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SUMMARY

LAU, C., AND T. A. SLOTKIN. Regulation of ornithine decarboxylase activity in the
developing heart of euthyroid or hyperthyroid rats. Mol. Pharmacol. 18: 247-252
(1980).

Ornithine decarboxylase (ODC), the rate-limiting enzyme in the biosynthesis of polya-
mines, displays high activity early in postnatal development of the heart, followed by a
gradual decline to the low levels characteristic of adults. In both 2- and 4-day-old rat

pups, kinetic studies revealed the presence of two distinctK�#{176} values of 50-60 and about
250 riM. However, by 7 days of age, only one form of the enzyme could be detected, with
a � of 200-250 �i; after this point, the K�#{176}remained at the low-affinity value, and

further age-dependent reductions in activity occurred due to a progressive decline in the

Vmax. The rate of disappearance of ODC activity, measured after the administration of
cycloheximide, did not change with age. Neonatal administration of triiodothyronine (Ti)
evoked an initial elevation of ODC followed by depressed activity. As was true of controls,
ODC from 2-day-old T3-treated rats displayed two separate kinetic forms, but the Vn,,,x

values of both forms were elevated above those of controls. At 10 days of age, only low-

affinity ODC could be found in T:3-treated rats, and the Vmax was below that of controls.
Cycloheximide treatment revealed only small changes in the half-life of ODC activity
after T3 treatment. The accelerated maturational decline of cardiac ODC in hyperthyroid
rats was correlated with depressed RNA synthesis and with subsequent deficits in heart
weight. These results indicate that the developmental decline of heart ODC can be
explained by the disappearance of the high-affinity kinetic form of the enzyme as well as
by a reduction in enzyme synthesis and/or catalytic efficiency; after its initial stimulatory
effect, neonatal hyperthyroidism exerts a deleterious effect on ODC activity which may
contribute to deficient nucleic acid synthesis and cardiac growth.

INTRODUCTION

Ornithine decarboxylase (ODC; EC 4.1.1.17) catalyzes
the formation of putrescine from ornithine, the first and
probably rate-limiting step in polyamine biosynthesis (1,
2). The polyamines are distributed ubiquitously in tis-
sues, appear to be associated intimately with cellular
growth and differentiation, and play key roles in nucleic
acid and protein syntheses (3, 4). Polyamines, nucleic
acid, and protein syntheses have been shown to vary in
a parallel fashion in a variety of rapidly growing systems,
including developing mammalian organs, and generally,

ODC activity is stimulated under conditions in which
growth is induced and decreases as growth ceases or as
the number of actively dividing or growing cells declines.
Thus, in the developing heart, ODC activity is high at
birth and falls off progressively to the low levels charac-
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teristic of adult tissue (5-7). The heart differs from many

other tissues and cultured cells in that it goes through
two distinct phases of growth. Early in development,
DNA replication takes place, but by the 17th day of
postnatal age, the heart ceases to synthesize new DNA
(8, 9); further growth of the heart therefore represents
hypertrophy of preexisting cells. Thus, cardiac tissue

offers a unique opportunity to study modes of ODC
control in replicating and nonreplicating cells in the same
tissue at different stages of development.

In addition to stimulation during general growth, in-
creases in ODC activity have been demonstrated to occur
in target organs exposed to specific hormones or neuro-
transmitters (6, 7, 10-13). In the mature rat heart, triio-
dothyronine (Ti), an agent which causes cardiac hyper-

trophy, has been demonstrated to evoke large and per-
sistent increases in ODC (7). In the developing rat heart,
however, the elevation of ODC caused by neonatal ad-
ministration of T3 is short-lived and is followed by sub-
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(, Values uncorrected for partial contribution of high-affinity form or

nonspecific decarboxylation.

sequent declines to subnormal levels (7); after the initial
phase of cardiac hypertrophy in the T:i-treated neonate,
persistent deficits of heart weight also appear.

Data from a recent investigation indicate that the
increases in heart ODC of mature rats responding to

cardiac growth stimuli (such as T3 or isoproterenol ad-
ministration) or the innately higher ODC of 2-day-old

neonates all involve a form of the enzyme with an in-
creased affinity for substrate (14). The present studies
suggest that the developmental decline of heart ODC
activity is directly related to the disappearance of the
high-affinity component of the enzyme as well as to a

reduction in the Vmax. Additionally, the initial elevation
and subsequent acceleration of the ontogenetic decline
of developing heart ODC evoked by Ti represent altera-
tions in the Vmax of the enzyme, which may be involved
in deficits in RNA synthesis and cardiac growth.

