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Abstract. A method of collecting hypophyseal portal blood (HPB) in conscious pigs
was used to show the relationship between GRF and somatostatin (SRIF) concentra-
tion and peripheral GH response. Six male castrate pigs (approximately 63 kg body
weight) had HPB and jugular blood collected individually for an average of 175 min
each. Twenty-seven spontaneous GH pulses were detected in the 1050 min of total
HPB collection. Of the associations examined, the only significant finding was that GH
pulse maxima occurred nonrandomly within periods of SRIF descent (63%; P = 0.005).
Although 48% (13/27) of GH pulse maxima were associated with an ascent in portal
GRF concentration, these associations were not determined to be nonrandom (P =
0.14). Only 7 of 27 (26%) GH pulse maxima were associated with an ascent in portal
GRF concentration and a descent in SRIF concentration occurring simultaneously. A
saline infusion given approximately 120 min after beginning blood coliection resulted
in an increase in SRIF pulse frequency and a decrease in GH-AUC and GRF-AUC. The
cause of this saline effect is unknown, but it may have been related to acclimation of
the pigs to the blood collection procedure. These data show the complexity of the
relationship between SRIF and GRF concentrations and GH secretion and may indi-
cate a close relationship with SRIF in GH pulse generation in the pig. In addition, these
data support the hypothesis that, in the pig, mediation of GH release cannot be ex-

plained simply by antagonism between GRF and SRIF.

[P.S.E.B.M. 1998, Vol 217]

H secretion has been found to be pulsatile in all
species evaluated to date, including humans (1, 2),
rats (3, 4), mice (5), sheep (6-8), and pigs (9, 10).
Basal secretion of GH is believed to be regulated by the
stimulatory action of GRF and the inhibitory action of so-
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matotropin releasing inhibitory hormone (SRIF) (1, 2).
Plotsky and Vale (3) have proposed a model where GH
secretion is due to alternate tonicity of the pituitary by GRF
and SRIF, although the GRF and SRIF changes upon which
they based this theory were not measured in the same rats as
those in which the GH hormone changes were measured. To
date such an interaction has not been demonstrated conclu-
sively in any species, and indeed the interaction of the two
hypothalamic factors appears to vary with species and ex-
perimental design. Previously, hypophyseal-portal blood
(HPB) collection in a conscious animal has only been pos-
sible using sheep (11). In conscious sheep, a significant
increase in GRF was reported to be associated with a ma-
jority of GH peaks; however, no correlation with SRIF has
been shown and a 1:1 relationship between changes in GRF,
SRIF, and GH secretion has not been established (6-8). In



anesthetized rats, direct measurement of HPB hormones
showed a GH pulse associated with a concomitant rise in
GRF and fall in SRIF (3). In humans given continuous
infusions of hGRF (12), and in rats, using passive immuni-
zation techniques (4), GH pulses were hypothesized to be
caused by GRF secretion coupled with SRIF withdrawal, as
well.

We have recently developed an HPB collection model
in the conscious pig (13). The purpose of the work described
in this paper was to characterize GRF and SRIF concentra-
tions in the conscious pig and to determine their relationship
with the GH secretory profile.

Materials and Methods

Animals. Specific Pathogen Free, Yorkshire male
castrate pigs, 4-5 months of age and weighing approxi-
mately 63 kg, were used. Animals were housed in
AAALAC-accredited facilities in compliance with all ap-
plicable Federal, State and local regulations and in accor-
dance with the Guide for the Care and Use of Laboratory
Animals, NIH Publication No. 86-23, revised in 1985. All
animals were subjected to a 12-hr light: 12-hr dark cycle
beginning at 0700 hr. A commercially available swine diet
(14% crude protein: Hunterdon Hog Mash, Agway, Flem-
ington, NJ) was fed twice a day at 15 g/kg body weight.
Water was provided free choice.

Surgical Procedures. Pigs were fasted for 18 hr
prior to surgery. Animals were preanesthetized with Telazol
(2.2 mg/kg, tiletamine HCL and zolazepam: Ft. Dodge
Laboratories, Ft. Dodge, IA) given intramuscularly fol-
lowed by mask induction of 4% isoflurane (Anaquest, Inc.,
Liberty Corner, NJ) in oxygen, using high flow techniques.
Pigs were then endotracheally intubated, and anesthesia was
maintained with 2%-3% isoflurane in oxygen in a semi-
closed system. Isotonic saline was administered intrave-
nously at a rate of 5 ml/kg/hr throughout surgery and during
recovery from anesthesia.

