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ABSTRACT
The effect of intravenous administrat1on ofvserum containing
~antibodies to somatostatin (AS-SRIF) IziSed in the sheep was tested
in conscious male dogs to.study the role of somatosfatin (SRIF) in
the short term regulation of secretory bursts of growth hormone (éH)..
The experiments utilized trained animals 5reviousi§ cannulated
under Tlocal anesthesia, with bicod samp]ed at intervals as'szqrt as
1 min during init1ai manipulations, and.otnerwise norma]]j'ht 5 min
intervals. Bivariate GH vs ikﬁe data (by RIA) was converted into
GH secnetion rates vs times using a single compartnent model based
upon previously determined near constant metabol1c clearance rate
(MCR) and apparent distribution volume (V) for dogs of about the
same size.
- Five dogs that had normal GH sebretion'charécteri;tics
(established in resting contro]l experiments) reliably responded to
a bolus injection of AS—SRI? with a high amplitude surge in GH
secretion within one minute of the manipulation. Secretion rates
calculated for the AS-SRIF provoked spfkes were up to 25-fole those
.observed in spontaneous secretory bursts duriﬁg resting ;ontroi
experiments in the same animals. Two of 5 maive dogs exposed to a
"bolus 1nJect1on of contro] goat serum showed GH spike§ w1th lags of
5 and 6 minutes

In both groups of animals receiving sera, whether control

or AS-SRIF, a rise in total glucocorticoids {by fluorometry) ‘

euggested that injection of the sera had been stressful to some

- -



degree. Since the GH responsé. to stress in dogs remains
inadequately characterized, this issue was studied further with 3
separate experimental designs:-{i) injection of control goat sera
,in'ﬁreviuusiy seﬁsitized dogs, thereby p}oducing anaphylaxis

which represents a more severe stress than either type of serum

injected into naive animals; (i7) hypotension associated with

a state of transient hypowolemia produced by blood With awalf'and
(i) “inhalation of ethér by fece mégif-_ﬂTT\Qﬂigglsa4i’the
anaphylaxis'End hypovolemia experiﬁents reliably produced GH spikes
but secretory surges of GH comparable te spontaneous spikes ;ére_f/";
not 3Ltaineﬁ with ether, which hed a hypertensive effecf, as
observed in recordings of mean arterial pressure. ]

A comparison of AS-SRIF, anaphylaxis and hypovolemia spikes
showed the shortest ]égs. largest peak responses and largest
amount of extra GH sefretipn‘in AS-SRIF experiments, proceeding
grogressively to longest lags'and smallest peak ap ~tuta1"extra GH
secretion ‘in the spikes resﬁi;ing from hypovol . a (blood withdrawal).

These resu1ts suggegl that decline in the concentration of
SRIF impinging on the somatotrophs is at 1east in part causative of
GH secretory episodes. I; is possible that intervention with AS-SRIF
lowers SRIF in the mi1iee of the somatotrophs in 2 more coordinated
fashion that occurs physiologically, resﬁ]ting in Targer spikes than
normaily seen. The observafion that transiene hypotensive stresses
provoke GH secretory bursts but a hypertensive one does not, ﬁay
suggest airole fo} disturbances of.hypbtha]amo-hypophysea],portaT

flow in setting off some bursts of GH secretion.

-1



. CHAPTER I
~ INTRODUCTION

1. Historical note

The neurohypophyseal portpo‘of the hypothq]amus:(which forms
ths base of the third'ventric]e) is funnel shaped, which gave rise
to t;e term infundibulum and to Vesalius' hypothesis that fhe
cerebrospinal fluid drained mucus {"pituita") from the brain into
the pituitary gland, and then somehéw to the nose. In the early part.’
of the twentieth century, howevér‘ sbservations in patients with
p1tu1tary tumors (notably Frohlich's case of ad1poso -genital syndrome)
suggested that the anterior p1tu1tary, although housed in the
cranium, is not a neuraT structure, but an organ with endocrine
function. |

The mechanism of the relationship between the hypothaIamus“
and hypophysis began to gel in fhe Tate thirties through the upion
of two ideas: Ernst & Berta Sharrer's proposal that the structural
peculiarities of the cells of Some hypothalamic nuclei suggested
secretory activity, and experiments done by.Harris that showed the
hypophyseal “portal bIood supply as the vascular link that is the
essential conduit of information between hypothalamus and anter1or
pituitary. For detailed historical review see Andersbn and
Haymaker (1974) and'ﬁeites et al. (1975). More recent progress is
reviewed in many monograﬁhs and articles (Glick et a].; 1965; d

Porter, 1977; Guillemin, 1978; McCann, 1979; DeGroot et al., 1979;
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Vale et al., 1980; Reichlin, 1981).

2. Normal pattern of GH secretion

An jmportant feature of pituitary hormone secretion, now
‘ﬁocumented for a]]'adenohyﬁophysea] hormones, is that release from
the ‘'gland in vivo does not occur in a.Steady state fashion as
doctrines of homeostasis implied some years ago, but rather in an
intermittent, episodiC‘mahner (Marﬁin, 1979). The secretion of
growth hormone (Gh) has been shown to be strikiqg]y episodic not
only in rats. (Schalch and Reichlin, 1966; Martin et al., 1974;
Tannenbaum and Martin, 1976; Willoughby et al., 1976), géags

- (Tindal et a1:: 1978), rhesus monkeys (Jacoby et al., 1974) and
humans (Glick et a]i, 1965) but also in the dog (Takahashi et al.,
1981). | |

L Plasma concentrations of GH measured at frequent intervals

throughout the day and night reveal thét rat GH secretion is
governed by an ultradian rhythm with.a periodicity of approximqte]y
3.3 hours with most peak cpncenfrations iﬁ excess of 200 ng/mL
(Tannenbaum & Martin, 1936) while individual surges of GH secretion
in man ﬁay reach plasma levels of 40 to 60 ng/mL (Takahashi et al.,
1968; Martin, 1976). Experiments dpne in the daytime on unstressed
dogs (waé; et al., 1981; Cowan et al., 1984) show mean peak plasma
GH concentrations of = 6 ng/mL with mean interpeak interval of

about 3.9 hours.

1
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3. Factors affecting GH_secretion

_De;elopmenf.of radioimmunoassays for GH (Schalch and
Reichiin, 1966; Bjrge et al., 1967; Peake et al., 1968;
Tsushima et al,, 1971; Lovinger et al., 1974; Hampshire et al.,
1975) have permitted studies which demonstfate that secretion
of GH is modified by 2 wide variety of ekterna]lstimhli and
endogenous'Leural'rhythms. The more important naturally
occuring events that trigger GH release are exercise,
physical and emotional stresses, high protein intake and
carbohydrate rich meals (during the descending 1imb of blood
glucose 1e;els) {Reichlin, 1981), An important endogenous
modification of GH release is the surge of secretion that
occurs within an hour or two of falling asleep (Takahashi
et al., 196?; Finklestein et al., 1972).

Factors which have a stimulatory or inhibitory influence
on growth hormone secretion in primates are presented in
Tables I and II. However, there are species differences among
mammaTs in i@e GH response to a nuﬁber of external stimuli
{Réichlin, 1974j. The response to stress is one such‘e;;;;TE_f:)
and will be dealt with later in this chapter. |

Several studies have been undertaken to determine the basis

of physiological variations: in GH secretion. Factors such as sleep



TABLE I : -
Factors that stimulate growth hormone secretion in primatest

Physiologic . | " Pharmacologic ' _ Pathologic
-1. Episodic, spontaneous 1. Insulin hypoglycemia , " 1. Acromegaly
2. Exercise a. 2-Deoxyglucose a. TRH

3. Stress . 2. Amino acid/ infusions b. LRH

a. Physical . a. Arginine c. Glucose

b. Psychological - b, Leucine . d. Arginine
4, Sleep c. Lysine, etc. - 2. Pyrogens

5. Postprandial glucose 3. Small peptides : 3. Protein

decline a. ADH depletion
b o MH I Fasting and

c. ACTH (1-24)
d. Glucagon
. 4, Monoaminergic stimuli

a. Epinephrine,
' a receptor stimulation

b. L-dopa -
¢. Apomorphine
.d. 2-Bromocryptine
e. Clonidine
f. S-hydroxytryptophéﬁ .
g. Fusaric acid (dopa-8-

hydroxylase inhibitor) .
. h. Propranolol .
i. Helatonin =

5. Nonpeptide hormones

‘a. Estrogens

b. Diethylstilbestrol —
6. Potassium infusion

7. Dibutyryl-cAMP

+Adapted from Reichlin, S. Neuroendocrine aspects of control of specific pituitary

“tropic hormones, In: Textbook of Endocrinology by R.H. Williams (ed.) VI edition
1981, pp. 610-622. W.B. Saunders, Philadelphia. Based on material from Martin,
J.B., Brazeau, P. et al., Neurocendocrine organization of growth hormone reguiation
in the Hypothalamus. Reichlin, S., Baldessarini, R.J. et al. (eds.) 1978, pp. 239-
357. Raven Press, New York.
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TABLE 11

Factors that inhibit growth hormone secretion in primates*+

Physiologic Pharmacologic Pathologic
1. Postprandial hyper- 1. Melatonin : 1; Acromegaly
glycemia ‘

. L-dopa

a
2. Elevated free fatty b. Apomorphine
c
d

acids (?pharmacologic) 2. Serotonin antagonists
« 3. Elevated GH levels a. Méthysergide
b. Cyproheptadine
3. Phentolamine
"4. Chlorpromazine
5.‘Morbhine
6. .Zn-tetracasactin
7. Progesterone
8. Theophylline

. Phentolamine

. 2-bromocriptive
2. Hyperthyroidism
3. Hypothyroidism

*In many instances, the inhibition can only be demonstrated as a
" . suppressionof GH release induced by a pharmacologic stimulus.

