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Abstract

Background: We previously reported that myocardial fibrosis may be one of the causes of left ventricular hypertrophy
and cardiac dysfunction in dogs with hyperglucocorticism (HGC). The detailed mechanism by which myocardial
fibrosis of the left ventricle occurs in dogs with HGC remains unclear.

Aim: This study investigated the mechanism by which HGC causes fibrosis of the left ventricle.

Methods: The impacts of HGC on the heart by comparing samples obtained from high-dose glucocorticoid (GC)-
treated (P) and untreated (C) dogs. The P group included healthy Beagle dogs (n = 6) treated with prednisolone
(2 mg/kg, bid, po) for 84 days, and the C group included healthy Beagle dogs (n = 6) euthanized for unrelated
reasons. In three of the P group dogs, serum was collected before the start of administration (Day 0) and on Day
84 to measure angiotensin II concentrations and oxidative stress markers (8-hydroxy-2'-deoxyguanosine (§OHdG),
NADPH oxidase, and superoxide levels). Samples of the left ventricular free wall (LVFW), right ventricular free wall
(RVFW), interventricular septum (IVS), and aortic root were harvested from both groups (n = 6 for each group). Using
these tissue samples, angiotensin II type 1 receptor (AT1R), 8OHdG, and transforming growth factor B1 (TGFB1)
immunohistochemical stains were performed.

Results: The blood NADPH oxidase concentration was significantly higher (p = 0.027) in the P group 84 days after
initiation of the medication compared to that before prednisolone treatment. By contrast, there was no significant
difference in serum angiotensin II (»p = 0.450), 8SOHdG (p = 0.068), and superoxide (p = 0.057) concentrations.
The positive staining rates of ATIR, 8OHdG, and TGFf1 in the heart (LVFW, RVFW, IVS, and aortic root) were
significantly higher in the P group than those in the C group.

Conclusion: Angiotensin II and oxidative stress in HGC may cause left ventricular fibrosis in dogs.

Keywords: Canine, Cushing syndrome, Hyperglucocorticism, Left ventricular, Fibrosis.

Introduction cardiovascular changes in human HAC patients include
The incidence of canine Cushing syndrome (CS) morphological and functional changes in the heart that
has been estimated to be 0.2%, rendering it the most result in myocardial hypertrophy and cardiac diastolic
common endocrine disease (Carotenuto et al., 2019; de and systolic dysfunction (Sugihara ez al., 1992; Isidori
Bruin et al., 2009). Hypercortisolism (HAC) is one of et al., 2015). Notably, hypertrophy of cardiomyocytes
the causes of CS (Boscaro et al., 2001; Behrend et al., and an increase in the cardiac fiber count were
2013; Nieman, 2015; Nivy et al., 2018). Cardiovascular reported as histopathological changes(Sugihara et al.,
complications in human patients with HAC are 1992). In addition, left ventricular hypertrophy and
associated with mortality rates four times higher than cardiac dysfunction in human and canine CS cases are
those in the healthy population, indicating that the influenced by disease durability (Fallo et al., 1994;
systemic changes associated with hyperglucocorticism Muiesan et al., 2003).
(HGC) increase cardiovascular risk (Boscaro et al., Recently, left ventricular hypertrophy and cardiac
2001; Nieman, 2015; van der Pas et al., 2013). Specific dysfunction were reported in dogs with HAC and
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dogs treated experimentally treated with high-
dose prednisolone (Chen et al., 2014; Oui et al.,
2015; Takano et al., 2015; Tanaka et al., 2021).
In a histopathological study in dogs, 2 mg/kg
prednisolone every 12 hours for 28 days produced
no apparent changes in the myocardium (Oui et
al., 2015). However, our recent study revealed that
the same dose of prednisolone treated for 84 days
caused fibrosis in the left ventricular myocardium and
ventricular septum. In addition, there was a decrease
in glucocorticoid receptor (GCR) levels and an
increase in mineralocorticoid receptor (MCR) at these
regions (Tanaka ef al., 2021). It has been suggested
that elevated levels of reactive oxygen species activate
the glucocorticoid (GC)-MCR complex in the heart
and upregulate the expression of transforming growth
factor Bl (TGFp1), resulting in fibrosis (Funder,
2017). However, the details of the mechanism by
which canine HGC causes fibrosis of the left ventricle
have not been elucidated. Therefore, in this study, as
a follow-up to Tanaka and colleagues (Tanaka et al.,
2021) we investigated the mechanism by which HGC
causes fibrosis of the left ventricle.

