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Abstract. Thymosin-34 (ThB4) concentrations in the peripheral circulation of pigs were
investigated during the first 30 days after weaning and after hypophyseal stalk transec-
tion of ovariectomized females. Significant increases in ThB4 were observed during the
day of weaning, during follicular development, and during early luteal formation. During
the first period of follicular development (Days 1 to 5 after weaning), ThB4 was uniformly
elevated for 3 days whereas during the second period of follicular development (days
21 to 25 after weaning), the increase in ThB4 was bimodal. This period of bimodal
secretion was closely associated with luteolysis. ThB4 concentrations were low during
the luteal phase when progesterone concentrations were at their greatest. In ovariec-
tomized pigs, ThB4 concentrations were not influenced acutely by a single intravenous
injection (2 ug) of luteinizing hormone-releasing hormone in control (hypophyseal stalk
intact) or hypophyseal stalk transected females. Both of these treatment groups re-
sponded to luteinizing hormone-releasing hormone with increased secretion of lutein-
izing hormone. These studies determined that ThB4 secretion changed dramatically
throughout the estrous cycle of pigs but failed to identify an acute association between
increased luteinizing hormone secretion and ThB4 in ovariectomized pigs. Our obser-
vations support the hypothesis that the thymus gland interacts with the hypothalamo-

pituitary-ovarian axis primarily through changes in secretion of ovarian steroids.
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enced by, and has influence on, the hypothalamo-

pituitary-gonadal axis (1, 2). Strich et al. (3) ob-
served that pituitaries and hypothalami of athymic
nude mice contained lower amounts of gonadotropins
and luteinizing hormone-releasing hormone (LHRH),
respectively, than those of heterozygous control mice.
Absence of the pituitary gland is associated with atrophy
of the thymus (4, 5) and results in impaired immune
function (6, 7). Thymosin fraction 5 is a thymic extract
that contains thymosin-ael (ThAl), thymosin-34
(ThB4), and other peptides. /»n vivo or in vitro infusion
of TF5 or ThB4 into the hypothalamus induces release
of LHRH and thereby stimulates release of luteinizing
hormone (LH) from the pituitary gland (8-10). Fur-

It is well established that the thymus gland is influ-
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thermore, gonadal steroids act upon the thymus and
modulate secretion of thymic peptides (1, 11). Hall er
al. (12) implicated pituitary hormones and neuropep-
tides as modulators of thymic secretions. More recently,
Dardenne et al. (13) reported that prolactin directly
stimulated thymic epithelial cells and Marchetti et al.
(14) observed specific binding of LHRH to thymic cells.
To date, there are little data on ThB4 concentrations
in swine, and no information is available on the secre-
tion of ThA1 and ThB4 in response to acute changes
in LHRH and LH concentrations. The potential for
the hypothalamus to influence thymic function is ap-
parent because hypothalamic extracts prepared from
young mice increase thymic activity in old mice (15).
In the present studies, we investigated changes in ThB4
during follicular growth after weaning and during the
next estrous cycle. In addition, effects of hypophyseal
stalk transections and LHRH injection on ThA1l and
ThB4 were monitored in ovariectomized females.
Ovariectomized animals were used to remove the vari-
ation in ovarian steroids that occurs during the estrous
cycle and the influence of this variation on thymic
secretions.
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Materials and Methods

Animals. For the first study, jugular catheters were
placed (16) in eight, first parity, Duroc sows (140 + 4
kg) 6 days before their litters were weaned on Day 28.8
+ 0.5 postpartum. Daily blood samples were obtained
each morning from five sows for 30 days after weaning.
From the other three sows, blood samples were obtained
at 0, 3, and 6 hr after weaning; then every 6 hr through
Day | (Day 0 = day of weaning): every 12 hr on Days
2, 3, and 4; every 6 hr on Days 5, 6, and 7 (expected
period of estrus); every 12 hr on Days 8 and 9; and
each morning on Days 10, 11, and 12 after weaning,.
Sows were monitored for estrus by daily exposure to a
sexually mature male on Days 1, 2, and 3, and by twice
daily male exposure on Days 4-7 and 24-28 after
weaning.

