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Summary

Pulmonary superoxide dismutase (SOD) activity was measured
in 11 euthyroid and 15 hypothyroid ovine fetuses at 130 days
gestation. In the euthyroid fetus, the mean pulmonary SOD activ-
ity was similar in saline- and thyroxine-infused groups. Compared
to the euthyroid fetus, the mean pulmonary SOD activity was
significantly lower in the noninfused or saline-infused athyrotic
fetus. Administration of thyroxine to the hypothyroid fetus results
in a normalization of pulmonary SOD activity to control values.
Thus, thyroxine appears to influence the maturation of pulmonary
SOD activity in the ovine fetus during the third trimester.

Speculation

The influence of thyroxine on pulmonary SOD activity was
studied in the euthyroid and hypothyroid sheep fetus during the
last trimester of gestation.

Superoxide dismutase (SOD), an enzyme which catalyzes the
reaction: 2 Oz + 2 H" — H0; + Oy, is found in all cells that
metabolize oxygen (9, 14). Despite numerous studies investigating
the role of SOD activity in oxygen-induced lung injury, there is
little information regarding the mechanisms responsible for en-
dogenous regulation of pulmonary SOD activity (14). It is known
that pulmonary SOD activity is lowest in the fetus, with an
increase in activity seen in the neonatal and adult lung (2, 23, 26).
In contrast to the adult lung, the neonatal lung exposed to a
hyperoxic environment will increase pulmonary SOD activity, a
response mediated at least in part by a factor(s) in plasma or
serum and exposure to oxygen (2, 13, 21, 24).

It has been shown previously that pulmonary oxygen toxicity
can be influenced by thyroid function. In the adult, pulmonary
oxygen toxicity is enhanced by hyperthyroidism and delayed by
hypothyroidism (6, 20, 25). Iodothyronines have also been shown
to influence the maturation of the fetal lung (12, 17, 22). If thyroid
hormones are used to pharmacologically accelerate fetal lung
maturation, the fetus would be, in theory, at greater risk for the
development of pulmonary oxygen toxicity. The purpose of this
study was to investigate the relationship of iodothyronines and
pulmonary SOD activity in the preterm ovine fetus.

MATERIALS AND METHODS

Animal model. Date bred ewes were obtained from a local
source, maintained at the University of Iowa vivarium and given
free access to alfalfa and water. In fifteen singleton ewes, a surgical
thyroidectomy was performed on the fetus at 95-99 days gestation.
Term is 147 to 150 days. In nine of the hypothyroid fetuses,
catheters were inserted into a fetal artery and vein at 122-124 days
gestation. After a 3-5 day stabilization period, five fetuses received
a 50 ug bolus intravenous injection of thyroxine (T,) followed by
a continuous intravenous infusion of 100 ug/day of T, for 72 h

before sacrifice. Four fetuses received a constant infusion of an
equivalent volume of saline. These nine fetuses and six noninfused
fetuses were sacrificed at 130 days gestation.

Eleven euthyroid ovine fetuses had catheters inserted into a
fetal artery and vein at 122-124 days gestation. After a three—five
day stabilization period, five fetuses received a 50 pug bolus intra-
venous injection of T, followed by a conmtinuous intravenous
infusion of 100 pg/day of T, for 72 h before sacrifice. Six fetuses
received an equivalent volume of saline by constant infusion. The
eleven fetuses were sacrificed at 130 days gestation.

Assays and biochemical studies. Serum samples were taken be-
fore and at the end of the study period. In the noninfused fetuses,
serum samples were obtained at the time of sacrifice only. At
sacrifice, a portion of the lower lobe of the right lung was taken
for determination of SOD activity. The lung was perfused to
remove cellular elements contained in the pulmonary vascular
bed. The lung was homogenized in a 10-fold dilution (w/v) of ice
cold isotonic buffer for 30 sec using a Polytron (Brinkman Instru-
ments, Des Plaines, IL) at a power setting of eight. Duplicate
aliquots of this homogenate were taken for DNA analysis. The
remaining homogenate was centrifuged in a refrigerated Sorvall
centrifuge (Iran Sorvall, Norwalk, CN) at 15,000 X g for 10 min
and the supernatant analyzed for SOD activity.