Materials and Methods

Dogs

Twelve healthy male Beagles were included in this
study. Six dogs included in the high-dose prednisolone
(P) group (weight: 9.5-11.2 kg; median weight: 10.8 kg;
age: 15—17 months; median age: 16 months) received
2 mg/kg synthetic corticosteroid (5 mg prednisolone
tablet YD; Yoshindo Company Ltd., Toyama, Japan)
every 12 hours for 84 days by orally administered. The
clinical parameters of the P group included physical
examination findings, complete blood count, blood
biochemistry, electrocardiography, noninvasive blood
pressure measurement, and cardiac echocardiography
findings at baseline (Day 0) and on Days 7, 28, 56,
and 84 after initiation of the synthetic corticosteroid
administration.

On Day 0, all six dogs in the P group were carefully
evaluated to ensure that 1) they were healthy, 2)
their test results were not outside the normal range,
3) did not show any evidence of systemic disease,
and 4) did not show any signs of cardiac disease
or congenital abnormalities of the heart. At each
examination time point after the start of medication,
the dog's general condition was confirmed to be
well enough to continue the experiment, and the
changes over time were evaluated. In addition, in the
P group, tetracosactide (0.25 mg Cortrosyn injection;
Daiichi Sankyo Company Ltd., Tokyo, Japan) was
administered intramuscularly on Day 0 and Day 84
(125 pg for dogs weighing less than 5 kg and 250 pg
for dogs weighing more than 5 kg), and blood samples
were collected at baseline and 1 hour after injection
for adrenocorticotropic hormone (ACTH) stimulation
tests. Serum cortisol concentrations were measured

using a chemiluminescence enzyme immunoassay
(Fuji  Film, Monolith, Tokyo, Japan). After the
administration period, the dogs were euthanized with
pentobarbital (90 mg/kg, iv; Kyoritsu Seiyaku, Tokyo,
Japan) for histopathological examination.

The control (C) group consisted of six dogs (body
weight: 8.5-10.5 kg, median body weight: 9.6 kg, age:
8—19 months, median age: 17.5 months), which were
euthanized using the same procedure but for other
purposes (anatomy and surgical training of veterinary
students). The dogs in C group underwent a preliminary
physical examination, electrocardiography, and
noninvasive blood pressure measurement to ensure that
there were no abnormalities or values outside of the
reference range.

The dogs in both groups were housed in cages (0.7
m wide x 1.2 m deep x 1.5 m high). The temperature
was 23°C, humidity was 50%—-60%, and light and dark
hours were from 6:00 am to 8:00 pm and from 8:00 pm
to 6:00 am, respectively. The dogs were kept in cages
for the duration of the experiment but could roam freely
indoors for 1 hour twice a day (morning and evening).
In addition, the dogs in the P group were evaluated
every 12 hours during the prednisolone administration
period to ensure that they had no energy- or appetite-
related problems, were drinking adequate water, and
had no injuries or gastrointestinal symptoms.

Serum concentrations of angiotensin Il and oxidative
stress markers in the P group

In three of the P group dogs, the blood samples collected
before tetracosactide administration on Day 0 and Day
84 were centrifuged at 1000 x g, 4°C for 15 minutes.
The serum was then rapidly frozen in liquid nitrogen
and stored frozen at —80°C until the various assays
were performed. Angiotensin II concentrations were
measured using a double-antibody radioimmunoassay
(Fuji Film, Monolith, Tokyo, Japan).

The levels of the oxidative stress markers 8-hydroxy-
2'-deoxyguanosine (80HdG), NADPH oxidase, and
superoxide were measured using enzyme-linked
immunosorbent assays (ELISAs). Notably, 8OHdG
was determined based on a competitive ELISA
technique using a commercial kit (8-hydroxy-2'-
deoxyguanosine ELISA Kit, BioVision, Inc., CA,
USA). NADPH oxidase was determined based on the
double antibody sandwich ELISA technique (Canine
NADPH Oxidase ELISA Kit, MyBioSource, Inc., San
Diego, CA, USA). Superoxide was determined using
a colorimetric method (Superoxide Anion Microplate
Assay Kit, Bioworld Technology, Inc., MN, USA). All
samples were measured in triplicate.