In the second study, sexually mature Yorkshire
gilts (108 + 4 kg) were ovariectomized 30 days before
assignment to treatment; unoperated control (N) or
hypophyseal stalk transection (HST). Jugular catheters
were inserted when treatment was imposed. Two days
later, LHRH (2 ug; Abbott Laboratories, North Chi-
cago, IL) was injected via the catheter, and blood sam-
ples were collected at 0, 5, 10, 20, and 30 min after
LHRH. On Day 9 after treatment, seven blood samples
were obtained at 15-min intervals before animals were
sacrificed for evaluation of prolactin and ThB4 concen-
trations. In addition, serum samples that were obtained
on Day 2 after surgical treatment in a previous experi-
ment (17, 18) were assayed for ThB4 concentrations.
There were two samples collected 4 hr apart from each
ovariectomized female; treatments were unoperated
controls, sham-operated controls, and HST, five fe-
males per treatment,

For HST a modification of the transfrontal su-
praorbital approach for visualization of the hypophys-
eal stalk, developed for hypophysectomy of pigs (19),
was used. A nylon disc (6.0 or 8.0 mm in diameter and
0.45-mm thickness) was inserted between severed ends
of the stalk to prevent vascular regeneration between
the hypothalamus and pituitary gland (20). Postmortem
examination of each HST gilt on Day 9 after surgery
revealed that the hypophyseal stalk had been com-
pletely severed. The nylon disc was in the proper loca-
tion and had prevented regeneration of the stalk.

Reagents and Hormone Analysis. Synthetic
ThA1 and ThB4 standards, tyrosin-modified synthetic
ThA1l and ThB4 analogues for iodination, and the
respective antibodies were purchased from Alpha |
Biochemical, Inc., Washington, DC. Antibody to por-
cine prolactin was purchased from Research Products
International, Mount Prospect, IL. Antibody to LH was
obtained from Dr. G. D. Niswender and LH for 10di-
nation was a gift from Dr. L. E. Reichert, Jr. (LER 786-
3). The porcine LH and prolactin reference prepara-
tions were obtained from NIH-USDA distribution pro-
gram. Antibodies to ThA1 and ThB4 were prepared
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and characterized for specificity by Dr. A. L. Goldstein
and colleagues (21, 22). LH, ThA1, ThB4, and prolactin
were analyzed by radioimmunoassay using double an-
tibody methods (21-23) and reported previously in our
laboratory (24-27). Progesterone concentrations were
determined by radioimmunoassay of heptane extracts
of plasma with antiprogesterone-11-bovine serum al-
bumin (Cambridge Medical, Billerica, MA). This assay
was validated by quantitative recovery of added proges-
terone from serum of ovariectomized gilts and by evi-
dence of parallelism between different volumes of gilt
plasma and progesterone standard. All samples from
each experiment were assayed for a specific hormone
within a single assay. Changes in hormone concentra-
tions after weaning were evaluated statistically by analy-
sis of variance. Student’s ¢ test was used for comparison
of treatment means and a paired ¢ test was used for
comparison of hormone concentrations before LHRH
treatment to those after LHRH treatment.

Results

ThB4 concentrations were elevated above 50 ng/
ml on Days 2-4 and on Days 9, 21, 23, 24, 28, and 29
after weaning (Fig. 1). Three of these periods were
associated with early follicular development and two
with the early luteal phase. First estrus was observed on
the evening of Day 4 in four of five sows and on Day 5
after weaning in the other; duration of estrus was 2.2 +
0.2 days. These sows were in estrus again on Day 24,
25, or 26. Progesterone concentrations were greater
than 1 ng/ml from Days 7 to 22 and after Day 28;
maximal progesterone concentrations were observed
during Days 15-19 after weaning. During the first
period of follicular development (Days 1-5), ThB4 was
elevated on 3 consecutive days whereas during the
second period of follicular development (Days 21-25)
the increase in ThB4 was bimodal in each sow. During
this second follicular phase, ThB4 concentrations were
more closely associated with luteolysis than with onset
of estrous behavior (Fig. 2). Sows had their first sub-
stantial increase in ThB4 after progesterone had de-
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Figure 1. Peripheral plasma concentrations of ThB4 in sows during
the first 30 days after their litters were weaned (n = 5). Values are
mean + SE. Periods when plasma progesterone concentrations were
greater than 1 ng/mi are indicated by the solid fine.
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Figure 2. Peripheral plasma concentrations of ThB4 and progester-
one during luteal regression and early follicular development (n = 5).
Arrows indicate first day of estrous behavior for each sow. Values
are mean + SE. Day 0 corresponds to Day 21 after weaning.
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Figure 3. Peripheral concentrations of ThB4 in individual sows during

