ol R X E N

K 4 o & A
el H PRI T AR ER T AT v THEZED

BRPRZD RN B DT

EEBEAEREENR (SVTA) X, RICBWTERMIZZ S E@BT 2 AEkRO 1 >5THY,
EENSDOEBEA LA K0 DEPEE OB RD bivd, T OLEEIEOHE
MZSE R TR R L7256, OICIRRELODAER ORI A (L2 b= b 9 & & big,
ELWODEREOIR T 25 Z i 27, 200 2IEND 5 \WITENI A, L=
VTV FT TV RAT %R (RAAS) OFHGEITEMHALICE » THl &R &5
DB ENREE L TND EEZ LTS, KM, 2D RAAS OFHERITEPELIZ X
L, 7o o7 o UEBRESRAER (ACED RO WNIT AT v vy NRRFR 1 bt
3 (ARB) %5 Te RAAS HlfHFENE H S 415 2%, SVTA FRERIZE T 5 2 b DOFEHF Dl
SRS 2 BN RIS DWW T, BRI, WERROBLE D b ORI SEIE 72 ST
2, F2, ZOLHEEOFMIT Z A E CRELR MR AE KT L TE 0, ARiTo
MRAFIENEE L <, BRIAHMEICRIT S EWVWIREND - T, Z OFEEZ R XL, OF
B, DRE AN BRI i & s Z R Th D0 hr AR =21 (cTnl) 23
DIHEEN, A~—h—E LTHEAEZED TS, T 2 TRIFFETIL, SVTA 5 VK& 1E
L, RAAS ZilfH§ 5 34K CToh % ACEI 72 5 NI ARB % SVTA E7 /VRICHE G LTZEED
TRPEN R % B IR ) JR B ROBLR 0 DIRIT 35 & & 12, SVTA IZ L A D EF 02K~ —
77— & LT cTnl OEFRAA M Z G L7c,

%1 B TR ROLELFEICEHEESHN (RAP) #5252 L TSVIA €7 VK%
TEH L, D = — Ao iR E % 5 Te R PR FOREAT & /O RELRR O 53 BR - FEAN 2 & & 12,
SVTA EF /L& L T4 ARG Lz, £7-, MY cTnl B2 fRA0ICHIE L, R PR
VAL & el A 2 & T, M cTnl IEE DO LG EICKTT A2~ —h— & LTOHE
PEZfRET L7z, BRIRAURHM ORISR, RAP B 1 B BICB W TA LSO N L O
MJEER TR D BN, 2815 3EBICEWTL AN EDIR T2 MR I, £72, LR
FEHI R OFS B, RAP BIAA# 3 BT W TH & 032 DA O EFEL I, — I #)
AL HER S, 2D OFEE L0, SVTA BRI THERR S5 BRIR A 72 B NS ELEAAY
iz SEME WO HEMM T AET VRICBWTHIITE S Z EnE, 72, S
DRI BRI N ER D B DRI (RAP BHAA# 1@ HE) X0, M cTnl BEOHE
(p<0.05) 72 ER-DER S, LIEGEOBREUL RZ~— 7 — & L TORMEN RS
ni-,

O E OMEEN 249 5 RAAS I3 D 5 5, ACEl Th o~ LA Ve TF 77 U v



IEROTEERERBICHK L, ARB THDHT /NI PILZ 3 OBREBIIHT L, B3 L LT
BAalsn, HABOIENZ2EN TS, L LARRS, ROJPFERIEBIZHT LTI
VB DIEEERLE DA BEDORFHI 2 SN TR, Z T, F2ETIE, 7AIH ¥
VEREE—IARICROKETHZET, RIZBITH7 VIV LZ > ORNEYEES
P L, & DOFEHEOIE 21T o 72, #f A 5% 3.6 h 1T D KIS 0.588+0.074
ug/ml, FERITEE 1L 7.34+2.45 e, AEARNFIHFIL 28.220.1 % Th o 7o, FMIRE-IF
AR PR (AUC) 1 6.53+0.97 pg » Wml & FAREEIZ I 2 254 B IE 1.80£0.30 U/kg,
Z LTRSS T 2 - 1L 9.942.21 h Th o7z, 7=, MFEEAREGFEIX 99.540.073 %
Thole, TNHLOMFEET 07 7 A VT BEICHES N THDIADT BT 7 A )L LA
BRETHD, RLWIZAD AUC DG, RICBIT L7V IV AF O O#EE ElX
1.0 mg/kg/ B & PIE L7,

FHI3IETIE, SVTAET LV RIZS LA VBT T 7 I NIRRT A IV Z 2R E L,
DT 2 — RS E R E & & TG R A REA & DRk O B2 RHE 2 B & 12, RAP IZ X
STH b INLOLHEFEITHT 2IMHIRRZ BT Lo, BIRBRHhORR, ~ LA
TF 7 TV NEERRE XTIV I v 2 R GRETITER BRI A~ SBIERR O T 28
HE (p<0.01) I[ZHIHIEND Z ERHA LN o7=, F£72, OAFHRRIC BT 2 9% B
FHIEALE X a7 UGS ORI 2 FLi AT U ToRE R, MSEM O i G- TR GRS
e, DI ENAE (p<0.05) IZHH SN TWD Z R ENT-, £, SREOMLF ¢Tnl
BEZKE LA, HEMEFHATIC—HLT, v b A VR 77U A& 5HE
BLOT VI o BERTIE, BEEGHICHE LiLF cTal IBE O EA2NAE (p<0.01)
(il S T,