Serum T, concentrations were measured, in duplicate, in 0.025
ml unextracted samples by radioimmunoassay (5). Serum cortisol
levels were measured in triplicate on 0.1 ml samples by ligand
double antibody radioimmunoassay (reagents obtained from Di-
agnostics Products Corporation, Los Angeles, CA). Lung protein
concentrations were measured by the method of Schacterle and
Pollock (19) and lung DNA concentrations were measured by the
method of Richards (18). Pulmonary SOD activity was determined
by standard assay, which utilizes the inhibition of xanthine and
xanthine oxidase-catalyzed reduction of ferricytochrome ¢. Units
of SOD activity were derived according to the criteria established
by McCord and Fridovich (16). Control studies of boiled super-
natant confirmed the enzymatic nature of the SOD activity.

Statistical analysis of the data was accomplished by the Student
t test.

RESULTS

The mean + S.E. serum T, and cortisol concentrations in the
ovine fetuses are shown in Table 1. In the euthyroid fetus, the
mean serum T, concentration before study was similar in both the
saline and T,-infused groups. At sacrifice, the mean serum T,
concentration in the T,-infused fetus had increased to 16.8 + 1.1
pg/dl, (P < 0.001) but did not change significantly in the saline-
infused animal. In all athyrotic fetuses, the serum T concentration
was below the lower limits of the assay. At the end of the infusion
period, the mean fetal serum T, concentration had increased to
7.2 £ 1.2 pg/dl in the T4-infused hypothyroid fetus, a value similar
to that found in the saline-infused euthyroid fetus. The mean
serum cortisol concentration was less than 2 ug/dl in all fetuses in
all groups.
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Table 2 shows the mean protein and DNA concentrations,
protein/DNA ratio and SOD activity in lung tissue from the
euthyroid fetuses. The mean pulmonary SOD activity was similar
in both groups of euthyroid fetuses, whether expressed as units
per g wet weight of lung or SOD/DNA ratio. Similar data from
the hypothyroid fetuses are shown in Table 3. Compared to the
noninfused and saline-infused hypothyroid fetuses, the T,-infused
fetus had a significantly lower mean DNA content (P < 0.005)
and significantly higher mean protein/DNA ratio (P < 0.05),
similar to values found in the euthyroid fetus. Compared to the
euthyroid fetus, the mean pulmonary SOD activity was signifi-
cantly lower in the hypothyroid noninfused (P < 0.05) and saline-
infused fetuses (P < 0.05). In the T,-infused athyrotic fetus, the
mean pulmonary SOD activity values were similar to those in the
euthyroid fetus.

DISCUSSION

In the ovine fetus, fetal thyroid function begins at the start of
the second trimester (4). The ovine placenta is relatively imper-
meable to both T, and triiodothyronine (T;), whether the fetus is
euthyroid or athyrotic (10, 11). Thus, the fetal hypothalamic-
pituitary-thyroid axis function is autonomous. On the basis of
studies in the athyrotic fetus (Table 1), minimal amounts of
iodothyronines cross the placenta from the maternal circulation.

The results of this study demonstrate that in the preterm ovine
fetus, hypothyroidism is associated with a reduced pulmonary
SOD activity, whether expressed on a per gram wet weight of lung
or SOD/DNA basis. Administration of T, to the athyrotic fetus
results in a normalization of pulmonary SOD activity to control
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values. However, exogenous T, given to the euthyroid fetus did
not influence pulmonary SOD activity.