+Adapted from Reichlin, S. Neuroendocrine aspects of control of specific
pituitary tropic hormones, In:'Textbook of Endocrinology by R.H. Williams
(ed.) VI edition 1981, pp. 610-622. W.B. Saunders, Philadelphia. Based
. on material from Martin, J.B., Brazeau, P. et 1., Neurcendocrine
- organization of growth hormone regulation, in The Hypothalamus. Reichlin,

S., Baldessarini, R.J. et al. (eds.) 1978, pp. 329-357.- Raven Press,
New York.



(Lucke et al., 1976; Tak&hashi et al., 1981), exercise (Hansen, 1973);
and stress acﬁount'for some of the fluctuations, but avai]ablerdata
‘indicates that m§hy of the surges are spontaneous énd_ocﬁur randomly
through the day and night, apparenily unrelated to any jdentifi;ble
extrinsic or internal event (Willoughby et al., 1976; Tindal et al.,
1978). Moreover, as reviewed by Reichlin (1974} and Martin (1976)
physiologic changes in metaboIités such ﬁs glucose, amino acids and
free fatty acids have limited effecfs qn'GH spikes. Hyperglycemia
only temporarily suppresses dajtime surées of GH secretion, and
nocturnal GH rises a;e not affected by either fasting ;r hyper-
glycemia, although more frequent GHfsec¥etory palses do occur

during fasting. | |

The profile of the secretory bursts and their non-suppress-

.ibility by potential metabolic regulators of GH secretion suggest.
that the surges are the result of primary activatfon of GH

secretion induced by neuﬁa] mechanisms (Martin et al., 1978).

[
4. Control of GH secretion: role of somatostatin

The. secretion of growth hormone is regulated by a complex
interaction of various influences aﬁd there is evidence that this
control is achieved by at least two hypothalamic hormones: GH-
‘releasing factor (GRF), which has been characterized oply recently |
(Brazeau et 51., 1981; Guillemin, 1982), and GH release inhibiting
factor (somatostatin or somatotrbpin release inhibiting factoryp
SRIF) which was first isolated and structurally identified_gbout a

decade ago. These hormones are believed to be synthesized in,



and releaéed from, neurons in the'medial basal hypothalamus. ‘A}so, _
there is evidence that nanamines, notably dopamine and norepinephrine

(Hﬁfler et al., 1970), and serotonin (Arnold and Fernstrdm, "1980)

~affect GH secretion, but they.gét at a neural level to moduiate

" the release of the hypotha]amié-hormoneéﬁ perhaps acting as

neurotransmitters in mon'o'aminergic neuron systems (Martin, 1976).
As evidenced by experiments employlngrthe techniques of

p1tu1tary stalk section (Wehrenberg et a1 , 1980), hypophysectomy

and extrasellar pituitary transplants (Schatch and Reichlin, 1966},

integrity of the “hypothalamo hypophyseal unit” is essentia] to

- norma] growth hormone secretion. Using stereotactic surgery.

' experimental evidence to support the role of particular hypothalamic '

il

areas has been obtained in several species. In the squirrel monkey,
small lesions of the median eminence and midline basal hypothalamus
block insulin induced (Abrams et al., 1966) and stress mediated
(Brown et al., 197]) GH release. Lesions of the ventromedial
nﬁc]eus (VMN) -in young female rats result in growth retardation

and a fa11 in plasma and pituitany GH levels (Frohman and

Bernard1s, 1968). ThlS hypothesis is strengthened further by .
consideration of the effects obtained with electrical stimulation.
Both -unilateral (Frohman et al., 1968) and bilateral (Martin, 1972).
stimulation of the mediobasal hypothalamus in pentobarbital
anesthetized rats glicits GH secretion within 5-15 min after the
onéet.o% pulsed square waves. A similar GH surge has been dgscribed

after hypothalamic stimulation in sheep (Malven, 1974} and in



unanesthetized rabbits (McIntyre and Odell, 1974). However, as

these workers noted, rise in plasma GH-ievels induced by hypothalamic
stimulation invariably occured after tenmination of the stimulus as

a post inhib{tory rebound surge of secretion Also. stimulation of
the medial preoptic area of the hypotha]amus caused inhibition of

- GH-release (Martin et al., 1975; Willoughby and Martin, 1978).

Befor& the characterization of speeific hypothalamic hdrmones
effectjng GH secretion, these ffnddngs would only have pointed to a -
supra hypophyseal dual control mechanism serving both in a |
fac11dtatory and inhibitory way.

Direct evidenee for the existence of an extractabie
hypothalamic factor effecting pituitary release of GH was first
reported in 1964 by Deuben and Heites. " Later, in 1972, the Q
shaped cyclic tetradecapeptide somatostatin was isolated from ovine
hypothalami (Brazeau et al., 1973). It has subsequently been

synthesized by several groups in linear and cyclic forms (Brazeau

) ( 1
H-A]a-Gly-Cys-Lys-Asn-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH

Fig; 1. . Structure of somatostatin

et al., 1973; Coy et al., 1973; Yamashiro and Li, 1973). The
synthetic peptide has the same biological activifj as the natural
compound (Yamashire and L%, 1973; Vale et al., 1975).

SomatoStatin has been identified at several sites in the
central nervous system. Kriilich and coworkers (1968} demonstrated

high SRIF concentrations in rat median eminence by bioassay. The



availability of radioimmuncassays for. SRIF, (Arimura et al., 1975;
Patel and Reichlin, 1978) and immunchistochemical evidence
(Pelletier, 1980) indicates that although found in measurable °
quantities jn other pa?ts of ;he braih and spiﬁaI cord, sumat;statin '
is present in highestrcbncené}ations in the hypothalamus. Outside

the nervous system, immunoreactive soﬁatostatin has a widespread
distribution (Efendic et al., 1978; Efendic and Luft, 1980;

Arimura and Fishback, 1981).

' ~ Somatostatin is a powerful inhibitor of GH secretioﬁ in vitro
and ig_gijb,vin animals {Kasting et al., 1981; Cowan et al., 1981;
Cowan et al., 1984) and huméns (Ward et all, 1975; Christensen et al.,
1978), ;hough no effect on basal GH 1evels'has been demonstrated iﬁ
man (Mortiner et al., 1974) or dog (Cowan et al., 1934). This lack
of effect may be either due to assay insensitivity for hormonal
changes within the normal range (although this possibility was
excluded in Cowan's dog experiments) or may reflect that maxiﬁa1
endogenous somatostatinergic tone is present in the -basal state.‘

‘However, baﬁa] secretion is suppressed 1q.the-rpt (Brazeau et al.,
1974; Martin, 1974) and from isolated pituitary tissue (Stachura,
1976) as is the GH response to several stimﬁIi; These include
exercise (Prange-HanSen et al., 1973), insulin induced hypogTyéemia
(Hall et al., 1973), arginine (Siler.et al., 1973; Mortiner et al.,
1974), .L-dopa {Siler et al., 1973; Lovinger et al., 1974), electrical
stimulation of the ventromedial nucleus (Martin, 1974), sodium .

pentobarbital (Brazeau et al., 1974), isoprenaline and
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‘chlorpromazine (Kato'et“al.. 1974), dibutyryl cyclic AMP (Borgeat
et al., 1974"Peracchi et al., 1976), and hyperthermia (Zierden
et al., 1975). In addition, the elevated GH levels seefi in
hepatic and renal disease are lowered (Pimstone et al., 1975).
GH surges during sleep (Parker et al., 1974; Lucke et al., 1976)
and when alert (Ward et al., 1975) are.also inhibited.

| Somatostatin suppresses the elevated basal GH levels of
acromegaly (Hall et al., 1973; Yen et al., 1979) as also the
spontaneous GH surges and those in response to feeding (Besser
et al., 1974) in these patients. The GH response*fb TRH seen
" in some acromegalics is blacked by.somatostatin (Gomez-Pan et al.,
1975). There is evidence that secretion of the monomeric and
therefore most biologically active form of GH is preferentially
blocked by SRIF (Benker et al., 1975). |

Infusion of exogenous growth hormone inhibits endogenou§

GH secretion in the rhesus monkey (Sakuma and Knobil, 1970) as
ddes the injection of GH into the lateral ventricle of the rai ‘
brain (Tannenbaum, 1980). This influence of GH on it's own
secretion may.be mediated by SRIF as hypophysectomy and the
consequent decrease in circg1at1ng”GH lowers somatoétatin like
immunoreactivity in the rat hypothalamus (Molitch and Hlyviyak,
1980) particularly in the medial preoptic area (Terry and Crowley,
1980). Moreover, intraventricularly injected GH stimulates
~ somatostatin release into rat hypophyseal portal blood (Chihara

et al., 1981) and manipulations increasing or decreasing plasma GH
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" show that an inverse relationship exists between hypothalamic SRIF
concentratfonﬁgnd release, and circulating GH_levels (Berelowitz
et al., 1981). Also, an intraventricular injection’of SRIF into the
third ventriclé of rats induces the release of GH and may possibly
act by suppressing the release of §omathstatfn from somatostatin '
containing neurons (Lumpkin et al., 1981).

