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Effects of Various Diuretics on Cardiac Function in Rats with Heart Failure
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Torasemide is a long-acting loop diuretic that combines the effects of both furosemide and spironolactone. It has
been reported that torasemide but not furosemide might attenuate myocardial remodeling accompanied by left ventricu-
lar (LV) dysfunction. However, nothing is known about the effect of torasemide, long-acting loop diuretic and
spironolactone, an aldosterone receptor antagonist in a rat model of chronic heart failure (CHF) . Therefore, we com-
pared the therapeutic effects of torasemide, furosemide and spironolactone on the progression of LV remodeling in a rat
model of CHF after experimental autoimmune myocarditis (EAM). EAM was elicited in Lewis rats by immunization
with porcine cardiac myosin. Twenty-eight days after immunization, rats were treated for 28 days with torasemide,
furosemide and spironolactone. Diuretic actions, heart weight/body weight, heart rate, mean blood pressure, myocardi-
al function by echocardiography, cardiac fibrosis, myocyte diameter and cardiac aldosterone synthetase (CYP11B2)
were evaluated. Increased cardiac CYP11B2, severe LV remodeling and resultant cardiac dysfunction was found in CHF
rats, whereas decreased cardiac CYP11B2, less remodeling and improvement of cardiac function were found in
torasemide- and spironolactone-treated CHF rats. Our results indicate that torasemide and spironolactone treatment
significantly improved cardiac function and LV remodeling compared with furosemide treatment.
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Effects of Furosemide, Torasemide and Spironolactone on Urine Volume (a), Urinary Sodium (b), Urinary Potassium (c)

and Na/K Excretion (d) after 5 hours Administration in Rats with CHF on day 1 after Administration
Values are presented as the mean+S.E. of 6 rats. **p<{0.01 vs Group N; #p<0.01 vs Group V; ¢p<<0.05, #¢p<0.01 vs Group F30; "p<0.01 vs Group F100;
p<0.01 vs Group T3; ##p<0.01 vs Group T10. Group N, normal rats; Group V, rats treated with vehicle; Group F30, rats treated with furosemide (30 mg/kg/
day); Group F100, rats treated with furosemide (100 mg/kg/day); Group T3, rats treated with torasemide (3 mg/kg/day); Group T10, rats treated with
torasemide (10 mg/kg/day); Group S3, rats treated with spironolactone (3 mg/kg/day); Group S10, rats treated with spironolactone (10 mg/kg/day) .
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Fig. 2. Effects of Furosemide, Torasemide and Spironolactone on Body Weight (BW, a), Heart Weight/Body Weight (H/W, b),

Heart Rate (HR, ¢) and Mean Blood Pressure (MBP, d) in Rats with CHF
Values are presented as the mean=+S.E. of 9-10 rats. *p<{0.05, **p<{0.01 vs Group N; #p<<0.05, #p<0.01 vs Group V; ¢p<0.05, #¢p<0.01 vs Group F30; p
<0.05, "p<C0.01 vs Group F100; *'p<C0.01 vs Group T3; ¥¥p<0.01 vs Group T10. Group N, normal rats; Group V, rats treated with vehicle; Group F30, rats treat-
ed with furosemide (30 mg/kg/day); Group F100, rats treated with furosemide (100 mg/kg/day); Group T3, rats treated with torasemide (3 mg/kg/day); Group
T10, rats treated with torasemide (10 mg/kg/day); Group S3, rats treated with spironolactone (3 mg/kg/day); Group S10, rats treated with spironolactone (10 mg

/kg/day) .
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Fig. 3. Effects of Furosemide, Torasemide and Spironolactone on Left Ventricular Dimension in Diastole (LVDd, a), Left Ventricu-
lar Dimension in Systole (LVDs, b), Left Ventricular Posterior Wall Thickness in Diastole (LVPWd, c), Ejection Fraction (EF, d)
and Fractional Shortening (FS, e) in Rats with CHF. Fig. 3¢ Presents Echocardiograms in Groups N, V, F100, T10 and S10

Values are presented as the mean=+S.E. of 9-10 rats. *p<{0.05, **p<{0.01 vs Group N; #p<<0.05, #¥p<0.01 vs Group V; ¢p<<0.05, #¢p<0.01 vs Group F30; p

<0.05, Mp<C0.01 vs Group F100; *p<C0.05, *p<C0.01 vs Group T3; *¥p<0.01 vs Group T10. IVS, intra-ventricular septum; ECG, electrocardiogram; Group N,

normal rats; Group V, rats treated with vehicle; Group F30, rats treated with furosemide (30 mg/kg/day) ; Group F100, rats treated with furosemide (100 mg/kg/

day) ; Group T3, rats treated with torasemide (3 mg/kg/day); Group T10, rats treated with torasemide (10 mg/kg/day); Group S3, rats treated with spironolac-
tone (3 mg/kg/day); Group S10, rats treated with spironolactone (10 mg/kg/day).
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Fig. 4 Effect of Furosemide, Torasemide and Spironolactone on Myocardial Fibrosis (a, b) and Myocyte Diameter (c) in Rats with

