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Extract

Thytroidectomies were performed through a flank inecision
and uterotomy on five fetuses of I--4-year-old Columbia and
Columbia Suffolk date-bred ewes of 90—110 days gestalion.
The fetuses were killed 19—43 days post-thyroidectomy. Body
and organ weights, limb roentgenograms, DNA, RNA, and
protein concentrations of selected tissues, cerebral and
cerebellar lipid concentrations, and cerebellar cerebroside fatty
acid composition were meuasured and compared with similar
measurements in control animals. In the thyroidectomized
fetuses mean cavcass and lung weights were significantly
reduced and wool development was consistently delayed.
Extremity x-rays showed a delay in the time of appearance
and a decrease in the size of cpiphyseal centers. The mean
DNA concentration was low in muscle tissue; mean protein
concentrations were reduced in ccrebeltum, heart, lung,
thymus, and muscle tissues, while mean total lipid concentra-
tion was low in cerebral tissue; the percentage of 18-carbon
fatty acids was significantly increased in cerebellar cerebro-
sides. These resulis indicate that thyroid hormone deficiency,
present during the last trimester of gestation in the ovine fetus,
impairs carcass and lung growth, delays bone and skin
maturation, inhibits growth in cell size in heart, lung, ithymus,
and cerebral tissues, and delays myelination in the central
nervous system (CNS).

Speculation

The present results, considered with resulis of other
investigations of the effecis of thyroid hormone deficiency in
fetal and newborn mammals, indicate that hypothyroidism
impairs somatic growth, delays bone growth and maturation,
delays cell growth and replication in the CNS, and inhibits
CNS myelination. The critical period for these effects varies in
different species. In the rat this period is postnatal, whereas in
the sheep it extends into the third trimester of pregnancy.
During pregnancy, carcass growth, bone maturation, and lung
maturation are most affected in the sheep; CNS changes are
wminimal. In man fetal hypothyroidism may produce some
delay in bone maturaticn but somatic growih retardation and
signs and symptoms of hypothyroidism are not usually present
at birth. Moreover, as in the sheep, any delay in CNS

maturation probably is minimal ir uiero, since very early |

postnutal treatment minimizes mental retardation. Thus early
diagnosis and treatment of hypothyroidism is necessary and
consideration of the possibility of newborn screening would
seem appropriate.

It is well known that the athyrotic human fetus at birth
shows no evidence of somatic growth retardation, although
osseous development may be retarded (2). In addition, it has
been established in a number of species, including man, that
piacental transfer of iodothyronines is minimal (11, 12, 17,
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19, 23). Therefore, it is possible that thyroid hormones are not
necessary for normal fetal somatic growth. The clfect of
intrauterine hypothyroidism on CNS growth and maturation
also is not entirely clear. Thus we have conducted studies of
body and organ growth and thyroid hormone kinetics in the
fetal sheep after thyroidectomy. The kinetic studies, described
elsewhere (14}, indicated that fetal serum levels of both
thyroxine (T4) and trilodothyronine (Ty3) are unmeasurable
soon after felzl thyroidectomy and thal the athyrotic fetus
receives minimal quantities of maternal thyroid hormonces
across the placenta. The present report includes data regarding
the effccts of fetal thyroidectomy on somatic and organ
growth, on RNA, DNA, and protein concentration of various
organs, and on brain lipid concentration and composition.