. The large body of accqmulated evidence strong]} suggests

that soqgtoétatin is at\least in part responsibie for the control
of GH secrétion, but it's precise‘ro]e in the reguiation of the
high amplitude secretory bursts of GH needs to be further e1ucidated.
CertainlyiédeCTineiin GH biosynthesis in pituitary homografts
(Zanini et al., i979) andfﬁlgecrease in plasma GH levels in
pituitary stalk sectioned animals (Wehrenberg et al., 1980) and
those with extrasellar pituitary transplants (Schalch &gReichlin,
1966{ suggest the existence of é suprahypophyseal, facilifatory
influence as well, and this issue will be examined fhrther in the
.Discussion. | '

-~

5; Effect of stress on GH secretion

It has been demonstrated that endocrine systems respond
sbecifica11y and }n discrete patterns to differe#t'strés;ors‘
(Mason, 1971}. As reviewed by Lenox and-associates (1980), brain
neurochemical systems also respond to Stress. - |

Various fonm§ of stress provoke an increase in plasma growth
hormone levels in humans (Glick et al., 1965; Scha1cﬁ, 1967) and
rhesus monkeys (Meyer and Knobil, 1967), though the stress of



transpor;ation°has been shown to suppress, GH secretion-in cattle
(Reynaert et al., 1976). a

Stddiés on the effects of different stressful stimuli on
the re]eése of GH in small rodénts, both rats tTakahashi et ai.g'197])
* and mice (Schindler et al., 1972), have been found.to differ
_marked]y from those seen in the primate, and confirm the originaf
observations of Schalch and Reichlin (1968) and Garcia and Geschwind
(1968) that a Lariety of stress stiﬁu]i depress plasma GH in the
rat. They further demonstrate the importance of distinguishing
between the éffects of the blood samp]iné procedﬁre per se
(e.q. handling of animals, catheterization, type of anesthesia) and
the influence of the experimental stimulus being examined. The
apparent exquisite'sénsitivity of the rat's hypothalamic-pituitary
GH secretory system to stress undoubtedly contributes to the marked
fluctyations in plasma GH values observed in this species and the
non parametric distribution of-these levels. Even in rats,
minimizing the stréss of handling by prior training or "gentling"
results not only in a significant increase‘in the mean plasma
levels of fed animals but also in a distribution approaching a
parametric pattgrn for.ihese values'(Takahashi et al., 1971)}.

Stimuli that have been used experimentally to demonstrate
the depressive effect of stress on rat plasma GH include ether
(Schalch and Reichlin, 1968; Takahashi et al., 1971), insulin

induced hypoglycemia and intraperitdneal hypertonic glucose

(Takahashi et al., 1971), blood withdrawal (Rfce and Critchlow, 1976),
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tibial fracture and rubber band tourniquets (Takahashi, 1978),
exposure'to cold and immobilization stress (Lenox et al,-1980). In
‘fact these workers hayé shown an inverse relationship between p]qsma
GH and cortiCOSterone.{E stresged rats and have suggested the
likelihood of a final common pathway at the 1evé]-of the hypotha]amus
in the mediation 6f decline in plasma GH. Arimura and coworﬁgrs (1976) .
and Terry and coworkers (1976) demonstrated that antisera to
somatostatin prevent the stress induced decrease in circulating GH
levels in the rat, and their conclusion regarding the role of SRIE

is suppbrted by the finding of Rice and Critchlow (1976), who in
experiments utilizing brain leéions found that the preoptic region

of thg hypothalamus, now known to be the source of hypothalamic

) 4
somatostatin, was essential for the GH response to stress in this species.

i} Although the effect of stress on the release of GH has been
charécterized with various stressors in both rat and man, more needs
to be known in this regard with respect to the dog. Insulin |
induced hypoglycemia and S-hydroxytryptophan, both of which cause
stressful behaviour in dogil elicit an increase in plasma GH an'
g]ucocortjcoia levels (Dorsa and Connors, 1979). An earlier s uﬂy

'(Lovinger et al., 1974) suggested that suréica] stress had ng effect
on, canine GH levels, but their contention is not very informative
since they assayed for GH only § mih\pefore andL5 min after the
acute surgical stress (adrenai vein cannulation).. Even though scant,

the avaiiable work does imply that stress "in general, does not

decrease GH secretion as it does iﬁ the rat, and dogs may more

o
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resemble primates in this respect. -

’

6. fechniqggs employed in studying the GH control system

As reviewed briefly earlier in this chapter, actions of the
hypothalamo-hypophysiotropic hormones were extensi;gly_atydied even
before these hormones were isolated. In order tp—uﬁ&érstand their
action, experiments were performed using crude e;tracts from
hypotﬁs1amic tissue or:by suppressing or stimulating production or l
release of a hormone by stereotactically g]aceq lesions or -
electrical stimylation of specific areas of the brain. Although
~ the use of extracts and surgical techniques ﬁgs yielded muﬁh
information about the neurogbgmical‘meCQQnisms.and neural areas
inzg;:?d, their usefufﬁess in clarifying the actual physiological’
conditions effecting and contro1ling release of an adenohypophyseal
hormone is timited. Information gleaned by utilizing hypothalamic
extracts is of dubious significaqce because of the possible presence
of impurities or more than one active neurcendocrine fraction; .

likewise, surgery can distort the physiological system by

interrupting.fibres convey%ng impulses or disturbing normal portal flow.

The stressful effects of surgical intervention, substanées
released by tissue damage attendant on surgical trauma, and
anesthetics, independént]y or in conjunction wjth each other,fcan
modify normal GH secretion.

" The avai1api1{ty'of pure. preparations of releasing or

inhibiting hormones is particularly fortuitous in this respect.

- Used as antigens to generate specific antisera, they have not only made

\
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it passible to establish specific radioimmunoassa&s for these
hormones, but also b]ocking the action of an ehdugenous hormone .by
neutralization with it's ant1serum perm1ts the elucidation of it's
- physiological role.:in v1vo.
. Some studies utilizing antiséya‘to somatostatin are availa@le I
where the.antisera have been raised‘various1y in rabbits, sheep and
monkeys, and all publisfed material is from studies done on rats.
?311owing treatment with serum containing antibodies to SRIF,
increased basal GH values are observed in apparently unstressed rats
(Ferland et al., 1976; Terry and Martin, .1981) and abolition of |
episodic GH bursts by stress induced SRIF sec;etidn is réversed
(Arimura et al. 1976 Terry et .al., 1976; Tannenbaum et al., 1978)
a]though it has 11tt1e or no effect on the ampI1tude of GH $urges
in unstressed rats (Terry and Hart1n 1981).
Most of the in vivo data on episodic secretion to date are

. ‘essentially bjvariate time vs. concentration data with gistribution

.of GH in a circuléting poo]l thét damps out changes. Since the event
being studied is the release of GH from the pars distalis, the
. calculation of secretion rates is a much more sensitive and
appropriate'detenninptioh thaﬁ an evaluation of changes in GH
concentration with time. Radioactive tracers can be used in
secretion rate calculations, but infusion of anything more than
true trace amounts may interfere wifh endogénous hormone production

°*
or release, and unless the tracer is incorporated intc an amino

acid of the hormone molecule, labelling may alter it's bio]ogita]
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activity 6} clearance. An approach based ‘upon predetermined model
_elements,‘on the 6ther hand, can be utilized providing that the.
metabolic clearance rate {MCR) determined for a given substance is
constant for thatlspecies‘and does not vary with changes in the.
circulating concentrafion (C) of that substénce {or that such
variation be predictable). Also, the apparent volume of distribution (V)
for that substance.‘in'that species, must be constant (or must |
vary in a reliable and predictable way with concentration).
The choiée of a single compartment model with constant MCR

to convert bivariate GH concentration vs. time data into confinuqus
secretion may seem simplistic, especially in light of the multi-
exponential disappearnce-of Tabelled GH in the dog (Kramef et al.,
1973), human (Glick et al., 1964) and rat (Peake et al., 1968).
However, as discussed in relation to the GH system by Cowan and
coworkers (1984}, as a first approximation even for very rapid
era}tures from steady state, thi;.approach has been entirely
successful for ACTH (Cowan, 1978) and despite fhe handlind of labelled
GH {or the 1abe]) noted above, it seems likely that in physiological
situatioﬁs it is handled nearly linearly. Normalizing data from

the literature rather arpitrarily on a per weight basis, it is

noted that-neipher species ndr concentration of GH alters it's MCR
very mﬁch, being: in man 3.25 mL Kg'I min'1; and in male and female

1

mice 5.25 mb Kg~ min™} (Taylor et al., 1969; Frohman and

Bernardis, 1970; Althen and Gerrits, 1976; Sinha et al., 1979).

i

Cowan's value of 3.99 * 0.30 mL Kg~ min']for dogs, lying as it
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does between the value for ﬁen and swine and the\va]ues.for rodents,
seems unsurprising; and the narrow range of all these values suggests
that in the working range a load term model might well use a near
constant MCR. As for the single compartment, and\hence»single value
for apparent distribution volume, this is suited to the stud& of only
relatively fast events. For concentrations changing rapidly, the
.sing]e fast compartment is dominant, and for slower changeé in
concentration, the VxdC/dt term is of ﬁo consequence compared to the
MCRxC term, so that any errors resulting frgm the single-compartment
approach would be negligible. The value of V calculated for the dog
is 57.9 ¥ 5.5 m I(g'.l (Cowan et al., 1984). 5" example of the

effect ofiusing this ﬁpproacﬁ to calculate continubus secretion rates
from bivariate concentration vs. time data on one experiment in this
study is depicted in Figure 2. - .

