
O
p

tim
izin

g
 exercise 'd

o
se' fo

r treatin
g

 rig
h

t ven
tricu

lar fib
ro

sis in
 a 

m
in

i-sw
in

e m
o

d
el o

f h
eart failu

re

A
B

S
T

R
A

C
T

O
b

jective
•

In
ve

s
tig

a
te

th
e

e
ffe

c
ts

o
f

ex
e

rcis
e

o
n

rig
h

t
ve

n
tricu

lar
fib

ro
sis

in
a

m
in

i-sw
in

e
m

o
d

el
o

f
H

F
p

E
F.

•
D

e
te

rm
in

e
th

e
o

p
tim

a
l

in
te

n
s

ity
o

f
e

xe
rc

is
e

to
p

re
ve

n
t

rig
h

t
ve

n
tric

u
la

r
fib

ro
s

is
in

H
F

p
E

F.

H
yp

o
th

esis
•

R
ig

h
t

ve
n

tric
u

la
r

fib
ro

sis
w

ill
b

e
in

c
rea

se
d

in
th

e
H

F
g

ro
u

p
c

o
m

p
a

re
d

to
C

O
N

p
ig

s
.

•
C

h
ro

n
ic

ex
e

rc
ise

tra
in

in
g

w
ill

a
tte

n
u

a
te

in
c

rea
se

d
rig

h
t

ve
n

tric
u

la
r

fib
ro

s
is

in
h

ea
rt

fa
ilu

re
a

n
d

th
e

th
e

ra
p

e
u

tic
b

en
e

fit
w

ill
b

e
g

re
a

te
r

in
H

F
-IT

c
o

m
p

a
re

d
to

H
F

-M
O

D
a

n
im

a
ls

.

R
E

S
U

LT
S

W
h

itn
ey D

avis,
E

van
 H

ayes, M
elissa C

o
b

b
, P

am
 T

h
o

rn
e, Jan

 Ivey 
a

n
d

 C
ra

ig
 E

m
ter

D
epartm

ent of B
iom

edical S
ciences, U

niversity of M
issouri, C

olum
bia, M

O
 

P
atien

ts
w

ith
h

eart
failu

re
w

ith
p

reserved
ejec

tio
n

fractio
n

(H
F

p
E

F
)

h
a

ve
s

ym
p

to
m

s
o

f
h

eart
failu

re,
d

es
p

ite
ex

h
ib

itin
g

a
n

o
rm

al
restin

g
left

ve
n

tricu
lar

ejectio
n

fractio
n

.
P

ath
o

lo
g

ical
rem

o
d

elin
g

p
la

ys
a

ro
le

in
th

e
p

ro
g

ressio
n

o
f

H
F

a
n

d
th

u
s

is
a

targ
et

fo
r

treatm
en

t.
H

o
w

e
ver,

literatu
re

exam
in

in
g

th
e

h
yp

ertro
p

h
ic

resp
o

n
se

o
f

th
e

rig
h

t
ven

tricle
(R

V
)

to
exercise,

s
p

ecifically
fib

ro
tic

rem
o

d
e

lin
g

,
is

lackin
g

in
a

settin
g

o
f

H
F

p
E

F.
P

revio
u

s
s

tu
d

ies
h

a
ve

s
h

o
w

n
th

at
exercise

h
a

s
th

erap
eu

tic
b

en
efit

fo
r

p
atien

ts
w

ith
H

F
p

E
F,

b
u

t
th

e
in

ten
sity

le
vel

o
f

exe
rcise

yield
in

g
th

e
m

o
st

b
e

n
eficial

effects
is

still
c

o
n

tro
versial.

T
h

e
p

u
rp

o
se

o
f

th
is

s
tu

d
y

is
to

in
ve

stig
ate

th
e

effects
o

f
exercise

o
n

R
V

fib
ro

sis
in

a
m

in
i-sw

in
e

m
o

d
el

o
f

H
F

p
E

F.
A

n
im

als
p

erfo
rm

ed
c

h
ro

n
ic

tread
m

ill
exercise

train
in

g
fo

r
17

w
ee

ks
u

n
d

er
tw

o
d

ifferen
t

in
ten

sities:
(1)

in
terval

train
in

g
(5

m
in

.
@

3m
p

h
in

tersp
ersed

w
ith

3
m

in
@

4
m

p
h

in
tervals,

rep
e

ate
d

5
tim

es,
to

tal
train

in
g

=
45

m
in

u
tes;

an
d

(2)
m

o
d

erate
co

n
tin

u
o

u
s

train
in

g
(45

m
in

.
@

2.5m
p

h
).

P
ig

s
w

ere
d

ivid
ed

in
to

4
g

ro
u

p
s:

(1)
co

n
tro

l
sed

en
tary

(C
O

N
,

n
=

6);
(2

)
a

o
rtic-

b
an

d
e

d
sed

e
n

tary
(H

F,
n

=
7

);
(3)

ao
rtic-b

a
n

d
ed

in
terval

train
ed

(H
F

-IT,
N

=
7);

an
d

(4)
a

o
rtic-b

an
d

e
d

m
o

d
erate

co
n

tin
u

o
u

s
train

ed
(H

F
-M

O
D

,
N

=
7).