CHF

Values are presented as the mean+S.E. of 6 rats. **p<{0.01 vs Group N; #p<C0.01 vs Group V; #¢p<0.01 vs Group F30; "p<0.01 vs Group F100; 1p<<0.05, 1t
p<0.01 vs Group T3; ¥p<0.05, ##p<0.01 vs Group T10. Group N, normal rats; Group V, rats treated with vehicle; Group F30, rats treated with furosemide (30
mg/kg/day) ; Group F100, rats treated with furosemide (100 mg/kg/day); Group T3, rats treated with torasemide (3 mg/kg/day); Group T10, rats treated with
torasemide (10 mg/kg/day); Group S3, rats treated with spironolactone (3 mg/kg/day); Group S10, rats treated with spironolactone (10 mg/kg/day) .
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Fig. 5 Effect of Furosemide, Torasemide and Spironolactone
on Cardiac Aldosterone Synthetase (CYP11B2) in Rats with
CHF

Values are presented as the mean+S.E. of 4 rats. **p<{0.01 vs Group

N; #p<0.01 vs Group V; Mp<{0.01 vs Group F100. Group N, normal rats;

Group V, rats treated with vehicle; Group F100, rats treated with furosemide

(100 mg/kg/day); Group T10, rats treated with torasemide (10 mg/kg/

day) ; Group S10, rats treated with spironolactone (10 mg/kg/day).
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HE hOLEICBWTHREEN, YILRATOYVE
RIS & e BRI E O K & 72 2 L iR L T
BAMEDGR D 5. 27 ARITBNWT, DIEXR, O
A RRHEAL VS 3 BE 1T L X C CHF EJ5 % R T RIEIC
WL, X, SMEEOFERMGEIIN I IR -
A0/ 77 b BEEICEEINZ. 351, b
I REAVEDO /ST N IR BEEIOLH T IV
RZTFO>amkBEZEZIHL, HBEEL TR, O
WML ZMHE L7, 2o ENnS D, FIREMIHRR
HALIC T T B3 bk, BDLATIVRATOY
MRESFEFEL TWBZENHEREINS, £/, b
JEIREAED /ST N ITKBIEEIX, CHF
7 v MTBT .0 RRMEL 2 [FIRE S U 7z

Limitation

FoEIRNT70EI RO 10 FOFRENE % FF
DZEEO RSEIRNILV/BAYTAER
LZO7IRRTOY LTy —HEGREERFD I &N
HoENTWDHZEMS,Y RIFEKETIE, FIEIR
(3-10mg/kg) DOLHEREERZ 7O0EI R
(30 - 100 mg/kg) &9 5 ETHRIL, iz,
A0 T kI ATHANTEDOREOOHERESED)
B BRI R S DO L. Ll
M5, KOEHED 3 FZEHAWSZ & TLRETIC
BIF27IVRZAT O EAKRE, ZEKRUFEO sig-
naling ¥, MEH U DL, VIVRZATOEE,
MR 224K S ORI Az E ORI BE 9 2 iR B
RN AEGICRDEEZLGNS.

Silvestre 513, OBHMZEETTIVT v MIBWTIH
BY I RAT70RERBFNT v ~EHRTEL
B9, LHFOTIVRZATOAREEEZED AN L
LZEEREY BT D7 OEEE S BZICEET
52 EEMELTNS. 2 SEZMmEEY )V KA 70
CEEEAHETAHIENTERMNoM, CHF 5
v MBI BEZEYETY 27 OEIZmMET IV R
2T 0 AREICHXTLHNTOYILRZAT0> D
EENERIIEG L TWEbDEEZ NS, i
BREWNZ &2, oI RZmE7IV k250>
DLENDOI D AHEZWDEIED LN HENDH

5.2 Shinyama 5I1IZ2& 5 &, THRI NI K%
HZoenizoy homfE7)I)V RAT702BEIX, O
>hO—JVITHXRTLERL, £/, Yamato %
Senzaki 513k MZX> THRIKD I LM 2 T
A U3 miEY ) KA 70 REZIRE
T HERIE, MmiEKEoBsMa LA - Mt MY
7 LFR X7 F R (brain natriuretic peptide; BNP)
2 ANP DK - RAAS OTLilR ENEZ 5N D
n, GEHEET LI ENTERNM>ZINGNT
A—=F—i%, RO/ >ETEIFOTIV
RAT70OZHEIEROFFM M2 EES# SRS
RN D S, £, SENIMERE, KKOHEIE K
COFF DT R b= A, DlEfRHE (LD — T —TC
HHI M)y rZ2ASYOTOT 7 —ERaT—7 >
DOREZITODRN SN, INHIEAED )/ Z7 K
>E TR FoERESEE KD FEMICT S AT REME
N5,

CHF £5)VF v hiZBWT, RO/ 57~
EFTEI REIT7OEI FED B2 I H
L, DHREZLEL. £z, RO/ 7 h2E
kI3 ROOTFRE RIS FRRE TH > 72

BB OER RUERICOWTEI I WEEEE
U 7= # IR SRR 2 E R SR B 22 %8 O Mr. Rajarajan
AT, KPEVHERER, Mrs., Wawaimuli A, Mrs. Flori
RS, Mr. Reyad AE, £#FlgT K, IBIFHTK, Mr.
Vijayakumar S, JIHE&ERK, /NMMEFERKICHELZ
HL BT x9.
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