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- HXIE Cardiac Myocyte Cell Death in Isoproterenol-Induced Cardiac
Hypertrophy in Rafs

Soo-Kyung Kim', Eun-Sook Chang and Gee-Youn Kwon!

Departments of Pathology, ‘Pharmacology and 'Cardiovascular Research Institute, Keimyung
University School of Medicine, Taegu, Korea

Background : Although cardiac hypertrophy contributes to cardiac failure, the underlying
mechanism has not yet been precisely determined. This study was planned in order to deter-
mine the pathogenesis of heart failure following cardiac hypertrophy induced by z-adrenergic
stimulation. Methods : The extent of cardiac hypertrophy was assessed after administrating
isoproterenol (ISO, 5 mg/kg) intraperitoneally for 6 hours, 1, 3, 5, 7 and 10 days. The hema-
toxylin-eosin, Masson's trichrome and phosphotungstic acid hematoxylin stains along with
immunohistochemical stainings for proliferating cell nuclear antigen and Ki-67 were per-
formed in the paraffin-embedded left ventricle sections. Apoptosis was assessed by DNA
laddering and terminal deoxynucleotidyl transferase TdT-mediated dUTP-biotin nick end
labeling (TUNEL) assay. TUNEL positive myocytes and some nonmyocytes appeared in the
subepicardium at 6 hours after ISO administration. The localization of these cells was shifted
to the subendocardium within 24 hours, and the TUNEL positive cells were seen throughout
the myocardium on the 5th day after ISO treatment. Necrotic myocyte death occurred on the
3rd day of ISO administration in the subendocardium, and initial pericellular fibrosis was fol-
lowed and increased thereafter, with replacement fibrosis accompanied by further necrotic
myocyte cell death. Conclusions : Our data showed that ISO treatment induced apoptotic
myocyte death and superimposed necrotic myocyte death with subsequent fibrosis. The
observed cardiac myocyte death may reflect myocardial dysfunction.

Key Words : Isoproterenol, Hypertrophy, Left ventricle, Apoptosis
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ol A2z Ca¥' FFo #AlskeE @A phospho-
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s %2 10% phosphate buffered formalinol 3}
F 5 14 AG oEEE gget & mEldo] 2ol
4 pm $A9 24 AHE A28l HE, Masson's trichrome
2 phosphotungstic acid hematoxylin (PTAH) G41& AA|
koL FetEm] g stell A Haasl

HAZTAISHY ZAM

Avidin/biotin immunoperoxidase system (DAKO LSAB
kit, US.A)S ol83lod PCNAS} Ki-67¢] ©)d d&g 74
S 4 um A1) T2t HHE 3-aminopropyl triethoxysi-
lane (Sigma, US.A.)ol subbed® frEl&eto]Tol FaA)7]aL
60°CollA 1A17F <t WSt Xylened} AE oete2 g}
b 9 k=33 phosphate buffered saline (PBS, pH 7.2)
o2 FAlETE W4 peroxidase®] E4E 2Alst7] sl
ZAHAAS WEL R X3 3% Fakslgs Sl 2587 A
204 At & PBSE FAISI3ITE Antigen retrievalS 9
& ZHHHAL 001 M citrate buffer (pH 6.0)°] &
microwaved A 10-7F A28}tk PBSZ A 224 H|
dzekA el PCNA (1:200, Novocastra, UK.)$ Ki-67
(1:40, Dako, US.A)<& 77t #7}sted 37ColA 1A17F &<t

WA ZTE PBSE Al § 747} o289 biotinylated link
antibody & 73l 37CellA 3087+ #3171 F PBSE &
M3} streptavidin peroxidase reagentES F7}3fe] 37°CollA]
3087F A E9ith PBSZE 4418 24 - WS 33-diaminoben-
zidine ©. 2 WFAIA]F] T hematoxylin ©.2 XA 5}e] synthetic
mountant & §-4g & FoHAn|7 oA FEa5iTh

TUNEL [Terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP-biotin nick end labeling]

