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Summary 

Studies were conducted to assess the effect of fetal thyroidec- 
tomy early in the third trimester on lung growth and surfactant 
maturation in the sheep. At 95-99 days of gestation, a fetal 
thyroidectomy was performed. The preparation was killed 36-45 
days postthyroidectomy. The mean weights of the cerebrum, cer- 
ebellum, and combined heart and lungs were significantly smaller 
and the pituitary gland significantly greater in the thyroidecto- 
mized fetus. The mean tracheal fluid lecithin to sphingomyelin (L/ 
S) ratio was significantly lower in the athyrotic fetus; however, 
there was no significant difference in the mean cortisol concentra- 
tion or mean whole lung homogenate phosphatidic acid phospho- 
hydrolase (PAPase) specific activity between the two groups. 
There was a significant direct correlation between the serum 
cortisol concentration and tracheal fluid L/S ratio and between 
the whole lung homogenate PAPase specific activity and serum 
cortisol level in the euthyroid group, which were not present in the 
thyroidectomized group. The mean lung DNA concentration was 
significantly increased and mean lung protein/DNA ratio signifi- 
cantly decreased in the thyroidectomized fetus. On histologic 
examination, the lung from the athyrotic fetus was hypercellular 
with thickened alveolar septae. The type I1 pneumocyte in the 
hypothyroid lung was less mature with fewer lamellar bodies or its 
precursors. These results suggest that in the ovine fetus, thyroid 
hormone deficiency during the last trimester of intrauterine devel- 
opment impairs lung growth and surfactant maturation. 

Speculation 

The present results suggest that thyroid hormones are necessary 
for normal lung growth and surfactant maturation. In the human - u 
preterm infant, idiopathic respiratory distress syndrome is a major 
cause of morbidity and mortality. Stimulation of the hypothalamic- 
pituitary-thyroid axis in the fetus at high risk for developing 
idiopathic respiratory distress syndrome before delivery may ac- 
celerate surfactant maturation and decrease the sequelae from 
this syndrome. 

onstrate decreased cell size, clumping of chromatin, increased 
glycogen content and decreased number of osmiophilic inclusion 
bodies (7, 38). In human neonates with idiopathic respiratory 
distress syndrome, cord thyroid hormone concentrations are lower 
than in healthy infants of comparable gestational age (12,39). The 
studies in the present report were conducted to assess the effect of 
fetal thyroidectomy early in the third trimester on lung growth 
and surfactant maturation in the sheep. 

MATERIALS AND METHODS 

DESCRIPTION OF THE ANIMAL MODEL 

Columbia and Columbia-Suffolk date-bred ewes were obtained 
from a local source, maintained at the University vivarium and 
given free access to alfalfa and water. At 95-99 days of gestation, 
under epidural anesthesia, the uterus was exposed through a lower 
midabdominal incision in five ewes with singleton pregnancies. 
After isolation of the fetal head, the uterus was incised and a fetal 
thyroidectomy performed. No more than 2-3 cotyledons were 
killed at the time of surgery. The fetus was returned to the uterus 
and the surgical incision repaired in layers. Postoperatively, all 
ewes were feeding within 2 hr of completion of surgery and 
maintained their weight and general health. At 137-142 days of 
gestation, 36-45 days postthyroidectomy, the ewe was placed 
under spinal anesthesia (term = 145-150 days). Through a lower 
midabdominal incision, the uterus was incised and the fetal head 
isolated. An incision was made into the fetal neck and the trachea 
isolated and ligated. After blood and tracheal fluid sampling, the 
preparation was killed and a complete autopsy performed on the 
fetus. After weighing each organ, the tissue was quick frozen and 
stored at -70'. 