Prior to cranial surgery, a double Micro-Renathane
catheter, each 0.2 cm OD x 0.1 cm ID, (Braintree Scientific
Inc., Braintree, MA) was surgically placed in one jugular
vein. The catheters were connected by two Silastic cuffs
(Dow-Corning, Midland, MI) that anchored them within the
vein and kept the indwelling tips staggered approximately
172 inch. These catheters were used for venous access dur-
ing the cranial surgery and for peripheral blood removal and
heparinized saline infusion during the portal collection ex-
periments. The dual catheter was exteriorized to the back of
the neck, secured using the Chinese finger trap suture tech-
nique (14), and maintained in a fabric pouch glued to the
skin.

Pituitary exposure was as previously described (13).
Briefly, a transpalpebral eye exenteration was performed,
and a burr hole was drilled caudal and slightly dorsal to the
optic canal to expose the junction of the pituitary stalk and
anterior pituitary. A premeasured double cannula similar to
that described in sheep (11), but with a 5-10-mm Tygon tip

(Norton Performance Plastics, Akron, OH), was inserted
into the burr hole so that it rested approximately 1 mm from
the pituitary. This device was cemented into place with
dental acrylic (Paterson Dental, Carlstadt, NJ), and the pal-
pebra was sutured together around the exposed cannula
hubs. A heparinized (50 IU/ml) saline solution with 30 U/
ml Cefazolin (SoloPak Laboratories Inc., Elk Grove, IL)
was flushed daily through one cannula and allowed to seep
out of the other. This same solution was maintained within
the cannulas between flushings. Portal collection occurred
on Day 8 post surgery. Pigs weighed an average of 5.5 kg
above preoperative weight by the time of portal collection.

Blood Collection Procedure. The collection
method used was similar to that described in sheep (11) with
exceptions noted. On the day of collection, the pig was
placed in a Panepinto sling (Charles River Laboratories,
Wilmington, MA). Whole animal heparinization began be-
tween 0830 hr and 1030 hr and was achieved by adminis-
tration of heparin at 30,000—40,000 IU/bolus every 30 min
for 120-180 min and maintained by a constant infusion of
heparinized saline (1000 IU/ml) at 0.3 ml/min through the
caudal jugular catheter. Jugular blood was removed at a
similar rate through the rostral jugular catheter. One pig (Pig
J) pulled out the heparin infusion line and therefore was
given 20,000 IU of heparin at hourly intervals rather than a
constant infusion of heparin. This same pig had to be tied
into the sling to prevent escape prior to blood collection.
Initial portal vessel lancing occurred 1 hr after initial hep-
arinization for all pigs. Approximately 50% of the portal
vessels were lanced through the portal cannula with a 16-
gauge, 14-cm catheter stylette (Abbocath-T, AJ Buck, Ow-
ing Mills, MD). Experimental blood collection began when
portal blood flow was established and stabilized, between
1130 hr and 1230 hr. HPB was removed at a rate of 0.06—
0.08 ml/min. All pigs slept for a portion of the study.

Jugular and portal blood were collected continually and
simultaneously into polypropylene tubes placed in a refrig-
erated fraction collector. Samples were pooled into 5-min
portions. Aprotinin (Trasylol, Boehringer Mannheim, India-
napolis, IN) was added (500 KIU/tube) to chilled portal
collection tubes prior to blood collection. Blood collection
time (3—4 min) from blood vessel to collection tube for the
jugular and portal blood was synchronized by either altering
pump speed, shortening a blood line, or both. Approxi-
mately 12 in. of the portal blood collection line were sub-
merged in ice to cool the blood before it reached the refrig-
erated fraction collector. Blood samples were maintained on
ice and centrifuged at 30-min intervals. Harvested plasma
was frozen immediately and stored at —70°C. Hematocrits
were determined for jugular and portal blood samples at
various time points during each experiment and used to
correct portal samples for cerebrospinal fluid contamina-
tion, if present. Pituitary stalk lesions were verified on post-
mortem examination performed immediately at the conclu-
sion of each experiment.

