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Growth Hormone Secretion after Hypophysial Stalk Transection in Pigs' (41596)
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Abstract. The level and pattern of growth hormone (GH) secretion were investigated in mature
ovariectomized gilts after hypophysial stalk transection and sham operation. A nylon disk was
inserted between severed ends of the stalk to prevent vascular regeneration. Blood samples were
collected via indwelling jugular catheters at 15-min intervals for 3 hr, 2 days before surgery (Day
—2) and 2 days after surgery (Day +2), and at 4-hr intervals from Day +3 to Day +8.
Mean overall serum concentrations of GH after hypophysial stalk transection remained similar
(P > 0.05) to presurgical levels. These mean concentrations also were similar to those in sham-
operated and unoperated controls. However, hypophysial stalk transection significantly dampened
(P < 0.05) the episodic secretion of GH and resulted in elevated basal blood concentrations of
the hormone as compared with either presurgical levels or those in the two control groups. These
results indicate that synthesis and secretion of GH continue in the absence of hypothalamic
control in hypophysial stalk-transected gilts. Thus, the hypothalamus is required for regulation
of both episodic release and the tonic inhibition of basal secretion of growth hormone in

the pig.

Evidence resulting from several experimen-
tal approaches indicates that secretion of
growth hormone (GH) by the adenohypo-
physis is under the influence of a dual system
of hypothalamic control, inhibitory and stim-
ulatory (1). Extrahypothalamic peptides, such
as gastrointestinal and pancreatic hormones,
also can stimulate and inhibit GH secretion
but their influence on neurophysiological
control of GH secretion is unclear (1, 2). The
minute-to-minute regulation of GH secretion
depends upon neural influences that are largely
independent of metabolic events (1). Meta-
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bolic changes during prolonged periods of
rapid growth, glucose intolerance, protein de-
pletion, and psychogenic disorders may affect
both basal and episodic GH secretion (1).
Deafferentation studies indicate that the stim-
ulatory regulation of GH occurs in the an-
terior portion of the medial basal hypothal-
amus whereas the caudal portion of this re-
gion is primarily inhibitory (3, 4). This control
of hypophysial GH secretion seems to be me-
diated through a hypothalamic releasing hor-
mone and a hypothalamic release-inhibiting
hormone (1). GH release-inhibiting hormone,
somatostatin (SRIH), from ovine and porcine
hypothalami and GH-releasing hormone
(GHRH) have been purified and character-
ized from porcine hypothalami and human
pancreatic tumor, but their physiological roles
are unknown (5-8). The objective of the pres-
ent study was to determine the role of the
hypothalamus in the regulation of GH secre-
tion and the effects of hypophysial stalk tran-
section on sequential profiles of GH secretion
in sexually mature gilts.

Materials and Methods. Animals. York-
shire gilts [211 + 5 (mean and SE) days of age,
122 + 7 kg body weight] were used in this
study. Each gilt was ovariectomized and im-
planted with a chronic jugular catheter (9) 3
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days before hypophysial stalk transection
(HST). During the afternoon, 2 days before
HST (Day —2), blood samples were collected
at 15-min intervals for a 3-hr period. Serum
was harvested and frozen 18 to 24 hr after
blood collection. On the day of cranial surgery
(Day 0) the gilts were assigned randomly to
three treatment groups: UC, unoperated con-
trol group (N = 6); SOC, sham-operated con-
trol group (N = 6); and HST, hypophysial
stalk transection group (N = 8). The HST and
sham surgeries were performed as described
by Anderson et al. (10, 11). Two days after
surgery (Day +2) blood samples were col-
lected as on Day —2. Blood samples also were
collected at 4-hr intervals for a 120-hr period
beginning Day +3. Nine days after HST the
gilts were killed and completeness of stalk
transection was confirmed. The pituitary gland
was cut transversely and fixed in Susa’s so-
lution for subsequent histological evaluation.
The glands were sectioned at 6 um and stained
with performic acid-Alcian blue-periodic
acid-Schiff-orange G, whereas other sections
were stained with hematoxylin and eosin.

