs and raised in an appropriate ani-
mal management facility. Examinations performed before 
the experiments confirmed that all dogs were healthy with 
physical examination and hematological values within refer-
ence limits. The study protocol was approved by the Animal 
Research Committee of Tottori University, Tottori, Japan.
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Experimental design and drug administration: The dogs 
were randomly assigned to one of 4 groups. One group was 
not medicated (control). Dogs in the other groups received 
0.5, 1.0 or 2.0 mg/kg of pravastatin sodium (PS; pravastatin 
10 mg tablet, Tanabe Mitsubishi, Osaka, Japan) orally q24 
hr, for 4 weeks; hereafter, referred to as PS 0.5, PS 1 and 
PS 2. Physical examination, blood biochemical tests, blood 
pressure measurement and Doppler echocardiography were 
performed immediately before PS administration (time 
0; baseline) and 1, 2 and 4 weeks after PS administration. 
There were at least 30 days between successive treatments 
for each dog. PS was given with breakfast, and venous blood 
sampling and each measurement were performed 2 hr later.

Sample collection: Blood 9.5 ml was collected from 
the jugular vein of each dog. A 0.5 ml aliquot was mixed 
with ethylene diamine tetraacetic acid (EDTA) for blood 
cell counts, and the another 1.0 ml was mixed with heparin 
for plasma biochemical measurements. In addition, a 3.0 
ml aliquot was mixed with aprotinin-containing EDTA for 
atrial natriuretic peptide (ANP) measurement. The other 5 
ml was transferred to a tube for serum collection to mea-
sure N-terminal pro-brain natriuretic peptide (NT-proBNP) 
and NO concentrations. After centrifugation, the plasma or 
serum was separated. The blood cell counts were measured 
using an automatic blood cell analyzer. Blood urea nitrogen, 
creatinine, total bilirubin, total cholesterol, triglyceride and 
inorganic phosphorus concentrations and aspartate amino-
transferase, alanine aminotransferase, alkaline phosphatase 
and creatine phosphokinase activities were measured us-
ing an automatic biochemistry analyzer (Fuji Dri Chem 
3500V, Fuji Film Medical, Tokyo, Japan). Plasma sodium, 
potassium and chloride concentrations were measured us-
ing a clinical electrolyte analyzer (Fuji Dri Chem 800V, 
Fuji Film Medical). Serum NT-proBNP concentration was 
measured using an enzyme-linked immunosorbent assay at 
a reference laboratory (IDEXX Laboratories, Tokyo, Japan). 
Plasma ANP level was measured using a chemiluminescence 
enzyme immunoassay at another reference laboratory (Fu-
kuyama Medical Laboratory, Hiroshima, Japan). The total 
NO was measured using a colorimetric method with nitrate 
reductase enzyme (Nitric Oxide total detection kit, Enzo Life 
Sciences Inc., Farmingdale, NY, U.S.A.) at our laboratory. 
Serum and plasma samples for NT-proBNP, ANP and NO 
measurements were stored at −40°C for analysis. Samples 
for NT-proBNP and ANP measurements were sent to the 
reference laboratory within 1 day. The NO was measured 
within 1 month at our laboratory. Other blood samples were 
immediately analyzed after the sampling.

Echocardiography and circulation parameter measure-
ments: Mean blood pressure (MBP) was measured by the 
oscillometric method using a noninvasive blood pressure 
monitor (Dinamap 8300, Critikon, Tampa, Florida, U.S.A.) 
attached to the tail ridge in the prone position. Transthoracic 
2-dimensional; M-122 mode; pulsed continuous wave; and 
tissue Doppler echocardiography were performed with dogs 
in the right or left lateral recumbency using a digital ultra-
sonography system (Prosound α7, Hitachi Aloka Medical, 
Tokyo, Japan) with a 5 MHz probe. Heart rate (HR) was si-