METHODS

Timed pregnant Sprague-Dawley rats (Zivic-Miller)
were housed individually in breeding cages and allowed
food and water ad libitum. Pups from all litters were
randomized at birth and redistributed to the nursing
mothers, with the litter size kept at 8 to 10 pups. In each
experiment, pups of either sex were selected from several
different cages. Neonates were given 3,3’,S-triiodothyro-
nine (T3) (0.1 mg/kg, s.c., dissolved in 0.01 N NaOH)
daily beginning 1 day after birth and continuing for 9
days, while control animals received daily injections of
0.01 N NaOH equal in volume to the Ti injections (1 ml/
kg). The administration of vehicle alone did not affect
ODC activity in the rat heart (unpublished data). Pups
were weighed and killed by decapitation at intervals of
several days; during the course of Ti administration,

animals were sacrificed 24 h after the previous injection.
Whole hearts were excised, weighed, and homogenized

(Polytron) in 19 vol of ice-cold 10 m�i Tris-HC1 (pH 7.2)
and then centrifuged at 26,000g for 20 mm. Duplicate
aliquots of the supernatant were removed for assay of
ODC activity by a modification of the method of Russell

and Snyder (2); the incubation mixture contained 0.9 ml
of the supernatant preparation and final concentrations
Of 1.8 mM dithiothreitol, 50 �.tM pyridoxal-5’-phosphate,

and 9.5 �tM DL-[’4C]ornithine in a final volume of 1 ml.
The ‘4C02 evolved was trapped in hyamine hydroxide
and counted by liquid scintillation spectrometry. Under
these conditions, activity in the adult and developing
tissue samples is linear with time and tissue concentra-
tion and formation of putrescine correlates one-to-one
with evolution of ‘4C02 (15). Activities are reported as
nanomoles of ‘4C02 evolved per hour per gram of original
wet weight of the tissues. Hearts were pooled from sev-

eral pups at early developmental stages to obtain suffi-
cient tissue.

The enzyme kinetics of rat heart ODC at various

developmental stages in control or T:3treated pups were
determined utilizing a range of ornithine concentrations
from 5 to 370 /IM. ODC activities were assayed in tripli-
cate for each concentration. Data of the kinetic studies
are presented as double-reciprocal plots averaged from
three or more experiments; several examples are shown
in the figures, with results of all experiments summarized

statistically in Table 1. To ensure that the activity meas-
ured did, in fact, represent ODC at each age and at each
ornithine concentration, the assay blanks contained en-
zyme prepared from animals given cycloheximide (200
mg/kg, i.p.) 1-2 h before killing. The heart ODC value
was then determined as the differences between samples
from untreated rats vs cycloheximide-treated rats. Be-
cause ODC is virtually unique in having an extremely

rapid half-life of 15-20 mm (4, 14), this treatment effec-
tively corrects for possible decarboxylation by other,
longer-lived enzymes. At very high ornithine concentra-
tions (400 ,LM or higher), a “nonspecific” component of
‘4C02 evolution could be detected, which did not display
saturation kinetics and did not exhibit a rapid failoff after
cycloheximide administration. As this may represent
nonenzymatic decarboxylation (16) or activities of other
enzymes (17), all assays were conducted with ornithine

concentrations below the point (400 �LM) where these

effects influenced the measured activity significantly and
at concentrations where the total activity vanishes 1-2

hr after cycloheximide treatment.
To determine the falloff of ODC activity after cyclo-

heximide or actinomycin D, control and T:rtreated pups
either received cycloheximide (200 mg/kg, i.p.) and were
kified 5, 10, 15, 20, or 30 mm later or were given actino-
mycin D (10 mg/kg, i.p.) and kified 5 h later; these doses

almost totally inhibit cardiac protein synthesis (cyclo-
heximide) or RNA synthesis (actinomycin D) in adult or
developing rats ( 14). In each case, comparisons were
made with control or T,�-treated pups given vehicle in-
stead of cycloheximide or actinomycin D.

To determine incorporation of [3H]uridine into the
trichioroacetic acid-insoluble fraction which contains
RNA, 8- and 12-day-old control or T3-treated rats were
given [:iHlundine (2 mCi/kg, s.c.) 30 mm before sacrifice.
Hearts were homogenized (Polytron) in 19 vol of Tris
buffer and an aliquot was removed for analysis of tissue

TABLE 1

Statistical summary of kinetic data of heart ODC activity in rats at

different stages of development

Each value represents the mean ± standard error of three or more

experiments, using at least six animals per experiment, For curves in

which two kinetic forms were found, the high-affinity form was evalu-

ated from the four or five lowest concentration points and the low-

affinity form from the three or four highest.