A 5-min saline infusion that served as a control for a
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larger study, was administered approximately 120 min into
each collection period.

Hormone Assays. Porcine GH (pGH) was mea-
sured in jugular plasma by a homologous assay system de-
veloped using reagents supplied by Dr. A. F. Parlow, Pitu-
itary Hormones and Antisera Center, Harbor-University of
California-Los Angeles Medical Center, Torrance, CA;
(pGH for iodination and standards, USDA I-1; anti-pGH,
AFP10318545). Intra-and interassay variations were 4.5%
and 2.6%, respectively. The minimum level of detection of
the GH assay was 0.45 ng/ml.

Porcine GRF(1-44)NH, was measured in unextracted
portal plasma by a double antibody radicimmunoassay, with
['**I-Tyr'°] hGRF(1-44)NH,, as tracer (Amersham, Oak-
ville, Ontario), porcine GRF(1-44)NH, as standard (Penin-
sula, Belmont, CA), and polyclonal anti-human GRF(1-
40)OH antibodies. The antiserum was raised in rabbits and
previously characterized (15). The assay was conducted in a
20-mM phosphate buffer, pH 7.2, containing 0.1% BSA
(RIA grade), 0.15 M NaCl, 10 mM EDTA, 0.1% sodium
azide (all reagents from Sigma, St. Louis, MO) and 0.1%
Tween 20 (Biorad, Richmond, CA). The 500-ul incubate
consisted of standard (3 to 10,000 pg/tube) or unknown,
antibody (final dilution 1/70,000) and tracer (10,000 cpm)
in polypropylene tubes. The incubation was run for 20—
24 hr at +4°C, then stopped by adding a second antibody
(goat anti-rabbit antibody, Linco Research, St. Louis, MO)
and incubating it for another 1618 hr. The incubate was
then centrifuged, the supernatants discarded, and the pellets
counted for radioactivity.

For the GRF assay, the specific binding was 48.7 +/—
1.5% and the ED 50 was 131 +/— 4 pg/tube (means +/—
SEM of 10 consecutive assays) at a final antiserum dilution
of 1:70,000. Intra- and interassay coefficients of variation
were 2.0% and 9.6%, respectively. The nonspecific binding
in the assays was 5%. The recovery of exogenously added
GRF was 91 + 6% (mean + SEM of six samples spiked with
30 or 300 pg GRF/tube). Results were not corrected for
recovery. The threshold of sensitivity for the GRF assay was
50 pg/ml. In a previous experiment (not shown) parallelism
between a serial dilution of normal (jugular) plasma supple-
mented with exogenous GRF and the standard curve was
obtained.

SRIF was measured in unextracted portal plasma by
radioimmunoassay, with ['*°I-Tyr''|SRIF 14 (Amersham,
Oakville, Ontario) as tracer, SRIF 14 (Peninsula) as stan-
dard and polyclonal anti-SRIF 14 antibodies, previously
characterized and used for SRIF assays (16). The assay was
conducted in the same buffer as the GRF assay, without
Tween 20. The 500-pl incubate was made of standard
(2.5 to 320 pg/tube) or unknown, antibody (final dilu-
tion 1/100,000), and tracer (10,000 cpm) in polypropylene
tubes. The incubation was run for 20-24 hr at +4°C, then
stopped by adding 2 ml ice-cold pure ethanol, vortexing,
incubating at +4°C for 15 min, then centrifuging the tubes.
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Supernatants were discarded, and pellets were counted for
radioactivity.

For the SRIF assay, the specific binding was 43.4 +
1.0%, and the ED 50 was 58 + 2 pg/tube (means + SEM of
10 consecutive assays) at a final antiserum dilution of
1:100,000. Intra- and interassay coefficients of variation
were 2.7% and 11.2%, respectively, and the recovery of
exogenously added SRIF 14 was 90 + 5% (mean + SEM of
6 samples spiked with 20 or 100 pg SRIF 14/tube). Results
were not corrected for recovery. The threshold of sensitivity
for the SRIF assay was 50 pg/ml. There was good parallel-
ism between a serial dilution of portal plasma, to which
aprotinin was added, and the standard curve. This was not
the case with jugular plasma that had been collected without
the addition of aprotinin. However, good parallelism was
shown between a serial dilution of aprotinin-added jugular
plasma and the standard curve.