multaneously calculated from the preceding R-to-R interval 
on the electrocardiogram. Using the M-mode method, the 
left atrium/aorta ratio (LA/Ao) was measured from the left 
ventricular (LV) outflow tract view in the long-axis plane 
under right lateral recumbency. LV fractional shortening 
(FS) [30], LV ejection fraction (EF) [30], end-diastolic in-
terventricular septum wall-thickness (IVSd), end diastolic 
LV inner dimension (LVIDd), end-diastolic LV posterior 
wall thickness (LVPWd), end-systolic interventricular sep-
tum wall thickness (IVSs), end-systolic LV inner dimen-
sion (LVIDs) and end-systolic LV posterior wall thickness 
(LVPWs) were measured in the LV short-axis view. Using 
pulsed Doppler echocardiography in left lateral recumbency, 
the early diastolic transmitral flow (E) wave, late diastolic 
transmitral flow (A) wave, ratio of peak velocity of E to 
that of A (E/A) and deceleration time of the E wave (DecT) 
were recorded in the left apical 4-chamber view. Moreover, 
in the apical 5-chamber view, a pulsed-wave sample vol-
ume was placed just under the aortic valve, and thus, the 
cross-sectional area (CSA) of the left ventricular outflow 
tract, aortic ejection flow velocity (AEV) and time velocity 
integral (TVI) were measured, and stroke volume (SV) [18] 
and cardiac output (CO) were calculated. CO was calculated 
as SV × HR. Furthermore, time (a) from the end of the left 
ventricular inflow to the initiation of re-inflow was measured 
from the left apical 4-chamber view. Time (b) from the onset 
to the end of the LV ejection flow was measured from the 
apical 5-chamber view. The LV Tei index was calculated 
as (a − b)/b [36]. Likewise, the right ventricular Tei index 
was determined from time (a) from the end of the right 
ventricular tricuspid inflow to the initiation of re-inflow in 
the apical 4-chamber view and time (b) from the onset to 
the end of the right ventricular ejection flow in the apical 
short-axis view [36]. Using tissue Doppler imaging, the 
mitral annulus motion velocity wave was recorded from the 
left apical 4- chamber. The early diastolic mitral annulus mo-
tion velocity (Em) and atrial systolic mitral annulus motion 
velocity (Am) were measured, and the ratio of Em to Am 
(Em/Am) was calculated. The ratio of E wave to Em (E/Em) 
was also calculated. Moreover, the endomyocardial (Vend) 
and epimyocardial velocities (Vepi) were measured at the 
posterior wall of the left ventricle in the short-axis view, and 
the myocardial velocity gradient (MVG) was calculated by 
dividing the difference (Vend − Vepi) by a distance between 
the two points [38]. MVG was measured at mid systole 
(MVGs), early diastole (MVGe) and atrial systole (MVGa). 
The measurement of each echocardiographic parameter was 
repeatedly performed at least 3 times, and the averaged value 
was adopted as data. All measures and follow-up on each 
dog were performed by the same investigator.

Statistical analysis: All data obtained were analyzed 
with a commercially available software (StatMate3, ATMS, 
Tokyo, Japan). One-way analysis of variance was used 
to examine the time effect within each group for blood 
biochemical, echocardiographic and circulation variables. 
When a significant difference was detected, the Tukey test 
was used to compare the means. Student’s t-test was used 
for comparison between the treatments at each time point. 
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Results were expressed as mean ± standard error. The level 
of significance in all tests was set at P<0.05.

RESULTS

Echocardiographic and circulation variables: Changes in 
HR, LA/Ao, FS and EF are shown in Fig. 1. There were no 
significant changes in HR after PS administration within or 
between the groups (Fig. 1A). LA/Ao significantly tended to 
decrease at 1 week in the PS 2 group compared with base-
line, but not significantly. LA/Ao in PS 0.5, 1 and 2 groups 
was significantly lower than that in the control group at 1 
week, 4 weeks and 1 week, respectively (Fig. 1B). Both FS 
and EF in all PS-treated groups tended to decrease after 
PS administration, but not significantly. Both FS and EF 
in PS 0.5 and 1 groups significantly decreased compared 
with those in the control group at 2–4 weeks and 1 week, 
respectively (Fig. 1C and 1D). Both FS and EF in PS 2 group 
significantly decreased at 1–4 weeks compared with those 
in the control group (Fig. 1C and 1D). The differences in 

both parameters were greatest in the PS 2 group. There were 
no significant differences within or between the groups in 
other key echocardiographic measurements, including IVSd, 
LVIDd, LVPWd, IVSs, LVIDs and LVPWs.