PREPARATION OF THE LUNG TISSUE FOR HISTOLOGIC 
EXAMINATION 

The heart and lungs were removed in toto to facilitate prepa- 
ration of the tissue for histologic examination. After weighing, the 
right main stem bronchus was isolated and ligated and the right 
lung separated and used for measurement of protein, DNA, and 

Recent studies have demonstrated that the endocrine PAPase specific activity. The left lung was perfused with a 2.5% 
systems play a in lung maturation (3). After Dr. Liggin's gluteraldehyde solution at 25 mm Hg pressure through the trachea 
work demonstrating that direct administration of dexamethasone and right ventricle. After rinsing in cacodylate buffer, a portion of 
to the ovine fetus accelerates lung maturation, subsequent studies the lung was taken for light m~croscopy~ Another portion of the 
have further delineated the interrelationship of the glucocorticoids lung was minced into cubes and postfvted in 2% osmium 
and lung (I4* 1 7 9  28, 309 339 379 429 489 499 53). tetroxide. The tissue was then dehydrated through graded alto- 
In humans, administration of betamethasone to the gravida in hols, embedded in spurrs epon, and sectioned with a diamond 
premature labor has decreased the incidence and mortality from knife on a LKB U~tram~crotome I I ~ .  Sections were picked up on 
the idiopathic respiratory distress syndrome in her infant (3 1). a copper grid, stained with Reynolds lead stain and uranyl acetete, 

Less is known, however, of the role of the iodothyronines on and examined in a phillips 300 electron microscope. 
lung growth and surfactant synthesis. Direct injection of thyroxine 
(T4) into the fetal rabbit will accelerate lung maturation (54), ASSAYS AND BIOCHEMICAL STUDIES 
while surgical thyroidectomy performed at midgestation in the 
ovine fetus will alter lung growth (19). Electronmicrographs of Serum T4 concentrations were measured, in duplicate, in 25 A 
type I1 pneumocytes from hypothyroid fetal and adult rats dem- unextracted serum samples by radioimmunoassay (10). The tra- 
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cheal fluid L/S ratio was determined by thin layer chromatogra- 
phy (45). Serum cortisol levels were measured in triplicate on 100 
X serum samples by ligand double antibody radioimmunoassay 
(reagents obtained from Diagnostic Products Corp., Los Angeles, 
CA). Lung protein concentrations were measured by the method 
of Schacterle and Pollock (43) and lung DNA concentrations were 
measured by the method of Richards (40). PAPase (EC 3.1.3.4.) 
specific activity was measured in whole lung homogenates by a 
modification of the method of Coleman and Hiibscher (1 1). 

The data from the five thyroidectomized fetuses was compared 
to five euthyroid animals from singleton pregnancies of 138-142 
days of gestation. The euthyroid fetuses were operated upon at 
95-99 days of gestation for other experiments which were not 
designed to induce growth retardation or would have induced 
stress in the fetus. None of the ewes in either study group were in 
labor at the time of killing, and all animals were killed at the same 
time of the day. Student's t test was used to assess the significance 
of the differences between the results found in the euthyroid and 
hypothyroid fetuses. 

RESULTS 

Although the mean gestational age (kSEM) was similar in the 
euthyroid and hypothyroid fetuses (140 + 0.8 vs. 139 + 0.8 days, 
respectively), the mean body weight was significantly less in the 
thyroidectomized fetus (3.0 vs. 4.46 kg, P < 0.005). The wet weight 
of selected organs from the euthyroid and thyroidectomized fe- 
tuses are listed in Table 1. The mean weights of the cerebrum, 
cerebellum, and combined heart and lungs were significantly 
smaller and the pituitary gland significantly greater in the thy- 
roidectomized fetus. Although the mean weight of the adrenal 
glands was less in the thyroidectomized animal, this difference 
was not significant. Mean serum T4 and cortisol concentrations, 
tracheal fluid L/S ratio and whole lung homogenate PAPase 
specific activity in euthyroid and thyroidectomized fetuses at the 
time of sacrifice are shown in Table 2. There was no remaining 
visible thyroid tissue and the serum T4 concentration was below 
the sensitivity of the radioimmunoassay in all five thyroidecto- 

mized fetuses. The mean tracheal fluid L/S ratio was significantly 
lower in the athyrotic fetus; however, there was no significant 
difference in the mean serum cortisol concentration or mean 
whole lung homogenate PAPase specific activity between the two 
groups. 