Statistical Analysis. The following definitions were
used for statistical interpretation. A pulse was comprised of
an ascending period leading to a pulse maximum and a
descending period after that maximum. A trough minimum
was the single lowest point in a trough. A trough was the
descending period leading to the trough minimum, the
trough minimum, and the ascending period leading away
from that minimum.

A baseline period averaging 175 min was examined in
each of six pigs. The initial approach was to evaluate the
general relationship between the concentrations of any two
of the three hormones by cross-correlation coefficient
analysis. The level of significance for a cross-correlation
coefficient was determined by estimating the standard error
for the cross-correlation coefficient. The standard error was
given by 1/¥n — k, where n denotes the number of samples
measured and k the particular lag (17). Cross-correlation
coefficients within +2/Vn — k were considered nonsignifi-
cant. Cross-correlations between the concentration of GH
and the concentration of each of the other two hormones
were calculated at zero lag (comparisons of simultaneous
measurements) and lags of one and two samples (GH mea-
surements were compared with measurements in GRF or
SRIF that led by one or two samples).

The pulses present in each GH, GRF, and SRIF profile
during the baseline period were determined by ULTRA
(18). ULTRA is a model-independent method that uses sig-
nificant differences between levels of adjacent points to
identify significant changes. An increase from concentra-
tion A to B was considered significant if (B — A)/B > 3CV
and a decrease from concentration A to B was considered
significant if (A — B)/A > 3CV where CV is the intraassay
coefficient of variation. A constant CV for individual ani-
mals was used across the ranges of concentrations in this
study. A pulse was considered significant if both the as-
cending and descending periods met the requirements for
significance. Nonsignificant changes occurring during a pe-
riod of ascension or descension were ignored. The result
was a clean profile in which only significant pulses re-



mained. A SRIF trough was considered significant if both
the descending and ascending periods exceeded three times
the CV.

The entire baseline was analyzed for GH, GRF, SRIF
pulses, and SRIF troughs using the ULTRA software with
the threshold of 3CVs. In addition to the identification of
pulse maxima, ULTRA also gives the durations of pulses/
troughs including the ascending and descending periods.
GH pulse maxima were then compared to periods of ascent
in GREF (including pulse maxima) and to periods of ascent
(including pulse maxima) and descent (including trough
minima) in SRIF. The number of observed coincident
events in two hormones (e.g., GH pulse maxima matched
with ascent in GRF) were then tested to determine if the
event was a random occurrence. Given m events in hor-
monal Series A, n events in Series B, and z samples in each
series, the number of coincident events x, has a hyper-
geometric distribution with probability distribution func-
tion denoted by Pr(x,;). To assess the probability that at
least the observed number of coincident events x could be
attributed to chance alone, the formula Pr(X, > x,) = (1 -
¥4 ,Pr(x,)) was used for calculation (17).

Because this baseline was a prelude to a larger experi-
ment, a control saline infusion was present approximately
120 min into the baseline. Statistical analysis chosen re-
quired comparison of an equal time frame before and after
this infusion. Therefore, to assess saline infusion effects, we
compared frequency, amplitude, and duration of GH, GRF,
and SRIF pulses in 10 samples (50 min) before and 10
samples (50 min) after saline infusion. GH, GRF, and SRIF
areas under the curve (AUC) were also compared for the 50
min period before and after saline infusion.

Results

Secretory Patterns of GH, GRF, and SRIF. Jugu-
lar and hypophyseal portal samples were collected from six
pigs in similar, but separate, collection experiments that
lasted approximately 175 min each (Fig. 1) for a total of
1050 min. The six pigs in this study averaged 4.5 GH pulses
with a range of 3-8, 8.8 GRF pulses with a range of 7-11,
and 8.8 SRIF pulses with a range of 5-11 in each 175-min
period. A total of 27 GH pulses were detected from jugular
blood samples in the pooled 1050 min. GH pulse amplitudes
ranged from 1.8-4.6 ng/ml and averaged 3.0 ng/ml. There
were 53 GRF pulses identified in the pooled 1050 min. GRF
pulse amplitudes ranged from 145-2748 pg/ml. The mean
portal concentration of GRF was 435 pg/ml. There were 53
SRIF pulses identified in the pooled 1050 min. Their am-
plitudes ranged from 837-3016 pg/ml. The mean portal
SRIF concentration was 1333 pg/ml. A total of 53 SRIF
troughs were detected in the pooled 1050-min period. The
mean interpulse duration, average time between pulse
maxima for GH and GRF, was 32 min with a range of 10-85
min for GH and 19 min with a range of 1040 min for GRF.
For SRIF, the mean intertrough duration, average time be-
tween trough minima, was 17.7 min with a range of 10-55 min.