Table 1 shows the changes in E wave, A wave, E/A, DecT 
and E/Em values after PS administration. E wave at 4 weeks 
after PS administration significantly decreased in the PS 2 
group compared with baseline and was lower than the con-
trol group at the same time point. The A wave did not sig-
nificantly change in response to any of the treatments. E/A at 
2 weeks in the PS 1 group significantly decreased compared 
with baseline. E/A in the PS 2 group tended to decrease after 
PS administration, but the differences were not statistically 
significant. DecT in the PS 0.5 and 2 groups significantly 
increased in comparison with baseline at 1, 2 or 4 weeks 
after PS administration. In contrast, E/Em in the PS 2 group 
significantly decreased at 4 weeks compared with baseline, 
and E/Em in both PS 1 and 2 groups was significantly lower 
than that in the control at 4 weeks after PS administration.

As shown in Fig. 2, LV Tei index after PS administration 

Fig. 1.	 Changes in heart rate (A), left atrial-to-aortic ratio (LA/AO; B), left ventricular fractional shortening 
(FS; C) and left ventricular ejection fraction (EF; D) after pravastatin administration in five dogs. Data are 
shown as the mean ± standard error. PS 0.5, 1 and 2 =pravastatin 0.5, 1 and 2 mg/kg, respectively. *P<0.05, 
significantly different from the baseline (time) value. †P<0.05, ‡P<0.01 and §P<0.001, significantly different 
from the control group.
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was significantly lower in all PS-treated groups than the con-
trol. The right ventricular Tei index after PS administration 
was also significantly lower in PS 1 group than that in the 
control group.

Table 2 shows the PS-induced changes in tissue Doppler 
echocardiographic metrics, including Em, Am, Em/Am, 
MVGs, MVGe and MVGa. Em measured 4 weeks after PS 
administration was significantly higher in the PS 1 group 
than in the control group at the same time point. Both Am and 
Em/Am did not significantly change after PS administration 
in any group. MVGs in all PS-treated groups significantly 
decreased at 1 or 4 weeks compared with baseline. MVGs 
in the PS 1 group were significantly lower than those in the 
control group at 4 weeks after PS administration. MVGe in 
all PS-treated groups tended to increase after PS administra-
tion, but not significantly, and MVGe values were signifi-
cantly higher in all PS-treated groups than those in control 
group at 1, 2 or 4 weeks after PS administration. The MVGa 
levels were not significantly altered after PS administration.

Changes in AEV, VTI, CO, SV and MBP values are 
shown in Table 3. Both AEV and VTI tended to decrease 
after PS administration in PS-treated groups with significant 
decreases of AEV at 2 weeks in the PS 0.5 group and VTI 
at 1–4 weeks in the PS 1 group compared with baseline. 
Both AEV and VTI in all PS-treated groups were signifi-
cantly lower than the control group at 1, 2 or 4 weeks after 
PS administration. Both CO and SV were also significantly 

lower in all PS-treated groups than the control group at 1, 2 
or 4 weeks after PS administration. MBP tended to decrease 
slightly after PS administration in PS-treated groups, but the 
decrease was not significant. MBP in PS 1 group was slightly 
and significantly lower than the control group at 2 weeks 
after PS administration.

