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Comparison of Isoproterenol — Induced Changes
in Lysosomal Enzyme Activity in vivo and in vitro
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Abstract. Isoproterenol was used as a drug which, when admimstered in high
doses, 1s able to induce lysosomal enzyme activity changes in #n vwo conditions
We correlated lysosomal enzyme activity in the absence and presence of 1sopro-
terenol, obtained in whole amimals and 1n HeLa and HepG2 cells in tissue cul-
ture In vivo experiments male Wistar rats (270-300 g) were treated subcuta-
neously with isoproterenol in various doses Effect of 1soproterenol on lysosomal
enzyme activity was assayed in the heart after differential centrifugation In vitro
experiments Isoproterenol in concentrations 0 1-100 pg/ml was added to HeLa
and HepG2 cells and the activity of lysosomal enzyme was measured n the cell
homogenate In the sedimentable and nonsedimentable fractions of the rat my-
ocardium, the isoproterenol-induced changes in the activity of lysosomal enzyme
were time-and dose-dependent In HeLa cells, isoproterenol administration caused
a dose-dependent increase of lysosomal enzyme activity, while in HepG2 cells the
activity remained unchanged Thus the 1soproterenol-induced changes in lysosomal
enzyme activity in the rat myocardium were comparable with the results found n
vitro 1n HeLa cells

Key words: Isoproterenol — Lysosomal enzyme activity — Rat — mn vivo — n
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Introduction

It 1s well known that the synthetic catecholamine 1soproterenol (IPN) 1s capable
of inducing massive myocardial necrosis in most mammals when administered in
high doses (Csapo et al 1972, Noa et al 1994, Seth et al 1998) Animals injected
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with IPN developed “infarct-like lesions” (Marjomaki et al. 1994) resembling my-
ocardial infarction in man (Milei et al 1978). Irreversible necrosis is mediated
through abnormal degradation of cellular constituents by lysosomal hydrolases,
and this could indicate that some of the latent hydrolases in lysosomes, which are
labilised by ischaemia, may be present besides lysosomal vacuoles, possibly from
other membrane-bound sites. In experimentally induced myocardial infarction, a
decrease in lysosomal stability increases the levels of lysosomal enzymes, leading to
altered metabolism of different connective tissue constituents and collagen (Taka-
hashi et al. 1990; Ravichandran et al. 1991).

The aim of the present study was to compare isoproterenol-induced changes mn
lysosomal enzyme activity #n viwo and in HeLa and HepG2 cells in tissue culture
The lysosomal enzymes — N-acetyl-beta-D-glucosaminidase (NAGA), acid phos-
phatase (APH), beta-D-glucuronidase (BGN) and cathepsin D (CAT D) were used
as indicators of cellular damage.

Materials and Methods

Anamals Male Wistar rats weighing 270-300 g (Breeding Facility, IEP SASc, Dobré Voda,
Slovakia) were fed ad Libitum until the time of sacrifice To induce myocardial damage,
the rats were given DL-1soproterencl hydrochloride (IPN, Sigma, USA) mn a single sub-
cutaneous njection of 50 mg/kg or in two doses of 40 mg/kg sc at an interval of 1 h
Control animals received equivalent volumes of saline The amimals were sacrificed by
decapitation 1-18 h following adminmstration of IPN The hearts were removed rapidly,
washed thoroughly with ice-cold saline (0 25 mol/l1 KCl), dried on a filter paper, weighed
and frozen mdividually in hiquid mitrogen Each sample consisted of the hearts from two
animals The cardiac tissue was homogenised (20 % w/w homogenate) 1 1ce-cold buffer
D, pH 74, containng 06 mol/1 KCl, 40 mmol/l EDTA, 1 mmol/l1 MgClz, 10 mmol/]
mmidazole The homogenates were processed according to Asano et al (1979) After cen-
trifugation, the pellets were suspended 1n 1ce-cold buffer D, pH 7 4, contaimng Triton
X-100 (final concentration 0 1%) and homogenised Lysosomal enzyme activities and lev-
els of protemns 1n mdividual fractions of the myocardium homogenate were assayed after
differential centrifugation