As seen in Figure 1, there was a significant direct correlation 
between the serum cortisol concentration and tracheal fluid L/S 
ratio in the euthyroid group (r = 0.958, P = < 0.01), which was 
not present in the thyroidectomized group (r = 0.594, P = > 0.1). 
Although a significant direct correlation between the whole lung 
homogenate PAPase specific activity and serum cortisol level was 
present in the euthyroid group (r = 0.988, P = < 0.001), it was not 
seen in the athyrotic group (r = 0.345, P = > 0.1). 

The protein and DNA concentrations and protein/DNA ratio 
in lung tissue from euthyroid and thyroidectomized fetuses are 

Serum Cortisol (pgldl) 

Fig. I. Relationship between serum cortisol concentratibn and tracheal 
fluid L/S ratio in five euthyroid ovine fetuses (solid circles and line) and 
five hypothyroid ovine fetuses (open circles and dotted line). The numbers 
in parentheses are the gestational ages of the fetuses at the time they were 
killed. 

Table I. Wet weight (g) of selected organs of euthyroid and thyroidectomized ovine fetuses 

Adrenal Heart and 
Cerebrum Cerebellum Pituitary eland Liver Kidnev dands lung 

Euthyroid ( n  = 5 )  

Mean + SE 42.4 + 0.8 5.2 & 0.2 0.070 & 0.130 121 & 8.2 21.0 & 2.6 0.56 * 0.05 200.0 + 14.3 

Thyroidectomized (n  = 5) 

Mean + SE 36.2 -1 1.5 3.7 k 0.2 0.143 A 0.016 113 rt 10.7 22.6 f 1.7 0.45 2 0.03 130 & 22.5 

P <0.005 t0.00 I ~0.005 NS' NS' NS' <0.02 

' NS, not significant. 

Table 2. Serum thyroxine and cortisol concentration, trachealfluid L/S ratio and whole lung homogenate PAPase specific activify in 
euthvroid and thvroidectomized fetuses 

PAPase specific 
activity 

Serum thyroxine concentration Serum cortisol concentration 
(ue/dl) (ua/dl) Tracheal fluid L/S ratio 

Euthyroid (n  = 5 )  

Mean + SE 14.2 + 2.2 9.8 & 2.1 4.9 & 1.4 0.016 + 0.006 

Thyroidectomized (n  = 5) 

Mean + SE <I 9.8 + 2.3 1.0 -+ 0.3 0.02 1 * 0.005 

P <0.001 NS' t0.001 NS' 

' NS, not significant. 
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shown in Table 3. The mean lung DNA concentration was sig- 
nificantly increased and mean lung protein/DNA ratio signifi- 
cantly decreased in the thyroidectomized fetus, indicating that the 
thyroidectomized fetal lung consists of a larger number of smaller 
sized cells, consistent with the hypercellular histologic appearance 
of this lung. 

A photomicrograph comparing the fetal lung from the euthyroid 
and athyrotic fetus is seen in Figure 2. Compared to the euthyroid 
animal, the lung from the athyrotic fetus is hypercellular with 
thickened alveolar septae. Budding is present in the bronchioles, 
a characteristic seen in the canalicular stage of fetal lung devel- 
opment usually present at 120-130 days of gestation in the fetal 
sheep. The electron photomicrograph seen in Figure 3 further 
demonstrates the differences in cellularity and alveolar septal 
thickness between the two groups. Type I1 pneumocytes from both 
lungs are compared in Figure 4. In the euthyroid lung, this cell 
contains many lamellar bodies and its precursors, tubules and 
vesicles, while the cell from the hypothyroid lung is less mature 
with fewer lamellar bodies or its precursors. 