Histological treatment

After euthanasia, the heart and aortic root were
promptly sampled from the animals of both study
groups. The heart was then cut using a sharp disposable
blade (Futaba surgical blades No. 23, Futaba, Inc.,
Tokyo, Japan) so that the midpoint of the incision line
from the coronary sulcus to the apex of the heart was
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parallel to the coronary sulcus. Subsequently, the left
ventricular free wall (LVFW), right ventricular free
wall (RVFW), interventricular septum (IVS), and
aortic root were promptly harvested and immersed in
4% paraformaldehyde in 0.1 M phosphate buffer (pH
7.4). This procedure was completed within 30 minutes
after euthanasia. The tissues were then immersed
in paraformaldehyde for 24 hours, and the tissue
specimens were embedded in paraffin and thinly sliced
to a thickness of 3 pm according to standard methods.
Immunohistochemistry

After deparaffinization, tissue sections were immersed
in 1% H,0, for 30 minutes to block endogenous
peroxidase activity and washed with 0.01 M phosphate-
buffered saline (PBS). To activate the target antigens,
sections for angiotensin II type 1 receptor (AT1R) and
8OHdG immunohistochemical stains were immersed
in citrate buffer (0.01 M, pH 6.0) and subjected
to microwave treatment at 500 W for 15 minutes.
Likewise, sections for TGFB1 immunohistochemical
stains were immersed in citrate buffer (0.01 M, pH
6.0) and incubated at 60°C for 60 minutes. Sections
for ATIR and 8OHdG immunohistochemistry
were then incubated with 10% normal goat
serum (Nichirei Bioscience, Tokyo, Japan) for 30
minutes at room temperature, and those for TGFp1
immunohistochemistry with 5% normal goat serum
(Nichirei Bioscience, Tokyo, Japan). Subsequently,
sections for AT1R immunohistochemical stains were
then treated with anti-rabbit AT 1R polyclonal antibody
(1:100; ab18801, Abcam, Cambridge, England), those
for 8OHdG immunohistochemical stains with anti-
mouse 80OHdG monoclonal antibody (1:50; MOG-
020P, Nikken Zyle, Shizuoka, Japan), and those for
TGFB1 immunohistochemical stains with anti-mouse
TGFB1 monoclonal antibody (1:50; 3C11, Santa Cruz
Biotechnology, California, USA) as primary antibodies
and incubated overnight at room temperature. The next
day, sections were washed with PBS and incubated with
anti-rabbit immunoglobulin peroxidase-conjugated
antibody [Simple Stain Rat MAX-PO (MULTI, Nichirei
Bioscience, Tokyo, Japan)] as the secondary antibody
for 1 hour at room temperature. The sections were then
washed again with PBS, chromogenized with DAB
chromogen solution (Histofine DAB Substrate Kit,
Nichirei Bioscience, Tokyo, Japan), and counterstained
with hematoxylin.

Histological evaluation

The various immunohistochemical markers in tissue
sections were evaluated by authors ST and SS. Three
randomly selected fields per tissue section were
photographed at 400x magnification using a digital
microscope camera (DP71; Olympus, Tokyo, Japan).
For AT1R and TGFf1 immunohistochemical stains, the
percentage of positively stained areas in one field of view
was calculated using image analysis software (ImageJ;
version 1.43u, National Institutes of Health, Bethesda,
MA, USA). For the 8OHdG immunohistochemical

stain, the percentage of nuclei with positive staining in
one field of view was calculated. For all stains, three
randomly selected fields of view were assessed, and
the mean of these measurements was calculated. The
assessors were blinded to the group classification at the
time of imaging and evaluation of the tissue sections.
Statistical analysis