Relationship Between Changes in GH, GRF,
and SRIF Concentrations. Interactions between GH
pulse maxima and corresponding GRF and SRIF ascents
and descents are shown in Table I. GH pulse maxima were
always associated with a change in SRIF concentration im-
mediately prior to or at the same time as the GH maximum.
A GH pulse maximum occurred simultaneously with an
ascent in GRF and a descent in SRIF only 26% (7/27) of the
time. A GH pulse maximum occurred one sample after a
simultaneous GRF ascent and SRIF descent only 19% (5/
27) of the time. A simultaneous GH pulse maximum, GRF
pulse maximum, and SRIF trough minimum never occurred.

Hypergeometric probability distribution analysis was
performed to determine if the associations presented in
Table I were nonrandom occurrances. SRIF was descending
simultaneously with GH pulse maxima 63% (17/27) of the
time (Table II), and hypergeometric analysis showed this to
be a significant, nonrandom association. In individual
analyses, GH pulse maxima significantly coincided with
descending SRIF concentrations in four of the six pigs. GRF
was ascending simultaneously with a GH pulse maximum
48.0% (13/27) of the time. However, hypergeometric analy-
sis of all six pigs as a group failed to show that GH pulse
maxima coinciding with GRF ascent was nonrandom. Indi-
vidual analysis showed that only Pig J had a significant
incidence of GH pulse maxima coinciding with ascending
GRF concentrations. Furthermore, no nonrandom associa-
tions were seen for any other combinations (data not
shown).

For GRF versus GH at zero lag, cross-correlation co-
efficients of the six pigs ranged in value between —0.148—
0.506, only Pig J showed a significant positive correlation.
At one sample lag, the correlation coeffients ranged be-
tween —0.119-0.392. At two sample lags, the range was
0.081-0.340. Pig N was the only animal to show a signifi-
cant positive correlation at one and two sample lags.

For SRIF versus GH, cross-correlation coefficients at
zero, one and two sample lags ranged from —0.285-0.282,
-0.199-0.427, —0.093-0.247, respectively. Only Pig L at
one sample lag showed a significant positive correlation.

Effects of Saline on Secretory Patterns and
AUC of GH, GRF, and SRIF. Pulse amplitude and du-
ration of GH, GRF, and SRIF pulses before and after saline
infusion were not significantly different for each of the three
hormones. Saline administration did not have a significant
effect on GH or GRF pulse frequency; however, saline ad-
ministration was associated with significantly more SRIF
pulses. GH AUC was decreased (approximately 10%, P =
0.06) following saline infusion. GRF AUC was significantly
decreased (approximately 14%, P = 0.05) after saline in-
fusion. SRIF AUC was not significantly changed.

Discussion

The present study is the first to report HPB concentra-
tions of GRF and SRIF in the conscious pig and to show a
pulsatile pattern of release of these peptides in this species.
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Validation of the porcine HPB collection system was shown
in other studies by the ability to detect CRF responses to
LPS endotoxin administration (Drisko, JE et al, unpublished
data). Previous to the present study, the only available con-
scious HPB collection model available was in the sheep.
HPB peptide measurements and pulsatility patterns of GRF
and SRIF secretion and associations with GH have been
presented in that species (6-8).