There were no significant differences in mean maternal weight, 
serum T4, or cortisol concentrations between the two groups. 

Table 3. Protein and DNA concentration and protein/DNA ratio 
in lung tissue of euthyroid and thyroidectomized fetuses 

Protein (mg/g wet DNA (mg/g wet 
weight lung) weight lung) Protein/DNA 

Euthyroid (n = 5) 

Mean f SE 62.9 + 2.8 7.4 + 0.3 8.1 + 0.3 

Thyroidectomized 
(n = 5) 

Mean * SE 64.7 * 8.1 9.2 + 0.5 6.7 + 0.2 

P NS' <O.O 1 ~ 0 . 0 0 5  

DISCUSSION 

In ovine fetus, the hypothalyamic-pituitary-thyroid axis func- 
tions automonously from the maternal system. At approximately 
50 days of gestation, the ovine fetal thyroid gland begins to 
accumulate iodine (4) and T4 and thyroid stimulating hormone 
are present in fetal serum (51). Follicular organization is seen at 
50 days of gestation, with histologic features of the adult gland 
present at 115 days (4, 5 1). Within 3 days after surgical thyroid- 
ectomy, serum T4 concentrations rapidly fall to the hypothyroid 
range (18). The maternal to fetal placental transfer of T4 and 
triiodothyronine (T3) is minimal in the athyrotic fetus, providing 
less than 3% of the estimated daily combined fetal T4 and T3 
requirements (16, 18). Thus, the thyroidectomized fetus in this 
study was exposed to minute quantities of iodothyronines during 
the third trimester when the euthyroid fetal hypothalamic-pitui- 
tary-thyroid axis is functional. 

Our results of the effect of surgical thyroidectomy on somatic 
growth in the ovine fetus are similar to those reported by investi- 
gators using a similar animal model (6, 19, 24). The mean com- 
bined fetal heart and lung weight was statistically less in the 
thyroidectomized fetus (Table 1). Bhakthavathsalan et al. (6) have 
reported that the mean lung weight in the thyroidectomized ovine 
fetus was less when compared to the euthyroid animal, but this 
difference was not statistically significant. In their study, the fetal 
thyroidectomy was performed at a later gestational age, and their 
fetuses may have been euthyroid during the stage of development 
when iodothyronines are necessary for normal lung growth. 

Dramatic changes in functional and biochemical parameters 
normally occur in the ovine fetal lung at 120-130 days of gestation. 
Lungs from fetal lambs less than 120 days of gestation have poor 
distensibility, with more mature mechanical properties appearing 
at 120-130 days (9, 21). Although types I and I1 epithelial cells 
become more distinguishable at 110 days, osmiophilic inclusion 
bodies, thought to be the storage organelle for surfactant, appear 
at 120 days and rapidly increase in number at 135 days of gestation 
(29). The histologic examination of the thyroidectomized fetal 
lung tissue demonstrates that its morphologic maturation is de- 
layed, being comparable to that seen during the canalicular stage 
in the euthyroid ovine fetus (Figs. 2-4). Electron microscopic NS, not significant. 

Fig. 2. High power photomicrograph of ovine fetal lung tissue from a hypothyroid fetus (I+) of 140-day gestation and euthyroid fetus (right) of 139- 
day gestation. The lung from the euthyroid animal (right) shows well developed alveolar spaces (ALV)  and their alveolar walls (arrows) contain only 
scattered nuclei. In the athyrotic fetal lung (left), the thickening of the septal walls (arrows) is due to the hypercellularity of the interstitiurn. Cuboidal 
cells are projecting into the alveolar spaces. (Original magnification x400). 
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Fig. 3. Electronmicroscopic study of the alveolar septum from the hypothyroid (left) and euthyroid (right) ovine fetal lung. In the athyrotic lung, the 
alveoli are lined by simple cuboidal cells which have thin cytoplasmic extensions over the basement membrane. Three septal cells (SC) are seen in the 
central interstitial area. Three alveoli (ALV) are seen separated by a mature appearing alveolar wall in euthyroid fetal lung. The alveolar lining consists 
of the thin cytoplasm of the membranous pneumocytes (MP) covering the basement membrane. A single septal cell is present at the junction of the three 
alveoli, and red blood cells (RBC) are seen in capillaries (original magnification ~3400). 