Source of enzyme K�” Vmax

�LM nmol/g/h

2dayold 51±2 20±1

-254Y -60”

4dayold 62±5 15±1

-250”

7dayold 201±61 26±8

10 day old 198 ± 32 21 ± 3

20 day old 212 ± 45 21 ± 4

200-g males (-7 week old) 188 ± 51 14 ± 4

340-g males (-10 week old) 195 ± 53 10 ± 3

340-g females (�14 week old) 255 ± 75 10 ± 0.1

2-day-old T:i (1 injection) 55 ± 16 48 ± 14

���240a

10-day-old T:i (9 injections) 259 ± 54 12 ± 3
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uptake of label. Trichloroacetic acid (15% final concen-
tration) was added to 1 ml ofhomogenate and centrifuged

at 15,000g for 10 mm. The pellet was washed with tri-
chloroacetic acid and recentrifuged twice, digested and
with hyamine hydroxide, and counted by liquid scintil-

lation spectrometry.
Statistics. Results are presented as means and stand-

ard errors, with levels of significance calculated by two-

tailed paired or unpaired t tests. In the former test, group
means of control and experimental animals were paired
by age over the time periods specified; degrees of freedom
were calculated as the number of paired means minus
one. This mode of pairing enables comparison of the
entire time course of development or of trends over an

extended time period, as opposed to comparison only of
individual age points in the unpaired t test. Straight lines
are determined by linear regression analysis.

Materials. DL-[1-’4C]Ornithine monohydrochloride
(52.8 mCi/rnmol) and [5,6-3H]uridine (33 Ci/mmol) were
obtained from New England Nuclear Corp. and Schwarz-

Mann, respectively; 3,3’,5-triiodothyronine (sodium salt),
pyridoxal-5’-phosphate, cycloheximide, actinomycin D,

and DL-ornithine monohydrochloride were purchased
from Sigma Chemical Co.; and dithiothreitol was from
Bachem Feinchemikalien AG.

RESULTS

Developmental changes. Mature adult rat heart ODC
displayed saturation kinetics with a single K#{176}��of about
200-250 LM for 340-g male or female rats and a Vmax of 9-
10 nmol/g/h (Table 1). The slightly higher heart ODC

activity in 340-g males compared to females did not
necessarily represent sex-related differences, but rather
could have reflected differences in age; while 340-g male
rats are about 10 weeks old, 340-g female rats are gener-
ally over 14 weeks old. Indeed, young adult males (200 g,
about 6-7 weeks old) also showed a single K#{176}UZ��of about

200 zM but an even higher Vmax of nearly 14 nmol/g/h.
Enzyme kinetics of ODC from 2- and 4-day-old rats
differed considerably from those of the adults (Fig. 1).
Some of the enzyme displayed a high affinity with a

K� of 50-60 �LM (Table 1), while a component resembling
the low-affinity form could be detected at the three

highest ornithine concentrations. While the two K�
values for ODC appeared to be similar in 2- and 4-day-
old rat hearts, the Vmax of the high-affinity form of the 2

- .06

:-�--� 40 80 � 60 200

/ [Ornithtne] (mMY’

FIG. 1. Examples of double-reciprocal plots of heart ODC in 2-

and 4-day-old neonatal rats

Each point represents the mean of triplicate determinations of three

or more experiments. Kinetic parameters are summarized in Table 1,

-20 0 40 80 20 60 200

i/ [Ornithine] (mMY’

FIG. 2. Double�reciprocalplot ofheart ODC in 7-, 10-, and 20-day-

old neonates

day old was significantly higher than that of the 4 day
old (P < 0.005 by unpaired t test), and the Vmax of the
low-affinity form also appeared greater at the younger

age. As shown in Fig. 2, the high-affinity component of

ODC observed at 2 and 4 days of age disappeared by 7
days, and at 7, 10, and 20 days of age, rat heart ODC
exhibited only a single K#{176}O,�#{176}similar to that of the adult
(Table 1). However, the Vmax in the developing rats was

still considerably higher than that of the mature adults.
It should be noted that, in preparations displaying both
kinetic forms of ODC, the parameters for the low-affinity
component could not be assessed accurately, as nonspe-
cific decarboxylation of ornithine occurred in assays with
substrate concentrations of 400 �tM or higher; the values