the first 12 days after their litters were weaned. Early morning
samples are indicated by solid circles.

creased to below 15 ng/ml, then ThB4 decreased until
a second and greater rise occurred after progesterone
had decreased to below 2 ng/ml.

Observations in sows in which plasma samples
were assayed at more frequent intervals (Fig. 3) revealed
that ThB4 concentrations were elevated during Day O,
then decreased markedly. Female C differed from all
other sows because ThB4 was elevated at weaning.
During Day 1, ThB4 was elevated again and then
declined through Day 8. This decrease was interrupted
by periods of increased concentrations that were char-

acteristic of daily periods of secretory activity in two of
three females. ThB4 increased again on Day 9 or 10
followed by a decrease. These sows were in estrus on
the evening of Day 4. The pattern of change of ThB4
in early morning samples was similar to those observed
for the previous five sows (Fig. 1).

Figure 4 illustrates the patterns of hormone (LH,
ThA1, ThB4) concentrations in control and HST pigs
after LHRH injection (2 days after HST). Both control
and HST animals responded to LHRH injection by
releasing increased amounts of LH (P < 0.05). Concen-
trations of LH in HST animals, both pre- and post-
LHRH, were lower (P < 0.05) than in control animals.
Concentrations of neither ThAl nor ThB4 were
changed in response to LHRH injection in either treat-
ment group. Concentration of ThAl was similar in
control and HST animals, but HST females had higher
concentrations of ThB4 (P < 0.05) than controls. On
Day 9 after treatment, mean ThB4 concentrations in-
creased in control females to 668 £ 37 ng/ml and were
similar to concentrations in HST females (662 + 40
ng/ml). Prolactin concentrations were 7.8 + 0.3 and
9.1 £ 1.6 ng/ml for control and HST females. In
samples from the previous experiment, serum ThB4
concentrations were 435 + 80 for unoperated controls,
594 = 103 for sham-operated females, and 428 = 109
for HST females 2 days after treatments were imposed.

Discussion

Results from these studies indicate that changes in
ThB4 secretion are associated with changes in ovarian
function in pigs. Concentrations of ThB4 were consist-
ently lower in gonadally intact females in the first study
compared with ovariectomized females in the second
study. At weaning, ThB4 concentrations were low in
seven of eight sows. This is surprising because prolactin
secretion is elevated in sows during lactation (28) and
prolactin enhances thymic activity in mice (13). In the
three sows that were sampled at 3 and 6 hr after
weaning, ThB4 concentrations were elevated. At these
times, peripheral concentrations of ovarian steroids
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Figure 4, Peripheral serum concentrations of ThA1, ThB4, and LH
in intact (N [@], n = 5) and HST ([A], n = 5) pigs at various times
after LHRH injection at time 0. Values are mean * SE.
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were low; however, cortisol secretion would likely be
elevated in sows in response to separation from their
piglets. (28). During the follicular phase of the estrous
cycle (Days 1-5 and 21-235 after weaning) when ThB4
concentrations were elevated, estrogen secretion is in-
creasing (28, 29). Pattern of ThB4 secretion differed
during these two periods of follicular development.
ThB4 secretion was uniformly elevated during the first
follicular phase when ovarian luteal tissue was absent
and bimodal during the follicular phase in association
with luteolysis. Throughout estrus, ThB4 concentra-
tions were decreasing. The rapid increase in ThB4
during early luteal formation is of interest but difficult
to explain because progesterone secretion was increas-
ing, and during the midluteal phase when progesterone
secretion was elevated, ThB4 concentrations were low.
Our understanding of regulation of thymic activity in
pigs is limited and prevents us from developing full
appreciation of the present observations. These findings
do, however, identify the pig as a species in which
distinct changes in ThB4 secretion occur during the
estrous cycle. In cattle, ThB4 concentrations were ele-
vated at estrus, but frequent samples were not obtained
during the estrous cycle to evaluate temporal changes
with ovarian steroids (30).