Hematological and blood biochemical variables: Packed 
cell volume, white blood cell and platelet counts did not sig-
nificantly change in any group. NT-proBNP and ANP con-
centrations did not significantly change after PS administra-
tion in any group (Table 4). NO concentration in PS-treated 
groups tended to increase after PS administration, although 
this increase was not significant because of a large variance. 
Total cholesterol tended to decrease after PS administration 
in the PS 2 group, but did not significantly change in any 
group. Plasma triglyceride, creatinine, total bilirubin, inor-
ganic phosphorus, blood urea nitrogen, sodium, potassium 
and chloride concentrations and aspartate aminotransferase, 
alanine aminotransferase, alkaline phosphatase and creatine 
phosphokinase activities did not significantly change after 
PS administration in any group. No other behavioral adverse 
effects were observed in the groups.

DISCUSSION

Statins are classified as water-soluble and fat-soluble 
agents. It is known that in myocardial infarction, even if the 

Table 1.	 Changes in E wave, A wave, E/A, DecT and E/Em values after pravastatin administration in five dogs

Variables Group
Time after pravastatin administration (week)

0 1 2 4

E wave (cm/sec)

Control 65.3 ± 3.0 64.6 ± 3.7 65.4 ± 4.1 63.3 ± 3.0
PS 0.5 68.0 ± 2.9 66.8 ± 2.9 62.2 ± 2.2 61.7 ± 2.6
PS 1 67.3 ± 1.9 60.1 ± 2.7 62.1 ± 2.4 63.0 ± 2.2
PS 2 73.0 ± 2.8 64.3 ± 2.5 64.5 ± 1.7 58.6 ± 3.2*†

A wave (cm/sec)

Control 40.5 ± 1.4 45.5 ± 3.7 40.0 ± 4.5 42.3 ± 2.6
PS 0.5 39.9 ± 2.8 49.2 ± 2.8 38.3 ± 4.2 39.4 ± 3.3
PS 1 32.8 ± 1.8 40.9 ± 4.2 44.3 ± 2.9 43.8 ± 5.7
PS 2 37.5 ± 4.5 42.3 ± 3.3 44.9 ± 3.0 41.3 ± 3.4

E/A

Control 1.61 ± 0.05 1.44 ± 0.09 1.67 ± 0.10 1.50 ± 0.07
PS 0.5 1.74 ± 0.13 1.37 ± 0.05 1.69 ± 0.16 1.60 ± 0.11
PS 1 2.12 ± 0.18 1.53 ± 0.15 1.42 ± 0.09* 1.53 ± 0.17
PS 2 2.09 ± 0.30 1.56 ± 0.14 1.46 ± 0.07 1.44 ± 0.12

DecT (msec)

Control 93.6 ± 4.5 90.0 ± 4.2 86.4 ± 6.2 90.0 ± 3.3
PS 0.5 80.4 ± 5.6 98.4 ± 3.1* 97.2 ± 2.2* 91.2 ± 3.5
PS 1 76.8 ± 5.8 88.8 ± 5.2 91.2 ± 3.5 96.0 ± 7.3
PS 2 78.0 ± 4.4 92.4 ± 5.9 92.4 ± 4.1 104.4 ± 7.2*

E/Em

Control 8.1 ± 0.4 8.1 ± 0.5 8.2 ± 0.4 8.2 ± 0.3
PS 0.5 8.3 ± 0.5 8.2 ± 0.4 7.5 ± 0.3 7.7 ± 0.4
PS 1 9.1 ± 0.6 7.2 ± 0.5 7.6 ± 0.6 7.5 ± 0.2†