Weight (kg), age (months), and other continuous
variables, such as serum concentrations of 80OHdG,
NADPH oxidase, superoxide, and angiotensin
II, percentages of positively stained area (%) in
ATIR and TGFB1 immunohistochemical stain, the
percentage of nuclei with positive staining in SOHdG
immunohistochemical stain were examined. First, the
Shapiro—Wilk test was performed to classify normally
and non-normally distributed variables. Non-normally
distributed variables were expressed as medians (range)
and compared using the Kruskal-Wallis test.
Univariable linear regression analysis was performed
using the following dependent variables: the percentage
of positively stained areas in one field of view in AT1R
and TGFB1 immunohistochemical stains (%) and the
percentage of positively stained nuclei in one field of
view in 8OHdG immunohistochemical stains (%). The
independent variables were as follows: group (C and
P), age (months), and weight (kg).

Additional univariable linear regression was
performed with the following dependent variable:
the percentage of positively stained nuclei in one
field of view in 80HdG immunohistochemical stains
(%). The independent variable was the percentage of
positively stained areas in one field of view in ATIR
immunohistochemical stains (%). An additional model
was created in which the dependent variable was the
percentage of positively stained areas in one field of
view in TGFB1 immunohistochemical stains (%). The
independent variable was the percentage of positively
stained areas in one field of view in AT1R stains and
the percentage of positively stained nuclei in one
field of view in 80OHdG immunohistochemical stains
(%). Groups (C and P) were included in the model as
dummy variables.

The results are presented as coefficients (Coe),
standard errors (SE), p-values (P), and 95% confidence
intervals (CIs). Model diagnostics were performed by
assessing the normality of the residuals, and data that
were not normally distributed were log-transformed.
Stata/IC 14.0 (StataCorp, College Station, TX, USA), a
commercial statistical software package, was used for
the abovementioned analyses. Statistical estimation and
inference were performed using two-tailed hypotheses
and tests at the 5% significance level.

Ethical approval

This study was conducted after approval by the relevant
Laboratory Animal Committee (approval number:
2019S-72), and all dogs were handled in accordance
with relevant institutional and national guidelines and
regulations for the care and use of laboratory animals.
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Results

Concentrations of angiotensin Il and oxidative stress
markers in the serum of dogs from the P group

In the P group, the blood NADPH oxidase concentration
(»p = 0.027) was significantly higher 84 days after
initiation of the medication compared to that before
prednisolone treatment. In addition, serum 8OHdG (p
= 0.068) and superoxide (p = 0.057) concentrations
tended to be higher 84 days after starting the medication
than those before the treatment, although the increase
was not statistically significant. By contrast, we
observed no significant differences or trends in the
changes in blood angiotensin II levels over time (p =
0.450; Table 1).

Immunohistochemical stains

The descriptive statistics of immunohistochemical data
are listed in Table 2. In ATIR immunohistochemical
stains, we confirmed the presence of regions with
brownish granular positive staining in the cytoplasm
of cardiomyocytes, and the aortic tunica media, mainly
in the P group (Fig. 1). Univariable linear regression
showed that the percentage of positively stained areas
in one field of view was significantly increased in the
P group compared to that in the C group in the left
ventricle (p = 0.005), right ventricle (p < 0.0001),
ventricular septum (p < 0.0001), and aorta (p = 0.001;
Table 3).

Similarly, 80HdG immunohistochemistry showed
brownish granular staining of cardiomyocytes and
aortic tunica media nuclei, mainly in the P group (Fig.
2). According to univariable linear regression, the
percentage of positively stained nuclei in one field of
view was significantly higher in the P group than that

Table 1. Concentrations of angiotensin II and oxidative stress
markers in the serum of dogs from the high-dose prednisolone

(P) group.

P group P group
(Day 0,n=3) (Day 84,n=3)
Median Median _value
(range) (range) p
Angiotensin II  16.0 16.0
0.450
(pg/ml) (15.0-33.0)  (7.0-18.0)
-8 —8
ROHAG 9.82x10 15.55%10 o
9.11- (14.86— o
Gl 13.49x10°%)  15.78x10°%)
NADPH 5.80x1071° 11.68x1071°
Oxidase (5.70- (11.61- 0.027
(Mmol/l) 8.92x1071%) 12.28x1071%)
Superoxide 29.37 46.54
(27.25-
(Mmol/l) 40.36) (44.47-47.21)

P group: high-dose prednisolone group.

in the C group in the left ventricle (p < 0.001), right
ventricle (p = 0.007), ventricular septum (p < 0.001),
and aorta (p = 0.007; Table 4).