MATERIALS AND METHODS

Columbia and Columbia Suifolk dale-bred ewes, 1 4 years
old, were obtained from a locul source, maintained at
environmental temperatures of 57—8501"', and given [ree access
to alfalfa and water. Under spinal anesthesia through a flank
incision uterotomy was performed on five ewes of 90 110
days gestation. Four of these were carrying singleton fetuses;
one was carrving a twin felus. No more than three cotyledons
were lost al the time of surgery. The [clal neck was isolated,
cxposed, and thyroideciomy performed. Four animals had
repeat ulerolomies performed 235-30 days post-thyroidec-
tomy for catheter placement. Maternal and fetal blood
oxygenation and pH were monilored during surgery and
remained normal. All ewes were feeding within 2 hours of
comptleiion of surgery and maintained their weight and general
health postoperatively. Between 119 and 140 days gesiation
{19—43 days post-thyroidectomy) the five animals were killed
and an autopsy performed on each fetus. After weighing cach
organ, the tissue was quick-frozen and stored at 4% Body
and organ weighls of selected organs were plotted against
normal values derived from 60 ovine fetuses, the gestational
ages of which ranged from 90 to 150 days and on which
surgical procedures had been performed for various reasons
(31} none was performed for the purpose of inducing
intrauterine growth relardation. The RNA, DNA, and protein
concenlration of muscle, liver, spleen, kidney, heart, cere-
brum, cerebellum, thymus, and lung lissue of the thyroidec-
tomized fotuses were compared with similar data obtained
from cight control singleton fetuses which were maiched for
gestational age (23 days) and sex al the time of killing. The
weight of the control fetuses fell within the 1 SD range for age
of the larger group of 60 normal fetuses. Roentgenograms of
all four extremities were taken soon after killing and compared
wilh films obiained from control fetuses of similar gestational
age. Tissue prolein was determined by the method of Lowry ef
al {28), DNA by the method of Burton (7), and RNA by Lhe
meihod of Webb (39). Serum T, and T3 concentrations were
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measured by radioimmunoassay (RIA) methods developed in
our laboratories (9, 10). Serum thyroid-stimulating hormonc
(TSH) was measured in a heterologous RIA using a bovine
TSH aniiserum, labeled bovine TSH, and an ovine TSH
standard (NIH-§6). The method is similar {0 that of Relchlin
et al. (34).

Cerebral and cerebellar lipids were exiracied wilth 20
volumes chloroform-methanol (2/1, v/¥v). The extract was
washed with 0.2 volume water and the organic phase
evaporaled to dryness. Total lipid content was delermuined
gravimetrically on aliquots using a Kahn microbalince, The
dried lipids were taken up in chloroform and separated into
their major classes by thin layer chromatography using
chloroform-methanolwater (65/25/4, viv/v) as the developing
solvent. Total lipid phosphorus was determined by the method
of Bartlett (6} and cholesterol by the method of Friede and
Hu {18). Cerebrosides and sulfatides, as separated by thin laver
chromatography, were quantitated by their hexose content as
described in a previous publication {153).

Cercbroside fatly acid methyl esters were obtained by
methanolysis of cerebrosides in dry hydrochloric acid as

Table 1. Gestational age, body weight, serum thyroxine, and serum TSH concentrations in thyroidectomized fetuses"
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described by Siein ef @l {36). The fatty acid methyl esters
were assayved by gas-liquid chromatography using a Barber
Coleman 5001 gas chromatography apparatus and a column of
acid-washed Chromosorb W (80—100 mesh) as support and
15% diethylene glycol succmalc, as stationary phase. The
column was operated at 200° and 15 pounds argon pressure.
Known faity acid standards werc analyzed simultancously.

RESULTS

Table 1 lists the estimated gestational age at the time of
thyroidectomy and estimated gestational age, fetal weight, and
feial serum T, and Ty concentrations at autopsy 15—43 days
after thyroidectomy. There was a fall in serum T4 levels from
a mean of 12 pg/100 ml at the time of thyroidectomy to a
mean of less than 0.7 pg/100 mi at the time of autopsy. Scrum
T; levels were unmeasurable before and after thyroideciomy.
Serum TSH conceniraiions rose from control values of less
than 10 pU/ml to values of 300 to 1500 uU/m! al the time of
killing, There was no remaining thyroid tissue in any fetus at
autopsy by gross inspection.