7. Physiological context of this study

Observations made upon the effects of the addition of somatostatin
to iso]atéd pituifary tissue or the intravenous administration of
soma;ostatin in vivo may represent pharmacoiogical rather than
physiological effects. 'Normally, very sm;]] amounts of 50matostatin-'
reach the pituitary via fhe hypothalamo-hypophyseal portal circulation
(Chihara et al., 1979; Gillioz et al., 1979; Schusdziarra et al., 1980;
Kasting et al., 1981). Likewise; observations on the effects of SRIF
in pathological conditions such as acromegaly eannot be used to draw
conclusions regarding the physiological role of SRIF as tumor cells may i

not respond in the same manner as normal tissue. The use of anti SRIF



Figure 2. Comparison of concentration of GH in plasma vs time
{broken lines) and GH secretion rates vs time (solid lines)
calculated from the bivariate GH concentration vs time data in

the resting control experiment on dog #5.
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antibodie ‘inffitact animaTstwhich allows for "non-surgical” decline
in circu1§\ing somatostafin,'therefore preéeﬁts an appropriate ﬁode].
Dogs are a useful animal for the purpose of this study because they are
easily available,” have a-blood volume sufficient for seriai sampling
in experiments lasting several hours, and adapt well to handling and -
experimental conditiohs; also, sensitive RIAs for canine GH are
available.  The differences of GH secretion between sexes (Birge et al.,
1967; Reynaert et al., 1976; Tindal et al., i978) is eliminated a§ a
-source of variation by using only male animals in the study.

As reviewed earlier in this chapter, the Gﬁ response to stress
in the dog has not been well characterized. This study presents an
opportunity to evaluate the secretory characteristics of GH.due to

the effects of specific stressors,

8. Statement of the problem. Somatostatin is an inhibitor of growth

hormone secretion jg_giggg,and in vivo, and blocks the augmented GH
re]éased in respbnSe to several stimuli. A modest constaﬁt infusion
of SRIF abolishes the spontaneous GH sécretory'spikes formally seen in
gpgs §COwan et al., 1981; Coﬁan et al., 1984), but does not lower basal
secretion. This suggests that during basal GH secretion, a surfeit
.gf SRIF impinges on the somatotrophs, as extra SRIF does not further
lTower secretign; but %or secretory'bursts to occur, very little SRIF
must be present, as exogenous SRIF ﬁlocks theseqbursts. ‘

These indirect indications that decline in con;entration of

" somatostatin plays a major role in the initiation of secretory episodes

of GHneeds to be clarified by a more direct approach to -the problem.



20

.gaihesis guestion: Does exogenous manipulation which artifical]y

educes endogenous.SRIf impinging on-theriomatotrophs evo;e .
'éH secretory bursts? |

e the injection of foreign sera are stressful to animals to some\
degree, fﬁe GH response to stress in the experimental animal used in
this study needed to be examined.

Corollary thesis question: Do stresses evoke GH.secretion in

dogs?
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“ CHAPTER 11
MATERIALS AND METHODS .  °

1. Animals

Ten random source normal adult male mbngrel‘dogs, 6.9 - 17.3 Kg,
were used in the study. On’éfrival‘at our Animal Care facility, they
were subjected to a period of "conditioning”. During this time tﬁeir
nutritional status was assessed, hema$o1ogiéa] prd?i]es evaluated and

. stool tests were done for gastrointestinal parasites. Their -

. immunization status was ascertained to include vaccinations for
| Distemper, Adenovirus type I & 11, Leptospirosis, Parainfluenza,
Parvovirus and Rabies, and any deficiencies in this regimen Qere made
up. |

The dogs were quartered in standard cadés under condifibnS'of
consF;nt temperature (20-25° C) and relative humidity (45-55%) on
a 12 hour light, 12 hour dark cycle with lights on at 7:00 a.m. The
animals received a normal diet of dry dog food and water ad 1ibitum,
with routine daily exercise.

‘Prior to being used in experiments, the dogs were trained along
the lines of ‘a simple reward-punishment principle, to lie on a
comfortable pad in the laboratory for up to 6 hours at a time. K At
the end of each training session, they were rewarded with a can_ of

x

dog food. Such training was continued during periods between

experiments on the same dog. -

e
&
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2. .Experimental Designs

Group I: Effects of sheep serum containing antibodié%“to'SRIF on GH
secretion. | o

To determine the effect of antibodies to SRIF (contained in
sheep serum) in.ddgg, they were subjected to resting control expériments,
to éxperiments in which the antibody to SRIF was injected systemically,
and to exﬁéfiments in which control goat sera not containing antibodies
to SRIF weré used. The éssential features of the 3 kinds'qf
expefiments in fhis group are as follows:

a) Resting Control Experiments. Blood from conscious, resting dogs

was sampled at 5 min intervals for 6 hours for GH (by RIA) and at 30
or 60 min intervals for determination of total glucocorticeids (as an
indicatdr of stress). Sampling was with saline replacement, and
total blood removdl was less than 140 ml. Although adequate'contro1
GH data on dogs was available from previous studies (Ref: Cowan et gl.,
1984), thése experiments were neeessary to screen*animals to be used
for experiments described below in (b). Because of a limited supply
of antibodies to SRIF, and in order to give comparative]y largef
qpses of this material, smélf animals had to be used. The purpose of,
these experiments then, was to exclude endocrine abnormalities, |
(i.e. to make sure that the dogs were small because théy were sma]l,‘
and not because they were dwarfs!) 5 dogs (6.9 - 11.5 Kg) that had
been selected in this‘way were used in the anti-SRIF experiments.

b)-Anti SRIF Experiments. These 6 hour experiments were similar to

controls, but 3 hours after the sfarf'of the experiment, 8.5 mis of

A4

'
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sheep serum.coﬁtaining antibodies to SRIF was administered as a Bo1us
systemically. Staf¥ing”5 min before this injection and for 30 min
following it, blood was sampled at 1 min intervals to improve the
resolution of the measured responses. ‘In 4 of 5 suéh e;periments,
two additional blood samples for glucocorticoids were also taken

at 20 and 40 min after the manipulation to get a more precise time
course of any stress caused by it. -

c) Experiments Using Control Goat Sera in Naive Animais. ' These

experiments were performed to determine whether the effects observed
in the anti SRIF expefiments were due to the antibodies to SRIF or a
result of the administration of foreign serum per se. 5 naive animals
(dogs that had no history of previous expo;ure‘to forefgn serum) were
treated with a bolus injection of plain goat sefum*. The sera used in
these animals were from 3 diffgrent goats (for details see Table III).
The first of these five experiments was of 6 hour; duration with
sampling intervals and timing of 1njectjoﬁ identical to the experiments
described in (2) gboveQ The remaining four experiments lasted 2 hours

each**; there was a control period of 45 min, and blood sampling

- T} i o o S o b 5 k. Dl A " W S o - —

*For dose of goat serum used in these experiments, refer to Tabie IV.
**Explanation needs to be given regarding the sequence of experiments

and. the change made in their duration. After the anti-SRIF experiments
had been completed.and plasma from these experiments sent for GH RIA, it
was decided to proceed with experiments using control goat serum. 4
“sensitized" animals that had received anti-SRIF containing sheep serum
(described later in the second group of experiments done) and one "naive".
animal were available at the time and the 0ld 6 hour protocol was followed
in these experiments. . However, after the results of the GH assay were
received a:few weeks later, it was observed that the effect of the .anti
SRIF serum became evident within one minute following its injection. It
was therefore decided that shorter 2 hour experiments with plain goat sera
~would suffice for comparison. The protocol with respect to intervals in

)
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was continued for an hour and 15 min, after injection of the plain
goat serum. o | |

GH secretory responses to plain goat sera in naive (non-
sensiiized) dogs were either nonexistent or small in comparison to
the effects of anti-SRIF antiserum (see Results), bht clinical
cbservations from the dogs (see Appendix) and glucocorticoid Hata
suggested that both b1ain sera and that which gontained anti-
bodies to SRIF had.beén stressful to the animals to some degree. The
GH response to.stress in dogs had not so fare been clearly
characterized, and to stﬁdy this issue further, a second group of
experiments wasrundertaken.
Group II: Effects of Various Stressors on GH Secretion: Anaphylaxis
Hypovolemia, Ether. |

d) Exposure of “"sensitized" animals to control goat sera. A total of

six such experiments were performed. The fi%ﬁt four of these were done.
on qQés that had previqusly received anti-SRIF-containing sheep serum;
one‘ﬁeek earlier in 3 cases and four months earlier in the fourth

| dog. The design for these was similar to the anti-SRIF experiments

except that 10 mL of plain goat serum was injected 3 hours after the

blood sampling and timing of manipulation established for these
experiments was maintained for all subsequent 2 hour experiments.
Samples for GH assay were taken every 5 min, with sampling intervals
reduced to 2 min during the period from 10 min before the
manipulation to 30 min after it. For the estimation of glucocorti-
coids, blood samples. were taken at about 20 min intervals with 2
such samples during the control period of an experiment. Blood
pressure was continuously monitored in four (the second to the fifth)
of these 5 experiments. Total blood withdrawal never exceeded

75 mL, with fluid replacement as described under Experimental and
Surgical Procedures.