TGFB!l  immunohistochemical stains  showed
brownish granular positively stained areas in the
cytoplasm of cardiomyocytes, and the aortic tunica
media, mainly in the P group (Fig. 3). Univariable
linear regression demonstrated that the percentage
of positively stained areas in one field of view in
the P group was significantly increased compared to
that in the C group in the left ventricle (p = 0.001),
right ventricle (p = 0.001), ventricular septum (p <
0.0001), and aorta (p < 0.0001; Table 5). There was
no relationship between body weight and age in the
immunohistochemical stain parameters. However, in
the ventricular septum, 8OHdG immunohistochemical
stains showed a positive association with ATIR
immunohistochemical stains (Coe = 1.27%, 95%
CI = 0.57-1.98, p = 0.002). Regarding TGFp1
immunohistochemical stains, we observed positive
associations with 8OHdG immunohistochemical
stains in the left ventricle (Coe = 8.55%, 95% CI =
4.10-12.99, p = 0.002), AT1R (Coe = 4.92%, 95% CI
=1.43-8.41, p = 0.011) and 8OHdG (Coe = 5.82%,
95% CI = 0.09-11.54, p = 0.047) stains in the right
ventricle, ATIR (Coe = 22.98%, 95% CI = 12.91—
33.05, p < 0.0001) and 8OHAG (Coe = 8.83%, 95%
CI=5.15-12.52, p <0.0001) stains in the ventricular
septum, and ATIR stains (Coe = 12.16%, 95% CI =
3.66-20.66, p = 0.010) in the aorta.

Discussion

The results of this study showed a significant increase in
the AT1R-, 8OHdG-, and TGFf1-positive staining rates
in the myocardium of the P group compared to that in
the C group. These results may support the hypothesis
that in the left ventricular myocardium of dogs with
HGC, increased myocardial oxidative stress activates
the GC-MCR complex, which increases the expression
of TGFpI, resulting in fibrosis (Funder, 2017). TGFf1
is a potent inducer of connective tissue growth factor,
stimulates collagen and fibronectin production, and
inhibits collagen degradation by suppressing matrix
metalloproteinase activity (Border and Noble, 1994;
Leask and Abraham, 2004).

The results of AT1R and 8OHdG immunohistochemical
stains showed that the percentage of positively stained
areas in P group compared to that in C group was
significantly increased in all examined regions, i.e.,
left ventricle, right ventricle, ventricular septum, and
aorta. Administration of the GC dexamethasone to rats
increased ATIR gene expression and the number of
AT1Rs in vascular smooth muscle cells and enhanced
their responsiveness to angiotensin II (Sato et al.,
1994). In addition, increased angiotensin II stimulation
increases oxidative stress (Brito et al., 2015). In the
present study, the increase in ATIR expression in
myocardial and aortic tissues of the P group increased
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Table 2. Percentages of positively stained area (%) in ATIR and TGFB1 immunohistochemical stain,
and the percentage of nuclei with positive staining in 80HdG immunohistochemical stain of the left and

RVFW, 1VS, and aorta.

C group (n =06)

P group (n =6)

AT1R Median (range) Median (range) p-value
4.00x1072 32.12x1072
LVFW (%) 0.0065
(0.87-16.93x1072) (8.50-45.80x1072)
5.32x107? 55.08x1072
RVFW (%) 0.0039
(0.35-18.93x1072) (33.37-83.63%1072)
0.97x1072 25.00x107
IVS (%) 0.0039
(0.32-4.27x107%) (17.43-30.03x1072)
4.65x1072 26.00x1072
AO (%) 0.0064
(0.87-21.90x107%) (19.57-40.06x1072)
SOHdG Median (range) Median (range)
7.24 35.05
LVFW (%) 0.0039
(6.08-12.35) (27.37-68.50)
12.21 45.40
RVFW (%) 0.0250
(0-14.05) (32.91-63.85)
14.86 47.30
IVS (%) 0.0039
(0.63-22.89) (33.96-60.25)
31.37 51.05
AO (%) 0.0163
(25.37-50.98) (43.31-61.49)
TGFp1 Median (range) Median (range)
1.26 4.89
LVFW (%) 0.0065
(0.43-3.24) (2.28-5.90)
0.39 4.15
RVFW (%) 0.0039
(0.28-1.14) (1.94-6.73)
0.60 6.48
IVS (%) 0.0039
(0.02-1.28) (3.98-9.36)
1.45 5.40
AO (%) 0.0039
(0.02-2.63) (3.84-6.96)