Circulating GH concentrations are similar between pigs
in this study (2.45 * 0.59 ng/ml), castrated pigs of the same
age with only jugular access (1.1 + 0.2 ng/ml (10)), and
sheep (4.6 = 2.7 ng/ml, (6); 2.9 + 0.6 ng/ml (7); 2.9 + 2.2
ng/ml, (8)). However, there would appear to be marked
differences between pigs and sheep in the reported HPB
peptide concentrations as well as in the associations be-
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tween GRF, SRIF, and GH pulse maxima. Porcine HPB
GRF and SRIF concentrations (435 + 249, 1333 + 409
pg/ml, respectively) are much higher than concentrations
reported in sheep (36.7 + 15.3, 40.2 + 13.2 pg/ml, respec-
tively (6); 6.6 = 1.4 pg/ml, 19.6 £ 1.6 pg/ml, respectively
(7); 20.4 £ 6.7, 72 + 33 pg/ml, respectively (8)). While there
are differences in the assays among the studies, these dif-
ferences may not explain the discrepancies between the pig
and sheep data. The GRF and SRIF assays conducted in
sheep plasma were more sensitive, < 20 pg/ml (6-8), than
our assay, 50 pg/ml; however, the average concentrations of
these peptides in pig portal plasma were well above our
limits of detection. The porcine SRIF assay showed good
parallelism in portal plasma and low nonspecific binding.
The porcine GRF assay showed good parallelism with ex-



Table I. Association of GRF and SRIF Changes in
Hypophyseal Portal Blood with Peripheral GH Pulse
Maxima of Conscious Pigs?

Number
Number occurring occurring
I simultaneously one sample
Az%%‘:?\}fé] S with 27 prior? to
GH pulse 27 GH
maxima pulse
maxima
® GRF ascent; SRIF 7 5
descent®
® GRF ascent; SRIF 6 6
ascent
® GRF descent; SRIF 8 9
descent
o GRF descent; SRIF 3 3
ascent
® No change in GRF; 2 0
SRIF descent
® No change in GRF; 1 2
SRIF ascent
® GRF ascent; no 0 0]
change in SRIF
® GRF descent; no 0 0
change in SRIF
® GRF pulse maxima; 0 0
SRIF trough

2 Blood was collected from six pigs for approximately 175 min each
for a total of 1050 min.

® An ascent or descent in GRF or SRIF may be included in both
columns; therefore, rows are not additive.

° Ascent and descent refer to significant ascending or descending
slopes leading to pulse maxima or trough minima.

ogenously added GRF in jugular plasma and low nonspe-
cific binding. The porcine GRF assay had lower intra- and
interassay CVs than the sheep assays (2.0% and 9.6%, re-
spectively for pig vs. 9% and 10%, respectively (6), 12.9%
and 17.1%, respectively (7), and 12.5% and 10.6% respec-
tively (8) for sheep). Intra- and interassay CV for the pig
SRIF assay was comparable to the sheep assays (2.7 and
11.2%, respectively for pig, vs. 8 and 10%, respectively (6),
11.7% and 12.6%, respectively (7), and 7.1 and 11.2%,
respectively (8) for sheep). Perhaps the increase in concen-
tration of portal peptides is inversely related to the number
of portal vessels. In our observations of portal vasculature,
pigs have very few portal vessels compared to sheep.

The increase in pulse frequency of SRIF and the de-
crease in GH AUC and GRF AUC after saline infusion was
surprising. Perhaps there was a saline infusion effect, but
most likely the decreases in GH and GRF AUC were related
to the pigs becoming more comfortable and less stressed as
the experiment continued. All animals were acclimated to
the sling 2-3 hr before the collection began and appeared
calm at the time of collection. Isolation stress in sheep has
been shown to cause an increase in GRF, SRIF, and GH
release (19). Conversely, other stresses, such as ether stress,
may cause a decrease in GH release in conscious rats (20)
by increasing SRIF secretion to the anterior pituitary (21).

Pigs appear to have more frequent pulses of GRF,
SRIF, and GH than do sheep. Frohman et al. (8) reported
that in a 5-hr period, five sheep averaged 4.2 GRF peaks,
5.6 SRIF peaks, and 4.6 GH peaks. This suggests that GRF
and SRIF pulses occur almost four times as often in pigs as
in sheep, and GH pulses are about twice as frequent in pigs
than in sheep. Dubreuil e al. reported GH pulse frequency
similar to that seen in the sheep (22). However, in Du-
breuil’s study, discrete samples were taken every 20 min,
and a more conservative approach to pulse detection was
used. ULTRA, the pulse detection program used in the pres-
ent study (provided by Dr. Eve Van Cauter, Department of
Medicine, University of Chicago), and DETECT, the pro-
gram used in the sheep studies, produced results that were
found to be indistinguishable from each other based on
simulation (23); therefore, differences in algorithms cannot
be responsible for the variation between species reported
here. The time of day and HPB collection model were simi-
lar for the sheep and pig studies. Gender and age differences
may contribute to the differences in study results. Both
Thomas’ (7) and Frohman’s (6) studies used ovariectomized
adult ewes whereas Cataldi’s study (8) used 8-month-old
rams. Pigs in our study were approximately 20-week-old
castrates. GH concentrations are similar between intact and
castrated pigs at 26 weeks of age (10).