At time of killing

Listimated gestational

age at thyroidectomy, Geslational Weizht, T, conc. Serum T, conc. TSH cone,
Shecp days age, days ke Mg f100 m1 ng /100 ml pUfrml*
T4 100 119 1.48 <0.7 <18 300
T-i4 7 130 1.53 <07 <18 475
T-ig 90 133 1.96 <07 <18 1500
T.20 95 138 2.58 <0.7 <18
F-21 110 140 2.45 <7 <18 540
YT, : thyroxine; T, : triiodothyronine; TS thyroid-stimulating hormone.
?Normal range 4.5-12 ug/100 ml.
*Normal range < 20 pU/ml.
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IFig. 1. Body weights and lung weights of the 5 thyroidectomized
fetuses plotted persus (he welght range of 60 normal fotuses of 90-150
davs gestation. Shaded areg: normal range (2 SD). Number below each
KR of days from thyroidectomy to autopsy of the
experimental animals.
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Fig. 2. Liver and kidney weights of the 5 thyroidectomized fetuses
plotted versus the weighl range of 60 normal feiuses of 90—150 days
gestation. Shaded area: notmal range (12 SD).



THYROIDECTOMIZED OVINE FETUS

Figures 1, 2, and 3 show Lhe body weights, lung weights,
liver weights, kidney weighis, brain weights, and heart weights
of the thyroidectomized feluses plotted relative to the 2 SD
range of the 60 normal fetuses of 90 150 days gestation {31).
The thyroidectomized fetuses lacked normal wool develop-
ment, striated muscle seemed friable at autopsy, and there was
a paucity of subcutaneous fat. All fetuses iended to be small;
however, the body weights of two [ell into the low normal
range. All organ weights were within the normal range except
for the lungs.

Table 2 presents the wel weight, RNA and DNA content,
protein to DNA raljo, and prolein concentration data for
various organs ol the five thyroidectomized and eight control
fetuses. The lungs were the only organs whose mean weight
fell outside the normal range; however, muscle mass was not
weighed. The RNA concentrations of respective tissues were
simitar in thyroidcctomized and control feiuses. The mean
DNA concentration was reduced only in muscle of the
thyroidectomized amimals, Mean protein concentrations were
reduced in cercbelium, heart, lung, thymus, and muscle tissues
of thyroidectomized as comtrasied with control fetuses. The
mean protein to DNA ratio was significantly reduced only in
lung tissue of thyroidectomized fetuses.

Carcass weights were calculated by subtracting the organ
weights from total body weight and assuming that relative
intestine weights were similar in the fetuses studied. The mean
calculated carcass weight was significantly less in the thyroid-
ectomized fetuses than in controls {1.76 kg £ 0.22 versus 2.50
kg £ 0.33, P <C 0.05). Mean measured body !engths and the
mean forcfoot and hindfoot lengths were similar in thyroidec-
tomized and control fetuses.

Figure 4 shows represcntative x-rays of the extremities from
a thyroidectomized fetus (A) for comparison wilh similar
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x-rays from the control enthyroid twin (4). The extremity

x-rays of the thyroidectomized fetuses consistently showed a
detay in the time of appearancc of epiphyseal centers, a
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Fig. 3. Brain and hcart weights of the § thyroideclomized fetuses
ploited versus the weight range of 60 normal fetuses of 20 150 days
gestation. Shaded areq: normal range (2 8.

Table 2. Wet weights, RNA, DNA, and protein concentrations of selected organs or Hssues of thyroidectomized oving fetuses

and conlrol fetuses matched for sex and gestational age’

