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ABSTRACT
Y The interactions Hetweer'somatostatin (SRIF) and growth
normone-releasing factor (GRF) in the short-term regulation of -
growt@ hormone secretipn wére examined us}ng both a positive and
negative somatostatin signal, with the positive signal provided
by a somatostatin infusion at two 1eve1§; the lower rate was just
. ébove the minimum necessary to block all spontaneous bursts, as
shown by Cowan et al. {1984), with a slightly higher rate used in
the first series of experiments.(B series). A clear negative
signal was made possible by -the availability of a moan1onaL__
'antibody (Ab) to somatostatin, which was administered as a bolus
i.v. injection in the second series of experiments (M series).
Based on evidence provided by the work of Cowan et al. (1984,
1983} as well as somatostatin antisera work in rats (Tannenbaum_
et ai. 1978, Chihara et al. 1983) it was expectéd that the
fowering of endogenous portal somatostatin by the Ab would
: {Hitiate a growth hormone secretory burst, followed by an
elevated baseline. To test the ability of the somatojgophs to
respond to GRF in the presence or absence of somatostatin's
inhibitory influence, two levels of GRF signal were superimposed
on an initial and second control period (when endogenous portal
somatostatin may have been high or Tow due to natural excursions
in its release), as well as during the somatostatin infused
period and during the post-Ab period. This was intended to
elucidate the interactions between somatostatin and GRF in the

short-term control of growth hormone.



-

Fourteen random source adult male mongrel dogs were trained
to lie relaxed on a padded table for up to 10 hrs. Blood
sampling was normally ai 5 min intervals, but was at 2% min
jntervals from 10 min before to 15 min following an event (event
defined as a GRF injection, the cessation of the somatostatin
infusionr, on the injection of the monocional Ab to somatostatin).
All events were 40 min apart. Plasma samples were assayed in
triplicate using a double antibody radicimmuncassay for growth
hormone.

In 15 experimentg there was a response to 26 GRF injections
out of a possible 44 {59% response) during the control perié&s.
During the somatostatin. infusion period out of a possible 57
responses to GRF, only 1 occurred. There was a total of 17
spontaneous growth hormope secretory bursts during the control
periods, resulting in an average interpeak interval of 2.85
hours. In sharp contrast, only 5 spontanecus bursts were
observed during the somatostatin infusion period, 4 of which were
in one animal. Eleven growth hormone secretory overshoots were
initiated by the cessation of the somatostatin ;ignaT. Tﬁe
injection of the monoclonal Ab to somatostatin elicited an
immediate, large growth hormone secretory response, followed by
an elevated baseline in 5 out of 7 cases. During the post-Ab
period there were 5 responses to GRF out of a possible 7 (71%},
with 2 spontaneous bursts, .

The frequency of response to GRF qgring the somatostatin
infusion period vs. the controls and post-Ab period demonstrated

the great effect of somatostatin concentration on the sensitivity

-



of the somatotrophs to GRF. "The presence of a post-somatostatin
rebound in 11-out of 15 experiments provided indirect evidence
‘for somatostatin playing the major role in initiating the
spontaneous growth hormone secretory burst; tﬁe direct evidencé
came from the immediafe, large response to the monﬁc]onaI Ab to
.somatostatin. Because of the extreme drop in the sensitivity of
the somafotrophs to GRF in the presence of moderate amounts of
somatostatin, it appears clear that somatostatin excursions set
the timing of growth hormone secretory bursts, while GRF exposure

may be the major factor in setting the amplitude of these bursts.

VA
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INTRODUCTICN

I. Control of Growth Hormone Secretion

The secretion of growth hormone is modified by external
stimuli, endogencus neural rhythms (Reichlin 1985), metabolic
changes, growth hormone autoregulation and ultrashort feedback of
the hypothalamic factors which stimulate and inhibif the release
of growth hormone from the somatotrophs (GRF and somatostatgn,
respectively). Because growth hormone does not have a spec¢ific
target organ or gland, but exerts its effects on variqgg;parts'of
the body, a consolidated theory of a simple %eedback model for
its episodic reTease does not presently exist. ()

Naturally occurring external stimuii include exercise and
stresses, both physical and emotional. .These are known to
increase growth hormone release in man (Takahashi et al. 1968,
Reichlin 1985), while causing inhibition in the rat via a stress-
induced increase in somatostatin {see section on "antiserum to
somatostaéin“). A notable endogenous modification of growth
hormone secretion in humans is the surge which occurs 1-2 hours
following the onset of deep sleep (Takéhashi 1968, Reichlin
1985). Because of the presence of this phenomenon in humans
Willoughby et al. (1976) studied the effect of sleep on the
episodic secretion of growth hormone in rats, but were unable to
find any correlation between the rat growth hormone secretory
profile and the sleep phase patterns. Iﬁ an attempt to find a
.suitébTé animal model for human sleep-reiated growth hormone

secretjon, Takahashi et al. (1981) used periods of forced
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wakefulness in dogs. _It was hypothesized that the absence of the

growth hprmone surge in animals might be‘due to‘their polyphasic
sleep-waking pattern, in contrast to the monophasic pattern
present in humans.

Metabolic and nutritional factors which increase growth
hormone secretion include hypoglycemia, the descending limb Sf
blood glucese levels following a carbohydrate rich meal, high
protein intake, ;nd certain amino acids (arginine and leucine).
Although acute hyperglycemia blocks the stress~induced'inc}ease
in groﬁth*hormoné"secrgtion in humans, the chronic hyperglycemia
present in diabetes appears to have no effect on growth hormone
secretion (Daughaday 1985, Takahashi et al. 1968). Painson and
Tannenbaum (1985) examined the effects of intfaceﬁ1u1ar
glucopenia in fgts, andrfound it to be a petent inhibitor of
growth hormone éecretion. The effect on growth hormone was
" stress mediated however, since the effects were abolished by an
antiserum to somatostatin., Although growth hormone is modified
by physiologic changes in mgtabo1ites their effects are limited,
suggesting a primary role for neural qechanisms in the control of
grahth hormone secretion (Daughaday 1985, Painson and Tannenbaum
1985, Takahashi et al. 1985).

__ Several approaches have been used to attempt to elucidate
the role that growth hormone plays in regulating its cwﬁ
secretion. It was observed by various grouﬁs that the centrai
administration of growth hormone (intraventricular, hypothalamus
or median eminence), resulted in a marked supﬁ;;ssion of growth

hormone secretion (Tannenbaum 1980, Richman et al. 1981,
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Abe et al. 1983). A1l work indicated the feedback to be at the . __
‘level of @he hypothalamus, and not the pituitary. A reciprocal
| relationship was found to exist betwegn hypophysi%] portal blood
somatostatin levels and growth hormone Tlevels in systemic blood
(Chihara et al. 1978). Later work by Chihara et al. (1981)
showed a significant and dose-related increase of immuncreactive
somatostatin in hypophyéia] portal blood following the central
(intraventricular) injection of growth'hormone. Molitch and
\Hlivyak‘(lgso), using a différent approach, administered growth
hormone to hypophysectomized rafs and measured hypotha1amié‘ '
somatostatin, since earlier work had shown a decreased hypotha-
lamic somatostatin content in hypophysectomized animais. As J—'
expected, the exogenous‘growth hormone resulted in a specific
‘inzéease in hypothalamic somatostatin. Kasting et al. (1981),
using a push-puTH perfusion technique, found that & rise in the
release of immunoreactive somatostatin from the median eminence
often coincided with an increase in growth hormone levels in
systemic blood, in rats.

Obéervations showed that various hypothalamic neuropeptides,
involved in the release of anterior pituitary hormones, elicited
the opposite effect when' administered centrally (Lumpkin et al.
1985). This suggested the existence of negative ultrashort
feedback for the two hypothalamic factors directly involved in "
the control of growth hormone release (GRF and somatostatin).
Fo]Towi;g akstudy in rats, in which GRF was injected into the 3rd
ventricle, Lumpkin et al. (1985) proposed that such a mechanism

did exist for GRF. Aquila and McCann (1985) postulated that the
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mechanism‘by which GRF exerts a negative ultrashort loop is by
sf?mulating somatostatin release, since hGRF-40 was found to
stimulate somatostatin in a dose-related fashion, in vitro. In
keeping with the existence of an ultrashort feedback irhibition,’
McCann et al. (1984) found that the intraventricular
administration of somatostatin‘resuTted in a dramatic elevation

of plasma growth Rormone.

II. Development of Radioimmunoassay (RIA) for Growth Hormone

Before the development of the radioimmunoassay (RIA) 2
sensitive method for measuring plasma GH concentration was ngt
available. The standard rat tibial epiphysial plate bio-assay,
which gave barely detectable responses with large volumes of
plasma, could not be used with single or serial sampling
techniques in the same animal (Schalch & Reichlin 1966). In 1964
Schalch & Reichlin reported a double antibody RIA for human
growth hormone based on a RIA for insulin. Parker et al. (1965)

successfully adapted this assay to the measurement of rat GH,

‘despite the speciessspecificity of GH, using anti-porcine GH

serum. With the availability of purified rGH further
improvements were made (Schalch & Reichlin 1966). A sensitive
radioimmunoassay for canine GH was developed almost a decade

Tater (Lovinger et al. 1974).

III. Episodic Secretidn df Growth Hormone

farly investigations on rat GH secretion revealed a wide '

range of plasma GH concentration, suggesting that GH levels
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fluctuated over a period of time. In 1974 Martin, Renaud-amd”
Brazeau examined the femporal pattern of GH secretion in adult,
conscious, freely behaving male rats. They found, that GH
secretion in rats was episodic with a mean interpeak interval of
just over one hour. A few years later Tannenbaum and-Martin
(1976} more clearly defined the temporal pattern of GH secretion
in the rat. In agreement with the earlier group it was found
that rat GH secretion was strikingly episodic, but with 2 mean
peak-to-peak interval of approximately 3.3 hr. It was suggested
by Tannenbaum and Martin that the shorter interval arrived at in
the first paper was due to taking an average of all interpeak
intervals without regard to the double- or triple-peak charac-
teristics of major secfetory episodes: The work of the latter
group also showed an entrainment of the secretory pattern to the
light-dark cycle, although the interpeak interval did not change
significantly with constant illumination. Since then many others
working with rats have observed a 3-4 hr. interval between GH
secretor; bursts {Willoughby et al. 1976, S. Eden 1978, 1979,
%annenbaum et al. 1979, G.S. Tannenbaum 1980, Terry and Martin
1981, Wehrenberg et at: 1982, Tannenbaum and Ling 1984, Gurd et |
al. 1984). Episodic GH secretien in dogs was reported by
Takahashi et al. in 1981. Cowan et al. (1984) performed 6 hr.
resting control experiments to determine the normal GH secretory
pattern’in resting, conscious, male dogs. A mean interpeak
interval of 3.9 hr, was 6bserved.

H The magnitude of the difference between peak burst:1eve1s

and basal levels is substantial, particularly in the rat with a
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range of <1 ng/ml during basal periods, to as high as >600 ng/ml
during secretory bursts (Martin et al. 1974, S. Eden 1979,
Tannenbaum et ail. 1979, Willoughby et al. 1976}. The secretion

of growth hormone in the dog, while clearly episodic in nature,

- is not as striking in magnitude as that found in the rat. Cowan

=

et al. (1984) reported a mean basal concentration of 0.8 ng/ml
and 2 mean peak concentration of 5.8 ng/ml in canine plasma
growth hormone. It was calculated that just aver 50% of all
growth hormone secreted was secreted during a secretory burst,
Because of the magnitude of the difference between peak and basal
levels in rat growth hormone secretion, it stands to reason that
far less than 50% of the total rat growth hormone secrefed is

contributed by basal periods.

IV. Somatostatin; Isolation, Characterization and Synthesis

In their quest for the elusive growth hormone-releasing

factor Brazeau et al. (1973) consistentiy observed that the

addition o7 certain crude hypothalamic extracts to the incubation
fluid of dispersed rat piEEitary cells in monolayer cultures

significantly inhibited the basal secreticn of immuncreactive GH

"~ by the pituitary cells. The isolation and characterization of

this inhibizory factor yielded a 14 amino acid tetracecapeptide,
of ovine hypothalamic origin. Both the native and synthetic
forms of this somatotropin-release inhibiting factor, known as
SRIF or somatostatin, elicited an inhibition of growth hormone
secretion in a specific and dose related fashion. In 1974

Brazeau et 2l. expanded their work using "gentled", nonstressed,
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conscious rats and rats anesthetizengith sodium pentobarbita]f
Somatostatin both inhibited and prevented the sodium peﬁtobar-
bital-induced increase in GH in the anesthetized rats, while
significantly depressing the spontaneous secretion of
immuﬁoreactive GH in "gentled", nonstressed, conscious rais. In
vitro work‘E& Va]é et al. (1975) demonstrated that scmatostatin
could inhibit the ;Ebcetion of previously synthesizéd GH as well
as newly synthesized GH. It wés also shown that somatostatin

could bTlock the response to a crude hypothalamic extract with

growth hormone-releasing éctivigy, indicating that somatostatin

—
—_—

wég capable of blocking the expression of the effect on the

pituitary of the putative physiological stimulator of GH

-secretion (Vale et al;’1975). In vivo work by this group, using

gentTed,_ynstressed, conscious rats, showed that somatostatin's
inhibition of resting plasma GH was of a shorq duration, which
suggested a short half-life of 2-4 minutes, in rats.
Schusdziarra et al. (1979) found the half-life of synthetic
somatostatih to be 1.82 min, as determined by RIA. -The work of
Gillioz et al. (1979) which dealt with immunoreactive somatosta-
tin in rat hypqphysial portal blood, revealed the existe%ée of a
second molecular form of "somatostatin. Gel filtration of
hypophysial portal plasma yields two immunoreactive péaks, with
the major one Eorresponding to synthetic somatostatin (14 amineo
acid tetradecopeptide), and the smaller peak representing a
larger molecular form. Schally et al. (1976) reported the
isolation and structure of porcine hypothalamic somatostatin with

a primary structure identical to that of the 14 amino acid
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tetradecapeptide ovine hypothalamic somatostatin. They also
noted the presence of a second Qistinct form of somatosfatin with
a higher molecular weight, which was active both bib1ogica11y and
immunologically. Speiss Et al. (1979) isolated and characterized
somatostatin from pigeon pancreas. Gel-filtration yielded two
molecular forms, with over 99% representing a ;mall species.

