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BENJAMINSEN, EDVARD: Plasma thyroxine in the sow during
pregnancy and lactation and during resumption of ovarian activity
after weaning. Acta vet. scand. 1981, 22, 369—381. — Total thyroxine
in plasma was studied during pregnancy, lactation and during the
post weaning period. The ovarian activity was monitored by pro-
gesterone determinations, and oestrous symptoms were recorded. In
the two sows studied during pregnancy there was a distinct decrease
in total thyroxine values in the Iast month of pregnancy, reaching a
minimum about the time of farrowing. Total thyroxine values stayed
low during lactation, but from about the time of weaning and during
the following two weeks the concentrations increased rapidly. There
was no difference in the thyroxine pattern in sows resuming ovarian
activity within normal time (10 days) after weaning (72 sows) com-
pared with sows with delayed resumption of ovarian activity (19
sows). The thyroxine level after weaning did not differ between sows
with “silent heat” and sows with overt oestrus. Primiparous and

luriparous sows had also similar thyroxine values after weaning.
gows weaned in January—June had a little higher thyroxine concen-
trations after weaning than sows weaned in July—December. There
was a significant negative correlation between number of suckling
piglets and thyroxine concentrations before weaning. Free thyroxine
Index was calculated in some selected samples. The results suggested
that the changes observed in total thyroxine reflect changes in the
free thyroxine concentrations.

thyroxine; sow; pregnancy; lactation; post
weaning; reproduction.

Normal thyroid function is considered to be necessary for
optimal reproduction. In women hypothyroidism is reported to
be related to failure of ovulation and to increased abortion rate
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(Potter 1980). In the cow, Lennon & Mixner (1959) found nega-
tive correlations between PBI values and interval from first
breeding to conception and services per conception. “Silent heat”
has also been associated with thyroidectomy or hypothyroidism
in the cow (Wilson 1975).

There is little information about the relationship between
thyroid function and reproduction in the sow, and information
about thyroid activity during the reproductive cycle is also
limited (Mglmen 1972, Atinmo et al. 1978, Brenner et al. 1980).

In the present work the thyroid activity was studied in
pregnant and in lactating sows and in sows after weaning. It
was of special interest to study the relationship between the
thyroid function and the ability to resume oestrous activity after
weaning.

MATERIALS AND METHODS

Total plasma thyroxine levels (TT,) during pregnancy and
lactation were studied in four sows. Two sows were blood
sampled, usually once a week, during the last two months of
pregnancy and during the first three weeks after farrowing. In
these sows farrowing was induced by 10 mg prostaglandin F,,
(Dinolytic® “Upjohn”) on day 113. The other two sows were
blood sampled twice a week, from a few days after farrowing
until approximately two weeks after weaning.

TT, levels in plasma during the post weaning period were
studied in 92 sows. In a few sows (11) the first sample was taken
in the second week before weaning, but in the majority of sows
the first sample was taken in the last week before weaning and
then weekly, usually until assumed pregnancy.

All sows used were of the Norwegian landrace breed. Feeding
and management were of accepted animal husbandry standards.
In addition to the naturally occurring iodine in the feed compo-
nents, 1.4 mg iodine per kg feedstuff was added. The sows were
weaned about six weeks after parturition.

For blood sampling the animals were restrained by a snout
rope, and V. jugularis was punctured using heparinized Vacu-
tainers® (Becton, Dickinson, New Jersey, USA) (Benjaminsen &
Karlberg 1979). The samples were centrifuged and the plasma
stored at —20°C until analyzed.

Plasma thyroxine was determined by a RIA as described by
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Larsen et al. (1973), with the modifications introduced by An-
dresen et al. (1980). The values are given in nmol/l1 (nmol/l1 =
pg/100 ml X 12.9). The properties of the antiserum have been
described (Kruse 1976). The intra-assay coefficient of variation
for three samples containing 23, 36 and 62 nmol/l, analyzed with
10 parallels were 7.4 %, 6.7 % and 5.9 %, respectively. The
inter-assay variation for three samples containing 24, 45 and 71
nmol/l, analyzed in duplicates on 10 different days were found
to be 11.5 %, 11.2 % and 8.8 %, respectively.

In the two sows sampled through the whole lactation period,
and in 22 samples containing high or low TT,, the thyroid hor-
mone uptake test (T,U) was performed. For this analysis the T,
Uptake Diagnostic Kit (Nuclear Medical Laboratories) was used,
and free thyroxine index (FTI) was calculated as the product
of the T,U and the TT, values.

In order to monitor the ovarian function plasma progesterone
was measured in all sows by RIA as previously described (Ben-
jaminsen & Karlberg 1981). Post weaning oestrus was recorded
by the stockman. The progesterone profiles were compared with
the time for observed oestrus and in cases with “silent heat” the
approximate time for ovulation was determined according to the
progesterone profiles.

RESULTS

Fig. 1 shows TT, in plasma in the last two months of preg-
nancy and during early lactation in two sows. The concentrations
decreased distinctly from about one month before farrowing and
reached a minimum about the time of delivery. The values stayed
low during the lactation period (Fig. 2). From about the time
of weaning and during the following 10 days the thyroxine values
increased to levels usually found in early pregnancy or in non-
pregnant/nonlactating sows.