Sampling times may contribute to the differences ob-
served between species, also. The shorter the sampling in-
terval the more accurately the hypothalamic secretory
events are monitored. Our pig data were collected using
5-min continuous sampling intervals, the sheep studies were
conducted using 10-min continuous sampling intervals, and
Plotsky and Vale’s anesthetized rat model was conducted
using 20-min continuous sampling intervals. The four-fold
increase in GRF and SRIF pulses observed in pigs com-
pared to sheep may be explained in part by dilution. How-
ever, even shorter sampling periods may be necessary to
determine precise pulse patterns at the pituitary level, par-
ticularly if the changes are small. For instance, a small
increase in either GRF or SRIF followed by a small de-
crease of that same peptide may register as no change in a
sampling interval that included both of those events. There-
fore, moment by moment sampling would be the most ideal
in determining GRF pulse/SRIF trough relationship to GH
pulse generation.

The classic premise of GH control is that GRF causes
a release, and SRIF causes an inhibition of GH secretion (1,
2, 4). Plotsky and Vale inferred from an experiment, mea-
suring immunoreactive GRF and SRIF in the anesthetized
rat, that each GH pulse is initiated by either a mild decrease
of SRIF followed by a pulsatile secretion of GRF into the
portal circulation or a simultaneous decrease in SRIF and
increase in GRF (3). The rats used were anesthetized with
one of three different agents. SRIF and GH concentrations
were dissimilar for each agent, and none was necessarily
representative of the conscious state. In addition, GH mea-
surements were made from a separate group of rats, not the
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TABLE Il. Hypergeometric Probability Distribution Analysis of GH Pulse Maxima, Ascending GRF, and
Descending SRIF Concentrations Measured in HPB Collected from Conscious Pigs

GH pulse maxima coinciding with ascending periods of GRF pulses

Pi Samples
19 ) GH maxima GRF ascent? Matches
(m) (n) (x2) P-value®
J 38 3 14 2 0.0431¢
L 35 3 18 1 0.5221
M 35 5 12 2 0.2090
N 35 3 15 2 0.0695°
(0] 37 5 12 2 0.1816
P 36 8 16 4 0.2228
Total 216 27 87 13 0.1357
s | GH pulse maxima coinciding with descending periods of SRIF troughs
. amples
Pig 2 GH maxima SRIFdescent® Matches Povalue
(m) (n) (Xa)
J 38 3 14 0 0.7601
L 35 3 16 3 o
M 35 5 16 4 0.0135¢
N 35 3 14 2 0.0556°
0] 37 5 13 1 0.5856
P 36 8 17 7 0.0008¢
Total 216 27 90 17 0.0047¢
5 | Ascending GRF periods coinciding with descending SRIF periods
. amples
Pig (2) GRFascent SRIFdescent Matches
(m) (n) (xg) P-value
J 38 14 14 6 0.1746
L 35 18 16 6 0.8798
M 35 12 16 5 0.4946
N 35 15 14 4 0.8521
(0] 37 12 13 4 0.4127
P 36 16 17 8 0.2631
Total 216 87 90 33 0.7803

@ P-value is calculated from 1 — X2, Pr(x,), where Pr(x,) is the probability distribution function of hypergeometric distribution.
® GRF ascent = number of samples in the ascending period of the GRF pulse maxima.
¢ SRIF descent = number of samples in the descending period of the SRIF troughs.

9 Denotes significance at a = 0.05.
¢ Denotes significance at o = 0.1.

same rats used for the GRF and SRIF measurements. In the
present study, cross-correlation analysis failed to show ei-
ther a consistent significant positive correlation of GH with
GREF or a significant negative correlation of GH with SRIF.
Furthermore, the sheep studies showed no significant cor-
relation between GRF and SRIF (7, 8), or was not reported
(6).