This predominant form was determined to be identical to ovine and
porcine hypothalamic somatostatin in amino acid sequence,
structure, biological potency and immunologic activity. The
larger molecular form represented .3 to .5% of the gel-filtered
somatostatin-like activity. 1In 1980 Esch et al. determined the
primary structure of two larger molecular weight scmatostatins,

of ovine hypothalamic origin. Both somatostatin-28 and -25

appeared to be NHZ-termina11y extended peptides of the tetradeca-

peptide somatostatin-14.

P i

Y. Antiserum to Somatostatin

Hypothalamic somatostatin has been shown to decrease the
release of growth hormone from pituitaries of different species,

in vitro (Arimura et al. 1976)}. If the administration of an

antiserum to somatostatin was followed by an increase in growth
hormone secretion this would indicate a physielegical roie for
somatostatin. Because of the well known stress-induced decrease
in growth hormone secretion in rodents, Arimura et al. (1976)

—

used the rat to investigate the effect of ovine antiserum to

-

J’;;;atostatin on basal and post-stress plasma growth hormone
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Ieve1s.*_Pretreatment of rats with the antiserum to somatostatin
blocked or blunted the stress-induced decrease in plasma growth
hormone. From this they concluded that the stress-induced
decrease in plasma growth hormone was at ieast paft]y due to'an
increase in the release of somatostatin. Terry et-al.- (197%)
also investigated the mechanism of the stress-induced decrease in

plasme growth hormone observed in rats. They found that rats

exposed toR mild stress maintained the pulsatile pattern of

growth hormone secretion, but with a decrease in peak amplitudes.

Rats subjected to a more severe stress, however, shéwed a
complete suppression of pulsatile growth hormone secretion for at
least five hours. Pretreatment with antiserum to somatostatin
partially restored the pulsatile pattern of growth hormone
secretion, although it did not increase basal levels. The
authors' interpretation was that while somatostatin had a
prominant ro]e‘in the stress-induced inhibition of growth hormone
secretion in the rat, it did not play a physiological role in |
basal growth hormone secretion. Since this was not found by
others working with rats, it is possible that the antiserum
itself, or its administration, might have beel enough of a stress

"

to evoke ad&itibna? somatostatin release, over and above that
bound by the antiserum. Tannenbaum et al. (1978}, having &
repqrted earlier that growth hormone secretory bursts were
markedly suppressed in response to prolonged food deprivation,
assessed the role of somatostatin in the starvation-induced
decrease in rat plasma growth hormone. They found that the i.v.

acdministration of antiserum to somatostatin, in 72-hr. food-

——
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deprived rats, immediately restored the ﬁigh amplitude pulses of
growth hormone secretion. In addition they noted a signif%cant
elevation of ?asal growth hormcne secretion. Adminisféring this
antiserun’to normal rats also elicited an elevation in basal
growth hormone levels, but did not affect the amplitude of the
secretory episodes. Ferland et al. (1976) used an antiserum tg
somatostatin in conscious, unstressed réts to investigate the
physiological role of somat?statin in the normal pulsatile
secretion of growth hormoneé Administration of the antiserum
resulted in elevated basal éevels as well as a 2 to 3-fold

increase in peak amplitu&ésj contrary to the work of Tannenbaum
et al. (1978) and Terry and%ﬁartid (1981). The former finding
indicated a physiological ré]e for somatostatin.in the control of
basal growth hormone secret%on. Terry and Martin (1981) did
simiTar"work with rats usiné an antiserum to somatostatin. In
agreement with Ferland et ai. (1976}, thgy observed a significant
increase in basal growth ho%mone levels following the
administration of the antiserum, but with no effect on peak
amplitudes. Chihara et a1;;(1978), using anesthetized rats with
basai medial hypothalamic aﬁ]ation, found that there was no
response to the somatostatin antiserum, indicating that it did
not act at the pituiéary 1e?é1, but presumably neutralized the
somatostatin in the hypophysial portal circulation.

In contrast to the rodént, stress elicits an increase in
plasma growth‘hormoneeleve]é in prﬂnates (Takahashi et al. 1968).

Because the effect of stress on growth hormone secretion in the

dog was not documented, V. Chand addressed this in his Master's

1 -

Y

—— b
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Thesis (1983) in conjunction with the use of a sheep antisomatos-
tatin serum. The antiserum, while provoking an immediate,
massive growfh hormone secretory burst, also caused a 2-15 fold — --
incrgase in plasma glucocorticoids within 20 minutes of the
injection. An injection of goat ser2 which did ndt contain
antibodies to somatostatin served as a control. 'C1inicéﬁ_
observations and g1ucocofticoid levels .indicated that this =~

control sera was stressful to some degree, with Tittle or no

response in growth hormone secretion. The objective in this

‘study was to distinguish between that portion of the antiserum-

induced growth hormone secretory burstkcaused by the antibodies
to somatostatin and that which was due to the sera itself,
(immunogenic stress). In view of the rat's sensitivity to
stress, and the corresponding suppression of growth hormone
secretion, it is not surprising that the antisera work with rats
produced variable results. In comparing."gentled“ (unstressed)
and noﬁgentled rats Takahashi et al. (1971) found an inverse
relationship between plasma growth hormone and plasma
corticoste;one levels. Rivier and Vale (1985), working with
cons;ioushfats, found that CRE (cofticotropi; releasing factor),
acts centrally to inhibit growth hormone secretion by causing an

increase in the release of somatostatin.

VI. Isolationy Characterization & Synthesis; GRF (Somatocrinin)

Up until 1983, hypotﬁa]amic somatocrinin had not been
isolated or characterized. However, in 1982 Guillemin et al.

isolatell, characterized, and synthesized three peptides with
1
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growth hormonejreieasing activity, oﬁtained from a human
pancreatic tumor which had caused acromegaly. The peptides were
44, 40, and 37 amino acid residues, with the Tatter two having
the same sequence as the corresponding initial portion of the 44
amino acid peptide, hpGRF-44; gnd 305 and 12% of the specific
activity of the hpGRF;44 in vitro, respectively. hpGRF-44, thg
largest peptide, was identical in biological activity both in

vitro and in vivo to the still uncharacterized GRF present in

hypothalamic extracts (Guillemin et al. 1982). Brazeau et al.
(1982) compared the biological activit{és of these three
peptides, hpGRF-44, -40, and -37, with the biological activitiés
of highly purified hypothatamic GRF of porcine or murine origin.
"A1l three tumor-derived GRF's, as well as the purified
hypothalamic GRF, had identical effects end intrinsic activities,
in vitro. The study also suggested that hpGRF-44, which had the
highest specific activity (# of biological units/mole), was the
primary form of GRF. In 1982 Rivier et a]. also reported the
isolation and characterization of a 40 amino acid residue with
-growth hormone-releasing activity, from a2 human pancreétic tumor
(hpGRF-40). Its synthetic replicate had a high potency in
stimulating GH release both in vitro and in vive (Rivier et 2l.
1982). The first hypothalamic polypeptide with GHK-releasing
activity to be isolated and characterized was by Speiss, Rivier

and Vale (1983). It was a 43-residue poiypeptide from rat
hypothalamic extracts (rGRE-43), which demonstrated 67% homology
with the corresponding N-terminal 43 residues in hpGRF-44,

reported eariier by Guillemin et al. (1982). The native
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ﬁo1ypeptide and its synthetic replicate did not differ |
significantly in their biological activities and potencies. Theﬁu
jsolation, characterization and synthesis of human hypothalamic
| somatocrinin, hGRF-44, was reported by Ling et al. in 1984, Not
sufprisineg the structure of this peptide was identical to that
of hpGRF-44, s§nce earlier observa£ions have shown that
biologically active peptides produced ectopically by tumors are
frequently identical to theﬂproduc;s of the physiological source
of such peptides {Ling et al. 1984, Guillemin et al. 1982, Imura
H. 1980). -

VII. Interaction of Somatostatin & GRF in Growth Hormone Release

The antiserum to somatostatin work done by Aminura et al.
{1976), Tannenbaum et al. (1978) and others clearly indicated a
pﬁysiologica1 role for somatostatin in the basal secretion of
growth hormone, since the administration of the antisera caused
an elevation in basal levels of growth hormone. The lack of
effect of the antisera to somatostatin on the pulsatile pattern
of growth hormone secretion, however, led many workers to believe
that GRF must then be soie}y responsible for the initiation and
amplitude of the growth ho;abne secretory bursts. With thé
isolation and characterization of GRF in 1982, a number of
studies followed to elucidate the interaction of somatostatin and
GRF‘in the short-term control of growth hormone secretion.

GRF of either hypothalamic or human pancreatic tumor origin
was shown to be a potent stimulator of growth hormone release

both in vitro (Brazeau et al 1982, Speiss et al. 1983,
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ValeTet al. 1983) and in vivo (Nehrénberg et at. 1982, thihara et
al. 1985, Tannenbaum and Ling 1984). The response tc GRF was
found, however, to be markedly variable in vivo. Tannenbaum and
Ling (1984) examined the interrelationships of GRF and
somatostatin in the generation of the ultradian rhythm of growth
hormone secretion in conscious rats. Their results showed that
GRF administration during known peak periods caused a marked and
immediate increase in growth hormone release, in contrast to
little or no response during known trough periods, which,ﬁas in
agreement with the results of others (Wehrenberg et al. 1982,
Chihara gt al, 1983, Gurd et al. 1984). The str'iking difference
between the two times of GRF administration was abolished by
pretreatment with antiserum to somatostatin. Cowan et al. (1985)
examined GRF's role in stimuféting growth hormone release in
dogs. Exogenous GRF administration was superimposed on both
control periods, when endogenous somatostatin might be high or
low due to_natural excursions in its release, and during periods
of a moderate somatostatin infusion, Jjust above the rate
previously shown to block spontanecus growth hormone secretory
bursts. During the contréT periods more than half of the GRF
injections eiicited growth hormone responses, comparable in size
and duration to spontaneously occurring gfowth hormone secretory
bursts. In sharp contrast, either little insignificant growth
hormone responses, or no response at all was seen in response to
the GRF administered during the somatostatin infused beriod.
This strongly suggested a decreased pituitary sensitivity to GRF

in the presence of physiological concentrations of somatostatin.
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Sheppard et al. (1985) using an in vitro system of perifused
somatotrophs found thag.somatostatin cbnsistent1y and compTete1y_
, blocked GRF-induced growth hormone release. This supporfed
previous in vitro work by others (Brazeau.et al. 1982, Speiss et
al. 1983, Vale et al. 1983). Both the in vivo and in vitro work
indicated that when both stimulatory and inhibitory hypothalamic
factors were present, the inhibition predominated.

In vitro work by Stachd}a (1976 & 1977), and Cowan et al.
(1983) showedﬁthat the removal of a somstostatin signal was
consistently and immediately followed by a rebound release of
growth hormone, suggesting a physiological role for somatostatin
in setting the timing of growth hormone secretory bursts. In
vivo evidence for somatostatin’s role in initiating secretory
bursts came from the somatostatin antiserum work, with the
administration of antiserum eliciting én immediate growth hormone
secretory burst, followed by an elevated baseline (PTotsky and
Vale i§85, Ono et al. 1984, Chihara et al. 1983, Tannenbaum et
al. 1978). This suggested a tonic inhibition by spmapostatin on
the somatotrophs during basal. growth hormone secretion, with the
removal of the inhibition initiating a secretory burst.