TT, in the post weaning period of 92 sows is shown in Fig. 3.
The rise of TT, after weaning was marked and reached a maxi-
mum usually in the second week after weaning. Mean TT, (+s)
in the last week before weaning was 23.5 = 7.3 nmol/1 while the
concentration in the second week after weaning was 50.0 = 12.2
nmol/1.

FTI was closely correlated to TT, (Fig. 2). Regression ana-
lysis of the FTI and TT, values gave the equation y = 1.2 x —
0.2 (r = 0.99, n = 54).
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Figure 1. Total plasma thyroxine in 2 sows during second half of
gestation and during the first 3 weeks of lactation. Arrow indicates
parturition.

Of the 92 sows that were observed through the post weaning
period, 19 sows had delayed resumption of ovarian activity as
indicated by progesterone levels in plasma. The mean weaning-
to-ovulation period in these sows was 30—35 days (range: 12 to
55 days), while 72 sows resumed ovarian activity within 10 days
post weaning (one sow ovulated before weaning). The TT, profile
in the normal and in the delayed group is illustrated in Fig. 4.
There was no difference between TT, levels in the two groups.

In a few cases the post weaning TT, increase did not occur
or was delayed. This was seen both in sows with early as well
as in sows with delayed resumption of ovarian activity after
weaning. There were also a few cases with high pre weaning
TT, levels.

Of the 72 sows that resumed ovarian activity at normal time
after weaning, 43 showed overt oestrus in connection with the
first ovulation, while in 26 sows oestrus was not detected (three
sows excluded because of uncertain oestrus detection). The mean
TT, values in these two groups are shown in Fig. 5. The TT,
profiles were not significantly different.
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Figure 3. Total plasma thyroxine (mean *s) before and after

weaning in 92 sows. (Only 11 observations in week — 2).
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Figure 4. Total plasma thyroxine (mean =+ s) in sows with normal

weaning-to-ovulation period (i B, n = 72) and in sows with de-
layed resumption of ovarian activity after weaning (O ——— O, n=19).
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Figure 5. Total plasma thyroxine (mean +s) in sows with overt

oestrus ([ B, n = 43) and in sows with “silent heat” (O —— O,
n= 26).
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Figure 6. Total plasma thyroxine (mean *s) in sows weaned in

January—June (ll—— W

, n =52) and in sows weaned in July—
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Mean TT, values in the post weaning period in sows weaned
in January—June and in sows weaned in July—December are
shown in Fig. 6. Sows weaned in the first half of the year had
a little higher TT, concentrations than sows weaned in the second
half of the year.

The values of TT, after weaning in primiparous sows were
not different from those found in pluriparous sows.

There was a significant negative correlation between number
of suckling piglets and TT, concentrations before weaning (P <
0.01, r = —0.6).

DISCUSSION

The TT, values found during pregnancy and later than two
weeks after weaning, are in good agreement with values pre-
viously reported in swine (Sutherland & Irvine 1973, Bakke &
Tveit 1977, Atinmo et al. 1978).

The TT, values are highly influenced by the concentration
of thyroxine binding globulin (TBG). To measure free T, is
therefore a better method in evaluating the thyroid status. The
FTI is an indirect estimate of free T,, and in the human clinic
it has proved to be satisfactory (Visscher & Burger 1980). In the
present study a change in TT, was accompanied by a similar
change in FTI. This indicates that the changes in TT, found
reflect changes in the free T, concentrations. However, the use-
fulness of this test in swine has not been thoroughly investigated
(Kallfelz & Erali 1973).

The observed decrease in TT, in late pregnancy is consistent
with previous reports. Nachreiner & Ginther (1972 a,b) found
considerably lower values three months after conception and
around parturition than earlier in the gestation period. Atinmo
et al. reported a decrease in serum thyroxine levels after 10 weeks
of gestation. Brenner et al. (1980) also found low TT, values
(about 13 nmol/1) in the last three days before farrowing, but
higher values (about 38 nmol/l1) shortly afterwards. Mglmen
(1972), however, did not find any alterations in PBI values
during pregnancy. In dairy cows the TT, concentrations are
reported to be lowest in the late stage of gestation (Shoda & Ishii
1976).

Oestrogens are known to induce a rise in TBG production.
In pregnant women the TT, levels therefore are increased (Gers-
hengorn et al. 1980). Also in the sow the plasma concentrations
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of oestrogens are increased during pregnancy (Roberison & King
1974). The decreasing TT, values observed during pregnancy
could indicate that oestrogens do not lead to increased TBG pro-
duction in sows.

One explanation for the low thyroxine values observed in
the last part of pregnancy and during lactation could be iodine
deficiency. Increased iodine loss during pregnancy could be due
to increased renal excretion (Crooks et al. 1967) and placental
transfer. In the lactation period iodine is probably lost with the
milk. The iodine concentration in sow milk appears to be un-
known, but in many other species milk is relatively rich in iodine
(Miller et al. 1975). The correlation between TT, before weaning
and number of suckling piglets supports this view. However, the
rich iodine supply, probably more than 10 times the requirement
(Cunha 1977), rather suggests that the observed changes in TT,
concentrations are caused by physiological mechanisms acting
during pregnancy and lactation.