In witro ezperiments Human cervix carcinoma cell ines, HeLa and human hepatoma cell
line HepG2 were cultured 1n Basale Eagle Medium with 10% foetal calf serum without
antibiotics at 37°C with 5% CO, humidified atmosphere In experiments, the cells were
mnoculated 1n a density 3 x 10° cells/dish (5 ml) for 24 h before treatment IPN was added
in the concentration of 0 1-100 pg/ml for 24 h After treatment, the cells were washed with
saline buffer, homogenised 1n ice-cold phosphate buffer, pH 7 4, contaiming 0 1% Triton
X-100 and centrifuged at 5000 x g for 15 min (at 4°C) Lysosomal enzyme activities and
protein content were determined 1n the obtained supernatants

Brochemacal analysis The activities of acid phosphatase (APH), cathepsin D (CAT D),
beta-D-glucuronidase (BGN) and N-acetyl-beta-D-glucosamimdase (NAGA) were assayed
according to standard methods (Barrett and Heath 1977) Protems were determined by
the method of Lowry et al (1951) All chemicals used (Lachema, Czech Republic, Serva,
Germany, Sigma, USA) were of analytical grade

Statistical analysis All parameters measured are presented as means = SE M, with
significance determmed by Student’s -test
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Results and Discussion

IPN-induced myocardial infarction results 1n increased lysosomal hydrolase activi-
ties that may be responsible for tissue damage and the infarcted heart { Ravichan-
dranet al 1991) Decreased activity of lysosomal enzymes in particulate fractions
of 1schaemic heart homogenates has been a common finding (Decker and Wildenthal
1978, Okuda and Lefer 1979, Nirmala and Puvanakrishnan 1996) The differences
in the effect of IPN 1n our experiments varied in the time intervals studied After 3
and 5 h, a single subcutaneous dose of IPN (50 mg/kg) did not induce significant
alterations in the shift of NAGA and APH activity from sedumentable fractions to
supernatant (Tables 1, 2) After 12 h, single s ¢ admunustration of IPN 1n the dose
of 50 mg/kg resulted in a statistically significant decrease of the specific activity
of APH i the lysosomal fraction of the myocardium homogenate, along with si-
multaneous mcrease of enzymatic activity m the supernatant This 1s indicative of
damage of lysosomal membranes in myocytes due to 1schaemia of the myocardium
induced by IPN (Table 2) After 18 h however, admimstration of the same dose of
IPN resulted 1n a statistically significant increase of enzymatic activity, and that
both in the lysosomal fraction and in the supernatant This increase 1s ascribable
to the influx and proliferation of nonmyocytic cells participating 1n the reparatory
process 1n the necrotising myocardial tissue (Table 2) When myocardial damage
was mnduced by two doses of IPN (2 x 40 mg/kg s ¢ ), the sedimentable fraction of
the rat heart homogenate exibited a statistically siginificant decrease observed in
the specific activity of CAT D after 3 h and of APH after 4 h After 50or 6 h; a
significant increase was recorded m the activity of both enzymes (Table 3) After
9 h, IPN administration n the dose of 50 mg/kg s ¢ induced a statistically sigmif-
1cant decrease of the specific activity of all four lysosomal enzymes studied in the
sedimentable fraction (Table 4) This reduction was the highest of the IPN-induced
damage observed during the 1-18 h period The obtained results indicate that 1t 1s
the interval of 9-h IPN action that in terms of lysosomal activity distribution may
correspond to 60-min 1schaemia induced by hgation of the coronary artery (Decker

Table 1. Release of N-acetyl-beta-D-glucosamimidase (NAGA) 1n individual fractions of
the rat myocardium homogenate after 1soproterenol-induced damage

FRACTION CONTROL IPN (50 mg/kg)
3h 5h
P1 132+015 165 + 018 094 + 009
P2 213 £ 022 340 + 0 28** 163 & 021*
P3 031+ 004 037 £ 010 016 + 0 08*
SUPERNATANT 041 £ 005 039 + 005 041 £ 004

P1 - 1700 x g pellet, P2 — 20,000 x g pellet, P3 — 105,000 x g pellet, Number of animals
9-12 1 each group, Values are means =+ SE M, *p < 005 versus control **p < 001
versus control Activity of NAGA 18 expressed i nmol p-mitrophenol/min/mg protemn
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Table 2. Release of acid phosphatase (APH) 1in individual fractions of the rat myocardium
homogenate after 1soproterenol-induced damage

FRACTION CONTROL IPN (50 mg/kg)
3h 12h 15h
P1 1036 £ 108 1100152 10824250 1490 + 202
P2 2345 + 440 2427 +£342 2135476 2973 £ 1 46%*
P3 11074154 1080108 1005+240 480 +219*