The ‘in vitro work by Stachura (1976 & 1977} and Cowan et al.
(1983) indicated that somatostatin, while playing é major role in
initiating a secretory burst, influenced the size of the burst as
well; with the size of the post-somatostatin rebound éreater
following a longer period of somatostatin inhibition. This
supported the hypothesis proposed by Stachura, that during -

somatostatin inhibition only the release of growth hormone is
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inhibited, with growth hormaone synthesis continuing, resulting in
the accumulation of a readily releasable pool of growth hormone.
Howéver, the e*istence of intracellular feedback for growth
hdfﬁdne synthesis was indicated, since not all of the growth
hormone secretion suppressed by exposure to somatostatin was
recovered in the burst following the removal of the somatostatin
signal by Cowan et al. (1983).

While GRF was shown to pe capable of initiating a growth
hormone secretory burst (provided the level of endogenous
somatostatin was Tow), its major role was unclear. In 1986
Kraicer et al. used an in vitro system of perifused somatotrophs
to further elucidate GRF's major role in growth hormone
secretion. It was fouﬁd that including GRF in the perfusate Yor
the duration of the somatostatin signal resulted in an average
8.7 %o1d increase in the size of the post-somatostatin overshoot.
Continued application of GRF after rémova1 of the somatostatin
signal, while increasing further the size of the burst, did not
influence the amplitude but re§§f€;;zin a longer duration. This

suggested that in vivo GRF plays a major role in the accumulation

of the readily releasable pool of growth hormone ;nd therefore in
the amplitude of the ensuing burst, foilowing a decrease in
endogenous somatostatin. _

The overall tonic effect of GRF on ;rowth hormone secretion
is well established., This was demonstrated by Wehrenberg et al.
(198%) who used a monoclonal Ab (antibody) to GRF in rats, which

resulted in the abolition of pulsatile growth hormone secretion.

The authors' interpretation was that episodic pulses of growth
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hormone secretion appear to be due to a positive drive by GRF;
not noted by the authors, however, wés the concomitant lowering
of basal growth hormone levels, shown in the dg}a. This then
demonstrated the importance of GRF's tonic effect on growth
hormone secretion, rather than a specific role in initiating
growth hormene secretory bursts. The work of Onc et al. (1984)

further supported this, using a GRF antiserum in conjunction with
" somatostatin antiserum (rats). The peak growth hormone secretory
resﬁonse.norma11y seen following somatostatin antiserum
administration was reduced 57% by pretreatment with GRF
antiserum. Further work showed that somatestatin antiserum-
induced growth hormone release was suppressed by the GRF

antiserum in a dose-related fashion.

VIII.Physiological Context

The availability of a pure monoclonal antibody to
somatostatin made ppssib]e a clear negative signal in vivo,
allowing for an experimental design with both positive and
negative somatostatin signai;; éuperimposing GRF injections
during both the somatostatin infused period and the post-Ab
period was intended to e1ucjdate fhe interactions between
somatostatin and GRF in the short-term coptro1 of growth hormone
secretion. More specifically, it would test the ability of the
somatotrophs to respond to GRF in the presence or absence of
somatostatin’s inhibitory influence. Responses to such —_
antibodies are clearly separated from any response to immunogenic

stress because of the trivial mass of material administereds-
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this was not possible in the earlier work with antisera to
somatostatin because of the substantial foreign protein content
of the serum itse]%. .

The use of the dog as the experimental model was appropriate -,
because of the close simi]érity to man in growth hormone
responses and the dog's adaptation withqu; stress to handling ani
the experimental conditions. This was important to eliminate an
effects of stress on growth hcrmone secretion, which can Be
substantial. As can be seen in "ResﬁTts", clinical observations{\
and glucocorticoid data indicated the Ab itself was not
stressful.

The dog was also able to provide the blood volume necessary
for frequent serial sampling over a périod of nine hours. The
choice of male animals was to avoid any variation due to -
‘reproductive cycles in females. In addition, there are
post-pubertal age-related changes in growth hormone secretioq in
female rats (5. Eden 1979) which may a]éo be the case in the

——

canine species.

IX. General Objective

To more clearly elucidate the interactions between
somatostatin and GRF in the short-term regulation of growth
hormone secretion, with an emphasis on the initiation and control

of growth hormone secretory bursts.

X Specific Questions:

(i) Does a drop in endogenous somatostatin alone trigger a GH
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secretory burst?

4ii) How dependent is the sensitivity of the somatbtropﬁs to GRF
on the amount of somatostatin present in the milieu, either
_before or during GRF application?

(ii1) Why do excursions in GRF alone not reltably stimulate
growth hormone secretion; consequently, what is the role of
GRF in naturally occurring GH bursts? )

{iv) Somatostatin appears to set the timing of naturaily

| occurring bursts by declining to a "c¢ritical threghold"; is

this its only major role, or does it influence the size of

the burst as well?

e
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MATERIALS AND METH
0Ds A~

ANIMAL MODEL

Fourteen random source adult male mongrel dogs weighing
12.2-23.5 kg were used for seventeen experiments. This weight
raﬁée was chosen in order to permit normalization of data and
valid compafisons witﬁ earlier publications on canine growth
kormone work. Dogs underwent a minimum three week period of
conditicning, consisting of a health examination, evaluation of
nutritional status and heﬁato1ogica] profiles, treatment of
internal and external parasites as required, and vaccinat%cn
zgainst rabies, canine parvo-wirus, canine distemper-hepatitis,
kennel cough and ]eptospirosisf

Housing‘was in standard cages under conditions of constant
temperature (20-23°C) and relative humidity (45-55%) on a 12 hour
Tight and 12 hour dark cycle with Tights on 2t*6:00 a.m.. Diet
was comprised of dry dog food and water ad libitum, fn addition
to canned dog food on the days in which training cccurred. The
animals received routine daily exercise in outdeor runs, ‘

Dogs were trained over a one to two week period to 1ie
relaxed on a pédded £;b1e for ten hours; during which time they
were exposed to the sound of the centrifuge and infusion pump.

At the end of each training period they were rewarded with a can

of dog food.

EXPERIMENTAL & SURGICAL PROCEDURES

On the day of the experiment animals were released from

their cages into outdoor runs by 7:15 a.m. A short period later

I
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they were brought in and weighed before being moved upstairs to

the experimenta] room for surgery. Surgery was completed by 8:30 .-
.a.m. An exception to this was the approximately 45 min later
start with the two animals used in the pilot stqﬂy on the
monoclonal antibddy to SRIF (SOMA #8). |

" Surgery consisted of saphenous vein to inferior vena cava
and cephalic vein cannulations with Clay Adams PE205 and PE1SO
tubing, respectively. This was performed under sterile |
conditions. The local anesthetic used was lidocaine
hydrochloride. Surgical areas were shaved the day before the
experiment to minimize stress on the experimental day. The
cannulae were flushed with weakly heparinized isotonic saline
{1:50) to confirm and maintain patency until the experiment was
begun. The saphenous cannula was used for blood sampling and
administering GRF and antibody injections, and the cephalic was
used for the SRIF infusion. There was a minumum waiting perioed
of 40 min between the completion of surgery and the first blood
sample. -

Blood samples of 1.2 ml were taken to obtain 0.7 ml of

plasma for determination of canine growth hormone. An additional
3 m1‘of blood was taken at specified times gg%sgﬂucocorticoid
assay, which was used-as an indicator of stress.Z Sampling was at
2.5 min intervals from 10 min preceeding to 15 min fof{owing an
event; with an event comprising éither a GRF injection,
initjation or termination of the somatostatin infusion, or an

injection of monoclonal antibody to somatosta ﬁﬂh\\fjfid

replacement was wi H/?sotonic saline, approximately one and a
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half times the b]éod'samp]e volume, or with weakly heparin?:ed
isotonic saline as required,

Changes observed in either animal behaviour or experimental
procgdure were recorded con the protocol sheet., Sterile removal
of the cannulae was performed and a furacin dressing applied.
Animals were then returned to their cages and given a can of dog

~ food.

EXPERIMENTAL DESIGN

I. B Series; The Effect of Somatostatin on Pituitary

Sensitivity to GRF

The purpose of these experiments was to determine the effect
of physiological concentrations of somatostatin on pituitary
sensitivity to GRF. Conscious resting dogs received two levels
of bolus intravenous {i.v.) injec%ions of GRF during periods in
which either endogenous levels of somatostatin were-\\
unmanipulated, the so-called control periods, or during an
infusion of somatostatin, which was within the physiclogical

range. .

a) Bl and B2 In two.experimén@& (81 and BZ), in the same

animal, an j.v- infusion of somatostatin at a steady rate of 0.25
ug kg'l min'l was initiated 40 min prior to the first blood
sample. This rate was just above that previously shown to block |
spontaneous growth hormone secretory bursts (Cowan ef al. 1984).
The infusion was continued for the first 200 min of blood
sampling. Four bolus injections of GRF were administered j.v.

during the somatostatin infusion at 40 min intervals (2 at each
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level of 125 ng/kg and 500 ng/kg). At 200 min the somatostatin
i;;hsiqn anded, followed by a second ccntrol period with two mere
bolus {gjections of GRF. All events were 40 min apart, with
b1ood;§ampling ending 40 min after the sixth GRF injection.

b) 83-88 In the remainder of the experiments in the B
series (83-88) there was an initial control period of 85 min
designated as “pre-scmatostatin®, (when endogenous levels of
somatostatin were unmanipulated). During this time 2 bolus i.v.
injections of GRF were administered at 40 min intervals (one each

at 300 ng/kg and 2000 ng/kg). Forty minutes after the second GRF
injection the somatostatin infusion was begun (0.25 ug l-:g'-1 min~t
in 83-B6), with & duration of 205 inin. Forty-five minutes after
the initiaticn of the somatostatin infusion the first of & bolus
i.v. injections of GRF was administered; the others followed at
40 min intervals (2 at each level). The somatostatin Infusion
was folicwed by 2 second control period, referred to as
"post-somatostatin®, with two more bolus injections of GRF at 40
min intervals, giving 2 total of 8 GRF injections. Sampling
ended 40 min after the Xa;t GRF injection. This design was used
-~ in 6 experiments in 4 animals (B3-B6; for details see Tables
I-T11). In 2 experiments (B7 and B8) a slightly lower rate of
sometostatin was infused (see fcotnote to Table I). This lower
rate is nonetheless still known to be effective in blocking
spontaneous bursts of growth hormone release in dogs (Cowan et

al. 1984).
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II. The Effect of Somdtostatin on Pituitarv Sensitivity to .

GRF Usina a Honoc1ona1§Antibody to Somatostatin

To further elucidate tﬁe role of somatostatin on the
pituitary's sensitivity to GRF a monoclonal antibody (Ab) was

& !
.used to diminish free endogénous somatostatin.

a) Monoclonal Ab to Somatostatin (SOMA #8): Pilot Studv °

Blood was sampled at Siﬁin intervals for. 240 min in two
conscious resting dogs. Ati280 min they-cheived a bolus i.v..
injec;ion'of monoclonal Ab %d somatoséatin. "For 3C min following
the injection the samp}ing %nterva] was reduced to 2.5 min to
increase the resolution of ény response. Blood sampling then.
continued for an additionai{%lc min at 5 min intervals. The
monoclonal Ab uéed in these:Z experiments was SOMA 28 (J.t.
Brown),wand was later shown?to have a Tower affinity in vitro for

somatostatin and to be less,effective in vive than SOMA #10. -

b) Monoclonal Ab to Somatostatin (SOMA #10); M Series

The monocTonal Ab designated a§ SOMA #10 (J.C. Brown) was
used in 7 experiments on 7 éogs. These experiments were similar
to the B series with the ]aét 120 min period, containing 2 bolus
injections of GRF, serving és a se&ond control period. Followiﬁ% ’
this second control period é boelus. i.v. injection of monocional
Ab to somatostatin Qas édmi%istered. This was followed by tﬁo
GRF injections 40 min aparti resultiné in a total of 1C GRF
injections (5 each at 500 ng/kg and 2000 ng/kg). The
somatostatin inTusion rate %or this series wés 0.15 ng kg-l min'1

(as in B7 and B8, and as justified by Cowan et al. 1384).
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ORIGIN & CHARACTERISTICS OF EXQGENQOUS MATERIAL .
a! GRF

The GRF (1-44) peptide was purchased from Bachem Inmc. in

powder form and stored at 4°C. The day before the experiment 2n
amount sufficient for one experiment was weighed on a Chan gram
‘e1ectroba1ance-f0r preparation of the concentrated solution. On
the day of the expgriment the concentrated solution was made up
by disselving the GRFJin 100 m1 of water, 100 mg BSA, 0.0198¢g
L-ascorbic acid sodium salt and 57.5 A N glacial acetic acid
so]ufion, to give a concentration of 1100 ng/ml per kg, and_kept
on ice. In the 10 min preceding an injection either 50 x {small
injection), or 200 x (large iﬁjection) was diluted to 1.1 ml with
isotonic saline. 0ng5m1 was adWinistered i.v. with a disposable
syringe for an injected dose of 500 ng/kg or 2000 ng/kg.

v
o

b) Somatostatin

Synthetitc cyclic somatostatin714 was purchased from Sigpa
Chemical Co. (catalogue #5-9129) as a solid, with the addif%gn of
2 ml of saljﬂé resulting in a 2.5 ug/x stock solution, which was
stored at -12°C. Fifteen minutes before the somatestatin
infusion began a calcul%ted amount of concentrate was diluted in
20 ng/h1 lactose in saline éolution, with a total volume of 10
" ml, and placed in a 10 ml g1asansyringe, which was.used in the
‘Har¥ard-Compact Infusion Pump.

