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SUMMARY

In a first phase (up to 12h) after the first injection of isoproterenol
(5mg.kg-1 b.w.) the pyrimidine nucleotide pools were increased and the rates
of incorporation of inorganic phosphate into the o-phosphate groups of nu-
cleotides were raised from 16 to 58 nmol.g-1l.h-1 for uracil nucleotides and
from 11 to 32 nmol.g-1.h-1 for cytosine nucleotides. At a later stage, while
the pool sizes decreased slowly toward control levels, these rates of label-
ling also decreased though still remaining above control values. A similar
pattern of changes was induced by the eighth daily isoproterenol injection,
but the alterations were attenuated.

The cardiac muscle cell is able to respond to work overload by an in-
crease in the synthesis of cellular components which leads to cardiac hyper-
trophy. During this process, a rapid increase of RNA synthesis occurs very
early on (1,2,3,4). The myocardial free nucleotides, which provide energized
precursors for the synthesis of RNA, probably play a key role in the early
phase of cardiac hypertrophy. Changes in adenine nucleotide metabolism are
now well documented (5,6) , but less attention has been given to the pyrimi-
dine nucleotides of the heart.In an earlier paper we showed that the myocar-
dial content of uracil and cytosine nucleotides was increased during isopro-
terenol-induced cardiac hypertrophy in rats (7). Since an expansion of the
uracil nucleotide pool was also reported in cardiac hypertrophy produced by
aortic stenosis (8), it is most Tikely that this alteration should be consi-
dered as a feature of the cardiac hypertrophic process. Although an increase
in uridine Tabelling has been previously noted (8), little information is
now available on the changes in turnover rates of these nucleotides in car-
diac hypertrophy. This lack of quantitative data is due to methodological
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difficulties. The possibility that the [32P]phosphate labelling of the
a-phosphate groups of nucleotides could be used to quantify the rate of
synthesis of nucleotides in the myocardium has been checked by our group in
previous studies (9,10). This method was applied in this study for the exa-
mination of the changes in the synthesis of pyrimidine nucleotides during
isoproterenol-induced cardiac hypertrophy in rats.

MATERIALS AND METHODS

Animals. 150 female Wistar rats (220 to 280g) were used. Cardiac hy-
pertrophy was induced by daily subcutaneous injections of isoproterenol
(5mg.kg-1,b.w.).

Labelling procedure. [32Pjphosphate, in the form of sodium salt dissol-
ved in a saline solution (CEA, Saclay), was injected into the femoral vein
of animals slightly anesthetized by ether (dose 0.5 mCi.lOOg'l). The animals
were killed 2,4,6,8 or 10 hours later. The hearts were excised, and the ven-
tricles rapidly rinsed and wiped on filter paper before chilling in liquid
nitrogen. Labelling kinetics were followed in control rats and in four condi-
tions of isoproterenol treatment. On the first day of treatment, two kinetics
were commenced by injecting the tracer 5 or 16 hours after the administration
of isoproterenol. Similar conditions were chosen to investigate the changes
occuring after the eighth daily injection of the drug.

Analytical procedure. Since large amounts of tissue were needed for
obtaining purified cytosine nucleotides, the ventricles from 5 rats were
pooled in each experiment. The method used in this study was described in
detail in previous papers (9,10). In brief, the nucieotides, extracted from
the tissue by cold perchloric acid, were alkaline-hydrolyzed into 5'-nucleosi-
de monophosphates, UMP and CMP being separated by Dowex 1X8 column chromato-
graphy and purified by paper chromatography. The pool sizes of uracil and
cytosine nucleotides were calculated from UV absorbance measurements of co-
Tumn chromatography eluates. The specific activities of the a-phosphate
groups were measured for UMP and CMP eluted from the paper chromatogram.

The specific activity of inorganic phosphate was obtained on a nucieotide-
free aliquot of the initial acid extract : the phosphate content being measu-
red according to Bartlett (11) and the radioactivity by Cerenkov counting.

Mathematical analysis of labelling kinetics. Mathematical analysis was
based on the assumptions that intracellular nucleotide pools were not compart-
mented and that the inorganic phosphate may be considered as the proximate
precursor of the a-phosphate groups of nucleotides. The changes in the radio-
activity of the nucleotides are given by the difference between inputs and
outputs of radioactivity.
inputs =(?S.P”/P,where Cs is the rate of incorporation, and P#/P the spe-
cific activity of inorganic phosphate.
outputs =C)U.NK/N,where Pu is the rate of utilization, and N*/N* the spe-
cific activity of nucleotides.

Changes in radioactivity within the nucleotide pool are given by :
AN _ Cs-gf ) Vu-%? (equation 1). Relation between (¥ and (L js given by

At
Cu = (g - 2% (equation 2).
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N..
Equations 1 and 2 give the formula : C = 7w
P

RESULTS

Changes in pool sizes. As shown by the figures 1 and 2, each injection

of isoproterencl induced an increase in the myocardial content of pyrimidine
nucleotides. This enlargment reached a maximal value about 12 to 15 hours
after the injection of the drug, then the pool sizes returned slowly toward
control values. However the increases were less pronounced after 8 days of

treatment.
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FIGURE 1 - CHANGES IN POOL SIZES AND [32P] LABELLING OF CARDIAC PYRIMIDINE
NUCLEOTIDES INDUCED BY A SINGLE ISOPROTERENOL INJECTION INTO RATS.