given for approximate � or Vn�ax of the low-affinity
form in Table 1 (2 and 4 day olds) represent estimates
uncorrected for nonspecific decarboxylation or for partial

contribution of the high affinity form.
To determine whether the appearance or disappear-

ance of the two kinetic forms of ODC was associated
with shifts in the rates of disappearance of activity after
inhibition of protein or RNA synthesis, studies were
conducted with cycloheximide or actinomycin D in rats
of different ages. As reported previously (14), the falloff
of ODC activity after cycloheximide is the same in 2-day-
old, 10-day-old, and young adult rats (Fig. 3). After
actinomycin D, although there was some variation among
the different age groups in the decline of ODC activity,
none of the groups was statistically distinguishable from

adults (Table 2).
Hormonal effects. The effects of T:i on the develop-

mental pattern of rat heart ODC (ornithine concentra-
tion, 9.5 jzM) appear in Fig. 4. T3 produced an initial 45%
elevation of activity followed by a more persistent deficit
of 50-90% in the second week of postnatal life. In kinetic
studies of ODC, 2-day-old pups treated with a single Ti
injection displayed two forms of the enzyme, with the
� values of the high- and low-affinity forms approxi-
mating those observed in the 2-day-old control (Table 1).
However, the Vmax of both components in the treated
pups was more than twofold higher than those of the
control animals. After nine daily T:i injections, 10-day-
old rats showed a single K#{176}UI�#{176}value corresponding to the
low-affinity form (260 tiM), but the Vn,ax of the treated
rats was only half that of 10-day-old controls and resem-
bled the value seen in mature adults (Table 1).

In order to assess the rate of disappearance of heart
ODC in control and T:itreated neonates, cycloheximide
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FIG. 3. Time course of the decline of heart ODC activities in rat

heart after administration of200 mg/kg of cycloheximide i.p.

Young adult (150 g, 5-7 weeks old), 2-day-old, and 10-day-old con-

trols received saline or T:i (one or nine daily injections for 2-day- and

10-day-old pups, respectively). All rats received the last saline or Tm

treatment 24 h before cycloheximide. Each point represents the mean

± standard error of six or more animals.

was administered and the decline of enzyme activity was
examined (Fig. 3). In general, ODC turnover was slightly
elevated in T:rtreated rats, as evidenced by small reduc-
tions in the half-life of ODC activity in the treated
groups. This effect on ti/.2 could be seen at both a time
point at which T3 elevated ODC activity (2 days) and one
where ODC was suppressed (10 days).

Since the altered developmental pattern of rat heart
ODC evoked by T:i (an initial enhancement followed by
a subsequent deficit) is one which is usually associated
with premature cellular development (18, 19), the effects
of T� on body weight and on specific organ growth were
examined. Control rats increased in body weight from
approximately 10 g at 2 days of age to 69 g at 28 days and

in heart weight from 50 to 340 mg; heart weight as a
percentage of body weight decline slightly with develop-
ment (Fig. 5). Pups given daily Ti exhibited an overall

pattern of retardation in body weight gains (P < 0.005 by

paired t test) which continued well after the cessation of
drug administration at 10 days of age. Heart weights of
T:itreated pups were enhanced by as much as 45% during

TABLE 2

Falloff of rat heart ODC activity 5 h after actinomycin D

(JO mg/kg, i.p.)

Assays were conducted at a substrate concentration

Results are expressed in means ± standard errors of the

animals in parentheses.

of 9.5 �tM.

number of

Source of Control Actinomycin D Decline of
enzyme activity

nmol/g/h nmol/g/h %

2 day old 2.91 ± 0,25 (58) 1.30 ± 0.15 (67) 55 ± 5

4 day old 1.73 ± 0,13 (24) 0.512 ± 0.075 (24) 70 ± 4

7 day old 1.24 ± 0.10 (19) 0.616 ± 0.089 (22) 50 ± 7

10 day old 0.891 ± 0.078 (10) 0.347 ± 0.046 (10) 61 ± 5

20 day old 0.645 ± 0.117 (24) 0.390 ± 0.089 (24) 40 ± 14

Adult 0.403 ± 0,033 (8) 0.244 ± 0.052 (8) 40 ± 13

Hear’ Un hoe Decarboxylase Actmvty

Age (Da1s)

FIG. 4. Heart ornithine decarboxylase activity at a substrate con-

centration of 9.5 pal , in developing control rats and rats treated daily

with 7�

Points and bars represent means ± standard errors of 6 to 18 animals,

Asterisks denote significant differences (P < 0.05 or better) vs controls

by unpaired t test, Arrows from day 1 to day 9 denote T. administra-

tions, Determinations during the course of T:p administration were

made 24 h after the previous T. injection.

drug exposure, but weights were subnormal after cessa-
tion of treatment (P < 0.001 by paired t test). The heart
weight/body weight ratio for T3-treated pups was ele-
vated significantly (P < 0.001 by paired t test) during

drug exposure, but was normal from 15 days of age�
onward.