-
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start of the_gxperimént. Two of "these first 4.dogs which received
"the control dﬁat‘serﬁm only a-week‘affer,the AS-SRIF serum shohed s
. severe anaphylaxis; one of themA(ddg #5) actually died before the
experiment was complete.” More time (about 2 months in each case) wés
a11§ﬁed to elapse before second exposure in the additional 2 dogs,
with an attempt to permif 2 degree of dec]ine.in titre of antibodies
to constituents of foreign.sérum to occur. Both these were 2 hour

ekperiﬁents with continuous monitoring of arterial blood pressure.

e) Hypovolemia Experiments. Four such experiments were aohe. Forty-
Ifive min after the onset of these 2 hour exper%hents, blood was. rapidly
withdrawn into ste;ile siliconized heparinized glass syringes, with the
aim of producing a fransient_hypotensive state (Tasting 30 miﬁ) with a
mean arterial pressure of 60 -mmHg. \This procedure took 3% - 10 min |
and the blood withdrawn was collected in sterile siliconized heparinized
glassware which was immediately sealed with parafilm. (A total of
1000 i.u. of heparin was added per dL of blood and was found -
sufficieﬁt to prevent coagulation). Vital signs were monitored.
Tweﬁty-five‘to 30 min frem the time that biood withdrawal had been
comp[etéd, the blood was reinfused rapidly into the animal. Before
reinfusion the blood was filtered to remove gas bubbles and any

small clots that méy have formed.

f) Ether Inhalation Experiments. Four such’experiments were done.
Forty-five minmafter the beginning of each gf these experiments, ether was
administered to the animal by means of a face mask, taking care that

1iquid ether didn't come in direct contact with skin, mucous membranes



or eyes of the'animal.: The mask was continuously held in p1abe for

10 min and then During this time.the animal usually struggled

vigorously had to be restrained. Continuous monitoring.of blood

\
pressure and sampling intervals similar to other two hour experiments .

. were used.

3. Experimental and Surgical Procedures ‘ .

On the'day‘of an experiment, the animal was released from itﬂs..
cage at 7:30 a.m. and allowed to move about freely in'an outdoor run
for a.few minutes. The dog was weighed ;éfore being taken to the
experiment room.

Insertion of polyethylene canqylae for blood sampling (usua]]yl
saphenous vein to inferior vena cava, Clay Adams PE 190) was done under
sterile conditions using lidOEQQhe‘Hydroch1bride local anaésthesia_(L.A.),
normally the day before an experiment. From time to time, cannulae
were maintained for aweek and reused. About half an hour before an
experiment, the in situ cannula was re-exposed under L.A. and flushed
with 5-mL of heparin in isotonic saline to confirm patency and free

'f10w.

In experiments where arterial pressure was to be monitored,
the femoraf artery and vein were cannu1afeq through a medial
longitudinal incision in the thigh (PE 190, 205 or 240 depending on
the size of the blood vesgel). These cannu]étions were carried out *
oﬁ the morning of the experiment, with the experiment starting an hour

after completion of the surgica1'procedure.
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Fluid replacement, after withdrawal of a blood sample, was achieved

with normal saline, with about one and a half timks thé vd1ume of saline

| to the volume_ of blood withdrawn. Periodica]]y.'the cannula was flushed

with weakly heparinizedfnormal saline {20 USP units heparin]mL of normal
" saline) to maintain_free flow through the cannula during samb]ing. ‘
Qbsefvations'concerning the animal's general condifion, tha] signs
etc. were recorded in each experiment, and these have been commented upon
in the Append1x | | .
At the end of the day's exper1menta] procedures, the surgical wound
- Was closed with 00 silk and a furac1n dress1ng_app11ed. The animal recexyed
a can of dog - food and water ad 1ibitum before being returned to its cage.

4. Characteristics of the AntiSomatostatin Antiserum_iAS-SRIE)

* About 43 mL of this material was obtained from Dr. Fefpand Labriei
of L'Universite Lavai,‘Quebec, ina frozen state. It had been ra{sed in
a sheep, and had been proven effective in Spfague—DaﬁIey rats, 0;5 mL_i.v.
being sufficient to elevate bésal p1asma GH in the rét substantia]?y for
a period of at least an hour. The ant1serum was prepared by the method
described by Arimura and co-workers (1975) and had been used previously in

studies done on rats (Ferland et a1 » 1976; Norstedt et a]., 1983) *

- f The antiserum was divided into é]iquots of 8.5 mL. Although

wea

normalized by weidﬁt this constituted a smaller dose for a dog than had
been used for tests in rats, divfding in this way allowed for testing

it's effects on 5 dogs.

*This serum contained a high titre of ant1bod1es to SRIF. At a dilution of
. 1/80,000 it was capable of producing a binding curve with SRIF with an IC50
of 16 pg/tube (16 pg/mL)}. It did not cross react with LHRH, TRH, substance
P, vasopressin, oxytocin, B-endorphin, met-enkephalin or neurotens1n

C e
-
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The antiserum was maintained at -70° C in a freezer. :On the
day that it was requdred fdrtinjection,‘it was removed from the
freezer abdut 3 hodrs prior'to it's'dse, and allowed to‘thaw"
gradually,vfirst in the lower compartment of the refrigerator; and
then to'room temperature. Ten min before-injection,.it'was
loaded into a sterile disposable 10 mL syringe. b ;

5. Characteristics of the Goat Sera

-

Three_batches of‘this material, from three different goats,
« were obta1ned from Qualicum Scientific Ltd. Ottawa Ontario. The
sera had been prepared in the following way: blood collected from
a goat under sterile conditions was defibrinated and centrifuged
and the supernatant was passed through a crude .22 Mi]]dpore filter.
The filtrate (serum) was hermetically sealed in a sterile g1ass
bottie and frozen, and was.delivered to us in this state.
The sera were stored in 10 mL aliquots at -70° € and tdaded
< for use in the same-fashiod as the serum containing antibodies to SﬁIF.

ﬁ.

6. Mon1t»d.-- Mean Arterial Pressure (M.A.P.)

polyethylene tube (Ciay Adams PE 190, 205 or.240, depending upen the

size of the blood vessel). The-cannula was connected to a Statham _
P23Db pressure transducer that had been hooked on to a Grass Model 7
Polygraph through & low 1eve1 7P1 D;C. preamplifier.

This apparatus. had been calibrated abod% tyd hours before each
experiment,ﬂusing'a mercury manémeter; Pressure tracings were recorded
at a paper speed at 25 mm/min, with M.A.P. obtained by electronic

integration (low frequency filter}.
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7. Handling of Samples

Blood samples for GH assay were_co]1ected inal.S‘mL hepirjnized
labelled polypropylene test tubes that were kept oﬁ ice. They were
spun in pairs at 49°C in an Eppendorf microfuge (15,60019) for 3 min.
There was never a gap of more than.abogt 5 min between sample collection
and centrifuging. The plasma was,pfpetted into numbe}ed. color ¢oded
1.5 mbL p;%ypropyiene test tubes and kept in the freezer compartment of

. w
the refrigerator.’ .

" At the end of an expériment,'the samples were ;ransférred to a
-70° ¢ deep freeze. Later, they were packed in dry icé and sent to
the Department of Physiology, Queen's University where they were
.Lonce"again stored at -709 C. On the day that the samples were to be
assayed, they were taken out of the freezer and allowed to thaw
at f00m temperature. They were then assayed %or growth hormone iﬁ
tripl 1'[<_:ate by RIA )

’ The samples taken for megshrehent of corticosteroids were
treated in the same manner except that after they had been centrifuged,
p]asﬁa was collected in labelled, color coded glass couAting vials.

On the day that they were to bé assayed, they were removed from'the
deep freeze, and allowed to thaw at room temperature énd'assayed for

' glucocorticoid content.in our laboratory.

8. Radioimmunoassay for Growth Hormone

L

GH was measﬁreq in triplicate, usually at one dilution, by a
double antibody RIA using reagents provided by the NIAMDD Pituitary
‘Hormone Distribution Programme with the antibbdy to canine GH provided

by Dr. A.F. Parlow. This assay is similar in imfiportant respects to .the



;
one described by Lovinger et al. (1974) but differs frﬁm this_ip/ghat
antiser&m to cGH is raised in monkeys (AFP-214-121577) instead of

guinea pigs. ' ' .

Results were expressed as nanograms per mL (ng/mi) of ﬁaniﬁe GH
(AFP-1983-B). Samples from one experiment were measured within one
assay, tdgether witha known pogled sample.and a ;amp]e of hypop;yséb-
vtomizeq,piasma which consistently gave values near zero, and always below
0.4 ng/mL.c Values above the low standards (0.5 ng/mL) were
sufficiently reliable and repeatable that 0.5 ng/mL was considered as
a2 reliable Tower 1imif for assay sensitivity for individua1,;ampies,
‘with even lower limits for consisteﬁt runs of sequential samples.

The intra-assay coefficient of variation was less than 10%.

' 9. Assay fn; glucocorticeids

Samples were.assayed in duplicate using a micro-modification of
" the fluorimetric method of Silber,” Busch and Oslapas (1958), on an
Aminco-Bowman Spectrophotofluorometer with an excitation wavelength
of 465 nm and emission waveleng;h of 525 nm. Standards containing
2 ug/mL of cortisol and corticosterone (Sigma) and blanks {distilled
water) were run at the'beginning and end of each assay. All the .
glassware used had been pre-washed in absoluté alcohol.