PS 2 9.7 ± 0.4 8.3 ± 0.4 8.2 ± 0.3 7.5 ± 0.5*†

Data are shown as the mean ± SE. E=the early diastolic transmitral flow, A=late diastolic transmitral flow, E/
A=ratio of peak velocity of early diastolic transmitral flow to peak velocity of late diastolic transmitral flow, 
DecT=deceleration time of early diastolic transmitral flow wave and E/Em=ratio of peak velocity of early diastolic 
transmitral flow to early diastolic mitral annulus motion velocity. PS 0.5, 1 and 2=pravastatin 0.5, 1 and 2 mg/
kg, respectively. * P<0.05 and ** P<0.01, significantly different from the baseline (time 0) value. † P<0.05, 
significantly different from the control group.
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ischemia is repaired, recovery of the myocardial contraction 
may be delayed because of the stunning phenomenon [4]. A 
previous study has reported that a fat-soluble simvastatin in 
comparison with a water-soluble PS administered 2 mg/kg 
orally q24hr for 3 weeks delayed the recovery of the myocar-
dial contraction after reperfusing in the myocardial ischemic 
dogs produced by the ligation of the left anterior descending 
coronary artery experimentally [14]. With regard to these 
reports, a water-soluble statin, PS, was selected, and its 
dosages were determined as 0.5–2 mg/kg/day in the present 
study. In addition, the period of medication with PS in our 
study was determined as 4 weeks in reference to a previous 
study that simvastatin treatment was performed for 4 weeks 
in clinical trials of human patients with chronic heart failure 
[17].

The results of this study revealed that PS administration 
reduced LA/Ao, E wave and E/Em and elevated Em and 
MVGe in healthy dogs. Em is an index of the ability of 
early diastolic LV relaxation. It has been reported that the 
reduction of Em correlates with the decrease in LV dilation 
in humans [25] and veterinary medicine [13]. It has been 
also reported that E/Em is an index to estimate both the left 

atrial pressure and LV filling pressure [26, 33]. Therefore, 
the reduction of E/Em and elevation of both Em and MVGe 
induced by PS treatment in the present study indicate an 
enhancement of the LV expansionability. Our results in dogs 
were in agreement with a previous finding that PS improved 
the LV expansionability in AT II-induced hypertensive mice 
[40]. This may be due to the relaxation of the cardiac muscle 
caused by the NO derived from eNOS [5]. However, in the 
present study, plasma NO levels did not significantly change 
after PS treatment, although the level of NO production 
may be high at the cellular level. On the other hand, statins 
including PS can attenuate the myocardial remodeling by 
suppressing the activity of small GTP-binding proteins, such 
as Ras, Rho and Rac, through inhibition of the mevalonic 
acid pathway [27, 35]. This effect may be also responsible 
for the relaxation of the cardiac muscle in the present study.

In contrast, the reduction of LA/Ao, E wave and E/Em 
observed in the present study suggests the decrease in the 
left atrial pressure. This event may be because of the de-
crease in both cardiac preload and afterload that are caused 
by dilation of blood vessels through the action of NO derived 
from eNOS [31] and PS-induced reduction of cardiac AT 
expression [12]. In addition, as statins are partial inhibitors 
of Rho-kinase, the decrease in the left atrial pressure after PS 
treatment in the present study may be caused by PS-induced 
inhibition of vasoconstrictor effect of Rho-kinase through 
activation of myosin phosphatase [35]. Furthermore, the 
present study revealed that PS administration reduced FS, 
EF, MVGs and CO in healthy dogs. These results may also 
be caused by negative inotropic action of NO derived from 
eNOS [23]. The reduction of CO after PS administration 
may primarily be caused by the decrease in SV observed in 
the present study. It has been reported that PS administra-
tion reduces HR in spontaneously hypertensive rats [12]. In 
this study, however, we observed no evidence for significant 
changes in HR after PS administration. These results show 
that PS administration does not enhance sympathetic activity 
in dogs.

Elevations of both LA/Ao and E wave are useful for the 
evaluation of prognosis and severity of heart failure and the 
presence of mitral regurgitation in dogs [3]. Restoration of 
elevated left atrial pressures back to baseline is an important 
strategy for treating dogs with mitral regurgitation. There-
fore, the present study suggests that PS-induced reduction of 
LA/Ao, E wave and E/Em, elevation of Em, and reduction 
of left atrial pressure may be useful for therapy in dogs with 
mitral regurgitation. On the other hand, the reduction of FS, 
EF and CO in this study may be felt uneasy about exacerba-
tion of the heart failure. However, an elevation of the left 
ventricular afterload will be induced by the activation of the 
renin-angiotensin system in dogs with significant heart fail-
ure. In these conditions, PS may be effective in improving 
the heart failure through the reduction of the cardiac after-
load due to arterial dilation. In addition, the use of PS in dogs 
with chronic heart failure may be recommended for a moder-
ate severity stage rather than a seriously advanced terminal 
stage. With regard to the dosages of PS required to elicit the 
observed cardiovascular effects, our findings indicate that 