SUPERNATANT 1896 + 186 1814 £152 2170 +220% 2236+ 101*

P1 - 1700 x g pellet, P2 — 20,000 x g pellet, P3 — 105,000 x g pellet Number of animals
9-12 1 each group, Values are means = SE M, *p < 005 versus control, **p < 001
versus control Activity of APH 1s expressed in nmol p-nitrophenol/mm/mg protein

Table 3. Lysosomal enzyme release 1n sedimentable fraction of the rat myocardum ho-
mogenate after 1soproterenol-induced damage

SAMPLE TIME CAT D APH

CONTROL 134+ 009 1104008
1h 122+010 930 +073

2h 141 £ 009 1160 + 044

IPN 3h 084 % 005* 1170 + 037

(2 x 40 mg/kg) 4h 14+003 980 + 077
5h 174 £ 012* 13 10 =+ 0 08*

6h 194 + 0 07* 1470 & 007

CAT D - cathepsin D, APH - acid phosphatase, sedimentable fraction — 40,000 x g pellet
Number of anmimals 9-12 in each group, Values are means & SEM , *p < 005 versus
control Activity of CAT D 1s expressed in ug tyrosine/min/mg protemn and activity of
APH 1s expressed i nmol p-nitrophenol/min/mg protemn

and Wildenthal 1978, Kennett and Weglicki 1978). The given interval appears to
be suitable for assessing the effect of lysosomal membrane stabilising substances.
An early change in the integrity of the lysosomal membrane may crucially affect
the moment when a potentially reversible ischaemic stress turns to be irreversible.

No information has come to our attention concerning IPN-induced damage
accompanied by alteration of lysosomal enzyme activities :n vitro. We studied this
effect on two human carcinoma cell lines of different origin — HeLa and HepG2. Ad-
ministration of IPN caused a dose-dependent increase of lysosomal activity in HeLa
cells (Fig. 1). On the other hand, HepG2 celis were not found to be sensitive to IPN-
treatment, as concluded from the unchanged lysosomal enzyme activity (data not
shown) HepG2 cells were originally derived from liver carcinoma-hepatoma and,
although they do not express all the characteristics of hepatocytes, they do possess
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Table 4. Changes of specific activity of lysosomal enzymes in sedimentable fraction of
the rat myocardium homogenate after 1soproterenol-induced damage

ENZYME CONTROL IPN (50 mg/kg) sc 9 h
APH 989 +044 799 + 0 20*
NAGA 065 £ 002 049 =+ 002*
CAT D 1394002 120 + 001%
BGN 2345 + 480 1475 + 1 56*

APH - acid phosphatase, NAGA — N-acetyl-beta-D-glucosamimidase, CAT D - cathepsin
D, BGN - beta-D-glucuronidase Lysosomal enzyme activities are presented as follows
APH and NAGA - nmol p-mitrophenol/min/mg protemn, CAT D — ug tyrosine/min/mg
protein, BGN ~ nmol phenolphtalein/hod/mg protein, sedimentable fraction ~ 40,000 x g
pellet Number of amimals 9-12 1n each group, Values are means + SEM, *p < 005
versus control
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Figure 1. Changes of lysosomal enzyme activities and levels of proteins i HeLa cell
homogenate after isoproterenol-induced damage APH - acid phosphatase, NAGA — N-
acetyl-beta-D-glucosaminidase Activity of APH and NAGA 1s expressed m pmol p-
mitrophenol/min/mg album Protemn levels are presented in pg/ml

many metabolic enzymes specific for liver cells (Javitt 1990). One of the possible
explanations of the controversial results obtained on the two in vitro systems used
may be that HepG2 cells, contrary to HeLa cells, may metabolise IPN into an in-
active compound before this drug could exert its effect Differences in lysosomal
enzymes between HeLa and HepG2 cells may be also due to greater vulnerability
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of HeLa cells to isoproterenol. In addition, a recent study showed that warm is-
chaemia of isolated rat liver did not increase the activity of acid phosphatase in
effluent perfusate, while cytosolic enzymes were markedly elevated in this model
(Smrekova et al. 1998).

The results established in vitro in HeLa cells, however, were comparable with
the IPN-induced changes in the activity of lysosomal enzymes in the rat heart n
vivo.
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