Wet weight, g RNA, mg/fg

Cerebellum

Tx 4.7+ 0.9 29104

C 4.2+0.35 31209
Cerebrum

Tx 3n3+ 44 3.8+ 0.8

C 394+ 30 3.0+ 05
leart

Tx 1784 20 T8+ 04

C 20.1:49 66109
Kidnevs

Tx 2251 4.6 4306

C 2R+ 25 4.6 0.6
Liver

Tx 101.0+ 16.0 8.3+14

C 11203170 84+ 1.6
Lung

Tx 48.0+ 407 69 1.6

c 98.0x 14.0 5604
Splecn

Tx 5311006 10,7+ 3.6

C 66114 56+1.1
Thymus

T 8.1%1.0 T8 1.2

C a6t22 7.8 0.7
Musecle

Tx 48+03

C 53104

DNA, mg/fg Protein, mgfg Protein/DNA

10,124 123 =132 129+ 4.7
O+ 21 189 + 20 17.2+ 2.2

21+ 0.2 148 1 20 754+ 151

4.2k 2.5 168+ 27 47.7 + 14.2
10.2 + 6.8 276« 207 275+ 2.2
107 £ 1.3 365 + 30 32.8+29
174 + 2.0 260+ 39 15.9+ 3.1
165+ 1.8 234+ 14 149+ 23
166+ 10 303 % 50 18.2+ 3.6
127119 368 L 50 3.7 7.7
336 +6.1 182+ 112 6.1+ 1.0
2431 5] 260 + 29 125+ 28
26022 435 £ 50 123+ 1.2
28.0=4.0 406 + 30 160+ 2.2
509+ 18.5 176 + 247 4.4+ 272
584+ 143 282113 58+24
115.0 = 8.0° 320 £ 337 28204
538 + §1 2.6 0.7

2480+ 41.0

' Values recorded as mean and SEM; I'x: thyroidectomized animals (n = 5): C:

I Significant at £ < 0.05 level.

control.
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decrease in the size of the limb epiphyseal centers, and a  sulfatides in cerebrum and cerebellum of the thyroidectomized
sclerotic appearance of the long bones. and control fetuses. The cerebral {otal ipid concentration was

Table 3 compares the total lipid concentration and the significantly decreased in the thyroidectomized fetuses (4.04 £
concentration of phospholipids, cholesterol, cerebrosides, and  0.19 versus 3.32 + 0.22, P < 0.05); however, there was no

Flg. 4. Koenigenograins of the cxiremities of a controf curhyroid fctus (4) (eft) and its thyroidectomized twin (8} (right). The limb epiphyseal
centers are decreased in size and the long bones have a sclerolic appearance in the thyroidectomized fetus.

Table 3. Lipid analysis of cerebral and cerebellur tissue of thyroidectomized and control ovine fezusesl

Cerebrum Cerebellum
Total Phaspho- Choles-  Cerebro- Sulfa- Total Phospho- Choles- Cerebro- Sulfa-
lipids, lipids, terol, sides, tides, lipids, lipids, Lerol, sides, lides,
Twet wi %T.L. %T.L. %71 L. %L, %wet wt 1.1 %T.L. %T.L. %T.L.
Control (n= T}
Mean 4.04 62.9 17.5 2.17 2.03 5.87 61.3 22.3 1.14 0.43
SEM 0.19 1.32 1.38 0.11 0.12 0.26 1.0 1.1 0.07 0.06
Thyroidectomized
(n =5}
Mean 3.327 62.6 19.5 2.32 2.14 5.04 61.9 24.2 1,24 0.52
SEM (122 1.95 1.18 0.29 019 .30 3.1 2.1 0.17 0.08

L96T.L.: percentage of total lipids.
2 Values significanily different, P < 0.03.
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Table 4, Cerebroside fatty acids from cerebetiar tissue of thyroidectomized anrd controf ovine fefuses
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Fatty acid type'

16:0) 16:1 18:07 18:1° 20:0 22:0 246 24:1

Cantral {(# =7}

Mean 138 2.9 18.8 5.8 2.7 15.9 228 7.