Cardiac RNA synthesis, monitored by incorporation of
[3H]uridine into the trichloroacetic acid-insoluble frac-
tion (containing RNA), was reduced substantially at 8
and 12 days of age in Ti-treated rats compared to controls
(Table 3). There was no change in the total uptake of
[3H]uridine.

DISCUSSION

The developmental pattern of ODC is thought to pro-
vide a sensitive index of the maturation of mammalian
organs, and drug-induced perturbations of this pattern
have been utilized for teratologic evaluations (5, 13, 18,
19). ODC in the developing rat heart displays initially

high activity and a gradual decline with increasing age.
The current results provide information about the kinetic
mechanisms underlying this pattern, and thus can aid in
the interpretation of how drugs or hormones produce
shifts in ODC development.

A recent report indicates that elevations of heart ODC
in neonatal rats or in adults exposed to growth-inducing
stimuli all involve the appearance of a form of the enzyme
with a higher affinity for substrate than that found in
hearts of untreated mature rats (14); studies with mix-

tures of enzyme preparations from control and stimulated
rats showed that the shift in kinetics did not represent
alterations in soluble factors which could influence the

activity (14), nor is the stimulation affected by dialysis of
the enzyme preparation (unpublished data). The higher
affinity therefore may reflect a difference in the proper-
ties of the enzyme itself. To determine how shifts in the

kinetic properties of ODC contribute to the developmen-
tal pattern of overall ODC activity, kinetics of the enzyme
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FIG, 5. Body weight, heart weight, and heart weight as a percent-

age of body weight in developing control rats and rats treated daily

with 7�

Points and bars represent means ± standard errors of 6 to 18 animals;

where standard errors are not indicated, they were less than S�7e of the

value. Asterisks denote significant differences (P < 0.05 or better) vs

controls by unpaired t test. Arrows from day I to day 9 denote T.�

administration.

were studied at various postnatal ages during the period
in which the greatest changes are seen. In the 2- and 4-
day-old pups, two forms of ODC were detected; the
apparent � of the low-affinity form resembled that of
the mature adult, while the other form exhibited a K�#{176}
which was four times lower. By 1 week of age, the high-
affinity component of ODC diminished to undetectable
levels, and only a single K#{176}Q,mresembling that of the
mature adult was obtained beyond this point. These data
indicate that part of the initial elevation and subsequent
decline of heart ODC activity during neonatal cellular
maturation is associated with the presence and ontoge-
netic loss of the high-affinity component of the enzyme.

In addition to age-dependent shifts in affinity for sub-
strate, some of the developmental decline in ODC activ-
ity resulted from changes in the Vmax. Thus, the difference
between 2- and 4-day-old rats, both of which possess

TABLE 3

Uptake of [3H]uridine and incorporation into trichioroacetic acid-

insoluble material (containing RNA) in hearts of developing control

and Trtreated rats

Rats received daily T:, or vehicle on days 1-9 postnatally. 1)ata

represent means ± standard errors of 6-12 animals,

Age (dpm/25 mg heart)

Total ‘H uptake Trichloroacetic acid insoluble H

Control T. Control T

8 days 92,000 ± 2,800 82,000 ± 4,000 4,760 ± 560 2,330 ± 3(X)’

12 days 86,1(X) ± 4,500 75,000 ± 4,000 3,070 ± 150 2,06)) ± 230’

S p < 0.005 vs control.