PLEDFRERIV,ACEI THAHL~Y LA U IBT T T U NLEBLNARB THHT VI X
L, SVTA IZ K D 0 EEZEM L, OHEEDIRTZBC T LR LN oT, F£e,
I H Tl 2R IR O AEE 2 SIS 2 DG E~— I — & LT, 25 WIEIEAIOIRR
HREHRET DT DDOFE~— I — & L TR TE D AREERN RSN T,



ol R X E N

4 KAWAGUCH]I, Takae
Studies on the Clinical Effects of Angiotensin II Regulatory Drugs Using a

& B
m

Canine Model of Supraventricular Tachyarrhythmia
(EE=HEHEREIRE T VR E W T AT v v TR D
BRI RN ARAZ BE S 2 AF9E)

Supraventricular tachyarrhythmia (SVTA) is a clinically significant arrhythmia in dogs, which is
characterized by the increased heart rate due to high-frequency impulses from the supraventricle.
The continuous tachycardiac state causes severe cardiac dysfunction with morphological and
functional changes, as is observed in dilated cardiomyopathy. The unfavorable changes with
cardiac damage are believed to result from sustained activation of the renin-angiotensin-aldosterone
system (RAAS). The evaluation of the cardiac damage associated with the RAAS activation has
been, thus far, dependent on histopathological examination. However, the examination has the
drawbacks of difficulty in performing it on live animals, and therefore the clinical use in prenatal
diagnosis was limited. In recent years, instead of the histopathological examination, the blood
cardiac troponin I (cTnl) has gathered interest as a biomarker of myocardial damage, as it is
released from damaged myocardial cells into the bloodstream. To regulate the sustained activation
of RAAS, RAAS regulatory drugs including angiotensin-converting enzyme inhibitors (ACEIs)
and angiotensin II receptor 1 blockers (ARBs) are used on daily clinical basis. Nevertheless,
comprehensive research on the clinical and pathological features of the regulatory effects of these
drugs in SVTA dogs has not been conducted. Therefore, in this study, the feasibility of using cTnl
as a diagnostic marker of SVTA-related myocardial damage was evaluated using a canine SVTA
model. The inhibitory effects of ACEIs and ARBs on the cardiac damage were analyzed from the
clinical and pathological aspects.

In Chapter 1, a canine SVTA model was prepared by a rapid atrial pacing (RAP) method, which
gives high-frequency electrical stimulation to the left atrium of a healthy dog. Based on the clinical
analysis including echocardiography and blood pressure measurement as well as the pathological
approach to cardiac tissues, the validity of the SVTA model was examined. Moreover, the clinical
usability of blood c¢Tnl as a marker of myocardial damage was evaluated through comparative
study between the blood cTnl levels and histopathological damage scores. The clinical analysis
demonstrated a significant (p<0.01) decrease in left ventricular contractility and blood pressure a
week after RAP initiated, along with a significant (p<0.05) depression of cardiac output 2 to 3

weeks after the initiation. Pathologic evaluations of the myocardial tissues demonstrated the



presence of myocardial necrosis and partial fibrosis in the cardiac tissues 3 weeks after the RAP
initiation. These results confirmed that the clinical and pathologic characteristics normally observed
in a clinical case of SVTA were reproduced in the SVTA model in a short time of 3 weeks. A
significant (p<0.05) increase in blood cTnl levels was observed even before the clear
histopathological changes were detected (a week after the initiation of RAP), confirming the
clinical validity of this protein as a sensitive marker of myocardial damage.

Of the various RAAS regulatory drugs that can mitigate the myocardial damage, enalapril
maleate (an ACEI) and telmisartan (an ARB) have been approved for canine cardiovascular
diseases and feline kidney diseases, respectively, and the medicinal dosage of each has been
determined. However, the clinical application as well as the clinical dosage of telmisartan for
canine cardiovascular diseases have not been evaluated or determined. Thus, in Chapter 2, the
clinical oral dosage of telmisartan for dogs was determined using healthy beagles based on the
pharmacokinetic analysis. At 3.6 hours after the oral administration, the highest blood
concentration observed was 0.588+0.074 ng/mL; the average absorption time was 7.34+2.45 h; and
the bioavailability was 28.2+0.1 %. The area under the drug concentration—time curve (AUC) was
6.53+£0.97 pg-h/mL; the steady-state volume of distribution was 1.80+0.30 L/kg; and the
elimination half-life was 9.9+2.21 h. Finally, the binding rate to plasma proteins was 99.5+0.073 %.
This kinetic profile was similar to that in humans previously reported. By comparing the AUCs
between dogs and humans, the clinically optimal oral dosage of telmisartan for dogs was concluded
to be 1.0 mg/kg/day.

In Chapter 3, enalapril maleate and telmisartan were administered to the SVTA model to examine
the inhibitory effects of these drugs on RAP-related myocardial damage. The inhibitory effects
were evaluated from the clinical and histopathological aspects, as performed in Chapter 1. The
clinical assessment revealed that enalapril maleate and telmisartan significantly (p<0.05) prevented
the functional depression of left heart, comparing to the result from untreated dogs. The
histopathological assessment by scoring the histological damages occurring in the cardiac muscle
tissues showed that the administration of these drugs significantly (p<0.05) inhibited the
myocardial damage. In accordance with the improvement in the histopathological scores, blood
cTnl levels were significantly (p<0.01) decreased.

From the above results, it is concluded that enalapril maleate (ACEI) and telmisartan (ARB)
could mitigate the myocardial damage caused by SVTA and prevent the depression of cardiac
function. Furthermore, blood c¢Tnl concentration is a sensitive and accurate marker of myocardial

damage and can also be used as a clinical marker to understand the pharmacotherapeutic effects.



