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Abstract

M. Dostil, Gaja A., M. Hlubinka, D. Zerni¢ek and M. Pospigil: Different
Sensitivity to Isoprenalin in Mice of Two Strains and Its Changes with Age. Acta
vet. Brno, 60, 1991: 225—230.

Parameters of locomotor activity of mice of two strains (conventional male
[CBA x C57BL] 10 F, mice and Conventional random breed male ICR mice) are
reported together with their per cent mortality after administration of isoprenalin
(ISO) at 400 mg . kg1, 700 mg . kg™ and 750 mg/kg body mass in mice aged
3 months and at 400 mg . kg~ body mass in animals aged 5 months. Age-dependent
changes in body mass and myocardial mass were assessed. It is concluded that mice
of the two strains differed in their sensitivity to ISO. The o“served higher resistance
of (CBA x C57BL/10) F1 mice to ISO toxicity can be related to their higher lo-
comotor activity and lower tody mass.

Isoprenalin, mice, myocardium, staircase test

The sensitivity to isoprenalin (ISO) is conditioned by a number of factors the quality of which
varies from species to species (Venault et al. 1986). Of particular importance is the cardiotoxic
effect of ISO inducing myocardial lesions of coagulative myocytolysis (COAM) type with sub-
sequent development of necroses (Milei et al. 1978) within a very short period of time. The-
refore ISO is used mostfrequently in experiments designed to induce primary cardiomyopathy.
In response to its application Ca*+ and Na* ions in the myocardium increase rapidly, the energy
conditions are affected, etc. In addition to the direct effect on the myocardium the process
involves the mechanism of release of free radicals and enhanced lipid peroxidation (Ohta et
al. 1986). :

In conventional male (CBA x C57BL/10) F, mice no significant biochemical or morphological
myocardial changes have been found after administration of ISO in doses of 10 to 100 mg . kg™
body mass which are used routinely in rats (Fleckenstein et al. 1977; Faltov4 et al. 1983b).
Mice of the ICR strain exhi ited in our previous experiment higher sensitivity to ISO. One
of the factors underlying this different resistance of conventional male (CBA x C57BL/10) F1
mice might be their different locomotor activity. The present study was therefore designed to
compare the effects of ISO on conventional male (CBA x C57BL/10) F1 mice together with
their locomotor activity with the corresponding data obtained for ICR mice.

Materials and Methods

The experimental animals were 60 conventional male (CBA x C57BL/10) F1 mice (breeding
colony of Institute of Biophysics, Czechoslovak Academy of Sciences, Brno) aged 3 months and
having 33.3 + 1.8 g in body mass and 50 conventional random breed male ICR mice (breed-
ing colony of VELAZ, Prague, Czechoslovakia) aged 3 months and having 37.4 + 3.0 g in body
mass. One week before the experiment the mice were transferred to the laboratory and kept there
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in conditions corresponding to those of the animal rooms where they had been reared. Through-
out the experiment the environmental temperature was maintained at 21 4+ 1 °C and the lighting
regime corresponded roughly to the natural light-dark cycle. The atmospheric pressure fluctua-
tions did not exceed 5 kPa, compared with the measurements made on the days preceding and
following each test. All tests were carried out between 6 and 12 a. m.

The locomotor activity of the mice of toth strains was tested in a PVC box with a staircase
composed of 5 identical steps (Simiand et al. 1984). Each animal was placed singly on the floor
of the box. The number of steps climbed and the number of rears were counted over a 3-min
period. Since the test was designed originally to assess the locomotor activity of mice in an
unknown environment, the tests had to be repeated until standard values were obtained (i. e.
until the results of the preceding test did not differ significantly from those of the following
test). Mice of the two strains were each tested alternately to reduce the environmental influen-
ces to a minimum. After each animal had been tested, the staircase was cleaned by removing
wood shavings dusted all over its area in a thin layer and by replacing them with new ones
to eliminate any olfactory cue.

After being tested for their locomotor activity, the the mice of the two strains were divided
into groups of 8 to 12 animals and injected s. c. with ISO at the dose of 400 mg . kg1, 700 mg .
. kg™ and 750 mg . kg~! body mass. In each group the number of deaths was recorded and the
myocardia were removed (immediately after death in animals that died and within 24 h of ISO
administration in those that survived). The myocardia were weighed immediately after removal.

Besides the foregoing groups, one experimental group (plus controls) of mice of each of the
two strains were kept in the same environment, with food and water freely available, for another
2 months. These animals were then injected s. c. with ISO at 400 mg . kg~ body mass and their
myocardia were removed and weighed as in the foregoing groups.

The locomotor activity was assessed by the t-test for non-paired values (P < 0.01), the body
and myocardial mass of 3- and 5-month old mice by Student’s t-test (P < 0.05) and the death
rate by means of the modified chi-square test according to Fischer and Yates (Wardlaw 1985).