Three mL of methylene chloride (Baker), introduced with an
automatic dispenser, were added to 500 X of plasma (300 » for some s
experiments) that had been aliquotéd into conical bottomed glass tubes.

The tubes were vigdrous]y agitated for 20 sec each, then centrifuged at

1000rg.for two min. Using & vacuum line, the top layer (aqueous phase) was
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.

removed. From each tube, 2 mL were pipetted into a fresh set of
~round bottom glass test tubes. No NaOH wash was used, since only

plasma from male animals were assayed.

~

The fluorescence evoked by this 2 mL of steroid containing
methylene chloride in 2 mL of a sulphuric acid-ethanol mixture wa
measured at 60 minutes. Initiation of the fluorescence reaction

was staggered so that ali‘samp1es cou]d be read at 60 * 1 min.

L.

. Using a 11near regression program on the Wang 600-mini-

L)

computer tota] g]ucocort1co1d concentrat1on was calculated, with the
%z -

assumption that B: Fratio was unity, as is roughly the case in dogs
'.(Ganong, 1981). This assumption could introduce systematic errors
of + 6% in total glukocort1co1ds if there were a 201 shift in th1s
ratio (due to d1fferent fluorescence of B and F).

10. Processing of Data

1.

a) Continuous Secretion Rates for GH were obtained by transforming
the bivariate GH concentration vs. time data using the sing]e
Qompartment approach previou;ly validated for ACTH (Cowan, 1978)
with clearances and volumes verified for GH (Cowan et al., 1984)"

+

using the equation:

Secretion rate (Ra), (FH x MC§)+(dGH )

—— - ————— T T o ————— - -

“For dogs, MCR and V were found to be 3.99 * 0.30 mL-Kg 1 min~! and
57.9 ¥ 5.5 mL/Kg, respectively. )

*GH¢: Concentration of GH at time for which secretion rate is being
calculated.
MCR: Metabolic clearancé rate of GH in dog.
V: Apparent distribution volume of GH in dog.

ACorticosterone: cortisol ratio
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" The rates of change of GH concentration (dGH, term) were

obtained by fittfng sliding‘parabolas through 3 points, {including
ey .

tﬁéi%f:nts preceding and following the point for which secretion
rate 1

. '.-
time.

being calculated}. Secretion rates were plotted against -

In experimental periods with “"rapid" sampling (i.e. interva1§¥
between samp]es of 1 or 2 min instead of § min), assay errors

contributed substantially to the dGHt term, and from time to time.

- Tdt
obscured physiological influences on the derivative term., Data for
these periods were smoothed further by usingIS{iding parabolas
fitted to 5 rather than 3 points, and’ the middle of such a curve uged,

for calculation of dGHt. In this way time periods of 5-10 min were
' dat '

incorporated into the function fit, and 2 dégrees of freedom remained
for error analygié.
. * ~
A different approach was used for the initial and final .

intervals of the eiper?ments, where the slopes from 2 peint straight

"lines were used. . ©m

b} Basal Secretion Rates were determ%ned from the basél pgriods of
curves obtained by grqpﬁing secretion rates vs., time dat;, with the
basal secretion rafe taken as the value which had an equal area of
the curve above and below it. \ | '

c) Total Duration of the Peaks in GH secretion were taken to be the

.time at which the secretion rate crossed the mean basal secretion rate

t_l-

f
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A

.in a monotonicdlly increasing functidn, which subseqlently rose to

a peak value, to the time a§ which the secretion rate crossed the

'ﬁean basal secretion rate, following a ﬁeak, in a monotonically
decreasing function. ’FaiIing this.criterTon, points of gldpe

" reversal were‘used. i.e., the time at which the slope of the secretion
rate changed from negative to positive at the_onset of a peak or

froﬁ positiQe to negative at the termination of a peak. Since the
initiation and termination of a GH spike may not alwa}s be abrupt, as is
esﬁecial]y the case with a gradual rise in GH secrgtion Beforelthe Steep
sloped increase in amp]itude in the spontaneous-episodes,_the duration

of the steep portionusf the spike is separa;ely-assesséd. .,

d) Duration of the Steep Component of a Peak was taken to be the
central portion of the secretory burst during whicﬁ‘the.first
derivatives of the secretion rate significantly exceeded those
occuring during tﬁe normal excursions wﬁich characterized basal.
periods. |

e) Integrals of the Peaks were determined by evaluating the area

under each secretory spike, the integral representing the total
secretion during a peak (ng/kg). These integrals were caﬁputed
sumS of histégram rectang]es_topp;% By right-angled trj&ngles.

A11 calculations were done using programmes on the Wang-600-
14-TP minicomputer. . ' ‘

Means *-SIE.g, were calculated for each kind of experiment
for the maximum secretion rate during a peak, the total and steep

duration of each peak and the tota1 amount of GH secreted during

v



these peaks, and has been presented in thg tables in'the Results

L]

section.

34
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TABLE IV

“Doses of sera injected as a bolus in
different types of experiments*

Sheep Serum Control
Containing . Control . . Goat Sera
Antibodies Goat Sera in ‘in Previously
to SRIF Naive Dogs Sensitized Dogs
Dog # (mL/Kg) | (mL/Kg) . {mL/Kg)
R 1.0 - - -
2 0.74 _ - 0.77
3 0.96 : - S 1.12
8 1.20 - 1.45
5 0.97 - (1.12)**
.- 0.86 ' 0.93
7 - 0.74 -
8 - 0.58 -
. .
9 . 1.2 -
10 - .1.06 -
+
ean,.  0.97 £ 007 0.87 £ 0.10  ° 1.07 ¥ 0.15

*Dose normalized for weight of each dog'on the day of the
e§per1ment. ’ '

*»*Not included in mean, as this experiment is incomplete
(see Discussion).



CHAPTER III
RESULTS

1. Growth Hormone Secretion

These data have been described and presented in tabular form
in this chapter. Graphical representations of each of the
experiments are appended at the end of this thesis.

~

a) Resting Control Experiments. GH secretion characteristics observed

in 5 resting dogs are smﬁharized in Table V. A1l animals had one or
two spontaneous s‘ecretory bursts in 6 hours, éuper‘lmp‘n a basal
secretion which was remarkably uniform throughout an experiment and
showed relatively 1ittle variation in subsequent experiments done on the
same animals. ' ,

These dogs show very similar characteristics in their

secretion of GH when compared to prévious work (Cowan et al., 1984).

The peak/basal secretion ratio 22.3 _ 7.3 ,'pedk GH secretion rate,
3.1 :

the total amount of GH in excess of basal secreted during the
episodgs and tota] spike duration are all comparable. The duration
of the steep portion of the spike is somewhat longer than the value
of 25.1 £ 1.2 miﬁ found in the previous study, becaise of the bias
1nfrogucéd by the large value obtained for dog #5 superimposed on a
small "N". - |

b} Anti SRIF Experiments. High amplitude GH secretory surges were

elicited in all 5 animals that received a bolus injection of serum

of
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. containing antibodies to SRIF. . There was no observab]e.lagrbetween
injection of the serum and onset of GH response. in 4 dogs while in
1 dog there was a delay of 1 min before the beginning of a secretory
episode. ‘ e
| The maximgl secretion rates during the spikes were abéut
4-25';imes larger and the total extra GH released :during the spikes
up to 25 fold that released in the spontaneous secretory episodes,'
occuring during resting control experiments in the same animals.
Also, unlike“spontangous spikes, the duration of the steep comgbnent
was not substantia11j different from the total duration of these
spikes. The results from thesé experiments are displayed in Table VI.
Both dogs #1 and 2 had spontaneous GH spikes during the control
- periods of their anti-SRIF experiments although one of the spikes "in
dog #2 could not be completely assessed as the experiment ended before
the spike was completed. These episodes have been shown in Table V.
o In dog #5, the ihjeétion of the antiserum cojncided with the terminal
part of a spontaneous peak, and this aspect is commented upon in the

Discussion.

c) Exgériments Using Control Goat Sera in'Naive Animals. Of the 5

dogs so freated, a GH secretory response was observed only in 2 cases,:
and then o;curing with delays of 5 and 6 minutes fo]]owing_fhe
ihjection of control goat serum. Where a spike did_occur,.thg peak

GH secretion rates and total extra GH secreted were in the same range
observed n spontaneous- episodes. The differenﬁe between the duratiOn

of the steep component of the spike and the total duration was 12 and 8 min.