Fig. 2.	 Changes in the right (A) and left (B) ventricular 
Tei indices after pravastatin administration in five 
dogs. Data are shown as the mean ± standard error. PS 
0.5, 1 and 2 =pravastatin 0.5, 1 and 2 mg/kg, respec-
tively. *P<0.05, significantly different from the base-
line (time 0) value. †P<0.05, ‡P<0.01 and §P<0.001, 
significantly different from the control group.
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a dose ≥1 mg/kg is required to produce marked reduction 
of E/Em and LA/Ao and elevation of Em, implicating a de-
crease in left atrial pressure. Although at lower doses (i.e., 
0.5 mg/kg), PS can reduce LA/Ao, other parameters are not 
significantly altered. In addition, both right and LV Tei indi-
ces, reflecting changes in global cardiac function, decreased 
after PS administration, suggesting that PS may be effective 
in improving both left and right ventricular failure in dogs. 
Furthermore, hyperadrenocorticism or hypothyroidism that 
is a typical disease showing hypercholesterolemia in dogs 
may increase a risk of the heart failure, such as hypertension, 
myocardial hypertrophy or infarction [11, 20]. PS may be 
also effective in reducing these cardiac complications.

It is well known that plasma concentrations of ANP and 
NT-proBNP are markedly increased in dogs with heart failure 
[9, 10]. In the present study, neither parameter was altered 
after PS administration, suggesting absence of an adverse 
response to our treatment regimen and further underscoring 
its safety profile.

The development of rhabdomyolysis has been reported 
as an adverse effect of statin therapy in clinical medicine 
[32]. However, in our study, we saw no evidence of be-
havioral abnormalities suggestive of pain or elevation of 

plasma creatine phosphokinase levels after PS administra-
tion. Furthermore, in the present study, no hematological 
and plasma biochemical abnormalities that suggest renal and 
liver pathology were observed during PS administration for 
4 weeks. This indicates that 0.5–2 mg/kg PS could be safely 
used without any apparent adverse effect in dogs.

In conclusion, the present study revealed the major effects 
of PS in dogs that are consistent with increased LV expan-
sion capacity and decreased LV constriction and left atrial 
pressure. As such, our present findings suggest that PS may 
be effective in improving the heart failure status of dogs with 
LV diastolic dysfunction or elevated left atrial pressure. To 
the best of our knowledge, this is the first study to systemati-
cally report the effect of PS on key echocardiographic and 
hemodynamic parameters in dogs.
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Table 2.	 Changes in tissue Doppler echocardiographic variables after pravastatin administration in five dogs

Variables Group
Time after pravastatin administration (week)

0 1 2 4
Em (cm/sec) Control 8.1 ± 0.2 7.9 ± 0.2 7.9 ± 0.1 7.7 ± 0.2

PS 0.5 8.3 ± 0.3 8.2 ± 0.4 8.3 ± 0.4 8.1 ± 0.4
PS 1 7.5 ± 0.4 8.4 ± 0.5 8.3 ± 0.4 8.4 ± 0.3†

PS 2 7.5 ± 0.4 7.8 ± 0.3 7.9 ± 0.3 7.8 ± 0.2
Am (cm/sec) Control 5.5 ± 0.3 5.5 ± 0.3 5.5 ± 0.3 5.5 ± 0.2

PS 0.5 5.2 ± 0.5 5.4 ± 0.5 5.6 ± 0.4 5.4 ± 0.4
PS 1 4.3 ± 0.5 5.5 ± 0.6 5.6 ± 0.2 6.0 ± 0.6
PS 2 4.5 ± 0.6 5.5 ± 0.4 5.3 ± 0.7 5.2 ± 0.5