Results

Evaluation of the locomotor activity showed significant differences (P < 0.01)
between mice of the two strains: staircase test, 36 - 3.5; rearing, 27 + 2.5 in
(CBA X C57BL/10) F1 mice versus staircase test, 24 4 2.5; rearing, 18 + 2.0
in ICR mice (Fig. 1). Significant differences in death rate were found between
mice of the two strains in animals injected with ISO at 700 mg . kg-! and 750
mg . kg! body mass and in those injected with ISO at 400 mg/kg body mass
two months later (Table 1).

Significant differences (P < 0.05) in body mass were found between 3-month
old and 5-month old mice of both strains: (CBAXC57BL/10) F1 mice,
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Table 1
Mortality of mice after administration of different isoprenalin dosed

Isoprenalin ICR mice CBA:ﬂE‘eWBL
1’ 0, 1
(mg . kg™ % mortality o mortality
400 0 (1]
700 80+ 12,5+
750 100+ 60+
400 § 100+ o+

§ — Administered to animals 2 months older.
+ — Statistically significant difference (P < 0.05)

33.3 4+ 1.8g and 36.8 4 2.5g; ICR mice, 37.4 4 3.0g and 4634 3g at3
and 5 months of age, respectively. Significant differences (P < 0.05) in body
mass were also found between mice of the two strains at both 3 and 5 months of
age. Comparison of the myocardial mass showed no significant differences between
mice of the two strains. Significant differences (P < 0.05) in the myocardial mass
were found only between 3-month old and 5-month old animals of both strains:
(CBA x C57BL /10) F1 mice, 123 4+ 30.7 mg and 172.3 4- 20.1 mg; ICR mice,

116.3 + 23.2 mg and 185.5 4- 13.8 mg at 3 and 5 months of age, respectively
(Table 2).

Table 2
Body mass and myocardial mass of 3 h old and 5 th old mice
Body mass Myocardial mass
@ (mg)
Age (CBA x C57BL) . CBA x C57BL) .
(months) mice ICR mice ( mice l ICR mice

3 3334+ 18 «<—|—> 374130 123.7 + 30.7 116.3 + 23.2
i 5 36.8 + 25 <«—|—> 46.3 1 3.3 172.3 + 20.1 185.6 + 13.8
i

«<——) = Statistically significant difference (P < 0.05).

Discussion

ISO induces stress reaction in the body by its beta-adrenergic effect (Gudbjar-
nason et al. 1987). Of major importance is its toxicity for the myocardium, re-
sulting in very rapid acceleration of Ca** ion penetration into myocardial cells
(Milei et al. 1978), further ionic changes, and biochemical changes in lipid meta-
bolism (Gudbjarnason et al. 1987; Papies et al. 1989). The consequences
are total disruption of the metabolism of heart cells, development of dispersed
necroses (Fleckenstein et al. 1977) and ventricular fibrillation (Balasz et
al. 1983), with low ISO doses (1 mg . kg~!) being responsible for fibrillation (rapid
effect) and higher doses (40 to 80 mg . kg-!) exerting necrotizing effects (slower
course) (Gudbjarnason et al. 1987). The outcome is fatal.

The sensitivity to ISO depends on age, with young animals being more resis-
tant (Faltov4 et al. 1983a; Kojima 1983; Herzig et al. 1987), sex (Faltova
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et al. 198C) and body mass (Faltova et al. 1983a; Gudbjarnason et al. 1987).
An important underlying factor is the content of adipose tissue, the metabolism
of which is affected by ISO: free radicals and toxic fatty acid peroxides are re-
leased (Ohta et al. 1986). This phenomenon comes into operation particularly
in old and obese animals. Added to this are hereditary factors (Mraz et al. 1986)
that are also associated with higher adipose tissue content in ISO-sensitive ani-
mals and higher glycogen content in the heart and liver of ISO-resistant animals.
In addition to inter-strain differences (Mraz et al. 1986; Papies et al. 1989)
inter-species differences have been found. Higher ISO doses are required to in-
duce myocardial changes in chickens than in rats and rabbits (Ohta et al. 1986).
Similarlgr, golden hamsters are more resistant to ISO than rats (Fleckenstein
al. 1977).

Other influences to be mentioned are increased activity of ISO-degrading
enzymes, increased liver activity and lower concentration of beta-adrenergic
receptors in the myocardium. Added to this is the fact that the sensitivity to
ISO is reduced by locomotor activity (Faltov4 et al. 1983b).

From the afore-mentioned observations it can be concluded that enhanced
locomotor activity results in increased energy consumption, which may be related
to a reduction in adipose tissue mass. Furthemore, the higher energy metabolism can
be interpreted to indicate a higher level of beta-receptor regulating substances,
which would result in a reduction of beta-receptors in the tissues and, consequent-
ly, in a lower sensitivity to exogenously administered beta-mimetics such as
IS0, the toxicity of which becomes apparent only after extremely high doses. Re-
sults of our experiments demonstrating a lower sensitivity of (CBA X C57BL/10)
F1 mice to ISO (as compared to ICR mice) can be related to their higher locomo-
tor activity and lower body mass.