To further evaluate the relationship between GH secre-
tion and portal concentrations of GRF and SRIF, the com-
parisons were broadened to look at GH pulse maxima as
they related to areas of GRF ascent (including GRF pulse
maxima) and SRIF descent (including trough minima). In
addition, GRF ascents were compared with SRIF descents.
GREF ascent was relatively independent from SRIF descent
and not consistently matched with GH pulse maxima. A
GREF ascension occurred with a GH pulse maximum 48% of
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the time in pigs in this study, but those events were not
shown to be nonrandom. In two of the sheep trials, a sig-
nificant relationship between GRF and GH was noted, but
the occurrence of a simultaneous GH peak with a GRF peak
was reported to be 38% by Frohman et al. (8) or 78% by
Cataldi et al. (6). Even in Cataldi’s study (6) 22% of the GH
peaks were not associated with an increase in GRF. Thom-
as’ study (7) showed an approximately equal distribution of
GREF pulses coincident with or before, and coincident with
or after, a GH pulse. Although a definite concordance be-
tween GRF and GH can be stated from those data, a cause
and effect relationship cannot be determined.

GH pulse maxima are more consistently matched with
SRIF descents in pigs than in sheep and rats. In pigs, 63%
(17/27) of GH pulse maxima occurred with a nonrandom,
simultaneous descent in SRIF. GH peaks in sheep were not



matched with SRIF troughs in one study (8), but were as-
sociated with decreasing concentrations of SRIF 62% (33/
53) of the time in another study (6). In conscious rats
equipped with a push-pull cannula into the median emi-
nence, no correlation was shown between somatostatin lev-
els and pharmacologically decreased growth hormone se-
cretion (24). However, a pulse detection program was not
used in that study. Means from the 15-min continuous sam-
pling periods and change in means before and after treat-
ments were evaluated using Student’s ¢ test.

The apparent independence of GH pulse maxima from
GRF pulses suggests that the proposed model in the rat does
not apply to the pig. This apparent independence of GH
pulses from GRF pulses may be explained by some as yet
undefined relationship between GRF and SRIF such as a
receptor activation/inactivation loop modulated by these
peptides and/or an additional factor(s) that triggers GH re-
lease (25). This speculation is consistent with a putative
hypothalamic factor, the U factor postulated by Bowers et
al. (26) to be involved with GH release in the rat. Bowers’
hypothesis was based on the observation that GHRP, a syn-
thetic GH secretagogue, synergistically releases GH in com-
bination with GRF and that this synergism is probably not
the result of inhibition of SRIF or release of endogenous
GRF. The mechanism of the synergistic action of GHRP
and GRF was not fully explained by the dual action of
GHRP hypothalamic activation of GRF neurons and GHRP
direct pituitary action. Supporting the hypothesis of a puta-
tive hypothalamic factor, Smith e al. (25) have reported
synthetic GH secretagogues that bind to receptors, distinct
from GREF receptors, in the hypothalamus and pituitary and
that mediate GH release from the pituitary. These distinct
receptors have recently been cloned in pig and human hy-
pothalamus and pituitary (27).

In summary, even though GH concentrations are simi-
lar across species, pigs have high portal GRF and SRIF
concentrations when compared to rats and sheep. The ap-
proximate 2:1 ratios of GRF pulses to GH pulses and SRIF
troughs to GH pulses in the pig does not fit the hypothesis
that a GH pulse is generated by a concomitant rise in GRF
and fall in SRIF. Furthermore, a 1:1 relationship between
these secretory peptides and GH secretion has not been
shown in the sheep studies (6-8). The pig data suggest that
an additional factor(s) influences GRF and SRIF associa-
tions and, hence, GH secretion. These data show the com-
plexity of the relationship between GRF and SRIF concen-
trations and GH secretion and may suggest a close relation-
ship of SRIF with GH pulse generation in the pig. Finally,
results from this study indicate a marked species difference
in pulsatility patterns between pigs and sheep, the only two
species in which HPB from the conscious animal has been
collected.

The authors wish to acknowledge Mr. Paul Cunningham and Dr.
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