Radioimmunoassay. Serum concentra-
tions of porcine GH (pGH) were measured
by using a double-antibody homologous ra-
dioimmunoassay (12) following modification.
Radioiodinated pGH was prepared by a lac-
toperoxidase method (13). Fifty microliters
0.5 M phosphate buffer, pH 7.5; 0.5 mCi Na
125 in 12.5 ul 0.5 M phosphate buffer; 5 ul
lactoperoxidase (1 mg/ml 0.5 M phosphate
buffer); and 10 ul 0.001% hydrogen peroxide
was added to 2 ug GH (USDA pGH-B1). The
reaction was allowed to proceed for 5 min
before addition of 0.5 ml cold 0.01 M phos-
phate-buffered saline (PBS), pH 7.4. The re-
action mixture was transferred to a 1.5 X 50-
cm column of Sephadex G-100. The column
was eluted with PBS, pH 7.4, and 2-ml frac-
tions were collected into 0.2 ml PBS-5% bo-
vine serum albumin (BSA). The fractions and
an aliquot of the reaction mixture were
checked for total and tricholoracetic acid
(TCA) precipitable radioactivity. Fractions
considered to contain monomeric pGH were
pooled. The TCA precipitability of the reac-
tion mixture exceeded 50%, and that of the
pooled fractions was 75% or greater. Ra-
dioiodinated pGH was 30-35% precipitable
by the antiserum at a 1:42,000 dilution in the
assay.
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Each assay tube contained 600 ul buffer
(PBS-1% BSA, pH 7.4) and sample (up to 300
ul), 200 ul antiserum at 1:42,000 dilution in
1:400 normal rabbit serum in PBS-50 mA/
EDTA, pH 7.4, and 100 pl goat anti-guinea
pig gamma globulin diluted in PBS. The re-
action was incubated for 24 hr at 4°C before
addition of '’I-pGH, an additional 24 hr be-
fore addition of the second antibody, and for
72 hr before termination of the assay by ad-
dition of 2 ml PBS. Antibody-bound and free
125I.pGH were separated by centrifugation.
Assay parameters and pGH concentrations
were calculated utilizing a weighted logit-log
regression equation (14). The reference prep-
aration was USDA pGH-B! which has bio-
logical potency of 5.4 IU/mg by the rat tibia
assay. Addition of pLH, pFSH, and pPRL in
doses up to 100 ng/tube did not inhibit bind-
ing of '*’I-pGH. Dilutions of adult and fetal
serum and a porcine pituitary extract inhib-
ited '>I-pGH binding in a dose-dependent
manner parallel to the purified pGH prepa-
ration. Sensitivity of the assay was 0.1 ng/
tube. Interassay and intrassay coefficients
(mean = SE) of variation were 18.7 + 3.8%
(N = 4/sample, three samples) and 6.4 + 2.5%
(N = 6/sample, four samples).

The mean of all observations within each
sampling period for each animal is the overall
mean concentration or level of secretion. Basal
concentrations of pGH were defined as the
mean of all observations at the three lowest
values within each individual sampling period
for each animal. The number of observations
comprising secretory spikes was determined.
A secretory spike was defined as hormone val-
ues which exceeded the mean by two standard
deviations. Means of the parameters of the
secretory patterns across groups were tested
by Student’s ¢ test. Means within treatment
groups were tested by the paired Student’s ¢
test.

Results. Postmortem examination of each
HST gilt indicated that the hypophysial stalk
had been completely severed. The nylon disk
was in the proper location and had prevented
stalk regeneration in each of the eight gilts.
Although pituitary gland weight in HST gilts
averaged less than SOC animals (249 mg vs
362 mg), histological examination of them
from HST gilts indicated peristence of at least
some secretory cells in the same areas of the
adenohypophysis as SOC animals (11).
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TABLE 1. MEAN PERIPHERAL SERUM CONCENTRATIONS OF GROWTH HORMONE

BEFORE AND AFTER SURGERY IN THE PIG

Surgical No. of Ratio Day +3 to
group* gilts Day —2 Day +2 Day +2/Day —2 Day +8
Overall mean concentration®
ng/ml ng/mi ng/ml
ucCe 6 1.2+0.2 1.3+0.2 1.11 £0.15 1.5+03
(0.70-1.69)¢
SOC 6 1.6 0.2 1.5 +0.2 1.09 £ 0.21 1.3 £ 0.1
(0.39-2.0)
HST 8 1.4 £0.2 1.5 +0.2 1.10 £ 0.09 1.3 +0.1
(0.67-1.40)
Mean basal concentration®
ng/ml ng/ml ng/ml
ucC 6 0.9 = 0.40 1.0 £0.1 1.09 £ 0.05 0.8 £0.1
(0.93-1.32)
SOC 6 1.1 £0.13 1.1 £0.1 0.98 + 0.07 0.8 +0.1
(0.80-1.33)
HST? 8 1.1 £0.07 1.3 £0.1 1.31 £0.10 1.0 £ 0.1
(0.97-1.87)

“UC = unoperated control, SOC = sham-operated control, HST = hypophysial stalk transection.
® Values are means + SE. Means within columns were not significantly different (P > 0.05).

¢ Range of individual animal values.

4 Day —2 less than Day +2 (P < 0.05).

TABLE II. MEAN ESTIMATES OF VARIATION OF GROWTH HORMONE IN PERIPHERAL SERUM OF PIG

Surgical No. of Ratio Day +3 to
group? gilts Day -2 Day +2 Day +2/Day -2 Day +8
Within animal coefficients of variation®
(%) (%) (%)
ucC 6 32 +8 38 6/ 1.77 = 0.50 60 =+ 14*
(0.27-2.72)¢
socC 6 36 =7 44 +11¢ 1.98 + 0.81 37 % 16°
(0.23-5.96)
HST* 8 33 +6 13 +2/¢ 0.47 + 0.07 17 £ 2
(0.12-0.74)
No. observations greater than twice standard deviation®
uC 6 0.7+0.2 07+ 0.3/ — 1.7+ 0.2
SOC 6 1.0 £ 0.0 08 + 0.3* — 1.2+ 04
HST* 8 0.8 £0.2 0.0 = 0.07% — 06+ 0.2

4 UC = unoperated control, SOC = sham-operated control, HST = hypophysial stalk transection.

% Values are means + SE.