¢) Monocional Antibody (Ab) to Somatgostatin:

The monoclonal Ab %o somatostatin was kindly provided by Dr.
J.C. Brown, Dept. of Physiology, University of British Columbia.

The antibody dasiénated as SdMA1#8 was in a freeze dried form.
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I;Swas partially dissolved in O.S% BSA inyphogphate buffer
solution {PBS) the day before the first pilot study, with the
unused portion stored at -70°C until the second pilot experiment;
Two batches of thé monociona1 antibody designated és SOMA
#10 were receivgd in ascites fluid, containing approximately 6
ng/ml of immunoglobulin. The firstlbatch was used in dogs 1-3,
and the second was used in dogs 4-7. This was injected i;v. aS a

bolus ranging from 12.31 a/kg to 30 A/kg, (Table I1).

HANDLING OF SAMPLES

Blood samples were placed in labelled, heparinized, 1.5 ml
poTypropyleﬁe Eppendorf test tubes, kept on ice. They were spun
in Sﬁirs in an Eppendorf micro centrifugq S}Z,SOO G} for 3 min,
at 4°C. Time from co]lecticnkaf‘blood sample to centrifuging aid
not extend much beyond 5 min. Plasma was pipetted into labelled
1.5 m1 polypropyiene Eppendorf test tubes and stored at -12°C
until the end of the'experiment. Plasma samples were then storéd
at -70°C.

Plasma samples for canine growth hormone (cGH) assay were
packed in dry ice (-78.5°C) and sent to Dr. J. Kraicer's lab,
where they were conce again stored at -70°C until assay. On the
day of assay samples were allowed to thaw at room temperature.
| Sample. for glucocorticoid assay were handled in Fhe same
fashion, with the exception of being pipetted into labelled glass
counting vials after centrifuging. On the day of assay semp]es
were removed from the -70°C deep freeze and 2llowed to thaw at

room'temperature.

BrSs
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GROWTH HORMONE DOUBLE ANTIBODY RADIOIMMUNOQASSAY

Plasma GH was measured, usually at one dilution, using a
double-antibody radioimmunoassay method, similar to that of
Lovinger et al. (1974). The anti-cGH (AFP-214-121577; raised in
rhesus monkey} and the ;ntigen (AFP-1983-8; highly purified
canine pituitary GH) were obtained from Dr. A.F. Pariow,
Director, Pituitary Hormones and Antisera Center;'Tbrrance,
California. The cGH was used as the standard and for jodination.
The goat antiserum to rhesus monkey gamma globulin {Calbiochem
#539873, lot 493082) and the rhesus monkey serum used as carrier
(Calbiochem #566611, lot 486074) were purchased from Behring
Diagnostics, San Diego, CéTifornia.

Iodination of purified canine GH was performed as follows:
15 mg chloramine T (Baker E494-6)-was dissolved in 5.0 ml 0.5M
phesphate bﬁffer, pH 7.6. About iOIug cGH was accurately weighed
on a Cahn microbalance and dissd]ved in 0.01M NaHCO to 2
conceﬁg;ation of 1.0 ug/ul., To this was added 50 ul 0.5M
phosphate buffer and the resuTtant so]utioﬁ was transferred to
the shigping vial containing.l mCi NaI;iZS (Dupont Canada,
NEZ-033H). Thelweighing pan was rinsed with a further 50 ul

phosphate buffer, and the rinse transferred to the same vial.

‘Ten miéro]iters chloramine-T solution was then added to initiate

the react%on. Following -30 sec gentle mixing with a pasteur
pipet, the reaction mixfure was transferred to a 22 x 0.8 ¢m
Sephadex G50 fihe column, previously rinsed with 1 to 2 mi 15%

BSA and equilibrated at room temperature with at least 30 ml
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degassed 0.05M barbital buffer, pH 8.6 Collection of forty 8

’

‘drop (about 0.3 ml) fractions into tubes containing 100 pl1 15%

" BSA in PSB, pH 7.6 was begun immediately; fractions 8 to 40 were

placed on ice as collected. -When collection was complete,

radioactiyity was determined in 10 ul samples from each fraction

- using a Searle Model 1195 Gamma Spectrometer, resulting in an

elution profile with 2 "peaks" of radicactivity, a major void
volume "peak" containing the labelled cGH and a minor one
containing unreacted I-125, Five to six fractions containihg
the labelled ¢GH were pooled and 100 or 200 w1l aliguots were snap
frozen cn dry ice and stored at -80°C for up to 4 months before
preparation of & new lot. »
Rechromatographed labelled c¢GH was prepared on the day of
use by chromatography of aqfaliqﬁot cn a column of Sephadex G-100
fine, under the conditions described above. This chromatography
results in three "peaks" of radigactivity with the immunoreactive.
cGH predominantly in the central one. Fractions from the column

eluate were pooled as required.

The'binding affinity for each fresh batch of labelled ¢GH

was assessed:by incubating dilutions of;anti-c¢GH with 10,000 cpm

of rechromatographed labelled cGH in the absence of unlabelled

cGH. The dilution of &ntibody which gave a specifically
bound/totél radicactivity ratio of about 0.33 was used routine]y.
This usually corresponded to a final, tube dilution of
1:1,600,000.

Assay tubes routinely contained 100 yl standarq or plasma,

100 »1 antibody dilution, 100 pl labelled cGH and 300 ul buffer.
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(1% BSA in 0.0iH phosphate buffered saline containing 0.025M -
EDTA, pH 7.6), all added on day 1 of a 5 day incubation at 4°C.
In the morning of &ay 4, appropriately diluted precipitating
antibody {goat anti-rhesus gamma g1obd]in) and carrier rhesus
serum were added (100 ul of each). On day five, 2 ml of cold
buffer without B§5 were added, followed immed%éteTy by 75 min.of
centrifugation at 1550g in an MSE Coolspin Il refrigerated
centrifuge. The supernatants were Qecanted and discarded, and
radioactivity was determined in the retained precipitates
using an LKB 1272 Clinigamma spectrometer.' Standard curves and
quality-control samples were placed at the beginning and end of
each assay. All standards and samples were assayed in
triplicate.

- Results were expressed as ng of ¢GH (AFP-1983-B) per mi of
plasma. Practical sensitivity of the assay was 0.5 ng/ml.
Inter-assay and intra-assay coefficients of variation were 10.32%
and 2.14% respectively over the period of this research, based on

repetitive measurements of a pooled plasma quality control

. ‘sample. This pool.was chosen-arbitrarily to give a bound/bound

-

in reference ratio of about 0.5. The coefficients of variation

were calculated using the method of Rodbard and Jaffe (1979).

GLUCOCORTICOID ASSAY-

Plasma glucocorticoid was measured in duplicate using a

modified version of the fluorcmetric method of Silber, Busch and

Oslapas (1958). A1l glassware was rinsed in absolute ethanol and

—

air-dried before use. Standard solutions of No H-4001
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hydrocortisone (Sigma Chem, Co.) and No C-2505 corticosterone
(Sigma Chem. Co.) were made to a concentration of 100 mg% in
absolute ethanol. Each was diluted 1:500 with isotonic saline,
yielding a ffﬁal concentration of 2 ug/ml. 500 X standards of
each and a 500 x blank (distilled water) were placed at the
beginning and end of each assay. |

200-500 "% of each sample was pipétted in duplicate into
Tabelled 15 ml centrifuge tubes. Samp1e volume was brought up to
500 A with distilled water, as required. 6 ml of ﬁethy]ene.
chloride was added.to each tube by an automatic dispenser
followed by shaking 60 times to ensure mixing. The tubes were
then centrifuged-at 2000 rpm for 3 min to define the aqueous-and .
organic layers. The aqueous Tayer was aspirated. Two ml
aliquots of the ébthy1ene chloride layer were transferred into
the corresponding-fabe1led steroid tubes "and stoppered
immediately. Two ml of a mixturé of 65% concentrated HZSQ4‘and
35% absolute ethanol Qas added to each tube from an automatic
dispé%éé;, in sets of 4, followed by shaking for 20 sec. Sets of

4 tubes were repeated every 1i min. The top layer {methylene

. chloride) was aspirated and the samples were read exactly 60 min

after shaking, using an Aminco-Bowman Spectophotofiuorometer.

The excitation wavelength was 465 u and the emission wavelength

‘was 525 u.

A linear regression program was used on a Wang 600
minicomputer to caT;u1ate apparent cortisol concentration using
the cortisol standard readings. These were converted to mixed

glucocorticoid on the assumption that the ratio of cortisol to
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corticosterone is approximately 1:1_(Ganong 1983).

-

[Plasma glucocorticoid] = [Plasma cortispT] X (F-0) x2
| - (8 -0) + (F-0)

F = reading of 2 pg/mi cortisol std
B = reading of 2 ug/ml corticosterone std
0 = Background fluorescence -

PROCESSING OF DATA

.a) Continuous Secretion Rates

A single compartmental first approximation previously
validated for ACTH (Cowan-19fé) was used to convert bivariate
time vs. concentration data to continuous secretion rates. The
values used for metabolic clearance rate (MCR) and apparent
distribution volume (V) of growth hormone were those arrived at
in previous work-by Cowan et al. (1984). Growth Rormone was
found to have a MCR approximately half o%>that o% ACTH so the
model sheuld work eveh better, since its slower turnover would
decrease the error of the model. The equation used was as

follows:

Secretion Rate = (MCR-GH,) + (v.9(CH, )y
at

r'.
iV

where MCR = 3.99 + 0.30 ml kqg™* min .

Y

57.9 + 5.5 ml/kg
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) Integrated Peak Area

Theusize of 2 peak was determined from the integrated area

of the peak minus the basal secretory rates (ng kg'1

S

min~l). The
integrated area was computed on the Wang 600-14-TP minicomputer
as sums of histogram rectangies topped by right triangles (Cowan
et al. 1984). Data are presented as Means = Standard error of
the mean (x = S.E.M.).
c) Statistics

’,‘Statisti;a1 comparisons were made using anaiysis of variance
(ANOVA) where appropriate with the wéng 600-14-TP minicomputer
and commercially available software, (volumes 133 and 139 of
"Wang's Calculator Assisted Statistics Series”, 1972). The
unpaired Student's t-test was used for those statistical

comparisons in which the null hypothesis was tested for a single’

variabie between two groups or treatments.
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RESULTS

RESPONSE TO hpGRF -(1-44) DURING CONTROL PERIODS;
B SERIES AND M SERIES

In 15 experiments a total of 56 graded belus injections of
hpGR% (1-44) were administered i.v. during the "control" periods,
(pﬁELsomatostatip and post-somatostatin), during which time the
level of somatostatin in portal blood was entirely endogenous,
and the concentration may have been high or low. A clear
response to these 56 events would only have been possiblg in 44
cases; in 12 cases the injection occurred while some other GH
excursion was still in progress. These. obscuring influences were
either spontaneously occurring bu;stS'or a long response to the
preceeding event. There was a response to 26 of theée 44 GRF
injections (59%), with the integrated extra area (peak-basal)
{ng/kg) and duratien (min) comparable to spontaneously bursts
occurring during the same time period (p < .05) (Tables IV-VI).
In the remaining 18 cases either small, statistically
insignificant excﬁrsions in growth hormone secretfon or no
respbngé at all was seen. -

The possible depéndence of the size of the response on both
dose of GRF;—and on occurring before or after somatostatin
infusion_was tested by 2-way ANOVA. The size was not dependent
on either of these factors (p < .05). Nonetheless,when responses
from assymetrical experiments were added in (experiments in which
responses only occurred either before or after sémaﬁostatin, but

not both), then an unpaired t-test of all 26 burst sizes (ng/kg)
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before.énd after somatostatin showed that GRF-induced bursts
before somatostatin were larger than after somatostatin
(0.01 < p < 0.005). This is probably just the effect of
increased "n*. )

Neither the dose of GRF nor the périod in w%ich the
responses occurred (pre-somatostatin vs post-soﬁatostatin} caused
a significaﬁt difference in the duration of the responses
(p < .05).

In order to answer the following 2 questions a Z-way ANGVA
was performed:

1) Is the likelihood of obtaining any response greater in
response to the larger dose of GRF?

2) Is the likelihood of obtaining any ?esponse to GRF
greater or sma]Tér in the pre-somafostaé#n-period or the -
post-somatostatin period?

No significant difference was found (p < .05) in the
frequenty of responses to GRF based on either the dose of GRF or

the temporaf'position, with respect to the somatostatin infused

period.

RESPONSE Tb GRF DURING SRIF INFUSION; B SERIES AND MiSERIES

The first six experiments of the B series {B1-B6) involved
somatostatin infusion rates of 0.25 pg kg™t min~l. B7, 88 and
the seven experimants in the M series {1-7) were at a sTightly
lower rate of 0.15 ug kg'1 min"l. Since ne significant

differences in the effect of the infusions on basal growth

hormone concentration were seen, resuiting from the different
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rates ff_iififggxéxin infused,\rhe/FEg:;;s from all fifteen
experiments were pgoled. It is worth noting that the lower rate
of somatostatin in%usion was sufficient in Cowan et al. (15984} to
block spoﬁtaneous growth hormone bursts.