Em/Am Control 1.49 ± 0.07 1.43 ± 0.8 1.44 ± 0.07 1.41 ± 0.07
PS 0.5 1.64 ± 0.13 1.58 ± 0.18 1.52 ± 0.14 1.50 ± 0.07
PS 1 1.80 ± 0.15 1.58 ± 0.14 1.48 ± 0.02 1.43 ± 0.09
PS 2 1.75 ± 0.15 1.44 ± 0.09 1.57 ± 0.15 1.54 ± 1.13

MVGs (sec) Control 1.76 ± 0.13 1.74 ± 0.13 1.78 ± 0.15 1.80 ± 0.10
PS 0.5 2.30 ± 0.19 1.51 ± 0.26* 1.59 ± 0.19 1.52 ± 0.16*
PS 1 2.09 ± 0.26 1.73 ± 0.06 1.46 ± 0.19 1.22 ± 0.18*†

PS 2 2.19 ± 0.15 1.78 ± 0.11 1.70 ± 0.06 1.66 ± 0.14*
MVGe (sec) Control –1.73 ± 0.10 –1.61 ± 0.12 –1.68 ± 0.19 –1.68 ± 0.15

PS 0.5 –1.51 ± 0.19 –1.99 ± 0.10† –2.06 ± 0.23 –2.19 ± 0.27
PS 1 –1.35 ± 0.20 –2.22 ± 0.23† –2.36 ± 0.52 –2.62 ± 0.23‡

PS 2 –1.69 ± 0.29 –2.37 ± 0.24† –2.69 ± 0.30† –2.33 ± 0.20†

MVGa (sec) Control –1.03 ± 0.17 –0.97 ± 0.16 –1.11 ± 0.08 –1.18 ± 0.23
PS 0.5 –0.64 ± 0.52 –0.40 ± 0.85 –1.08 ± 0.16 –0.92 ± 0.20
PS 1 –1.15 ± 0.12 –1.44 ± 0.29 –1.19 ± 0.10 –0.69 ± 0.44
PS 2 –1.14 ± 0.44 –1.89 ± 0.28 –1.48 ± 0.37 –1.30 ± 0.49

Data are shown as the mean ± SE. Em=early diastolic mitral annulus motion velocity, Am=atrial systolic mitral 
annulus motion velocity, Em/Am=ratio of early diastolic mitral annulus motion velocity to atrial systolic mitral an-
nulus motion velocity, MVGs=mid systolic myocardial velocity gradient, MVGe=early diastolic myocardial velocity 
gradient and MVGa=atrial systolic myocardial velocity gradient. PS 0.5, 1 and 2=pravastatin 0.5, 1 and 2 mg/kg, 
respectively. *P<0.05, significantly different from the baseline value. †P<0.05 and ‡P<0.01, significantly different 
from the control group.
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Table 3.	 Changes in AEV, VTI, CO, SV and MBP values after pravastatin administration in five dogs

Variables Group
Time after pravastatin administration (week)

0 1 2 4
AEV (cm/sec) Control 81.8 ± 5.6 74.3 ± 4.2 81.5 ± 2.2 76.9 ± 3.8

PS 0.5 85.5 ± 4.4 72.3 ± 2.8 67.5 ± 3.6*† 69.8 ± 4.9
PS 1 77.4 ± 1.5 67.1 ± 1.8 70.8 ± 2.8† 68.3 ± 3.8†

PS 2 77.9 ± 6.3 67.1 ± 5.3 66.6 ± 3.2‡ 66.9 ± 3.7†

VTI (cm) Control 9.8 ± 0.5 9.8 ± 0.3 10.6 ± 0.3 9.7 ± 0.4
PS 0.5 9.3 ± 0.7 8.3 ± 0.7† 8.5 ± 0.4‡ 8.7 ± 0.6
PS 1 8.9 ± 0.2 7.7 ± 0.3*‡ 7.7 ± 0.3*§ 7.6 ± 0.2*‡

PS 2 9.1 ± 0.5 8.1 ± 0.5† 7.9 ± 0.6‡ 7.9 ± 0.5†

CO (l/min) Control 0.90 ± 0.07 0.85 ± 0.06 0.85 ± 0.06 0.86 ± 0.04
PS 0.5 0.92 ± 0.10 0.76 ± 0.08 0.73 ± 0.10 0.74 ± 0.05†