high-affinity ODC, reflected a decline in the Vmax of both

the high- and the low-affinity forms of the enzyme;
furthermore, the Vms,, of the one form of ODC present at

subsequent ages was twofold higher in 7- to 20-day-old
rats than in the mature rat, indicating that further re-
ductions in enzyme activity can occur in the absence of
shifts in the � Reductions in the Vmax continue
throughout maturation, as the Vmax declined progres-

sively in 20-day-old, 6- to 7-week-old, 10-week-old, and
�14-week-old rats; changes in the Vmax would suggest
either that the amount of enzyme declines with age or
that catalytic efficiency is age dependent. While no defin-
itive choice of mechanism can be made, a number of
possibilities can be ruled out. Since the rate of degrada-
tion of enzyme activity after cycloheximide remains vir-
tuafly unchanged throughout development, the decline
of the Vmax of ODC activity in the developing heart
probably does not reflect increased enzyme turnover.
Similarly, the alterations of ODC could not be attributed

to changes in the rate of degradation of the RNA involved
in synthesis of the enzyme, as there was no apparent
relationship between age and sensitivity to actinomycin
D. Thus, it is most likely that elevations and subsequent
declines in the Vmax of ODC reflect alterations in the rate
of enzyme synthesis or in catalytic efficiency of equiva-
lent numbers of ODC molecules.

Kinetic studies also can elucidate the mechanisms by
which drugs or hormones elicit perturbations in the on-

togeny of ODC and influence cellular growth and func-
tional maturation of developing organs. Neonatal hyper-
thyroidism is known to accelerate the maturation of
various tissues (20) and changes in cellular development
are preceded by alterations in ODC (7, 13, 18, 19). Ad-
ministration of T3 to neonatal rats elevated heart ODC
above control levels during the initial phase of drug
treatment but depressed the enzyme activity subse-
quently. While a slight increase in ODC degradation rate
could be detected, the difference was too small to account

for the pronounced deficit of ODC activity seen in the
second week of postnatal age and certainly could not be
responsible for the increase in ODC seen in 2-day-old T:3-
treated rats. Kinetic data of the 2-day-old T:i-treated
pups revealed the same two forms of ODC as seen in
neonatal controls; however, the Vnaax values of both the
high- and the low-affinity components of the T:i-treated
pups were more than twice normal. These data indicate
that T:i in the neonate increases the synthesis or catalytic
efficiency of both forms of the enzyme without altering
the affinity characteristics. This can be contrasted with
the increase in heart ODC in the mature rat treated with
T�3, where a shift in substrate affinity has been clearly
demonstrated (14). Effects on Vms,, rather than on K’,�”

also account for the decline in ODC activity in hyperthy-

roid developing rats. In the 10-day-old pups treated with
T3, a single Km resembling that of the 10-day-old control
was obtained, but the V,,� of the enzyme was 40% lower

than that of untreated pups. Hence, the subnormal activ-
ity of heart ODC in the 10-day-old T:3-treated pups was
primarily related to a reduction in enzyme synthesis or
catalytic efficiency. In view of the fact that thyroid
hormone accelerates cellular maturation in general, the
shift of the Vmax at 10 days to values similar to those of
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the mature rat represents acceleration of the ontogenetic
time course of the decline of heart ODC.

In view of the stimulatory and inhibitory phases of T:1

on ODC activity in the developing heart, it would be
expected that the treatment should produce a dual effect
on organ growth. Initially, heart weights of the neonates
were enhanced during exposure to T:i, despite concurrent

deficiencies in body weight. A second effect of Ti was
suggested by the subsequent deficits in heart weight; this
phase does not appear to be specific to the heart, as the
deficits in heart weight were equivalent to those in body
weight (no change in the heart/body weight ratio). Al-

though the decline in heart weight was not obvious until
after the cessation of Ti treatment, RNA synthesis (as-
sessed as trichloroacetic acid-insoluble material) was al-

ready reduced before the termination of T: exposure (at
a point where ODC was subnormal). These effects can
be contrasted with the continuous elevation of ODC,

RNA synthesis, and heart weight in mature rats given
thyroid hormones (7, 21). The net effect of Ti in the
developing rat heart appears to be a compression of the
time course of maturation, with premature declines in
ODC activity and RNA synthesis after the initial stimu-
latory effect. In view of the postulated roles of polyamines

in nucleic acid and protein syntheses (1-4), the altera-
tions in ODC kinetics caused by Ti administration to
neonates may be of functional significance in affecting
organ growth.

In summary, the neonatal elevation and subsequent

decline of heart ODC activity during development in-
volve shifts in kinetic control of enzyme activity. The
high-affinity form present in the neonate disappears soon

after birth and subsequent declines in activity of the low-
affinity form reflect reductions in enzyme production
and/or catalytic efficiency. Neonatal hyperthyroidism
accelerates the maturational decline of ODC activity,
which may then contribute to perturbations of cardiac
development.
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