A total of 60 bolus injections of hpGRF (1-42) (30 at-each
dose level) were admiéistered i.v. during the somztostatin
infused periods in fifteen. experiments. To these 60 injections
theré was one response, to the last large injection, in
experiment B4. It was small in size {150.3 ng/kg) and of a short
duration (12.5 min) when compared to the spontaneously occurring
bursts in-the control periods (376.2 = 42.3 ng/kg, 33.6 & 2.3
min, n=7), or to theuGRF-induced bursts in the control periods
(379.4 = 9.8 ng/kg, 26.2 * 2.2 min, n=26).

Thus, of 57 possibie responses to GRF injection during
somatostatin infusion (3 injections of the 60 occurred during
spontaneous bursts and so were not avaiiable for possibie
responses}, there was only one small, short response to GRF
(1.75%), clearly indicating a massivé effect of modest aﬁounts of
somatostatin on ﬁituitary sensitivity to GRF.

SPONTANEQUS BURSTS DURING CONTROL PERIQODS; B SERIES AND M SERIES

During the control periods of all 15 experiments, 17 sponta-
4ﬂ%ous bqrsts occurred, yielding an averaée freguency of 1/2.85 hr
(Table VII)J The average size and duration was 376.2 = 43.2
ng/kg and 33.6 = 2.3 min, respectively (Table VIII). Neither the
size nor the frequency of the spontaneous bursts were different
in the two control periods (pre-somatostatin vs post-

somatostatin).
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SPORTANEQUS BURSTS DURING SRIF INFUSION:; B SERIES AND M SERIES

In fifteen experiments there was a total of 5 spontaneous
bursts during the somatostatin infused period (ave. fréquency =
1/10.22 hr.). Four of the 5 accurred in one dog during two .
experiments. These were smaller than during control periods,
with an avefage integrated area of 156.9 * 32.6 ng/kg and a
.duration of 20.5 = 3.9 min. All 5 occurred during the latter
part of the somatostatin infusion, éetween 27 and 90 minutes
before the end of a 205 min infusion. Thus except in one dog,
these SRIF.infusion rates were sufficient to block almost all

bursts.

POST-SOMATOSTATIN REBOUND; B SERIES AND M SERLES

In the Brseries, in all 6 experiments with the higher rate
of somatostatin infusion (0.25 ugkg'lmin'l), the removal of the
somatostatin signal resulted in a gréwth hormone secretory
overshoot, with an average lag of 5.2 min in 3 cases of 6, and no
discernable lag in the remaining 3. In the 9 experiments with
the slightly lower somatostatin infusion of 0.15 ug ké'l min~}
there were 5 post-somatostatin reboundsz

| The size of the post-somatostatin overshoot was not
dependent on the level of somatostatin infused (404.7 = 122.1
ng/kg vs 897.4 = 285.7 ng/kg following 0.25 ug kg'1 min"! and
0.15 ug kg'1 min"l, respectively) (Table IX). The size of the
post-somatostatin overshoots, although 1argelexcept in two cases

(Bl and B2), was not significantly different from either the

'f}
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spontaneously occurk{ng bursts or the GRF-induced burst§
occurring in the control periods (by 2 2-way ANOVA, p < .05);~~
there was, however, a tendency for post-somatostatin overshoots
to be Targer than spontaneous bursts (628.7 = 157.9 ng/kg vs.
376.2 = 43.2°ng/kg, p < .10 by Student's t-test). |

IMMEDIATE RESPONSE 7O ANTIBODY (Ab) INJECTION; M SERIES

The monocional antibody (Ab) to somatostatin (SOMA £10) was

administered i.v. at 410 minutes, following the post-somatostatin

control period, in 7 experiments (1-7). Two of the 7 Ab

injections did not work, possibly due in one case to the quantity
tsed (Hﬁ) since in that case, thrﬁugh an error, an unknown
‘?qgantity was used. In the other case (M&) there was no apParent
rEagon for the failure to respond, except that the-animal in ™
question was a. low GH secretor with minimal regponses to GRF and
no sbontaneous bursts.. In the remzining 5 Ab experiments .
administration of the At resulted in an immediate, large growth
'hérmone secretory burst, followed by an elevated baseline.
The size of the response to the Ab was consig;ently 1&%gg
(1734.2 = 682.2 ng/kg; range 572.7 - 4389.2'ﬁg/k9) (Table X).
'Although the average size of the immediate respohse to the Ab was
substantially 1arger_ihan the average size of the spontaneous
bursts or GRF-induced bursts during control periods, three
spontaneous bursts and three responses to exogencus GRF during

the control periods were within this range. . e

—
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POST-Ab RESPONSE TO GRF (1-44); M SERIES

—_—— ! ’
In the 5 experiments with an immediate growth hormone
response to Ab there were 10:bolus injections of hpGRF (1-44)

|
[
!

following the Ab injection. clear respohse to these 10 events

was only possib1g in 7 caseé; due to obscuring in 3 cases by.

either spontaneously occurriﬁg bursts or a long respoﬁse to the
preceeding event.v of thgse % there was a2 respense to 5 GRF i
injections (71.4ﬁ5. The sizé-of these growth hormone secretory

bursts was not s?gnfficant]yédifferent from the GRF-induced

bursts in the post-somatostaiin pericd (p < .20) (Tables 1V-VI).

L

PR . -

POST-Ab SPONTANEQUS BURSTS:'E SERIES

In the 5 successful Ab experiments 2 spontaneous bursts
occurred in the post Ab period. One was small in size and the

3

other was large. This gave ? sporitaneous burst frequency of 1/5
hr (1/3.65 hr i% the tire ofithe average response to the Ab is. -
excluded) (Tables VIT and VITI). B

Because of the number o} responses to exogenous GRF and the
few spontaneous bursts during the relatively short posi-Ab

period, further statistical comparisons of frequency or size were

not appropriate.

SOMATOSTATIN AND BASAL GROWTH HORMONE CONCENTRATION

| In 15 experiments the ba§a1 growth hormone concentration
.ranged from 0.2-2.0 ng/kg‘(pfe-Ab periods), although it was very
consistent within an experiment. {Table XI). The first two

experiments in the B series (Bl & B2) differed slightly in.
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experimental desiga in'that they did not contain an iﬁgfial
control period, but began with the somatos;atin‘1n¥usion. This
left a total of 28 control periods (pre-somatostin and
post-somatostatin). During these control periods basal growth
hormone secretion was not always present or sustained “for any
appreciable length of fime. This w;s as expected since
endogenous somatestatin was unmanipulated, with low endogenous
Tevels resulting in either spontanéous bursts of responses to
exogenous GRF. In addition, a post-somatostatin overshoot was
occurr%ﬁg in the inftia] porfion of the post-somatostatin period
in 11 out 15 experiments. Because the period following the peak
Tevel of a burst may yield a basal secretory rate before basal
concentration i< obtained basal cqncentration was used, rather
than basal secretory rates . Only 5 experiments y{e]ded precise
basal growth hormone concentrations in both éohtrOI_EE;?EE;; but
an additional & experiments did so in one control period. Hence '
an unpaired Student's t-test was used to compare the two groups.
No Significant difference was found {t=.2, n=16), indicating that
there was neither a time-dependent shift nor a post-somatostatin '
effect on basal growth hormone concentration.

A 1-way ANOVA was used to compare first control period basal
growth hdrmone concentration data, second control period data,
and those in the somatostatin infused period, with no significant
differences found among them. This clearly indicated that both
Tevels of the somatoétﬁfin infusion (0.15 ug kg'1 min~! and
0.25 Jétkg'l min'l) did not further lower basal growth hormone

secretion,. supporting earlier work by Cowan et al. (1984) in
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which a somatosta;in infusion of 0.15 ug kg'1 min~1 was used.

‘Simiiarly, pooling of data from the two control ;eriods
(justjfied By their cemonstrated equivalence, see above) yielded,
in a t-test against data during SRIF infusion, a Value of t
(n=17}, showing clearly no effect of SRIF on basal GH.

By. way of reinforcement, and to avoid possible mismatching

of data which might occur if test groups did not reﬁresent the

_same animals, the 5 experiments in which steady basal GH

concentrations were obtained in both control periods and during
SRIF infusion were subjetted to 2-way ANOVA (period vs animal).
There was no significant diffefence among periods (p > .2); not
unexpéctgglxligpwever, there was a significant difference between

animals (.01 < p < .05).

POST-Ab BASAL GROWTH HORMONE CONCENTRATION

A1l five Ab injections which elicited an immediate response
were followed by an elevated basal GH concentration, (2.7 = 0.6

fold increase) (Table XI). In addition, in one of the two

“experiments in which the Ab injection did not elicit an immediate

response (M6), basal GH concentration was subsequently increased
by a factor of 1.5.

A 2-way ANOVA was performed on the five successful Ab
experiments to test for a significant difference between pre-éﬁ
basal GH concentration and post-Ab basal concentration. A
significant difference was found between the pre- and post-Ab
basal GH coricentration (p < .001) as well as between animals

(p < .002).
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GLUCOCORTICOID DATA

Glucocorticoid levels ranged from undetectable, in relation
to the background fluorescence, ;o just over 8 pg/dl in a total
of 15 experiments (Tables XII and XIII). Although there were
fluctuations in gTucocor%icoid Tevels during theA;ourse of an
experiment they could not be clearly related to éxtérna]
manipulations; notably, the antibody injection coqld not be shown
as a stress. A small rise in glucocorticoid levels could, in
séme cases,.be traced to observations of animal behaviour.

These data Suggést that no aspect of these experfments in

conscious dogs is stressful.
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DISCUSSTON

I. CONTROL PERIODS: RESPONSE TO GRF

It is,well known that rats exhibit a G ultradian rhythm,
entrained to the light-dark cycle (Tannenbaum and Martin 1976).
In work done with rats GRF was shown to be a potent stimulator of
GH release during known peak periods, with little or no response
seen to exogenously administered GRF during basal periods
(Tannenbaum and Ling 1984, Wehrenberg et al. 1982). This
difference in response to GRF with respect to time was abolished
by antisera to somatostatin, which strongly suggested a decreased
ability of the somatotrophs to release extra GH in response to
GRF in the presence of physio1ogicaj Tevels of somatostatin.

Dogs also exhibit an episodic hattern of GH secretion, but
with no apparent entrainmenf to the light-dark cycle (Takahashi
et al. 1981, Cowan et al. 1984). In the present experimental
design the initial control period was needed for comparisons by
animal, with the second control period to check for a time shift
or post-somatostatin differences. During these so-called control
periods endogenous portal somatostatin may have been high of 15w
due to natural excursions in its release. The positive response
to only just over haif (59%) of the GRF injections during the
control periods was therefore as expected, since presumably the
somatotrophs' ability Fo respond to, or their sensitivity to GRF

was dependent on the level of endogenous portal somatostatin.
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IIa) SOMATOSTATIN SETS THE TIMING OF SPONTANEQUS GROWTH HORMONE

SECRETORY BURST; INDIRECT EVIDENCE

Cowan et al. (1984) found that 6 hour infusions of a
1

moderate amount of somatostatin (0.15 ug kg~ min'l)-abofished
all spontaneous growth hormone secretory bursts, in dogs, but did
not diminish basal growth hormone release. This strongly
suggested that while there is a relative excess of somatostatin
acting on the somatotrophs during basal secrétion, since extra
somatostatin does not further lower basal secretion, but there
must be very 1ittle present during & growth hormone secretory
burst, since a modest extra amount prevents such a burst.

In the present experiments there was a total of 5
spontaneous bursts during the somatostatin infused period, in 15
experiments. Four of the 5 occurred in one dog during 2
experiments. The average integrated area of the peak for the 5
bursts was sma11: with an atypically short duration, which may

¢

indicate that while the level of somatostatin was not sufficient
to entirely block spontaneous bursts during part of the_infuseé
périod, it was high enough to influence the sensitivity of the
somatotrophs to GRF. A similar obéervation may have been made in
the rat. It is interestiﬁg that Terry et al. (1976) observed
that rats exposed to a2 miid stress maintained their pu1satiTg_
pattern of growth hormone secretion, but with a decrease in ﬁéak
amplitude. Because the rat responds to stress with inﬁreased
somatostatin {unlike man and dog) this decrease in peak amplitude

may have been due to’increased somatostatin.

. G— -
As well, it is tempting to speculate on the existence of
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somatostatin-somatostatin feedback during the= somatostatin
‘infusion which is also supported by evidence re]a%ed to rebounds.
Such feedback would presumably lower endogenous portal
somatostatin over time; eventuaTT;-EEe combination of Tow
endogenous portal somatostatinsand the infused exoéenous
somatostatin may not have exceeded the threshold for the 2
animals involved, although all 5 bursts occurred with the higher

level of somatostatin (0.25 ug kg‘1 "1)

min ~). It is interesting %o
note that all 5 bursts occurred towards the end of the
somatostatin infusion (between 27 and S0 min befofe the end of a
205 min infusion), which would be consistent with this
speculation but also raises the question of whether or not it
becomes easier to break through somatostatin's tonic inhibition
as time goes on.