The changes in ThB4 concentrations that we ob-
served in pigs do not agree with previous observations
(27). We attribute these differences to method of blood
collection and accuracy of determination of stage of the
estrous cycle. In the current study, sows were sampled
from indwelling jugular catheters. In the earlier report
(27), blood samples were obtained by jugular venipunc-
ture shortly after restraint and induction of anesthesia
in females that were being prepared for ovariectomy
and stage of the estrous cycle was assigned on basis of
ovarian morphology.

Serum concentrations of ThA1 were not affected
by HST, whereas ThB4 concentrations were greater in
HST females than in controls in one study but not in
the other. In the first of these, ThB4 increased in
controls from Day 2 to Day 9 after treatment such that
by Day 9, ThB4 concentrations were similar to those
in HST females. An explanation for this change in
control females is not obvious, but a response to surgical
stress seems unlikely because in the later study no
difference was observed between sham-operated and
unoperated controls. It is readily apparent from studies
with rodents that ThB4 or extracts rich in ThB4 cause
acute increases in LH secretion via increased secretion
of LHRH (8-10) and that prolonged treatment with an
LHRH agonist enhances thymic weight (14). The pres-
ent observations indicate that ThB4 secretion is not
altered by an acute increase in LH secretion in ovari-
ectomized female pigs. This provides additional support
for the idea that gonadal steroids are the primary com-
ponents of the hypophyseal-pituitary-gonadal axis that
modulate thymic secretions. For comparison, ThB4
concentrations were 17.3 + 2.8 ng/ml in serum from
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seven pregnant sows (Days 105-109 of gestation); a
time when both estrogen and progesterone concentra-
tions are elevated. Because LH and ThB4 are chroni-
cally elevated in ovariectomized female pigs, we cannot
rule out the possibility that ThB4 might respond to
increased LH if LHRH was administered to ovarian
intact females.

Serum concentrations of LH were 72% lower in
HST females that in controls before LHRH was given.
The maximal increase in LH concentration after
LHRH was 307% in HST females compared with 83%
in controls. Thus, 2 days without hypothalamic input
did not eliminate pituitary responsiveness to LHRH.
This confirms the observations of Kesner et al. (31).

Studies in vitro showed that thymosin fraction 5
(thymic extract that contains ThA1 and ThB4) caused
release of prolactin from pituitary cells (32) and that
prolactin directly stimulated thymic epithelial cells (13).
Serum prolactin concentrations were elevated in HST
pigs during the first few days after surgery (17, 31), but
by Day 9 in the present study, this was not observed.
Results from the current studies do not support a
relationship between ThA1 or ThB4 and prolactin un-
der the i/n vivo conditions that were investigated. Be-
cause these females were ovariectomized, ThB4 secre-
tion may be maximal and unable to respond to in-
creased prolactin secretion after HST.

Collectively, our observations in ovariectomized
female pigs fail to show direct associations between
serum LH or prolactin concentrations and ThA1l or
ThB4. Therefore, if ThB4 directly affects LH secretion
during the estrous cycle, ThB4 secretion must first be
influenced by changes in ovarian steroids that are as-
sociated with the demise of corpora lutea and growth
of follicles. Now, it appears that elevated progesterone
inhibits and estrogen may acutely enhance ThB4 secre-
tion. Equally possible is that estrogen and ThB4 secre-
tion increase concurrently but independent from each
other. Further studies must address acute and chronic
influences of exogenous ovarian steroids on ThB4 se-
cretion in ovariectomized females.
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