SEM 1.4 0.4 1.1 0.6 .3 L0 1.5 1.1
Thyroidectomized

{n =23}
Mean 14.5 3.2 2.3 9.3 2.9 149 20.0 12.8
SEM 1.9 0.9 1.2

1.0 0.3 1.8 1.6 1.9

'Valucs recorded as percentage of Lotal fatty acids.
*Values significantly different, £ < 0.03.
*Yalues significantly different, £ < (L0

significant difference between lhe two groups in ihe propor-
tions of the individual lipid {ractions. The total lipid content
also was reduced, although net significantly, in cerebellar
tissue of the thyroidectomized fefuses; again the proporlions
of the individual lipid components were similar in both groups,

‘Table 4 lists the fatly acid composition of cerebrosides in
cerebellar tissue of thyroidectomized and control fetuses. The
percentage of C;y fatty acids (stearic acid, 18:0, and oleic
acid, 18:1) was significantly elevated in the thyroidectomized
compared with the control fetuses; the percenlage of Cyq
fatty acids (lignoceric acid, 24:0; and nervonic acid, 24:1) was
lower in the athyrotic than in the control fetuses, bul the
difference was not significant (P = 0.0Y}.

DISCUSSION

After thyroidectomy, the ovine fetus rapidly becomes
hvpothyroid as evidenced by unmeasurable serum T4 and Ts
levels 5 days after thyroidectomy (0.7 pg/100 ml and <18
ng/100 ml, respectively) and elevated serum TSH concentra-
tions (300- 1,500 xU/ml) 1 month after thyroidectomy (14}
Calculated net transfer of maternal thyroid hormones across
the placents amounted Lo only ghout 7% of the daily fetal
iodothyronine turnover measured in the normal fetus (14). In
similar studics Hopkins and Thorburn {24} aiso found very low
levels of serum T, in the thyroidectomized ovine fetus, and
also have concluded that the ovine ptacenta is essentially
impermeable Lo maternal Ty (23).

All of the thyroideclomized fetuses were at or below the
3rd percentile for weight. Although gither onc or lwo ncisions
were made into the uterus al the time ol uterotomy, no more
than 3 of the 40 -50 cotyledons normally present were lost
during surgery and the loss of amniotic fluid was minimal.
Thus placental blood flow and substrate supply to the fetus
probably were not seriously affected, but measurements of
these paramcters were not conducted. In addition, all organ
weights, excepl for the lungs, were similar in the thyrodec-
tomized and control animals. The major reduction in weight
was in the carcass, presumably including both muscle and
bonc. However, since we did not measure hone and muscle
weights separalely, it is mnol entirely clear whether the
reduction in growth affecled muscle or bone preferentially or
whether both bone and muscle weights were reduced.

Both DNA and protein concentrations were reduced
significantly in muscle tissue from the thyroidectomized
fetuses and the protein to DNA ratio was normal (Table 2),
These ohservations could be explained either by a decreased
number of muscle cells, by an increased volume of muscle ccll
water, or hath. Inasmuch as other tissues from the thyroidec
tomized fetuses demonsirated decreased protein in associalion
with normal total DNA concenirations and RNA concentra-

tiong woere normal in all tissues, it is unlikely that the iotal
body water was increased in the thyroidectomized fetuses.
Decreased protein concentration has been ohscrved in muscle
tissue of human cretins in association with a reduction in
number of muscle cells (8).

All other measured tissucs of the thyroidectomized fetuses
had DNA concenirations similar to conirol animals, which
indicates that cell number was normal for age in these tissues.
However, the protein concentration was reduced in several
tissues, including cerebellum, heart, lung, thymus, and muscle
of the ihyroidectomized feluses (Table 2). Although the
protein to DNA ratio was reduced significantly only in the
lung, the data suggest that cell size was reduced somewhat in
all of these (issues. The marked reductions in weight. profein
concentration, and protein to IINA ratio in lung tissuc of the
thyroideclomized fetuses suggest that growth of the ovine
fetal lung is dependent on lodothyronines during the last
trimester of gestation. Two recent reports have suggested that
thyroxine may increase lung surfactant activity in rats and
rabbits near term {33, 40), but surfactanl activily was not
investigated in the present study.