Implicitdy, then, a "critical threshold" must be reached in
the decline in somatostatin to initiate a érowth hormone
secretory burst. The decreasing level of somatostatin before
this threshold is reached, probably has very 1ittle effect on
growth hormone secretion, with maybe a small upward shift in
basal growth hormone concentration. The in vitro work of Cowan
et al. (1983) supports this; in that study the application of a
scmatostatin signal to perifused rat somatotrophs maximally
suppresséd-growth hormone secretion, and the removal of the

signal was consistently followed by & major overshoot of growth

hormone, within one minute.
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IIb) SOMATOSTATIN SETSQTHE TIMING OF THE SPONTANEOUS GROWTH. *

Y
=

HORMONE SECRETORY BURST; DIRECT EVIDENCE

Earlier work with rats and dogs using antisera to
somatostatin supported a physiological role fof somatostatin in
initiating the growth hormcne secretory burst. Initial
somatostatin work by Chihara et al. (1978) and Tannenbaum et al.
(1978) contained -evidence that thé administratijen—of~somatostatin
antiserum jnitiated a growth hormone secretory burst, although it
was not noted or interpreted by the authors at that time. V.
Chand (1983), using a sheep somatostatin antiserum, found that
the administration of the antiserum provoked an immediate,
massive growth hormone secretory bursq, in all 5 cases in dogs.
Because of the foreign protein content of the sera, the response
‘to the antibody could not be clearly separated from the control
: response-to immunogenic stress. -

TP

The availability of a pure monoclonal Ab to somatostatin
provided a clear negative signal; the monoclonal Ab provided a
signal which was free of any obscuring effect of immuncgenic
stress on growth hormone secretipn}*whﬁch had not been possible
with the conventional somatostatin antisera because of the
foreign protein content of the serum itself. That the injection
of monoclonal Ab was not discernably stressful is supported by
the-glucocorticoid data {see Results). The immediate post-Ab
period therefore constituted a mirror image of somatostatin
inquion. It was hypothesized that the monoclonal Ab would be
able to bind enough endogenous portal somatostatin to result in

the decline of the available somatostatin concentration to the
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"eritical threshold", which would then presumably initiate a

growth hormone secretory burst. It was considered possible

. that there would be another necessary condition, specifically the

presence of enough GRFAin the portal bleod up to that point to
have stimulated the accumulation of a readily releasable pool of
growth hormone. |

In this study the design of M series (1-7) included 2 bolus
injection of monoclonal Ab to somatostatin at 410 min, following
the post-somatostatin "control period". Two of the 7 Ab
injections did not elicit an immediate growth hormone secretory
bun§t; in experiment M4 the failure to do so was presumably due
to an inadequate quantity of Ab (see Resu]tgl: The failure of
the Ab to provoke an iﬁmediate Secretory response in M6, however,
might have been due to other factors, since this animal was a low
growth hormone secretor with no spontaneous bursts present during
the 530 minute e;periment, and minimal responses to the exogenous
GRF, (one small response in each control period). The absence of
an immediate growth hormone response to the Ab might then have
been due to either the presence of an unusually High'{eVEI of
endogenous somatostatin, which presuﬁab1y would not have been
sufficiently bound by the Ab to result in a decline in free
endogenous somatostatin to the critical threshold, or not enough
GRF present to stimulate the dccumulation of a readily releasable
pool of growth hormone. Indeed, it might have been a combingtion
of both. It is worth noting, however, that the post-Ab basal
growth hormone concentration was 1.5 times the pre-Ab control

concentration in this animal. For this same parameter there was



N

47.

~no significant rise in M4 and an increase to 2.7 = 0.6 fold in

the remaining 5 successful Ab experiments.

In thé 5 sqccessful Ab expe;iments the administratjon of the
Ab resulted in the immeaiate (t > 2.5 min} initiation of a large.
growth hormone secretory burst (range 572.7-4389.2 ng/kg). These

5 large responses to the Ab raise the question-of why spontaneous

bursts, as well ‘as the responses to exogenous GRF are not this

large, since the somatotrophs are c1earlj capable of a greater
response than normally occurs spontaneously or with GRF

administration.

III) POST-SOMATOSTATIN REBOUND

Various hypothalamic neuropeptides involved in the release
of anterior pituitary ﬁbrmones have been shown to elicit the
opposite effect-when administered centrally (Lumpkin et al.
1985}, indicating the existence of ultrashort feedback. Iﬁ
agreement with this, McCann et al. (1984) found that the

intraventricular administration of somatostatin resulted in a

<
.\.

dramatic elevation of plasma growth hormone.

In the present experiments 1t was hypothesized that the

. frequency of the post-somatostatin rebound would be a good

indicator of somatostatin-somatostatin feedback. If one
speculates that exogenous somatostatin would be expected to
provide feedback to the hypothalamus, it would then be predicted
that a decreased release of.endogenous somatostatin into the
portal circulation would }esu1t. With the cessation of infusion

of the exogenous somatostatin™its circulating concentration might
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fa11'fasfér than the endogenous supply would rise, and- the
circulating level of portal somatostatin might then be bé]ow the
"critical threshold", which would result in the initiation of 2
growth hormone secretory burst. The short half life in dogs of
exogenous somatostatin (1.82 min, Schusdziarra et al. 1979}, |
would make this more likely. |

Eleven post-somatostatin growth hormone secretory overshoots
#1yere seen following the removal of the somatostatin signal, in a
ﬁtota] of 15 experiments. In the 6 experiments with the higher
level of somatostatin infusion (0.25 ug kg'1 mjn'l; él-BE), there &
was an average lag of 9.2 min in three cases, with no discernable
lag (lag < 2.5 min) in the remaining 3. In the 9 experiments
with the lower rate of Qomatostatin infusion 5 post-somatostatiﬁ'
rebounds occurred, with no discernable lag between the removal of
the somatostatin signal and the initiation of the overshoot
(0.15 ug kg™ min~l; 87, M2, M5-M7). It is worth noting that all
experiments with the sTightly higher rate of somatostatin
infusion contained a postasomatostétin rebound, whereas only just
over half (56%) of the experiments at the lower rate of
somatostatin infusion did so, which may indicate that the lower
rate of somatostatin infusion wes not sufficient to reduce the
level of endogenous somatostatin to below the “"critical
threshold" in all animals. The probability of the 11 spontaneous
bursts océurring by chance in the 10 min period .following the
infusion was less than 3.34 x 10712

In a2 total of 15 205 min somatostatin infusions thére were 5 —_—

spontaneous and 1 GRF-induced growth hormone secretory bursts.

-
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A1l 6 growth hormone excursions occurred towarqgfthe end of the
somatostatin infusfon, thch raises the question of whether it
becomes easier to break through somatostatin's inhibition as time
-goes on anq‘may also support the hypothesis that somatostatin-
somatostatin feedback 1is occurring. |

The size of the post-somatostatin growth hormone secretory
overshoot was not inf1uencéd by the rate of somatostatin:infusion
used, though it has beén shown in vitro (Cowan et al. 1983) that
the duration of the infusionldoes influence the size of the

overshoot.
o

IV) SPONTANEQUS GROWTH HORMONE BURSTS; CONTROL PERIODS 'VS.

SOMATOSTATIN INFUSION PERIOD

Cowan et al. (1984) performdd resting control experiments in
conscioug dogs, which consisted of taking plasma samples for 6
hours at 5 min intervals. A spontanéous burst frequency of 1/3.9
: hr,'was obtained. In the present study a shorter i;terpeak
interval was seen during the control periods, 2.85 hours. This
discrepancy is ﬁot large and indeed is substantiaily less than
the intdr=amimal variation.

As noted in results the average integrated area of the
peaks, as well as the averagelpgék duration of these spontaneous
bursts were not different in thé two control periods,\confirming
that thése spontaneous bursts were not significantly altered by
the preceeding 205 min somatostatin infusion.

During the sométostatin infusion spontaneous growth hormone

bursts were not expected to occur, because of a decreased
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- sensitivity of thé soﬁatotrophs to GRF in the presence of a
moderate amount of somatostatin, as.préditted b& the earlier work
of Cowan'etlél, (1984, 1985). 'However..in a total of 15
experimenté there were 5 spontaneous bursts during this period.
xﬁﬁ__ﬂg;,suFérisingTy, they had boﬁh a much smaller integrated area
and a shortér duration than those.bccurring during the control
periods (for discussion see "Somatostatin Sets the Timing of the

Growth Hormone Burst" and “Post-Somatostatin Rebound" sections of

discussion).

V)  SOMATOSTATIN AND THE SIZE OF THE GH SECRETORY BURST

Evidence for somatostatin ipf]uencing the size of the growEﬁr
hormone secretory bhf;; came from the in vitro work of Stachura
— {1976, 1977) and Cowan et al. (1983): \§Fachura applied 20 min
and 40 min puises of somatostatin to perifused rat pituitary
explants, with rebound release occurring immediately following
the removal of the somatostatin signal. From this work Stachura
proposed that somatostatin blocked the release of growth hormone
'from the somatotrophs, while growth hormone synthesis continued,

-

///,fréhu]ting in the accumulation of a "readily releasable pool" of

growth hormone. Cowan et al. (1983) applied 10 min and 60 min
signals of somatostatin to perifused rat somatotrophs, with th
removal of the somatostatin signal consistently followed by the .
initiation of a major overshoot of growth hormone, within one

. minute. The indiéation for somatostatin_p]aying a réle in the
size of the growth hormone burst was that the size of the post-

somatostatin growth hormone secretory overshoot was greater after
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the longer somatostatin éigné]. Contrary to the work of
Stachura, however, it-was found that not all of the growth
hormone secretion suppressed by exposure to somatosta;in was
recovered -in the post-somatostatin rébdhnd, indicating that
intracellular feedback exists for growth hormone synthesig.' This
difference in results might be due to both the cruder in vitro
preparation used by Stachura (tissue piecesi, and ‘greater '
durétion of the somatostatin signals used by Cowgn et al. (1953),
-with a2 60 min interval being c1ose} to-thg pﬁysiotggica] timeh
course, based bn the frequency of spontaneously occurring bursts
%n both- dogs -and rats. Perhaps, then,la 20 min or 40 min
somatostatin signal was not sufficient to evoke substantial
%ntrécellu?ar feedback on grﬁwth hormone agcumufation.'

Based on the earlier in vitro work it was therefore not
unexpected that the average péak integrated area of the il
post-somatostatin rebounds, following the 2Q§.min somatostatin
inqujon, sho#ed a2 tendency to be larggr'thén the gpontaneous

Bursts that occurred during the control periods, 6628.7 + 157.9
ng/kg vs. 376.2 * 43.2 ng/kg, p < .10 by the Student's t-test). °
The long preéeeding period of inhibitior by somatostat%n would
have presumably resulted in'the accumulation of a somewhat larger
readily reléagébTe pool‘of growth hormone than w6u1d have

accumulated during the considerably -shorter periods betwéen

release events during the rest of the design.

Via)} POST-Ab RESPONSE TO GRF

Earlier work in rats using éq&;sera to somatostatin showed
‘ N
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GRF to be a poten% stimu]ator‘of growth hormone re{ease; with-the
difference .in response to exogenous GRF between known trough and
peak periods abolished by the administration of somatoﬁtatin
antiserum (see Introduction “Antiserum to Somafostatin): In the‘
present study it was expected'thit there would be an increased- -
frequency of fesponse'to the gRF injections following Ab
administration when compared %o that dur{ng the control ﬁeriodé,
because of the somatotrophs iﬁcreésed sensitivity to Géf,ih the
relative absence of free eﬁdoéenous somatostatin. Such was thé
case with a response 30 just bveé 71% of the GRF injections
during this period, (5/7 possible) compared to 59% during the
control periods, though the "r” is too small ‘here to show
statistical significance.

It was hypothesized that the "readiiy_re]easab]e pool”lbf
growtﬁ hormone would not accu.mu'late to the sam‘e extent without
the tonic inhibition by somatostatin; this may be why there was
not an even higher response ﬁp the exogenous GRF. It may be that
in the 2 cases in which a response to the GRF could not be .
separated from goise, there was not a large enough pool of groﬁth_
hormone in the fmmediate]y releasable form, since in both cases
these were the small GRF injections following the GH secretory
reﬁponse to the Ab injectioni The diminished extent of
accumulation of the "readiTyzreTeaséb]e pool" of growﬁh hormone

may also account for why“thefs detectable responses to the_GRF

injections were of a relatively small integrated area.’
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VIb) POST-Ab PERIOD; SPONTANEOUS GROWTH HORMONE SECRETORY BURSTS

During the relatively short post-Ab period, in the 5
successful Ab ‘experiments, 2 spontaneous growth hormone
secrefory bursts occurred. This was a bur;t,frequency of 1/3.65
hr when correction is made for the durations of the immediate
response to the Ab injeciion. Because of the small "n"
ﬁeaningfu1 ﬁomparison; could not be made with growth horméne

secretory events from earlier periods.