PS 1 0.74 ± 0.12 0.62 ± 0.06† 0.66 ± 0.08† 0.62 ± 0.04§

PS 2 0.80 ± 0.12 0.70 ± 0.08 0.65 ± 0.07† 0.65 ± 0.09†

SV (ml) Control 11.4 ± 0.5 11.2 ± 0.5 12.4 ± 0.4 11.2 ± 0.6
PS 0.5 9.6 ± 0.7 8.2 ± 0.7§ 8.7 ± 0.8‡ 9.0 ± 0.7‡

PS 1 9.4 ± 0.6 8.0 ± 0.6§ 8.0 ± 0.4§ 7.7 ± 0.2§

PS 2 9.5 ± 0.8 8.3 ± 0.7† 8.3 ± 1.0‡ 7.8 ± 0.9†

MBP (mmHg) Control 80 ± 2 82 ± 2 85 ± 3 82 ± 4
PS 0.5 103 ± 12 95 ± 4 85 ± 3 84 ± 5
PS 1 92 ± 5 78 ± 3 78 ± 3† 81 ± 3
PS 2 81 ± 3 75 ± 4 80 ± 4 81 ± 5

Data are shown as the mean ± SE. AEV=aortic ejection flow velocity, VTI=time velocity integral, CO=cardiac 
output, SV=stroke volume and MBP=mean blood pressure.   PS 0.5, 1 and 2=pravastatin 0.5, 1 and 2 mg/kg, 
respectively. *P<0.05, significantly different from the baseline value. †P<0.05, ‡P<0.01 and §P<0.001, signifi-
cantly different from the control group.

Table 4.	 Changes in blood biochemical variables after pravastatin administration in five dogs

Variables Group
Time after pravastatin administration (week)

0 1 2 4
NT-pro BNP (pmol/l) Control 367 ± 60 343 ± 76 352 ± 64 450 ± 76

PS 0.5 218 ± 30 247 ± 27 280 ± 32 250 ± 50
PS 1 259 ± 18 179 ± 50 280 ± 38 311 ± 44
PS 2 260 ± 18 340 ± 52 249 ± 38 238 ± 45

ANP (pg/ml) Control 19.2 ± 3.4 18.1 ± 3.0 17.2 ± 2.9 19.9 ± 3.3
PS 0.5 36.0 ± 10.1 28.3 ± 3.9 39.9 ± 8.0 40.1 ± 10.8
PS 1 29.4 ± 5.0 39.0 ± 11.8 41.6 ± 10.7 30.8 ± 5.5
PS 2 26.0 ± 5.5 24.1 ± 3.0 32.5 ± 3.4 20.9 ± 3.0

NO (μmol/l) Control 29.3 ± 5.0 33.3 ± 4.3 39.4 ± 3.9 37.0 ± 6.4
PS 0.5 36.3 ± 4.3 29.6 ± 5.0 45.1 ± 11.4 29.9 ± 5.8
PS 1 29.6 ± 3.9 28.7 ± 7.2 26.8 ± 2.9 67.8 ± 41.3
PS 2 31.6 ± 4.5 48.5 ± 12.1 28.6 ± 4.3 47.2 ± 7.7

TCHO (mg/dl) Control 232 ± 25 223 ± 23 213 ± 22 238 ± 19
PS 0.5 229 ± 22 228 ± 18 243 ± 18 248 ± 22
PS 1 251 ± 26 239 ± 25 237 ± 22 247 ± 25
PS 2 232 ± 26 220 ± 34 210 ± 25 219 ± 30

Data are shown as the mean ± SE. NT-pro BNP=N-terminal pro-brain natriuretic peptide, ANP=atrial natriuretic 
peptide, NO=nitric oxide and TCHO=total cholesterol. PS 0.5, 1 and 2=pravastatin 0.5, 1 and 2 mg/kg, respectively.
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