The present results are in agreement with data of Ligzing
and Kennedy (27) who noted a reduction in birth weight of
ovine fetuses with elecirocoagulated pituitary glands. Growth
deficiency in such fetuses was most marked when the
operalion was performed early in pregnanecy. The thyroid
glands of these fetuses were smaller than those of controt twin
or lriplet fetuses, but the extent of impairment of thyroid
hormone and growth hormone secretions was not clear,
Growth retardation also has heen reported by Kerr e wl (23)
in thesus monkey feluses made hypothyroid by P3ly
injections to the mother near midgestation. The skin changes
in our fotuses were similar to those of Hopkins and Thorburn
(24), who reported that thyroidectomy of the ovine fetus
during the last trimester significantily impairs wool growth.

It is well known that iodothyronines are nccessary for
normmal maturation of the CNS {3, 13, 22, 30, 35, 37). In the
present study cerebral and cerebollar weights were similar in
athyrotic and control animals, as were cerebral and cerebellar
DNA concenirations. However, the protein concentration of
cerebellar tissuc in Lhe athyrotic fetuses was reduced. There
was a lendency 1o reduction in protein concentration in
cerchral tissue as well, but this was not slatistically significant.
Thus brain weights and brain cell numbers were statistically
normal in the thyroldectomized fetuses although there was the
suggestion of a decrease in cerchellar cell size. Moreover, the
reduction in tolal lipid concentration of cerebral tissue and the
incresse in cerehellar C,g fatty acids associated with the
tendency to decreased longer chain (C;4) fatty acids suggests
that cerebellar myelinalion was significantly impaired in the
hypothyroid feluses.
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Barlow (4} has outlined in great detail the morphogenesis of
the fetal ovine nervous system, dividing development into
seven stages, with each region of the central nervous system
having its own time table of development. In the cerebrum cell
proliferation and differentiation begins beiween 40 and 70
days gestation and in the cerebellum belween 47 and 80 days.
Lipid importation, myelination, and maturation of myelin
normally begin at about 70, 100, and 140 days, respectively,
in the cerebellum (4). The observation in the present study of
a slight reduction in cerebellar cell size, brain 1otal lipid, and
cerebellar myelination is consistent with the fact that fetal
hypothyreidista  was induced during the last {rimester,
Inasmuch as the ovine fetal thyroid begins to funciion at
about 50 days gestation (5) and the fetuses were presumahly
euthyroid between 50 and 90-110 days, the extent of
thyroxine dependence of early ovine fetal brain development
is not clear. However, the present data are in generyl
agreement with an earlier reporl of Grippo and Menkes (21)
which showed that fatiy acid elongation was reduced in rats
made hypothyroid at birth. These authors suggested that
iodothyronines may stimulate the brain microsomal-fatty acid
elongation system involved in the synthesis of saturated fatiy
acids characteristic for myelin 1ipids. Other studies in the
hypothyroid necnatal raf also have demonstrated a decreased
synthesis of myelin lipids (38).

lodothyronines appear to stimulaic protein synthesis in
immature brain through an effeet on RNA metabolism,
Sokoloff (35}, who siudied the effccts of thyroxine on infant
rat brain mitochondria, suggested that the hormone produces a
subsltance which enhances the transfer of soluble RNA-hound
amine acid inlo microsomal protein. Gomez and coworkers
(20) have shown that in a 10-day-old hypothryoid rat there i3
a depression of nuclear “rapidly labeled” and microsomal
RNA in the brain; these resulls were assumed to be caused by
altered (ransport of ribosomal RNA from the nucleus to
microsomes. Recent data of Muzzo and Brasel (29), which
indicates that thyroxine deficiency does not prevent but only
delays cell growth and replication in newborn rat brain, may
explain why some of these cffects arc revetsible with therapy,
In the human infant Klein ef a/. (26} have recently shown Lhat
very early treatment of hypothyroidism will minimize the
degree of mental retardation.