(80HAG): 8-hydroxy-2’-deoxyguanosine; (AO): aorta; (AT1R): angiotensin II type 1 receptor; (C group): control
group; (IVS): interventricular septum; (LVFW): left ventricular free wall; (P group): high-dose prednisolone group;
(RVFW): right ventricular free wall; (TGFB1): transforming growth factor 1.

their sensitivity to angiotensin II stimulation, which
may have led to increased levels of SOHdG, a marker of
oxidative stress. Compared to control rats, continuous
administration of corticosterone, another type of GC,
causes fibrosis of the myocardium with increased
superoxide production and NADPH oxide activity
(Hattori ef al., 2013). These findings may support the
result of this study that fibrosis of the left ventricular
myocardium was associated with increased oxidative
stress.

Angiotensin Il stimulation has been reported to
induce TGFBl mRNA and protein expression in

cardiomyocytes and cardiac fibroblasts, and treatment
with an ATIR blocker markedly reduced TGFpI
expression in the myocardium (Gray et al., 1998). This
suggests that TGFB1 induction in the myocardium is at
least partially mediated by angiotensin II stimulation.
Furthermore, TGFB1 levels in myocardial tissue
increased significantly in a rat model of pressure
overload-induced myocardial hypertrophy (Li and
Brooks, 1997). The dogs of the P group used in the
present study showed a significant increase in blood
pressure 84 days after the start of prednisolone
medication compared to baseline (Tanaka et al., 2021).
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Fig. 1. Images showing ATIR immunohistochemistry of the left and RVFW, ventricular septum, and aorta in the control and
prednisolone groups. Arrowheads: area positively stained for ATIR. (a) LVFW in the control group. (b) RVFW in the control
group. (c) Ventricular septum in the control group. (d) Aorta in the control group. (¢) LVFW in the high-dose prednisolone group.
(f) RVFW in the high-dose prednisolone group. (g) Ventricular septum in the high-dose prednisolone group. (h) Aorta in the high-
dose prednisolone group.

Table 3. Results of the univariable linear regression for the percentage of area positively
stained for AT 1R in the left and RVFW, ventricular septum, and aorta.

Dependent variable Independent variable Coe 95% CI p-value
LVFW (%)

C group Reference

P group 0.20 0.07-0.33  0.005
RVEW (%)

C group Reference

P group 0.53 0.34-0.72  <0.0001
IVS (%)

C group Reference

P group 0.23 0.19-0.27  <0.0001
AO (%)

C group Reference

P group 0.21 0.11-0.31 0.001

(AO): aorta; (C group): control group; (CI): confidence interval; (Coe): coefficient; (IVS):
interventricular septum; (LVFW): left ventricular free wall; (P group): high-dose prednisolone group;

(RVEFW): right ventricular free wall.

These findings suggest that the increase in TGFf1
expression in myocardial and aortic tissues observed
in the current study is not only caused by the activation
of the GC-MCR complex in myocardial tissues with
elevated oxidative stress but the increased efficacy
of angiotensin II stimulation due to increased AT1R
expression may be involved in the elevation of
blood pressure and induction of TGF} expression in
myocardial tissue.

Although the mechanism of GC-induced hypertension
is not fully understood, it has been reported that

increased levels of H,0,, a reactive oxygen species,

cause vasoconstriction due to the inactivation of
nitric oxide (NO), which plays an important role in
the development of hypertension in rats with HGC
(Safaeian et al., 2016; Wilcox, 2002). Thus, in the
P group in the current study, the increase in blood
oxidative stress markers may have led to an increase
in blood pressure and subsequently to an upregulation
of TGFp expression in myocardial and aortic tissue in
response to the increase in blood pressure.