Several studies have demonstrated the susceptibility of pulmo-
nary SOD activity to pharmacologic manipulation (6, 25). The
normal endogenous regulating mechanisms for pulmonary SOD
activity, however, are poorly understood, particularly the mecha-
nisms responsible for the changes observed in pulmonary SOD
activity with maturation (23). The relationship between thyroid
hormones and the development of fetal pulmonary SOD activity
demonstrated by our studies obviously may have significance with
respect to endogenous regulatory mechanisms for pulmonary SOD
activity. Whether this effect of T, is direct or indirect resulting
from fetal lung maturation cannot be determined from the results.
A secondary effect appears consistent with the fact that exogenous
T4 did not increase pulmonary SOD activity in the euthyroid
fetus.

Cortisol has been shown to influence the maturation of the lung
and its susceptibility to oxygen toxicity (3, 6). Because the fetal
serum cortisol levels were similar in all groups, the results dem-
onstrated in this study were most likely not influenced by cortisol.

If allowed to deliver spontaneously at term, the athyrotic ovine
lamb will develop the respiratory distress syndrome (RDS), have
delayed synthesis and produce an abnormal type of pulmonary
surfactant (8). In the human preterm infant with RDS, postnatal
serum concentrations of T4 and T3 are lower than in the preterm
infant without RDS. There is an increase in the serum levels of
both iodothyronines concomitant with improvement of the infants’
clinical condition (1, 7, 15). In vitro studies have shown that serum
from infants with RDS will not support an increase in pulmonary
SOD activity (13). Normal serum levels of iodothyronines may be

Table 1. Mean serum thyroxine and cortisol concentrations in 130 day ovine fetuses

Before study At sacrifice
Thyroxine Cortisol Thyroxine Cortisol
(ng/dY) (pg/dD) (ng/d)) (ug/dl)
Euthyroid fetus
Saline infusion (6)" 84+ 13% <2 8.1%1.1 <2
Thyroxine infusion (5) 10.7 £ 0.7 <2 16.8 = 1.1 <2
Hypothyroid fetus
Noninfused (6) <l <2
Saline infusion (4) <1 <2 <l <2
Thyroxine infusion (5) <1 <2 72%12 <2

' () = number.
2 Value = mean * S.E.

Table 2. Mean protein and DNA concentrtions, protein/ DNA ratio and superoxide dismutase (SOD) activity in lung tissue of 130 day
saline and thyroxine-infused euthyroid ovine fetuses

Protein DNA Protein/DNA SOD SOD/DNA

(mg/g wet wt) (mg/g wet wt) (units/g wet wt) (units/mg)

Saline infusion (6) 64.6 + 4.7 70+ 1.1 103+ 1.6 359+ 24 60.7 + 144
Thyroxine infusion (5) 643 +£7.0 76+12 10.1 £ 1.7 362 + 33 61.0 +20.1

' () = number.
?Value = mean + S.E.

Table 3. Mean protein and DNA concentrations, protein/ DNA ratio and superoxide dismultase (SOD) activity in lung tissue of 130 day
saline, thyroxine and noninfused hypothyroid ovine fetuses

Protein DNA Protein/DNA SOD SOD/DNA
(mg/g wet wt) (mg/g wet wt) (units/g wet wt) (units/mg)
Noninfused (6)I' 76.4 + 2.4° 10.0 £ 05 77+04 306 = 14 30.7 £3.2
Saline infused (4) 80.2 = 1.3 9.6 +£0.3 84+02 296 + 14 310+ 1.8
Thyroxine infused (5) 637 +26 73+£05 107+ 1.4 394 +23 66.4 9.5

'( ) = number.
% Value = mean = S.E.
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required for normal maturation of pulmonary SOD activity, and/
or for the postnatal pulmonary SOD response seen when the
neonatal lung is exposed to a hyperoxic environment. Based on
the results of this study, we speculate that progressive or chronic
lung disease observed in some infants who present initially with
RDS may be related to the interrelationship of lower serum
iodothyronine levels and lower or nonresponsive pulmonary SOD
activity during the course of exposure to elevated concentrations
of oxygen. Further studies are needed to delineate the role of
iodothyronines on the maturation of the antioxidant enzyme
systems and their response to hyperoxic exposure in both the fetal
and neonatal lung,.
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