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Objective

We evaluated the right ventricular function (RVF) in a rat pulmonary
hypertension model (PH-model) induced by monocrotaline (MCT), using
the Vevo F2 high-resolution ultrasound imaging system (FUJIFILM
VisualSonics, Inc.).

As the indicators to validate the model animals, we observed

(1) The right ventricular pressure measured by inserting a catheter into
the right ventricular cavity as an endpoint evaluation item.

(2) RV free wall thickness

(3) Pulmonary acceleration time (PAT)

(4) Isovolumic time (IVT)

(5) Velocity of the tricuspid valve annulus

(6) Endocardial global longitudinal strain (EndoGLS) of right ventricular
free wall

In addition, efficacy of bosentan (BOS), endothelin receptor antagonists
used as a drug for PH, and tofogliflozin (TOFO), a SGLT2 inhibitor in the
MCT-induced PH model rats were evaluated by echocardiogram at the
Ist, 2nd, 3rd and 4th weeks after MCT administration.

Materials and Methods

® Animal 1
Male rat, Crl:DC(SD), 7-week-old = |
@® Model preparation
Single administration of Monocrotaline ¢
(60mg/kg, s.c.) |
@ Administration

Bosentan (200 mg/kg),
Tofogliflozin (10mMg/kg)
Both p.o., g.d.

@ Echocardiography

20MHz probe connected to Vevo F2 (FUJIFILM VisualSonics, Inc.).

Rats were anesthetized by a 1.5% inspiratory concentration of isoflurane
(1 L/min of air) on a heated pad.

The heart rate and body temperature were monitored continuously.

@ RVEDP: right ventricular end systolic pressure measurements

A PE-50 filled with water was used to measure RVP in rats.
To measure RVESP, the catheter was inserted into the right ventricle
through a hole made with a needle in the apex.

@® RVMWR: right ventricular myocardial weight ratio

Sampled hearts and measured mass at 4 weeks.
RVMWR was calculated using the following formula:

Right ventricular free wall weight/(left ventricular weight + interventricular
septum weight)x100

Vevo F2
Fujifilim VisualSonics, Inc.

@ Schedule
\4 \4 Group Route Dose n
\ 4 \ 4 \ 4 \ 4 v
: : : : : Normal P.0. 0 6
Pre 1 2 3 4 week | Control (MCT) p.O. 0 10
— : Bosentan (BOS) p.o. | 200 mg/kg | 10
Administration Tofogliflozin (TOFO) | p.o. | 10 mg/kg | 10

V¥ Model preparation
V Echocardiography
V¥ Catheterization, sampling heart

Result and Conclusion

Measurement of right ventricular function using VevoF2 revealed
the following results.

@ Right ventricular hypertrophy and myocardial hypertrophy were
iInduced by elevation of the pressure in the right ventricle.

@® The decreased PAT/PET ratio was induced by pulmonary circulatory
disorder.

@ Prolonged IVRT/ET ratio induced by diastolic dysfunction of the right
ventricle.

@® Reduction of velocity of the tricuspid valve annulus indicated right
ventricular systolic dysfunction.

@® Myocardial strains were strongly associated with alterations in right
ventricular function parameters.

These results showed that the rats in MCT group developed PH after
MCT administration by a remarkable increase in RVESP and RVMWR,
indicating that MCT successfully induced PH in rats.

BOS and TOFO was not effective on PH in rats under the current
protocol. Regarding BOS, efficacy may be demonstrated by verifying
the optimal concentration of MCT and BOS used in the PH model.

On the other hand, efficacy of TOFO against cardiovascular damage
caused by heart failure needs to be verifying in other heart failure
models as well.

. . Clinical Rat
Sign of PH Indicator PH PH model| | BOS | TOFO
RV free wall
RV hypertrophy thickness T l} T T
Pulmonary
circulatory disorder PAT/PET i l \ l
Diastolic dysfunction of RV IVRT/ET T T (A
Systolic dysfunction of RV | s’ wave velocity i) ! ) A
Decrease in RV myocardial EndoGLS ? ? 1 1
excursion

t1: Significant effects were observed up to the second week of model preparation

& mediford

RV end systolic pressure, RV myocardial weight ratio

Wg'ag)_ RV end systolic pressure <°84>(>) RV myocardial weight ratio
60 - 60 - T
40 - T 40 -
20 - 20 -
Mean=xS.E
0 - 0 - | *#<0.01 vs Normal group (Student's t-test)
Normal MCT BOS TOFO Normal  MCT BOS TOFO

(n=6) (n=8) (n=5) (n=9) (n=6) (n=8) (n=5) (n=9)

Results of Echocardiography

Normal

MCT 4w

RV free wall diastolic thickness

M-mode of RV free wall

RV parasternal long axis view (mm) RV free wall diastolic thickness

1 | -@ Normal (n=6)
09 1 | @ MCT (n=10to 8) ok
O~ BOS (n=10to 6)

1| -@- TOFO (n=10to 9)

Normal , 0.7 1

AT A 0.6 -

Tw 2w 3w 4w
Mean=S.E
*#0<¢0.01 vs Normal group (Student's t-test)

RV: right ventricular

« § LV: left ventricular
: § AO: aorta
PA: pulmonary artery

(%) _ PAT/PET

0.5 -
~ o— 6—
0.4 -
0.3 - *
-©- Normal (n=6)

-@- MCT (n=10to 8) ek
O~ BOS (n=10to 6)
=@~ TOFO (n=10t0 9)

0.2 -

0.1

Ow Tw 2w 3w 4w
MeanzxS.E
*p<0.05 , **p<0.01 vs Normal group (Student's t-test)

IVRT/ET

1 Normal (n=6)

1.5 4 - MCT(n=10t08)
] BOS (n=10to 6)
I TOFO (n=10to09)

% **TTTT
A N T III

ow w 2wW 3w 4w

Mean=S.E,
*+0<0.01 vs Normal group (Student's t-test)

IVCT: isovolumic contraction time +1p<0.01 vs MCT group (Student's t-test)

FT: filling time

E: early diastolic velocity  A: atrial diastolic velocity

(mm/s)

> s' wave velocity

35 -

30 -

25 -

=@- Normal (n=6)

-@- MCT (n=10to 8)
O~ BOSE (n=10to0 6)

=@~ TOFO (n=10t0 9)

20 -

15 . . . .
Oow w 2W 3w 4w
Mean=S.E,

*p<0.05 , **p<0.01 vs Normal group (Student's t-test)

EndoGLS (4 weeks)
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EndoGLS quantifies the longitudinal shortening of the heart
in each cardiac phase, expressed as a negative percentage
relative to the heart's initial length in end-diastole.

RV free wall trace tendency is expressed as velocity vectors
around the endocardium in diastole (left panels) and systole
(right panels) .