M
asso

n
's

trich
ro

m
e

stain
w

as
u

se
d

to
asse

s
s

to
tal

fib
ro

sis
in

th
e

R
V

as
a

p
erce

n
t

area.
E

x
p

ressio
n

o
f

reg
u

lato
ry

b
io

m
arkers

in
clu

d
in

g
m

atrix
m

etallo
p

ro
tein

as
es

(M
M

P
2

&
9),

th
eir

tiss
u

e
in

h
ib

ito
rs

(T
IM

P
1

&
4),

a
n

d
co

lla
g

en
(typ

e
I

&
III)

in
th

e
R

V
w

ere
q

u
a

n
tifie

d
w

ith
real

tim
e

P
C

R
.

W
e

h
yp

o
th

esized
R

V
fib

ro
sis

w
o

u
ld

b
e

in
crease

d
in

th
e

H
F

g
ro

u
p

c
o

m
p

ared
to

C
O

N
p

ig
s.

F
u

rth
er,

w
e

h
yp

o
th

e
sized

ch
ro

n
ic

exercise
train

in
g

w
o

u
ld

atten
u

ate
in

creas
ed

R
V

fib
ro

sis
an

d
th

at
th

is
th

erap
eu

tic
b

e
n

efit
w

o
u

ld
b

e
g

reater
in

H
F

-IT
vs.

H
F

-
M

O
D

an
im

als.

M
E

T
H

O
D

S
 

E
xercise

T
rain

in
g

:
A

nim
a

ls
perform

ed
chronic

treadm
ill

exercise
training

for
17

w
eeks

using
tw

o
different

intensities:
(1)

interval
training

(5
m

in.
@

3m
ph

interspersed
w

ith
3

m
in

@
4

m
ph

intervals,
repeated

5
tim

es,
totaltraining=

45
m

inutes;
and

(2)
m

oderate
continuous

training
(45

m
in.@

2.5m
ph).

G
ro

u
p

s:
•C

ontrol sedentary (C
O

N
); n=

4
•A

ortic-banded sedentary heart failure (H
F

); n=
4

•A
ortic-banded interval trained (H

F
-IT

); n=
6

•A
ortic-banded m

oderate continuous trained (H
F

-M
O

D
); n=

6

A
o

rtic B
an

d
in

g
 P

ro
ced

u
re:

H
eart failure w

as 
induced by aortic 
banding at the 
ascending aorta 
proxim

al to the 
brachiocephalic artery.
A

 systolic trans-stenotic
pressure gradient of 70 
m

m
H

g w
as set at a 

M
A

P
 of 90 m

m
H

g 
(distal to the band) and 
a heart rate of 100 
beats/m

in.

F
ig

u
re

3
.

To
ta

l
rig

h
t

ve
n

tricu
la

r
(R

V
)

fib
ro

sis.
T

he
re

w
a

s
n

o
sign

ifica
n

t
d

iffe
re

n
ce

in
to

ta
lfib

ro
sis

(M
a

sso
n

’s
T

rich
ro

m
e

sta
in

)
b

e
tw

e
e

n
g

ro
u

p
s.

C
O

N
C

L
U

S
IO

N
R

ed
u

ced
citrate

s
yn

th
a

se
activity

in
th

e
h

eart
fa

ilu
re

(H
F

)
co

m
p

ared
to

C
O

N
g

ro
u

p
w

as
p

reven
ted

b
y

in
terval

e
xercise

train
in

g
.

In
terestin

g
ly,

rig
h

t
ven

tricu
lar

(R
V

)
h

yp
ertro

p
h

y
o

ccu
rred

in
all

H
F

g
ro

u
p

s
in

d
ep

en
d

en
t

o
f

exe
rcise.

T
h

ere
w

as
n

o
d

ifferen
ce

in
to

tal
R

V
fib

ro
sis

b
etw

een
g

ro
u

p
s,

d
isp

ro
vin

g
o

u
r

h
yp

o
th

esis
th

at
H

F
p

E
F

in
creases

R
V

fib
ro

sis
in

o
u

r
m

in
i-

sw
in

e
m

o
d

el.
F

u
n

d
in

g
:

U
n

iversity
o

f
M

isso
u

riV
eterin

ary
R

esearch
S

ch
o

lars
P

ro
g

ram
–

ID
E

X
X

-B
io

R
esearch

en
d

o
w

m
en

t;
N

IH
/N

H
L

B
I

R
01

H
L

112998
(C

A
E

)

C
O

N
H

F

H
F

-IT
H

F
-M

O
D

R
ig

h
t V

en
tricu

lar              
To

tal F
ib

ro
sis

C
O

N
H

F

H
F

-M
O

D
H

F
-IT

0 5 10 15 20

Citrate Synthase activity 
(µmolg wet weight-1min-1)

C
O

N
H

F
H

F
-IT

H
F

-M
O

D

0 10 20 30 40 50 60

RV weight (g)

0 10 20 30 40 50 60

Body weight (kg)

0 1 2 3 4 5 6 7

RV Fibrosis (% Area)

C
O

N

H
F

H
F

-IT

H
F

-M
O

D

F
ig

u
re

1.
C

itrate
synthase

activity.
S

ke
leta

l
m

uscle
citrate

synthase
activity,

a
m

arker
of

exercise
training,

w
as

decreased
in

the
H

F
com

pared
to

H
F

-IT
groups.

(*P
<

0.05
vs.H

F
group)

F
ig

u
re

2.
R

ight
ventricular

(R
V

)
w

eight
and

bod
y

w
eight.

B
od

y
w

eight
w

as
not

different
betw

ee
n

groups,
ho

w
ever,

R
V

w
eight

w
as

significantly
increased

in
all

H
F

groups
com

pared
to

the
C

O
N

group
indepe

ndent
of

exercise
training.(*P

<
0.05

vs.allgroups)

*

*