A

‘potJad 1ey3 404 UOLIAUIBS
memn ssa| ‘@yids ayy Bupanp 3aund ajed :o_uw;umm H9 8y} jo (eubajul 33 se PA3R NI | R)xx

*3suodsa H9 J0 33suo pue E:gmm_acm.mo =ofauww:_.cmmzpmn Kejap :6ely

6'6bLL T L°9LbE 20 F2°0 S'€38v2 sexese seolyeoe sozee MNAS
+
5 ) = .
L Gb6G 0 > SE 2'92E G2 S
b v26y 0 52 o€ .. £°L6S 22 R
66805 - 0 L2 0€¢ L6 G2 £
L°282 0 £l £l LSy 8t Z
At | R 7 82 6°68 0y |
(6y/6u) (urw) ybe (wiw) (uLw) (Urw-6y/6u) . (uiw.By/Bu) & 6og
x¢Lds 03 ang | ayLds Jo  fLds jo  ayLds up ajey ajey
pasea|3y HY uoL3uod uotjedng uoL3a429s uoL3aJ2ag
dadss |e30y HY “ead H9 Leseq

edlxX3 |elof

wn.tas dagys ut 41Ys 03 satpoqLue 4o uol3dafu]

IA 378Y1



Tﬁe experiment on dog #6 was a 6 hoer ekperiment (jnstead'of
the two hour experiments in all the other animals {n this'group) qnd
a spontaneous spike was seen more than an hour before the goat serum ‘
injéction. In dog #10, the mahipulation“was done a few minutes
following the end of a sponfaﬁeous‘GH burst. Dog #7 gave pecd]ier'
results with a constant upward drift of the bése]jne from the beginning
of thé experiment, reaching high vaiues towards the end of ‘the
experiment, though no stimulated effect was observed as a resuit of
the goat serum injected. The result from this group of experiments
are shown in Table VII. ( - ;

Note needs to be made Eegarding the basal sec}etionerte_
’meaSurements for the'experimenié lasting two hours. Because of shorf
control pefiodsf estimation of basal secretion is difficult in some
of these expeﬁiments However, the lack of precision in this
measurement has no important preJud1ce on other parameters be1ng

'evaluated for example, in this group, a shift in the baseline va]ue
of 50% would introduce an error of only % 10% in the calculated total
extra GH re]eased dur1ng small spikes- such as those which- occur in
dogs #6 and 10 with th:s design. For 1arger spikes the errpr would

be correspondingly smaller.

d) Exposure of “Sensitized" Animals to Control Goat Sera. In all of

these "sensitized" dogs receiving an intravenous bolus of centrol”
goat serum, GH secretory surges start within 14 min fo1low1ng 1n3ect1on,‘
A with mean peak secretion rates and-amount of extra GH re%eased dur1ng’

the spikes substantially larger than control in one case (dog #4) and
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somewhat 1arge£ than control in the remaining experiments. The
ddration of the steeﬁ port%on of the spike was only a 1itt1e\smal1er
than thehiota1 Spike duration. ‘Data fﬁqm these experiments is shown
in Table VIII. These animals responded markedly to the second dose of
foreign serum, and when 1ptérva1 between the two exposures was

shbrt; often displayed severe anaphylaxis and decline in mean

arterial pressure (recorded during experiment on dog #6). The

clinical features observed during these experiments are detailed

. in the Appendix.

Dog #2 djsp1ayed a spontaneous burst’of GH secretion which
terminated’ 15 min prior to.goat serum,injection and another spike

towards the end of the experiment.

e) Hypovolemia Experiments. In these experiments, all 4 dogs subjected

]

to transient hypovolemia with decreased mean arterial pressure, Showed

a spike in GH secretion 2-40 min following onset of blood withdrawal.

The occurance of the GH secretory episode did not correlate with the

reinfusion of blood as in 3 of 4 cases it started before blood replacement
was begun, occuring following completion of reinfusion only in dog #6.

The maximal GH secretion rates duriné the peaks tended to be

in the range of those observed in spontaneous spikes or slightly higher

and the difference between total duration and duration of steep

portion of the spikes was not 1aFge. Results from this group of

. vy
experiments are summarized in Table IX. The manipulation to onset

of GH response c]éarly shows substantial delays with a mean lag of 25.4
min. The total extra GH released during these "hypovolemia

-
v .
\ te

[
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stimulated GH spikes™ is in:the same range as the value for spontaneous ‘

'ep1sodes S o - )
.Due to s]ow flow through the cannula used to withdraw b]bod

in dog #8. the desired det11ne in blood pressure was not ach1eved in

the usual 5-10 min required during‘exﬁerinents on other dogs, but

took 25 min,_ahd then only a drop to a M.A.P: of 80 mmHg was achieved.

Reinfusion in this animal was correspondingl§ delayed Ié'min more

than in other experiments, but these differences did not prevent GH.

secretory eurges,»as two such episodes were observed in this dog

before the experiment was.completed.

,”?f)'Ether Inhalation Experiments Results from this group are summarized:

in Table‘x. Only 2 of the 4 dogs showed substant1a] increase in GH
secretory rates wuth lags of 7 and O min from start of ether .

N
administration by face mask and onset of GH response. When a period

of incre;;ed secretion was observed, it did npt have durations comparable
to secretotg‘s;?ke§ seen in the other experiments though maximal
secret10n rate values in these two cases were s1m11ar to those
observed in spontaneous.sp1kes AIso the extra GH released during such
' episodes was small and only.one of them was about the-]owest va]ue
fur a contro] sp1ke from this study. Ether may effect the release
of GH from the pituitary gland by some mechan1sm other than ‘that
which occurs usually. Specu]at1on on these responses is made in
‘the D1scuss1on )

0f note in th1s .group is the effect of ether on mean arter1a1

pressure which doubled from rest1ng values of about 100 mmHg to 200 mmHG
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or more and some hypertensive effect was'sustained’dur1ng ether
inhalation, declining towards normal gradually after removal of the
face mask.

Statistical Comparisons of key features of GH.spikes occuring with

" different experimental designs are displayed in Table XI. Using

a linear regression program on the Wang 600 mfnfcomputer, no dose-
requnsé relationship was found between the volume of serum
injected and amount of extra GH released in any of\the‘experimental
‘designs. ItAshou]d however, be no%ed.(f5b1e IV) that the range of
doses of the sera (normalized by weight) was quite small.

2. Total Glucocorticoid Data

-

a) Restiné Control Experiments (Tab]e XII). The concentrations of

glucocorticoids {n plasma were not significantly elevated, indicating
that the animals were not stressed io any important degree. - Values
measured ranged from 1.8 - 5.2 pg/dL and were consistent through each

experiment.

b) Anti SRIF Experiments (Table XIII). That the ihjéction of the

antiserum had begn streégful to the ddgésis evidenced-by increase in
plasma g]upocorticoids from 2-15 fo]dqad'@in after injection.. Peak .
values were sometimes achie&éd within 20 min following manipulation

(dogs #3 and 4) or as late as 60‘min. A]so} an appreciable sec&ﬁaary

rise after an hour is observed in dog #4.

c) "Naive" Exposdre to_Control,Goat Sewa (Table XIV). Rise in plasma

g]ucoéorticoid concentrations suggest a degree of stress from

manipulation in all but one_ﬂdog #7} of these 5 dogs. It is.interesting
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to note that no GH spikes occured in those‘3 animals (dogs 57. 8

and 9) that did not show a decline in mean arterial pressurerfullowing
injection of the serum, evernr though total glucocortiéoid numbers in
dogs #8 and 9 indicate fhgt the procedure had been stressful.

N

d) Injection of Control Goat Sera in "Sensitized" Dogs (Table XV).

Effect of inJect1on of control goat sera on c1rcu1at1ng g1ucocort1co1d
concentration was observed within 20 min in all dogs, with increases _
from about 2k t1mes (dog #2) to about 13-fold (dog #3) aIthough the )
rise was much more gradual and less than 2-fold in dog #6.

e) Hypovolemia Experiments (Table XVI). Glucocorticoid values rose

consistently following manipulation in a1l the dogs reaching peak
concentratjons at 20 min in 2 dogs and_40‘m5n in the other 2 dogs,
with peak values ranging from about double to somewhat more than
3-fold Easa1 values.

f) Ether Inhalation Experiments (Table XVII). A1l dogs subjected to °

ether inhalation showed plasma glucocorticoids raised from double to
4-fold within 20 nfin after onset pof the procedure. Dog #8 shows
steadily rfsing values to the end of the experiment though somewhat
increased GH secretion in thfs dog is}observed only durihg the first'

12 min after ether administration was started.
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L " CHAPTER Iv s
DISCUSSION

. s

1. Appropriate Control Group for Anti-SRIF Experiments

' Injection of fore{gn.sera inta an animal .are known to cadQé
immunogenic stress, even on primary exposure (Eiias gt é].. 1962;

wi1§on and Miles, 1975), though more grofound reactions, which may
even be fatal (Smith and Ham]kn; 1977), occur iﬁ "sensfiized" |

animals where a period of scme. days is ai]oﬁed to elapse before

-repetition of the antigenic challenge (Anaphylaxis) (Boyd, 1966).

Such reactions are not surprising since in the dog, even first -

‘exposure tc homologous pIasma'can pfoduce allergic and hypotensive

responses with release of histamine (Baker and Remington, 1958; Bliss
et al., 1959; Bliss and Hilker, 1959¢ Gadboys et ai{, 1963). Thﬁs,
even homologous plasma may notlbé'"phanmagb]ogica1]y inactive"
(é]iés et al., 1962) and handling of blood may activate the mediators
that cause a response ‘(Smith et al., 1965). Reaction to the injection
of goat sera in both naive and sensitized dogs used in this study )
are, therefore, not unexpected. |

Although one would expect the'expefimenta1 design with naive

dogs receiving control goat sera to serve as an adequate control.