The present study has some limitations. First, the
number of dogs used in this study was small because
we used the minimum number of animals required
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Fig. 2. Images showing 8OHdG immunohistochemistry of the left and RVFW, ventricular septum, and aorta in the control and
prednisolone groups. arrowheads: 8OHdG-positive nuclei. (a) LVFW in the control group. (b) RVFW in the control group. (c)
Ventricular septum in the control group. (d) Aorta in the control group. (¢) LVFW in the high-dose prednisolone group. (f) RVFW
in the high-dose prednisolone group. (g) Ventricular septum in the high-dose prednisolone group. (h) Aorta in the high-dose

prednisolone group.

Table 4. Results of the univariable linear regression for the percentage of nuclei with positive
staining for 8OHAG in the left and RVFW, ventricular septum, and aorta.

Dependent variable Independent variable Coe 95% CI p-value
LVEW (%)

C group Reference

P group 0.31 0.18-0.45 <0.0001
RVFW (%)

C group Reference

P group 0.30 0.11-0.50 0.007
IVS (%)

C group Reference

P group 0.34 0.21-0.46 <0.0001
AO (%)

C group Reference

P group 0.17 0.06-0.28 0.007

(AO): aorta; (C group): control group; (CI): confidence interval; (Coe): coefficient; (IVS):
interventricular septum; (LVFW): left ventricular free wall; (P group): high-dose prednisolone group;

(RVFW): right ventricular free wall.

considering ethical standards. Thus, the presented
findings may be affected by outliers. Notably, the
measurement of serum angiotensin II and oxidative
stress marker concentrations was performed only
on samples from three animals in the P group,
which cannot be considered statistically reliable.
Second, considering the pharmacological difference
between cortisol and prednisolone, with prednisolone
exhibiting a four times stronger GC activity than
cortisol, the effect of GCs on myocardial tissue may
have been more potent than in patients with CS with

a similar disease progression (Feldman and Nelson.,
2003). In this regard, it has been reported that left
ventricular hypertrophy and cardiac dysfunction in
dogs and humans with CS are influenced by disease
persistence (Fallo ef al., 1994; Muiesan et al., 2003).
Third, although HGC persists in spontaneous HAC, the
dogs in P group were administered prednisolone twice
daily, which may have caused an intermittent increase
in blood counts, and the duration of systemic organ
exposure to GCs may have been different from that in
clinical cases of CS.


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com
S. Tanaka et al.

Open Veterinary Journal, (2023), Vol. 13(12): 1708-1717

Fig. 3. Images showing transforming growth factor B1 immunohistochemistry of the left and RVFW, ventricular septum, and aorta
in the control and prednisolone groups. Arrowheads show areas positively stained for transforming growth factor f1. (a) LVFW in
the control group. (b) RVFW in the control group. (c) Ventricular septum in the control group. (d) Aorta in the control group. (e)
LVFW in the high-dose prednisolone group. (f) RVFW in the high-dose prednisolone group. (g) Ventricular septum in the high-dose

prednisolone group. (h) Aorta in the high-dose prednisolone group.

Table 5. Results of the univariable linear regression for the percentage of area positively
stained for transforming growth factor 1 in the left and RVFW, ventricular septum, and

aorta.

Dependent variable Independent variable Coe 95% CI p-value
LVEW (%)

C group Reference

P group 3.29 1.78-4.79  0.001
RVFW (%)

C group Reference

P group 3.50 1.95-5.06  0.001
IVS (%)

C group Reference

P group 591 4.19-7.62  <0.0001
AO (%)

C group Reference

P group 4.03 2.76-529  <0.0001

(AO): aorta; (C group): control group; (CI): confidence interval; (Coe): coefficient; (IVS):
interventricular septum; (LVFW): left ventricular free wall; (P group): high-dose prednisolone group;

(RVFW): right ventricular free wall.

In conclusion, the fibrosis observed in the left ventricular
myocardium of dogs with HGC may involve increased
angiotensin II efficacy and oxidative stress associated
with HGC. The results on myocardial fibrosis in dogs
with HGC obtained in this study may contribute to the
elucidation of the cardiovascular effects of HGC.
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