In Situ Cell Death Detection Kit (Roche Molecular Bio-
chemicals, Germany )& AFHE-3lo] Al 2] AHHALE #2314t
shepe] 2ujE 225 4 um FAE St 3-aminopropyl
triethoxysilane (Sigma, U.S.A.)o| subbed® -F&]&ato]=d)
FZAZIIL 60CollA TAIZE F9F A8kt Xylened AlE
ofete 2 ey}l 9 <438l phosphate buffered saline
(PBS, pH 72) 2.2 AIEItE Target retrievalS $Jste] =
A-HE proteinase K (20 pg/mL in 10 mM Tris-HCI,
pH 74-80)% 72olM 1587 A2sk & PBSE FA &
TUNEL reaction mixture (TdT and Fluorescein-dUTP)&
H7Vsto] 37CoA 1A17F 59t WHSAIATE PBSE A8 &
anti-fluorescein antibody-alkaline phosphatase® tagging3}il
nitro blue tetrazolium chloride®} 5-bromo-4-chloro-3-
indolyl-phosphate @ W4s}o] Faldu|7 o7 #z-aloir)

DNA fragmentation assay

-80Col A= 54 A824 100 mge PBS (pH 72,
4C)olA A Zebd 1 mLe lysis buffer [10 mM Tris-
HCl (pH 80), 25 mM EDTA, 100 mM NaCl, 05% SDS,
0.1 mg/mL proteinase K]¢} 0.1 mg/mL RNase AE #7}
ated 55CollA] 6A17F o WAt Aolzl AEgafdE 2
42112000 g, 15 min, 4C)3te] 4ZAE T3t 53¢
phenol/chloroform/isoamyl alcohol (25:24:1, v/v)Z DNAE
FE¢ T, 01 mg/mL RNase AE #7Isto] 37CellA 3A12F
Zot w2 AZth phenol/chloroform/isoamyl alcohol
(25:24:1, v/v)E A AF3E T 100% Ne23} sodium
acetate® FAAA genomic DNAE F&3I%d. Ead
genomic DNAES TE buffer [10 mM Tris-HCl (pH 8.0), 1
mM EDTA]d =0]3, 10 ug® DNAE 2% agarose gelol
A A7)%9%3 ¥ ethidium bromide@ G 3lo] 2 A FA]7]
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Table 1. Histological findings of the left ventricle

Normal Experimental Group

Control 1(6h) 2(1D) 3(3D) 46D 5(7D) 6(10D)

Cellular - +f ++fs.+++fed ++ + +
degeneration

Inflammatory - - ++es. ++s  +++d ++d  ++s
cell infiltration

Cell proliferation - +f +4+S  ++S  +++d ++d  ++S
(PCNA)*

Apoptosis - +p +e  ++e +++td. ++d  ++f/d
(TUNEL)#

Interstitialand - - - +f +++
perivascular fibrosis (Masson trichrome)

Myocyte - - - +.s. +++d +++d +++d
necrosis (PTAH)

Replacement - - - + ++€  +++t A+t

fibrosis (Masson trichrome)

- absent, +: mild, ++: moderate, +++: severe, f: focal, s: scattered, d:
diffuse, p: near epicardium, e: near endocardium, t: transmural, D: day,
*: nonmyocyte only, #: myocyte and nonmyocyte.