Isoproterenol (5mg.kg-1 b.w.,s.c.) was injected at time zero;[32P]phos-
phate was administered intravenuously 5 or 16 hours after isoproterenol
injection. Rats were killed 2,4,6,8 or 10 hours Tater ; for each period
of time the ventricles from 5 animals were pooled.

Pool sizes (lower panel) were estimated by U.V. absorption.

Specific activities (upper panel) were measured on a-phosphate groups
of nucleotides and on inorganic phosphate.

Pi = inorganic phosphate

CN = cytosine nucleotides UN = uracil nucleotides
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FIGURE 2 - CHANGES IN POOL SIZES AND [32P] LABELLING OF CARDIAC PYRIMIDINE
NUCLEOTIDES INDUCED BY THE EIGHTH DAILY INJECTION OF ISOPROTERENOL INTO
RATS.

Same legend as figure 1.

Time-course of labelling. A visual analysis of the time-course labelling

patterns (fig.1l) reveals that,when compared with controls (fig.3), the incor-
poration of [32P]phosphate into the o-phosphate groups of uracil nucleotides
was considerably accelerated during the period of time 5 to 15 hours after a
single isoproterenol injection. Indeed intersections of the curves of time-
course specific activities of uracil nucleotides and inorganic phosphate are
reached earlier. Although this stimulating effect of isoproterenol was dimi-
nished later (16 to 26 hours post injection), an increase in labelling was
still present. The labelling of cytosine nucleotides was much Tess modified
by the treatment. On the other hand, on the eighth day of isoproterenol
treatment (fig.2), the stimulating effect of the drug was still present but
slightly reduced. Calculation of the rates of incorporation of Tabelled phos-
phate into the o-phosphate groups of nucleotides corroborates these observa-

tions (table 1).
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FIGURE 3 - TIME-COURSE LABELLING OF INORGANIC PHOSPHATE (Pi) AND OF X PHOS-

PHATE GROUPS OF CYTOSINE AND URACIL NUCLEOTIDES (CN and UN) IN CONTROL
RATS.

[32P]phosphate was administered intravenuously at time zero. Each mea-
surement of specific activity was performed on batches of pooled ventri-
cles from 5 rats.

DISCUSSION
The validity of the method used in this study was discussed in previous
papers (9,10) ; in the following, we will consider the values obtained as
estimates of the rates of synthesis of nucleotides. Although the mechanisms
responsible for the development of cardiomegaly may be complex when isoprote-
renol is used, this experimental model was chosen because it offered two main
advantages. Since cardiac hypertrophy could be quantitatively reproduced,

several hearts could be pooled for conveniently studying pyrimidine nucleo-

TABLE 1 - RATES OF INCORPORATION OF INORGANIC PHOSPHATE INTO THE X PHOSPHATE
GROUPS OF PYRIMIDINE NUCLEOTIDES IN RAT HEARTS.

Uracil cytosine
nucleotides nucleotides
Control rats 16 11
Isoproterenol treated rats
first day (8-13h) 58 (6-8h) 32
(19-24h) 24 (17-19h) 18
eighth day (8-13h) 40 (6-8h) 33
(19-24h) 24 (17-19h) 16

The incorporation rates were estimated, during the period of time indi-
cated into bracket, according to the formula given in the section me-
thods. 1o

Values are given in nmol.h “.g ° (tissue wet weight).
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tides. On the other hand, the dry weight of ventricles and the myocardial
concentration of RNA were raised rapidly -respectively 43 and 39 per cent
increase in five days (7)- so that a large and fast increase in the total RNA
content of the heart occured. Thus, some features of the biochemical changes

which accompanied hypertrophy were perhaps revealed in this way.

It has been previously suggested, based on the observation that the car-
diac uracil nucleotide pool was enlarged after aortic constriction, that the
synthesis of these nucleotides may, in part, control the rate of RNA synthe-
sis (8)}. Indeed, the cardiac concentration of uracil nuclectides is much
lower than in tissues with high synthetic activity. Futhermore, we may assume
that the availability of cytosine nucleotides may be a Timiting factor in
this synthesis. The requirement of these precursors for RNA metabolism can
be estimated : in physiological conditions, most of the myocardial RNA

(about 2mg.g'1

) turns over with an half-1ife of about 6 days (12) ; thus

9 nm(ﬂ.g'1 are taken from the free nucleotide pool every hour. This calcula-
ted value is in the same range as the measured rate of cytosine nucleotide
synthesis. Therefore, the significant and rapid increase of the rates of py-
rimidine nucleotide synthesis revealed in these experiments is of conside-

rable interest, since it demonstrates the potential adaptation of the myocar-

dial cell to a radical change in its metabolism.

Further experiments are now needed to precisely state the pyrimidine
synthesis pathways in the hypertrophying heart, the mechanisms of control of
this metabolism, and the alterations occuring in other models of experimental
hypertrophy. The possible role of pyrimidine nucleotides as a triggering or
controlling factor in the development of cardiac hypertrophy must also be
considered in further investigations.
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