VII) SOMATOSTATIN AND BASAL GROWTH HORMONE CONCENTRATION

' The earlier work with rats Using antisera tb“somatostatjh
established a physiological role for somatostatin in the control
of basal growth hormone secretion. Tannenbaum et al. (1978), as
well as others found fhat admfnistering an antiserum to
éomatoétatin éd stréssed rats not only blocked the stress-induced
decrease in growth hormone secretion, but resulted in a
significant elegation of basal growth hormone secretion. The
administration of the somatostatin antiserum to unstressed rats
also resulted in a marked elevation of basal growth hormone
levels (Tannenbaum et al. 1978, Térry and Martin 1981). Because
the administration of the somatostatin antiserum resuited in an
increase in growth hormone secretion a tonic inhibition of the
somatotrophs by somatostatin was indicated. .

Cowan et al. (1984) administered moderate amounts of
exogenous soma@ostatin, in 6 hour infusions, to conscious,
resting dogs. The level of somatostatin used was just sufficient

to abolish aill spontanéous secretory bursts, but did not Tower



54.
basal growth hormone se;retion.rates. This indicated that during
basal growth hormone secret{on the.somatotréphs are already |
responding maximally to a relative surfeit of‘snmatostétin.

- and ;annot'readi]y further lower basal growth hormone secretion.
In the present experiments the same level of somatostatin
was infused as that in Cowan et 21. (1984) in all 7 experiments
in the M series,;as well as in the 1$st 2 experiments of the B
series, (87 and 'B8), (0.15 ug kg~! min™l). In the first 6
" experiments of the B series a s1ight{y higher rate was used
(0.25 ug kg'1 min'l). tatistical analysis, as well as visual
assessment of the basal growth hormone data from both control
periods (pre- and post-somatostatin), and the somatestatin
infused period cleariy showed that there was no significant
effect of the somatostatin infusion, at either level, on basal
growth hormone secretion. This supported the earlier work by
Cowan et al. (1984), which had suggested a relative excess of
somatostatin acting on the somatotrophs during basal growth

hormone secretion.

VIII) POST-Ab BASAL GROWTH HORMONE CONCENTRATION

Based on somatostatin's role (see above) in.Ehe control of
basal growth hormone secretion, the injection of‘monoc1ona1 Ab té
somatostatin was expected to be fg}lowed by an elevated "basal"
growth hormone secretion. " This bost-Ah basal secretion was

expected to 1ie between normal basal Tevels and peak burst
‘ Tevels. In the 5 successful Ab experiments, in which there was

an immediate growth hormone secretory response, basal grewth
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hormone éoncentration following the burst was jncreased by an
average féctor of 2.7 + 0.6 in the post-Ab period, (range 2.0-6.6
fold increase). This was significantly higher than pre-Ab basal
growth hormone concentration, as tested by 2-way ANOVA. In
addition, in one of the 2 experiments in which there was not an
immediate and marked secretory response. to the Ab, post-Ab Basa]
growth hormone concentration was increased by a factor of 1.5;
indicating that while the Ab did not bind enough endogenous
portal somatostatin to result in a decline in somatostat1n to the
critical threshold, a sufficient amount was bound to decrease the
influence of somatostatin on the somatotrophs' release of'growth
hormone. This suggests-that a decline in somatosfatin has only a
modest effect on growth hormone secretion.befq:e the critical

threshold is reached, with perhaps a small upﬁard shift seen in

basal growth ho:mdhe secretion.

IX) GRF's ROLE IN GROWTH HORMONE SECRETION

The in vivo work of Wehrenberg et al. (1982) demonstrated
GRF's overafl tonic effect on growth hormone secretion. The
administration of a monoclonal Ab to GRF in rats resulted in a
dramatic 19@gring of basal growth hormone levels, in addition to
the ‘abolition of pulsatile growth hormone secretion.

The extent to which the "readily releasable pool" of growth
hormone accumulates appears to be whére GRF plays its major role
in the'growth hormone secretory burst., This %s supported by the "~
iﬂ vitro work of Kraicer et al. (1986). Using a system of

perifused rat somatotrophs it was found that the peak secretion
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rate of the post-somatostatin overshoot was increased by a.factor
of 8.7  0.39 (S.E.M:) by including GRF in the perfusate for the
duration of the somatostétin signal, resulting in secretion rates
cbmparabie to those seen in vivo during a growth hormone
secretory burst. Maintaining GRF in the_perfusate following the
removal of the somatostatin signal did not further increase the
peak secretion rates although it did increase the duration of the
overshoot. Comparing the duratipgns of the in vitro overshoots to
those seen in vivo in dogs suggested that GRF present during the
secretory burst probably had very little infiluence on the
magnitude of that burst. This is supported by the present study,
in which the size of the integrated pegk area of GRF-induced
growth hormone sgcretory bursts during the control periods is not
dependent on the dose of GRF (small vs. large injection). Thus,
GRF's major role appears to be setting the amplitude of the
growth hormone secretory burst b; stimulating the accumulation
of a "readily releasable pool" of growth hormone during the
period before the bursf.

During basal growth hormone secretion, wﬁen moderate amounts
of somatostatin are impinging on the somatotrophs, GRF has little
or no immediate effect on growth hormone secretion. This was
shown with work in rats, in which:the administration of GRF
during known trough periods elicited either no response in growth
hormone secretion or little insignificant excursions (TanA;nbaum
and Ling 1984, Chihara et al. 1983, Wehrenberg et al. 1982).

In the present study bolus injections of GRF administered

during the control periods, when endogenous portal somatostatin



. 57.

»

may have been high or Tew, elicited growth hormone secretory
responses just over half of the time, with integrated peak area
and duration comparable ‘to spontaneously occurring bursts during
the same periods. In marked contrast only 1 out of a possible 57
‘responses to GRF occurred during the somatostatin infused period,
in a total of 15 experimeﬁéé, with a small peak ip{egrated area
and short duration, (see "Somatostatin Sets the Timing of the
Growth Hormone Secretory Burst" and “Post-Somatostétin Rebound").
This further supports the view that the ability of the
somatotrophs to\respond to GRF is dependent on the amount of
somatﬁstatin impinging on the somatotrophs, with the growth
hormone releasing action of GRF blocked in the presence of

moderate amounts of somatostatin.

X)  INTERACTION OF SOMATOSTATIN AND GRF

The present study provides both indirect and direct
evidence that scmatostatin initiates thé spontaneous growth
hormone secretory burst by declining to a “critical thresheld”. .
The indirecf-evidence was a) effect of somatostatin infusion on
response to GRF and b) the presence of post-somatostatin rebound
following the termination of the somatostatin signal, while the
direct evidence was the immediate growth hormone secretory
response to the monoclonal Ab to somatostatin, with a drop in
endogenous somatostatin alone initiating a large growth hormone
- secretory burst. Excursions in GRF alone, however, have been

shown to be unreliable in stimulating growth hormone secretion,

although both in vitro and in vivo studies have shown GRF to be a
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potent stimulator of growth hormone secretion. Studies in rats
using antisera to somatostatin, as well as the response.to GRF in
the different periods of the present studyrhave strong%y |
suggested that the ability of the somatotrophs to respond to GRF-
is dependent on the amount of somatostatin present. For a review
of the mechanisms of action of somatostatin and GRF at the
cellular Lfﬁél see Sheppard et al. {1985), Kraicer and Chow
(1982) and Hall et al. (1986). It is, however, very interesting
to note that in the bresent sfudy the frequency of bursts in
response to exogencus GRF was higher than that of spontaneous
bursts, during the control ﬁeriods. This strongly suggests that
as the 1evé1 of somatostatin decreases the somatotrophs are able
to respond to our relatively Targe exogenous\doses of GRF even
though the "critical threshold" has not been reached for a
spontaneous burst. Hence, when significant leveis of
somatostatin are present, inhibition of growth hormone secretion

predominates.
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CONCLUSION

In the present study an infusion of a moderate amount of
somatostatin abolished all but 6 growth hormone secretory events, .
in a total of 15 experiments. Had no socmatostatin been infused,
by ana}ogy to"control perieds, 52 events (GRF-inqpced or
spontaneous) would have occdrred (see “"Somatostatin Sets the
Timing of the Growth Hormone Secretory Burst; Indirect Evidence).
This strongly.suggested that while there is a relative excess of
somatostatin acting on the somatotrophs during basal growth
hormone secretion there must be very little present during a
growth hormone secretory burst; this implies that a "critical
‘tﬁiesho1d" must be reached in the decline in somatostatin éo
initiate a growth hormone sedfetory burst. The direct piece of
evidence in . support of a drop in endogenous somatostatin alone
triggeriﬁg a growth hormone secretory burst was provided by the
clear negative signal possible with the monoclonal Ab to
somatostatin, with an immediate {< 2.5 min), large growth hormone
secretory burst .in response to the Ab,

The role of GRF in initiating a growth hormone.secretory
burst was examined by superimposing GRF injections during the
different experimental periods. The frequency of response to GRF
during the control, somatosfatin infused and post-Ab periods
showed that the ability of the somatotrophs to respohd‘to GRF
with growth hormone release was dependent on the amount of
somatostatin present, Hence, an excursion in GRF alone cannot
stimulate growth hormone secretion when moderatg amounts of

somatostatin are present.
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In the present study the size of the response to GRF was not
dose dependent, which was not unexpected, based on the in vitro
work of Kraicer et al. (1986). _It was found in that ;tudy that
inctuding GRF in the perifusate for the duration of the
somatostatin signal resulted in a massive increa;e in the readily
releasable poel of growth hormone available for immediate re1ea§e '
upon disinhibition, but that continuing GRF application after
removal of somatostatin did not further increase -the peak
amplitude of the bﬁrst. It did however result in an increased
duratioh, which when compared to the duration of in vivo growth
hormone secrétory events, suggested that the continuing presence
of GRF, once a secretory event has begun, does noE infiuence the
size of the growth hormone secretory burst in gi!g. Thus, .GRF's
major role in the Spontaneousfy pgccurring growth hormone
secretory burst appears to be inf]ueﬁcing the extent to which the
readily releasable pocl of growth hormone accumula®es, and
therefore the amplitude of the ensuing burst.

Although GRF appears to be the major determinant of the
amplitude of the growth‘hormohe secfetory burst, somatostatin may
influence the size of the burst as well. This was indicated by
the in vitro work of Cowan et al. (1983), with longer tonic
inhibition of the somatotrophs by somatostatin allowing the
accumulation of a larger readily releasable pool of growth
hormone. It was therefore not surprising that the peak
integrated area of the post-somatostatin rebounds following a
long period of inhibition in the present study had a tendency to
be Targer than that of the spontaneouslor GRF-induced growth

hormone secretory bursts during'the control periods.
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Figure la) Growth hormone plasma concentration vs. time in

experiment Bl,
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Figure 1b) Growth hormone plasma conceptration vs. time in

experiment B2,
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Figure lc) Growth hormon; secretion rate; vs. time in,
experiment Bl. In experiments Bl and B2 the
Qdmatostatin infusion was initiated 40 min
prior to the firs; biood sample, and continued.
for the First 200 min of blood sampling. A
post-somatostatin }ebounq was present im both
cases following the cesiation of thé infus%pn,
‘with a2 10 mén lag in 81 and ﬁo disgernab]e lag

- in B2, (sampling interval 2.5 min).
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.Figure 1d)

Growth hormone secretion

experiment BZ2.

rates vs.

time in
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Figure 2a) Growth hormone plasma concentration vs. time in

experiment B3.
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Figuré

L4

2b) Growth hormone plasma concentration vs. time in

experiment B4.
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Figure 2¢)

Growth hormone plasma concentration vs. time in

experiment BS.

ng]
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Figure 2d) Growth hormene plasma concentration vs. time in

experiment B6.
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Figure 2e) Growth hormone secretion rates vs. time in
experiment B3. Experiments B3-B6 contained
both an initial and second control period,
(pre-somatggtatin and posf-somatostatin, - )
respectively), during which‘iime 4 GRF injéc—
tions were administered, (small and large
arrows ;). Separating the 2 control périods was-
a 205 min somatostatin infusion with 4 GRF
injections superimposed. Note that in all 4
experiments the cessation of the somatostatin 7
infusion was followed by a growth hormone

secretory overshoot, in 3 cases with no

discernable lag (B4-B6), with a 15 min lag in B3.
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-Figure 27)

Growth hormcne secretion rates vs. time in

experiment B4.