In our study the body mass increased with age in both strains of mice. The
afore-mentioned factors can therefore be cumulated. The resistance to ISO was
found to decrease with age, which is in keeping with the observations reported
by other investigators for rats (Kojima et al. 1983; Faltov4 et al. 1983a). The
finding of increased sensitivity to ISO in our 5-month old mice of ICR strain
was presumably the result of both ageing and increased body mass.

An important fact is the absence of major differences in myocardial mass bet-
ween individual strains of mice. The relatively higher myocardial mass of (CBA X
X C57BL/10) F1 mice may be the result of their higher cardiovascular locomotor
activity, a load to the cardiovascular system, which then adapts itself more
readily to the cardiotoxic noxa in question. Thus (CBA X C57BL/10) F1 re-
ceived a relatively lower ISO dose, considering the higher mass of the target
organ (myocardium). It would therefore be better to administer ISO not accor-
ding to body mass but according to myocardial mass, but this is not practicable.

Rozdilni senzitivita na isoprenali:; u my$i dvou kmeni a jeji ovlivnéni
vE€kem

A% préc: je uvedena rozdilnd senzitivita dvou mysich kmentli, konven&nich
samcu (CBA X C57BL/10) F1 a konven¢nich ndhodn¢ kiizenych ICR mysich sam-
cl, na kardiotoxickou noxu — isoprenalin, aplikovany s.c. u my$i 3 mé&sice sta-
rych v davkich 400 mg. kg, 700 mg.kg? a 750 mg . kg a u mysi 5 mésict
starych v ddvce 400 mg . kg-. Ve viech pfipadech kromé& divky 400 mg.kg?
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u 3mési¢nich my$i byl zjiSté€n rozdil v senzitivité, dokumentovany vyznamné
vy$8i mortalitou my$i ICR. To znameni vys$i senzitivitu u kmene ICR a u sta-
rych jedinca.

Soubé&Zné s mortalitou po aplikaci isoprenalinu byla sledoviana hmotnost téla
a hmotnost myokardu. Byla zji§téna vyznamné vys8i hmotnost t€la u mysf ICR
(p < 0.05). V hmotnosti myokardu vSak nebyl nalezen vyznamny rozdil. T¢lo
i myokard zvySovaly svou hmotnost v zivislosti na v€ku proporciondlné. Vy$si
senzitivita my$i ICR je zde ddvana do souvislosti s jejich relativn€ niz§i hmotnosti
myokardu a niZli bazilni motorickou aktiyitou, zjiStovanou schodiStovym tes-
tem (p < 0.10). Vys8i rezistence k isoprenalinu pozorovand u my$i (CBA x C57BL
/10) F1 miZe byt ddvana do souvislosti s jejich vy$§i motorickou aktivitou a nizsf
télesnou hmotnosti.

PacxoX/AeHus B UYBCTBUTENbHOCTH K W3ONPEHaNuHy y Mbliuei

B pa6oTe npuBOASTCH pe3ynTaTbl pasHOW UYBCTBUTENbHOCTU ABYX rpynn
mbiweit - (CBAXC57BL/10) F1 n ICR - Kk KapAWOTOKCHUECKOW HOKCbI-
-u30MpeHanvHa, NoAKoXHO BBOAMMOW Mbiliam B Bo3pacTe 3 mecsua ao3o#
400 mr.kr-1, 700 mr.kr-1 u 750 mr.kr-l u mbiwam B Bo3pacte 5 mecsaues Ao-
30i1 400 wmr.kr-l, Bo Bcex cnyuasx, 3a uckniouyeHunem ao3sbl 400 mr.kr-l mbl-
wamM B Bo3pacTe 3 Mecsua, 6bina BbisBNEHa pasHULa B UYBCTBUTENbHOCTH,
BbINMBLWIAsNCA B 6onee BbICOKOW CMepTHOCTU mbiwei ICR. 3To cBuaeTens-
ctByeT o 6onee BbicOKOW uyBCTBUTENbHOCTU ICR M cTapwux ocobeid.

OAHOBpPEMEHHO CO CMEPTHOCTbIO NMOCNe NPUMEHEHUs M3oMNpeHanuHa Mc-
cnepoBanyi Maccy Tena M maccy muokapaa. Bbina yctaHoBneHa cyilecTBeH-
Ho Gonee Bbicokas Macca Tena y mbiweir ICR (p < 0,05). B macce mwuo-
Kapaa He 6bina ycTaHOBNeHa cCyllecTBeHHas pa3Huua. Teno u MUOKapA
yBeNUuMBanM maccy B 3aBUCMMOCTWM OT BO3pacTa BeCbma NpornopuuoHanb-
Ho. Bonee BbicOokas UyBCTBUTENbHOCTb Mbiwei C NpPUBOAUTCA B AaHHOM
cnyuyae BO B3aUMOCBS3b C OTHOCUTENbHO 6onee HU3KOW maccoit MUOKapa?R
u 6onee HW3KOW Maccoi MHoKapaa U Gonee HU3KOI GasanbHOW ABUraTenb-
HOW aKTMBHOCTbIO, YCTaHaBNMBaeMOW NeCTHUUHbiM TecTom (p < 0,01).
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