PCNA: proliferating cell nuclear antigen, TUNEL: TdT-mediated dUTP-
biotin nick end labeling, PTAH: phosphotungstic acid hematoxylin.
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Fig. 1. HE stain in the left ventricle of normal (A) and ISO (isopro-
terenol)-induced cardiac hypertrophy (B & C: 6 hours after ISO
administration). B showed multiple various minute focal areas of
vacuolization with focal widening of intercellular spaces, and
hypercontraction bands (arrow), and C shows wavy fibers with
elongation of myocardium near the epicardium.
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Fig. 2. HE (A, B, C) and PCNA (proliferating cell nuclear antigen)
(D, E, F) stain in ISO (isoproterenol)-induced cardiac hypertro-
phy. A: Experimental group 2 (1 day after ISO administration)
shows significantly widened intercellular spaces with collection of
some macrophages and extravasated red blood cells, and mitot-
ic figures of nonmyocytes. B: Experimental group 3 (3 days after
ISO administration) shows a marked myocytolysis with increased
macrophages, incomplete removal of necrotic myocytes by
phagocytosis, and increased number of fibroblast. C: Experi-
mental group 4 (5 days after ISO administration) shows complete
removal of necrotic myocytes with early deposit of collagen. D:
Experimental group 1 shows some PCNA positive nonmyocytes,
macrophages and fibroblast. E: Experimental group 2 shows
moderately increased number of same cells. F: Experimental
group 5 (7 days after ISO treatment) shows PCNA positive
macrophages scattered throughout the myocytolytic back-
ground.

ol
H
ol
X
el
2
Q‘L
32
(o
=3
4
S,

= ‘:'_].—
o] Yelom Yozl MEZF 744 Ikl 5
7¥ HEo] g HAIANEZEE BREUAHFig. 2A).
<}
A Aol AW A 2A ] Huhd
ERRAL tiA A 9 ARAI S 7 Skt Fig. 2B). E
8 Masson's trichrome GAA] M F8oll 7H=A 537k
ARHL Y RS & AHFig. 30). 49 4259 §)
S AEE&37E A WS 389 1 AEE A A/I
AP AT S AY BF gi2A ] s AAENCH, o
F9lell tiAAE B e ASAlEe] Hfo] v o R e
3 oA ARsE delgr] AlZeRth(Fig, 3A). A9l &
5] AW A FAY A AR s HEE
AATE AE 5H(7Y F) T A4S HA AETH AFE 4
Hoh o Al 244 Hel WS 389 1 iR 289 1 4
il X

A9 25T 2E 2484 RS ATHE AT 2

E

=
P
I

LA



192

Fig. 3. Masson's trichrome stain showing ISO (isoproterenol)-
induced cardiac hypertrophy. A and B represent horizontal sec-
tions of the left ventricle. A: Experimental group 4 (5 days after
ISO administration) shows blue stained fibrotic myocardium near
the subendocardial region. B: Experimental group 5 (7 days after
ISO administration) shows that about one third of the subendo-
cardial myocardium is replaced by blue stained fibrous tissues.
C: Experimental group 3 (3 days after ISO administration) shows
barely visible initial pericellular fibrosis in the myocardium near
the endocardium. D. Experimental group 6 (10 days after ISO
administration) shows replacement of the necrotic fibers by
dense collagenous connective tissues with scattered residual
myocytes. E. Experimental group 6 (10 days after ISO adminis-
tration) shows histologic appearance of haphazard disarray of
bundles of myocytes and interstitial fibrosis.
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Fig. 4. TUNEL (TdT-mediated dUTP-biotin nick end labeling)
staining showing myocyte apoptosis. A: Experimental group 1 (6
hours after ISO (isoproterenol) administration) shows TUNEL
positive myocytes and some nonmyocytes in the subepicardial
(arrow indicated) myocardium. B: Higher magnification of A. C:
Experimental group 2 (1 day after ISO administration) shows
TUNEL positive myocytes and nonmyocytes in the subendocar-
dial (arrow indicated) myocardium. D: Higher magnification of C.
E: Experimental group 3 (3 days after ISO administration) shows
increase number of TUNEL positive myocytes and nonmyocytes
in the myocardium. F: Experimental group 5 (7 days after ISO
administration) shows increase number of TUNEL positive
myocytes and nonmyocytes.
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Fig. 5. Detection of DNA fragmentation in the left ventricle of ISO
(isoproterenol)-induced cardiac hypertrophy. Lane A: normal,
Lane B: Experimental group 3 (3 days after ISO administration),
Lane C: Experimental group 4 (5 days after ISO administration).
Lane M: size marker. DNA samples (10 ug) were loaded onto
2% agarose gel and imaged by ethidium bromide staining.
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