Finaliy, the present study confirms that the feta! skeletal
system is quite sensitive to iodothyronine deficiency during
the last trimester of gestalion. Thyroid hormone deficiency
during this time results in delayed ossification of limb
epiphyseal centers. Studies in hypothyroid fetal monkeys (25}
and fetal sheep {24) have shown similar resuits. The
mechanism for (his delay is not entirely clear; it might be
secondary, in part, to the relative decrease in body weight
(19). Since all of the fetal ovine parathyroid glands are not
located within the thyroid eland, the fetal thyroidectomy
should neot produce parathyroid hormone deficiency. A
deficiency of thyrocalcitonin might be expected (32), but the
role of this hormone in Lhe fetus has nol been studied. Because
thyrocalcitonin does not cross the placenta (1) and fetal
plasma levels of calcium and phosphorus were identical and
greater than maternal levels in both athyrolic and suthyroid
annmals studied by Hopking and Thorburn (24}, it is doubtfut
that thyrocalcitonin plays a significant role in the skeletal
changes seen in the athyrotic fetus. It is possible that growth
hermone deficiency might impair fetal skeletal maturation and
linear bone growth; however, growth hormone levels in
athyrotic ovine fetuses have been shown lo exceed values
found in euthyroid controls {119 rersus 60 ng/ml) {24).

SUMMARY

Five ovine fetuses were thyroidectomized at 90—110 days
gestation. Within 1 weck post-thyroidectomy, serum T4
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concenlrations had fallen to <{0.7 pg/100 ml. Nineteen to 43
days post-thyroidectomy, the animals were killed and an
autopsy performed. Mean body weight and lung welght were
reduced significantly in the thyroidectomized fetuses, as
conirasted with control animals. Mean DNA concenitaiion was
lower in muscle; the mean DNA to protein ratio was lower in
lung, and the mean protein concentration was decressed in
cerebellar, heart, Iung, thymus, and muscle tissucs of
hypothyroid fetuses. The mean total lipid concentration was
reduced in the cerebrum, and 4 cerebellar cerebroside fatty
acids were relatively increased in the thyroideclomized fetuses.
Finally, long bone epiphyseal centers were smaller and
decreased in number in the athyrolic fetuses and the long
hones had a sclerctic appearance.

These results suggest that thyroid hormone deficiency,
present during the last trimester of intrauterine development
of the ovine fotus, impairs carcass growlh {(probably by
inhibiting cell replication), delays bone and skin maturation,
inhibils growth in cell size in heart, lung, thymus, and cerebral
tissues, and delays CNS myelination.
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Extract

Using a fluorescent method based on the ability of the
thrombin and calciwn-activaied fibrin-stabilizing factor {factor
XHI)} to incorporate dansyl cadaverine into casein, measure-
ments were made in plasma samples from 52 healthy neonates
and 25 fetuses between the 17th and 24th gestational weeks.
Foriy healthy adults and 63 samples from pregnant women
were used as controls, The measured values ranged from 3 to
21 units/ml of plasma for neonates and 1 to 14 for fetuses,
compared with 7 to 42 for the adult normal and 3 to 15 for
the pregnant women populations.

Speculation

It is conceivable that the relatively low fibrin-stabilizing
factor activity during fetal life and immediately after birth,
corresponding, respectively, to mean values of about 0.25 and

0.5 of that found in normal adults, may afford some safeguard
against lasting coagulation damage.

In recent years much interest has been focused on
fibrin-stabilizing factor (FSF or fector XII), the plasma
zymogen of the transamidating enzyme responsible for the
covalent crosslinking of fibrin molecules during clotting. s
chemical properties (for review see Reference 8) and variations
of the plasma levels of the factor in different pathologic
conditions have been the subject of several studies (e.g., 11,
13, 18, 19, 22). For newborn infants, some authors reported
low wvalues (1, 3, 7, 23), whereas others have found normal
adult levels (6, 14, 17, 21, 24). However, all of these
investigations were carried out with bioassays, such as
differential clot solubilities, which from the quantitative point
of view arc of questionable reliability.
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