.
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Figure 2g)

Growth hormone secretion rates vs, time in

experiment B5.
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Figure 2h)

Growth hormone secretion rates vs. time in

experiment B6.
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Figure 3a) Growth hormone plasma concentration vs. time

in B7.

v



R . o
| GROWTH HORMONE IN PLASMA
1 Dog #7
(ng/m1)

¢ GRF 500 ng/kg
! 6RF 2000 ng/kg
{ ANTI-SRIF ,

121

—

[SRIF INFUSION
0.45 pg kgimin™

o 100 200 300 400 500
— TIME (min)



~ 74,

Figure 3b)

Growth hormone plasma concentration vs. time

in 8S.
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Figure 3c¢)

Growth hormone secretion rates vs. time in B7.
The somatostatin infusicn.in the 2 experiments
was at a slichtly Tower rate than that in B1-B6;
it was, however, previously shown to be effective
in blocking all spontaneous growth hormone secre-
tory bursts by éo;an et at. (1983). In B7 there
was a post-somatostatin rebound present, with a
2.5 min lag. The monoclonal Ab to somatostatin
soma #8 was administered at 410 min, but it was
later shown that this Ab was less effective

in vivo than soma #10 (see M series). There was

no discernable response to-the Ab in either doq.
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Figure 3d) Growth hormone secretion rates vs. time

in B8.
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Figure 4a)

Growth hormone plasma concentration vs.

time in M1,

.
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Figure 4b)

Ggowth hormone plasma concentration vs.

time in MZ2. -
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Figure 4c) Growth hormone plasma concentration vs.

time in M3.
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Figure 4d)

— —_

Growth hormone plasma concentration vs.

time in M5.
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Figure 4e)

Growth hormone plasma  concentration vs.

time in M7,

3
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Figure 4f)

Growth hormone secretion rates vs. time in
experiment Ml. These experﬁments followed the
same experimental profocoi as the B series with
2 exgeption§} the somatostatin infusion was at
a slightly lower rate than that used in B1-B6

-1 vs. 0.25 1ng I(g'1 min'l), and

(0.15 ug kg"l min
2t 410 min, following the post-somatostatin
period, an injection of monoclonal Ab to soma-
tostéfin soma #10 was administered. In these 5
experiments there was an immediate, large growth

hormone secretory burst in response to the Ab,

followed by an elevated baseline.
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FIG 4f
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Figure 4g) Growth hormone secretion rates vs. time in

experiment M2.

i
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"Figure 4h)

B
-

"

Growth heormone secreticn rates vs. time in

experiment M3,

LS
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Figure 4i) Growth hormone secretion rates vs. time in

experiment M5.

r)
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Figure 4j) Growth hormone secretion rates vs. time in

experiment M?i
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Figuré?Sa) Growth hormone plasma concentration v$. time in
experiment M4, There was not an immediate growth
hormone.secretory response to the monoclonal Ab
to somafostatin in'these 2 animals; there was,
however, a slight elevation of baseline in M6
{1.5 fold increase)'f011owing the Ab administration -

(for explanation see Results).

{‘;
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Figure 5b) Growth hormone piasma cancentration vs. time in

experiment Mf.

{
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Figure 5¢)

Growth hormone secretion rates vs. time in

experiment M4,

r—’.
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Figure 5d)

Growth hormone secretion rates vs. time in

experiment M6,
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TABLE 11i: Summary of Experimental Besigns

EXPERIMENT & PRE-SOMATOSTATIN SOMATOSTATIN INFUSION POST-SOMATOSTATIN PCST-Ab

(comtrol #1) (control #2)
Bl & B2 rno . yes ‘ yes  no
83 - B6H yes yes o yes | no
87 & BS yes ' yes yes *
M1 - 7 yes yes . yes yes

* In B7 apd B8 the moncclonal Ab to somatostatin soma *8 was usec:
however, it was later shown to have a lower affinity in iiEEE for
somatostatin and to be 1ess'e?fective in vivo than scma #10.
Because of the lack of response to the Ab at the Quantity used,

these animals were inciuded in the B series.

ALl
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TABLE IV: Frequency of Respod%e to Injections of hpGRF (1-44); Individual

Experiments (# of responses/# of possible responses)

EXP. # C #1 SRIF_INFUSED C #2 POST-Ab
B 1 e 0/3 2/2 ----

2 ‘ — 0/4 0/1 —

3. 2/2 0/3 0/0 -

4 i/1 1/3 0/1 —

5 2/2 0/4 2/2 -

6 1/2 0/4 2/2 —

7 .02 0/4 22 o/

8 0/2 7 0/1 0/2
M1 Cy2 0/4 0/2 1/2

2 272 0/4 2/2 . 0/1

3 o072 0/4 0/1 2/2

4 7 0/4 YS! *0/2

5 1/2 0/4 ‘ ¢/0 1/1

6 1/2 .0/4 1/2 *0/2

7 .12 Yors 0/0 oy
TOTAL 14/25 1/57 12/19 *5/11
% RESPONSE §6.03 1.8% 63.23 71.4%

* M4 and M6 did not show an immediate response to the monoclonal Ab to
somatostatin, although M6 did show a slight elevation of basal growth
hormone concentration. If these 2 post-Ab periods are not included in
the calculations it results in a 71.4% response rate for GRF injections
which follow an Ab-induced growth hormone burst.

Not all GRF injections were possible to respond to, due to spontanecusly
occurring bursts and long responses to previous events. The percentage
of responses is calculated based on the number of responses to possible
responses. .
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TABLE V: Summary of Freouency of Response to InjéEtions of hpGRF (1-44)

(# of responses/# of possible responses) —

SERIES (n) CONTROL #1  SOMATOSTATIN INFUSION  CONTROL #2  POST-Ab
B (n=8) C e/ | 1/29 8/11
M(n=7) 8/14 v 4/8 *5/7
Total (n=15) 14/25 1/57 12/19 5/7
% Response 56% 1.8% 63.2% *71.42

* These 5 responses to GRF injection all occurred in the § experiments
in which the Ab evcked a growth hormone burst {mmediateTy. OFf the 10
GRF injecticns following those bursts, only 7 could have evcked visible
responses,‘since 3 were oSSCured by other events (see text). Hence 5/7
is thé appropriate ratio here if one considersronly }esponses to GRF o

after Ab-induced growth hormone bursts.
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TABLE VI: Characteristics of Growth Hormone Secretory Bursts ir Response to

96.

I

hpGRF (1-44) during Control, Somatostatin Infused and Post-Ab Periods

. CONTROL #1 SOMATOSTATIN INFUSION CONTROL #2 POST-Ab
lag (min) 1.4 0 1.6 0.7
*Total Extra
Secretian '
(ng/kqg) 560.23 = 170.79 150.3 168.37 = 36.13 127.4 + 29,3
Duration - .
{min) 31.43 =+ 2.76 12.5 . 20.00 = 2.67 21.00 = 2.8
Number n=14 n=1 n=12 n=5

* Total extra secreticn due to a sacretory burst was calculated frem

the integrated peak area minus basal secretion.
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TABLE VIT: Frequency of Spontaneous Growth Hormone Secretory Bursts{all 15:expts)

BURSTS CONTROL PERIODS SOMATOSTATIN INFUSION POST-2b
Number 17 5 2
frequency 1/2.85 hr. " 1/10.22 hr. * 1/3.65 hr.

* The Post-Ab frequency was calculated by subtracting the average time

of the response to the Ab from this period.
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TABLE VIII: Characteristics of Spontaneous Growth Hormone Secretory Bursts

During Control, Somatostatin Infused and Post-Ab Periods

C #1 SRIF INFUSED C #2 SUCCESSFUL POST-Ab

Frequency (per hour) 1/2.63 1/10.22 1/3.00 1/5 hr.

Total Extra GH :
Secretion (ng/kg) 367.7 = 79.2 156.%

+
+
’.

32.6 382.9 £ 50.5 273.5 = 183.3

'

Duration (min) 28.2 = 3.3 20.5=* 3.9 37.8= 2.4 21.3 = 3.8
Number ' 7 5 10 ! 2
¢
| ' ?
A

&

Py

-
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TASLE I1X: Characteristics of the Post-Somatostatin Rebound in Growth Hormone

EXP. # PEAK GH SECRETION  DURATION TOTAL EXTRA GH SECRETION LAG
— Rate {ng kq'lmin'l) (min) Lﬂﬂlﬁﬁl- (min)
B 1 8.42 30 82.36 10
2 10.62 27.5 © 140.59 0
3 15.29 40 310.66 15
4 §5.57 20 £59.72 0
5 ” 44.31 30 488.21 0
6 94.25 25 904.74 0
A : 148.41 40 1656.77 2.5
8 . ameee- .
M1 mmmaas “ie e S s
2 49.65 25 ¢ ° 457.78 0
3 adaaa- cee ceememme= aecaa
N . e
5 67.79 60 1531.23 0
6 . 4l.sa 35 474.00 0
7 36.83 25 - . 367.20 0
. N
Total (X) 52.97 = 12.38 32.5 + 3.4

628.7 £ 157.9 ...

2.50 = 1.54 ~

In all experiments with the higher rate of somatostatin infusion, (B1-B6)

a post-somatostatin rebound occurred, with no discernable lag (2.5 min)

between the cessation of the somatostatin 1nquion and the initiation of

the secretory overshoot in 8 out of 11 rebounds.
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TABLE X: Characteristics of the Immediate Growth Hormone Secretory

Response to Somatostatin Ab Injection (soma #10)

EXP. # PEAK GH SECRETION DURATION ~ TOTAL EXTRA GH  LAG
RATE (ng kgt min™}) . (min)  * SECRETION (ng/ka) (min)
M1 82.67 32.5 1903.76 0
2 245,92 20 ©4389.15 0
3 . 158.37 35 1397.56 . 0
** 4 I mm—— oo | —
5 85.14 55 | 1407.97 0
* 5 . ' - e _—
7 73.02 20 572.71,. 0
Total (X = S.E.M.)  169.02 = 70.89 325 £6.4 *1734.2 = 682.2 0

* The large secretory response to the Ab was due to the amplitude (peak

‘-

secretion rate), with duration comparable to spontaneously occurring

bursts during the control periods.

- **.M4 and M6 failed to show an immediate respbnse to the Ab injection,

although M6 did have a slightly elevated basal growth hormone concen-

tration (1.5 fold increase) in the post-Ab period.
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TABLE XI: Basal Plasma cGrowth Hormone Concentration {nag/kqg)

EXP. CONTROL #1 SOMATOSTATIN INFUSION CONTROL #2 POST-Ab
B1 * .26 -

B2 * | .20 | -

B3 : 12 .97 ---

54 -~ .76 . ---

BS S : .57 -

B6 .81 .83 ---

87 1.58 . . 1.51 ' ©1.93

B - 1.86 | e 1e

M1 .74 | .57 60 . 1.68
M2 .92 .91 : --- 6.03
o . .87 - .62 1.09 1.48
M4 .58 .18 .66 .52
M5 .92 .93 : --- 1.91
M6 .37 .33 | -—- .48
M7 .62 .70 --- 1.65°

* Experiments Bl and BZ did.not contain an initial control period.

“.--% basal growth hormone concentration not present.

Fad
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TABLE XII: Total Glucocortigetds in Plasma: B1-B6 (ug/dl)

, —
SAMPLE # TIMED *B1 *B2 & B3 B4 B5
1 A&S 0 _ Y107 1.46 1.39
60 . 1.15 .242 1.16
150 S oLl S5 2.83
71 230 1.90 0.00 .59
97 310 .85 .51 .3.08
127 410 0.00 .87 .65
1 A%B 0 1.33 .87
18 €0 2.58 2.43
a4 140 47 0.7
70 220 1.53 .16
96 300 0.00 1.03

2.63

* experiments Bl and 82 did not contain an Ynitial control period,
which is reflected in the different glucocorticoid sampling times.

Although glucocorticoid levels fluctuated during the course of an

| experiment they could nat be related, to external manipulations.
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TABLE XIII: Glucocorticoids in Plasma; B7, B8 and M series (uao/dl)

SANPLE #  TIME  *B7  *BS ML M2 M3 M& M5 M§ M

1 A&B 0 2.01 1.40 1.81 .72 1.13 0.17. 1.09 2.16 .82
22 60 1.38  1.46  1.04 0 0 1.62 0 2.48 o
45 150 1.33  2.39 1.02 3.3 0.02 0.5 0.55 0.96 615
71 230 1,27 1.65 198 274 3.01 174 0.93 0.64  7.67
97 310 1.06  1.39 0.68 1.06 2.43 0.88 0.09 1.25 2.79
128 407.5 1.28 1.45 1.16 0.24 0.89 | 0.50 0.19 0.62 3.49
133 220 1.03 1.20 0.87 3.22 0.55 0.82 0.79 .0.83 5.19
136 430 1.23 1.19 0.68 2.55 0.69 0.50 0.45 0 2.67
138 440 96  1.02 1.11 1.25 0.60° 0.50 3.07 0.92 2.2
146 460 1.30 1.73 3.16 0.14 0.99 0.7¢ 2.8 0.21 .90
151 480 123 1.19 1.26 1.64 0.9 1.45 1.97 1.12 .29 °
159 . 500 1.46 1.45 1.69 2.21. 1.80 1.08 3.14 1.32 1.23
164 520 1.56 1.28 1.16 1.25 0.99 1.48 2.78 1.02 0.49
166 530 f4<;s 1.17 1.21 1.25 1.85 1.19 2.3 0.83 ---

*-experimehts B7 and B8 are included here becazuse they.followed the same
experimental protocol &s the M series, but with a somatostatin Ab (somqiaa)f

later shown to be less effective in vivo than some #10.
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