¢ Range of individual animal values.

4 Not calculable because some denominators are zero.

¢ Day —2 greater than Day +2 (P < 0.05).

#-k Means within columns which are significantly different (P< 0.05) are denoted by the same superscript.
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Means and estimates of variation for the
various parameters of the GH secretory pat-
terns are presented in Tables I and II. It is
evident from the peripheral GH concentra-
tions presented in Fig. 1 and the means pre-
sented in Table I, that surgical treatment and
day of sampling had no effect (P > 0.05) on
the level of GH secretion as reflected by the
overall mean concentrations. The peripheral
GH concentrations as well as the coefficients
of variation presented in Table II demonstrate
that episodic GH secretion is significantly de-
creased by severing the connections between
the pituitary and hypothalamus.

The peripheral concentrations of pGH on
Days —2 and +2 in representative animals
from each treatment group are presented in
Fig. 1. The results from control sampling pe-
riods, indicate that pGH concentration in the
peripheral circulation fluctuates in a manner
indicative of episodic secretion. Figure 2 and
Table II present the peripheral serum patterns
and mean values of pGH for the Days +3 to
+8 sampling period. The results from this rel-
atively infrequent, yet extensive sampling pe-
riod confirm those observed from the inten-
sive samplings and indicate that HST de-
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creases episodic pGH secretion with minimal
or no effect on overall level of hormone se-
cretion.

Discussion. The level of GH remained rel-
atively constant but its pattern of secretion
was significantly altered after hypophysial stalk
transection in the pig. Peripheral concentra-
tions of GH fluctuated in a manner indicative
of episodic secretion in blood obtained before
HST, before and after SOC as well as in un-
operated controls in this study as has been
observed in other species (15-17). After hy-
pophysial stalk transection in these gilts this
episodic pattern of GH secretion was abol-
ished. This decrease with no change in overall
mean concentration of GH is indicative of a
higher level of basal secretion in the HST gilts,
and supported by mean basal GH concentra-
tions that were 30-35% greater in HST ani-
mals as compared with controls. An elevated
level of circulating GH after HST suggests that
it is regulated in part by tonic hypothalamic
inhibition, possibly through SRIH, which de-
presses basal GH secretion in the pig.

The presence of acidophilic somatotrophs
in the pituitary 9 days after HST indicated
viability of the gland in each of these gilts.
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FIG. 1. Sequential profiles of peripheral serum concentrations of GH in two gilts from each of the
treatment groups (UC, unoperated control; SOC, sham operated control; HST, hypophysial stalk transec-
tion) on Day —2 (®) and Day +2 (O). Hypophysial stalk transection or sham operation was performed
on Day 0. Four-digit numbers designate individual gilts.
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FIG. 2. Sequential profiles of peripheral serum concen-
trations of GH in two gilts from each treatment group
(UC, unoperated control; SOC, sham operated control;
HST, hypophysial stalk transection) during a 120-hr pe-
riod from Day +3 to Day +8. HST or SOC was performed
on Day 0. Four-digit numbers designate individual gilts.
Symbols indicate unoperated control (®), sham-operated
control (O), and hypophysial stalk-transected (J) ani-
mals.

Viable somatotrophs after HST suggest that
the absence of episodic GH secretory activity
resulted from lack of stimulatory influences.
PRL concentrations in peripheral serum are
twofold greater in these HST gilts than in
sham-operated controls (11). This observa-
tion is consistent with the hypothesis that the
major hypothalamic influence on PRL secre-
tion is inhibitory and provides further evi-
dence of the viability of adenohypophysial cells
in HST gilts. In contrast after HST of beef
calves and pregnant beef heifers, both GH and
PRL concentrations in peripheral serum de-

GH SECRETION IN STALK TRANSECTED PIGS

crease as compared with sham-operated con-
trols (18-20). GH and PRL secretion are
markedly influenced by seasonal changes in
this species. PRL secretion remains positively
correlated whereas GH secretion is unaffected
by seasonal changes after HST of calves and
pregnant heifers (18, 20). Histological ex-
amination of pituitary glands from these HST
calves and heifers indicated acidophils in same
areas as in controls.

The episodic release of porcine GH is abol-
ished after hypophysial stalk transection, but
no significant changes in the overall secretion
level of this hormone are observed in this spe-
cies. This is consistent with the view that hy-
pothalamic regulation of porcine GH secre-
tion is regulated by inhibitory and stimulatory
mechanisms. The increased basal level of cir-
culating GH after HST indicates that GH se-
cretion is under tonic inhibitory influences in
the pig. The results from this study clearly
indicate the dependency of the pituitary gland
upon the hypothalamus for the episodic re-
lease of GH in this species.
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