ALV I . 1 b 

Fig. 4. Electronmicroscopic comparison of type I1 pneumocytes (GP) from hypothyroid (left) and euthyroid (right) ovine fetal lungs. In the euthyroid 
fetus, the type I1 pneumocyte contains many lamellar bodies (Ib). Myelin material appears to be extruded in the alveolar space (ALV) from the cell apex 
(double arrows). In the athyrotic fetal lung, the type I1 pneumocyte is a simple cuboidal cell, devoid of microvilli, inclusions, or organelles. This type of- 
cell is seen several weeks earlier in ovine fetal lung development (original magnification x4900). 

examination of the type I1 pneumocyte in the hypothyroid fetal 
lung reveals a n  immature cuboidal cell with few tubules, vesicles, 
or lamellar bodies. During the canalicular stage, the uptake of 
radioiodine-labeled thyroxine in the ovine fetal lung is greater 
than at term (35). Throughout the third trimester, the mean per 
kilogram fetal T4 secretion and clearance rates are 8 times that of 
its mother (16, 20). The significant reduction in weight and 
protein/DNA ratio, and delayed maturation seen on lung histol- 
ogy during the time of active fetal thyroid gland activity suggests 

that iodothyronines may be necessary for the morphologic matu- 
ration and growth of the ovine fetal lung during the last trimester 
of gestation. 

Surfactant is detectable in fetal tracheal fluid between 124-133 
of days and its secretion increases rapidly after 135 days of 
gestation (32). Our result of impaired surfactant production as 
manifest by a significantly lower tracheal fluid L/S ratio and 
decreased number of surfactant containing lamellar bodies in the 
type I1 pneumocyte in the athyrotic fetus is consistent with the 
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data reported by Cunningham et al. (13). The cretin fetal lamb CONCLUSION 
delivered at term dies of respiratory failure soon after birth (13, 

Fetal thyroidectomy was performed in five ovine fetuses at 95- 52). After the onset of spontaneous respirations, the neonatal 
cretin lamb forms surfactant with an abnormal phosphatide com- 99 days and killed at 137-142 days of gestation. Mean body and 

position and releases predominately acidic pulmonary phospho- , 
combined heart and lung weights were significantly smaller in the 

lipids with poor surfactant-like activity (13). Although human athyrotic compared to the euthyroid fetus. The mean serum 

neonates with idiopathic respiratory distress syndrome have been cortisol level and whole lung homogenate PAPase specific activity 

found to have lower serum Ti  and Ta concentrations at birth and were similar in both groups, but mean tracheal fluid L/S ratio 
was significantly lower in the athyrotic fetus. Compare to the 

during the first weeks of life 39)9 of the euthyroid fetus, the mean lung DNA concentration was signifi- 
iodothyronines and surfactant production and metabolism in these 
infants has not been studied. cantly increased and mean lung protein/DNA ratio significantly 

The principle pulmonary surfactant in the fetal lamb, thought decreased in the thyroidectomized animal. Light and electromi- 

to be disaturated dipalmityl phosphatidylcholine, increases croscopic studies of lung tissue demonstrated a delay in maturation 

sharply in concentration in both the alveolar space and lung tissue in the hypothyroid fetus. These results suggest that, in the ovine 

at 120-130 days and to a lesser extent in the term lung (21). Ovine fetus, thyroid hormone deficiency during the last trimester of 

fetal serum glucocorticoid levels are low until 130-135 days of intrauterine development impairs lung growth and surfactant 

gestation when they increase rapidly until term (32). Until 135 maturation. 

days of gestation, maternal to fetal placental transfer may be the REFERENCES AND NOTES 
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