The increase in TT, after weaning indicates that lactation in
some way influences thyroid function. In the sow there is little
ovarian activity during lactation. The LH concentrations in
plasma are low with absence of the pulsatile LH secretion pat-
tern (Parvizi et al. 1976). This could be caused by the high pro-
lactin levels during lactation, but it could also be a direct effect
of the suckling stimulus (Isherwood & Cross 1980). It is thus
not unlikely that lactation also has an effect on TRH and TSH,
and that the intensity of the suckling stimulus (number of suck-
ling piglets) could modulate this mechanism. The decreasing TT,
values observed in the last stage of pregnancy could also be
caused by a depressed hypothalamic/hypophyseal activity. A
decrease in plasma LH concentrations have been found in the
last days of pregnancy (Parvizi et al.). Recently it has been
shown that dopamine, which controls the prolactin release and
to some extent effects LH secretion (Porter et al. 1980), also is
implicated in the control of TSH secretion (Scanlon et al. 1980).

It has been shown in pigs that when feed intake is increased
the metabolic rate and the utilization of T, is also increased
(Ingram & Dauncey 1980). In the sows studied, feed consumption
increased in the last three weeks of pregnancy, and during lacta-
tion the feed consumption was more than doubled compared
with the consumption in the post weaning period and in early
pregnancy. An effect of high feed intake on the thyroxine utili-
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zation could contribute to the low TT, values observed in late
pregnancy and during lactation in the present study.

Fig. 4 shows that TT, increased in the same way in sows
with delayed resumption of ovarian activity after weaning as
in sows with normal ovarian activity. In general there seems to
be a connection between thyroid activity and ovarian function.
In rabbits, thyroidectomy restricts the ability of the ovaries to
ovulate after mating (Thorsge 1962). A relationship between
hypothyroidism and failure of ovulation has also been demon-
strated in women (Potter 1980). The present study suggests that
low plasma thyroxine is not related to the prolonged ovarian
inactivity often seen in the post weaning sow.

There was no difference in the thyroxine pattern between
sows with “silent heat” and sows with overt oestrus (Fig. 5).
Loss of libido in bulls, rams and boars and suboestrus in cows
are reported to be associated with thyroidectomy or hypothy-
roidism (Wilson 1975). However, Andresen et al. (1980) could
not demonstrate any correlation between strength of heat and
plasma level of thyroxine in dairy cows.

The difference in thyroxine levels between sows weaned
during the autumn season and those weaned during the spring
season was small. A seasonal effect on return to oestrous cycle
has been demonstrated in the sow (Benjaminsen & Karlberg
1981), but it is not likely that the small difference in TT, values
observed between seasons has any direct connection with repro-
duction. The female wild pig in Europe is anoestrous in the late
summer and autumn months (Mauget 1978), and the diminished
thyroxine levels found in the sows weaned in the period July—
December probably reflect a reduced hypothalamic/hypophyseal
activity during the months of decreasing daylight length.
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SAMMENDRAG
Plasma thyroxin hos purke under drektighet, laktasjon og under
igangsettingen av ovarialfunksjonen etter avvenning.

Total thyroxin i plasma hos purke ble undersgkt under drektig-
het, laktasjon og i perioden etter avvenning. Purkenes ovarialaktivitet
ble undersgkt ved hjelp av progesteronmaélinger, og eventuelle brunst-
symptomer ble registrert. Hos de drektige purkene var det et tydelig
fall i thyroxinverdiene fra ca. en méaned fgr partus, og konsentra-
sjonene nidde et minimum omtrent ved partus. Thyroxinverdiene
var lave under laktasjonen, men fra avvenning og i de fglgende to
uker steg plasmakonsentrasjonene raskt. Det var ingen forskjell mel-
lom thyroxinprofilen hos purker som gjenopptok syklisk ovarialfunk-
sjon innen normal tid (10 dager) etter avvenning (72 purker) og
thyroxinprofilen hos purker med forsinket igangsetting av syklisk
ovarialfunksjon (19 purker). Purker med ,,stille brunst“ hadde samme
thyroxinmgnster etter avvenning som purker med tydelige brunsttegn.
Primipare og pluripare purker hadde heller ikke forskjell i thyroxin-
verdiene etter avvenning. Purker som ble avvent i tiden januar—juni
hadde litt hgyere thyroxinkonsentrasjoner etter avvenning enn purker
avvent i perioden juli—desember. Det var signifikant negativ korre-
lasjon mellom antall grisunger og thyroxinkonsentrasjonene fgr av-
venning. ,,Free thyroxine index“ ble beregnet i et utvalg av prgver.
Resultatet tyder p& at de observerte forandringer i totalthyroxin ogsé
indikerer forandringer i konsentrasjonen av fritt thyroxin.
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