‘ for the experimental group treated with.an antiserum to somatostatin,

total glucocorticoid data (see Results) and_c]inica]'observations
(see Appendix) indicate that reaction to AS-SRIF had been somewhat

more severe than those following the various control goat sera in naive
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;ﬁimgls, but less severé than-the'anaphy1ac£ic reactions~observed in
the sensitized animal;. In'ljght of these findings, thé-appropriate
cnntto] response for the anti- experiments would be somewhat. largep
than forlthe control injectfoﬁzajigbther faive animals, butl;ould .
nonetheless be substéntia]ly below the extreme responses of the ",i
sensitized (anaphylactic) group. Hoﬁéver,"since the peék GH secretion
and extra GH re]éaséd in the AS-SRIF ‘stimulated spikes are even larger

than similar parameters for GH SpikeS'in'sensitized animals:, it is

Eﬁkely that much of the GH response in AS-SRIF animals occurs because of

~the antibodies to SRIF contained in this serum,

2. Post-manipulation GH Surges
| ~ Ih'the resting control experiment§ in this study, 6 spontanecus
GH surges were observed during 5 six-hour éxperiments, so” that GH
spikés oécured with a mean fréquency‘gf one per 5 hours. . This is
somewhat less ffequent than seen iﬁ a larger series of similar
experiments (Cowan et al., 1984) that yieidéa a mean frequency of
one such secretory event per 3.9 hours ;n dogé. Even if one were
to use this greater frequency, i.e. tolchoose a position of
disadvantage to prove the caﬁe, the occurance of GH spikes obtained
with the manipulations made in different experimental designs have‘
very significantly different probabf11ties from*Qha; would be
predicted on the basis of randomly occur{né control spikes.

| Following the injection of a bolus ofs;éeﬁserum containing
antibodies to SRIF, GH burst occured reliably within one min. Sincé

_these experiments used short sampling intervals (1 min) whi1e the



Other study cited above used samples spaced® min apart, even:if.
one were again to choose a position of 'disadvantage by evaluating , -

a 5 min window following manipulation, the probability of a GH

o -
spike occuring in window in 5 out of 5 trials would still

'ppproach zerg, Simj arly,'using a 20 min window for the : -
onding*, with ™

the probability of these results being

“anaphyiaxis exper{ments (al1 of the 4 animals

time lags-of upto 14
spontaneous would be 0.0005,‘indicating beyond any'doubt'tha;
'iherevis a real response. . B ' .
" In the 5 experiments in which goat serum was, injected into
naive animals, the response does not separaté as readily from fhe
random expeétaiion. Only 2:of 5 gave GH spikes, havinb 1a§s of
5.and 6 min. Using a 10 min window, for conservation, even this
low +frequency of response still represents about 10 timgs the
random rate of occurance of GH spikes. Using the.binomial
“theorem, the probability of these results occuring Eandop]y is -

P = .0154.

-

oy

, Examination of time lags between injection of seérum and

¢

response in these 3 groups is also interesting. While AS-SRIF

- ——— = L o D — - ——— — — -

*The fifth experiment of this type (in dog #5} could not be
.completed as the anaphylaxis was so severe that the animal died

_about 30 min following goat serum injection. Presumably because
of marked hypotension, ogly a few blood samples could be taken in

the post-manipulation peyiod, and plasma from these when assayed
.-.showed concentrations of GH that were higher than those ‘obtained
in:any of the other experiments. It can be concluded, therefore,
that this dog did exhibit a high amplitude excursion in GH due to
anaphylaxis, although for paucity of samples and death of the
animal prior to the termination of the secretory event, the
response could not be completely characterized.
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stimdlafed spikesfi}e separable from those obtained in the
anaphylactic group (p < 0.05) an& the naive dogs (lagg,of 5 and 6
mfn lie outside ;hé 95% confidence interval of the lag value of
4.2t 0.2 mfn from AS-SRIF experiments), separdtidn between the
naive'andvsensit{zed group is not achieved for this parameter,
‘-The difference in.fhé GH re§ponses in these 3 groups is

also evj&eht in the peak GH secretion rate during spikes; Yalues
obtained in naive dogs are smaller than similar values for
anaphylacfic animals and 1lie oﬁtside the 95% confidence interval
of this parameter for GH spikes in anti-SRIF experiments. Also,
since thele are relatively small, statis;ical significance is
not apparent in-this respect between the AS-SRIF induced GH
_secretory episodes and thosé.seen in the)anaphy]axis experiments, ,
but peak GH Eécretion rates, nevertheless, are roughly double

in the AS-SRIFAexperiments. - o C -

' ‘fIt\is clear that the AS-SRIF experiments produced GH spike
réspoﬁ;es significantly more promﬁtly and considerably larger than
'any other stimulus. Examining them against their appropriéte
controls (éee section 1 of Discussion) it is clear that their
differences in_GH'response from resting control or ﬁaive goat
serum controls are huge. ‘Even conceding gzme tendancy toward; a .
mi]d.anaphylaxis in this ‘group, based upon the stresses associated
with %he As-éRIF injection, the‘differenCES from expected control

response point to a powerful extra ability of this materiail to
o

;et off GH spikes almost instantly.
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., . -tWnile there. s no' proof that this, extra actiqn'resulte from
the,adﬁinistration of anti-SRIF antibpdiee, it fe true,. that a major
known difference between this test material and ordinary serum was the
presence of antibodies to SRIF. It seems likely that the extra ability
.:to evoke GH spikes is due to an antibody effect, dr1v1ng SRIF rapidly
below some critical threshold. This reinforces the ev1dence “from ind1rect
studies done previously in this lab (Cowan et al., 1981; Qowan et al.,
165:3 which had-sugéested a roie for decline in SRIFin initiating GH
bursts, and these will be‘discussed further in section 5 of this discussion.
GH secretory episodee ere re]iabk; seen to occur in the
hypovolemia experiments (consecutivel} in 4 out of 4 trials) with
a time 159 of up to 40 min between onset of blood withdrawal and
#hitiation of a GH spike. The probability of ;pontaneous occurance
of this result is 0.0008.' The velyes for peak GH secretion rates
-and amount of GH released in excess of basal secretioe during spikes,
'hoeever,*are‘in‘the same range as observed in-the spontaneous GH
ﬁ”seéretory burste;occur%ng durin§ the resting control expefimeﬁts.
‘ The effect of ether 1nha1at1on upon ep1sod1c GH secretion
is less clear, Certain]y. in 2 of the 4 experiments with this
‘design, an augmented release of GH is observed due to the manipulation.

_However, the duration for which extra GH is released in these cases

is short (12 and 15 min) compared to spikes of GH that occur

spoﬁtaneoﬂs]y-or following any of the other manipulations used in
this study. Nhen con51 red in conJunct1on with the observations

that this augmented GH sdcretion begins during the adm1n1strat1on



of ether and that ether has a hybertensive"effect in dogs (so.that
any disruption in hypothalamo-hypophysgal portal flow would‘seéh o
‘ un]ikely); it would appear that these “atypical spikes" inJo]ve
" some mechanism other than that by which GH secretory bursts are
elicited in the other exﬁerimehtslzf_this ;Eudy.

' Many of the dogs used in the sefieg wéfe subjected to 3
different kinds of experiments, and dogs #4 and 6 were studied with
8 and § of the_experimeqtal designs, respectively (see Téb]é IiI).
Some intra-dog comparisons.-are therefore possible. Dog #5 had GH

" spikes wjth the longest.&urations in both the resting control and
anti-SRIF experiment; tending to bias the values for the mean
durations of the episodes in these two groups. Dog §2iconsistent1y
gave the léﬁést amounts of extra GH released in spikesﬁwith all 3_
designs in which it was used (resting control, AS-SRIF, and

anaphylaxis experiments).

3. Comparison of Po;t-Haqjéylation'§g§£etory Episodé; to Spuntaﬁeous
GH Bursts’ | '
Large GH spikes (lasger than those typical of spontanegus GH
| bursts),reiglfipg frgm the different manipulations utiIized,leads‘f;
_the examination of the possible attend;nt mechanisms which may evoke

them.

-

__Tﬁ,ﬁ -The narrow range of the duration of GH secretory bursts
4 vivo sudgests_the-re]ease of a store of GH which has been

accumulated in the somatotrophs during a period- of SRIF influence.

This hypothesis first advanced by Stachura (1977) was based upon

-
‘.



A |

b}

experiments on ﬁieces of rat partes distales in a perifusion';ystem
when he.fbund that most of the reduced GH relegse (be]ou equilibration
levels) during‘ghort paases qf_re]ative1y high concentrations of.
SRIF was recovered following these pulses. It would seem therefore, .
that SRIF blocks GH release but not its accumuiation'in'the_
somatotrophs in a releasable form. Houever,.as pointed out by
Cowan et aI..(]963),.pfogressively less “1ost” GH is recove}ed with.
increasing periods (10 and 60 min)} of inhibition with SRIF,
suggesting that accumulation_of re]eésable GH slows down with time,
presumably by some intracellular feedback process. The high peak
GH secretion and amount of extra GH releaseq in stimulated spikes
in this study may then occur by virtue of rpcruitment of a larger
number of somatotrophs than participaté in the spontaneous
episodes, or,.an mcr‘eased conversion of the GH stored in the
granules in somatotrophs* into a readily releasablg form, perhaps / .
under increased GRF 1nf1uence |

¥While the first of these two suggestions is not impossible
" {a transient'dec11ne in concentration of SRIF below soTe critical
value only in’the milieu of some cells in aAportion of the gland

occuring in spontaneous secretory hursts) theq]atter possibility

*Somatotrophs contain very large stores of GH and only a small

. fraction of this is released in a normal secretory episode. This
conclusion stands on its own from the fact that somatotrophs
continue to release measurable amounts, of GH in -the course of
in vitro exper1ments lasting a few holrs and large-amounts of GH
can be measured in these cells even after they have been used in
such studies as is often done following these exper1ments.
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would seem more likely. If one u‘ere to hypothesize that. stress (a
featyre in an experiments with the larger than spontaneous spikes)
in dogs increases GRF release, the large amounts of GH released
‘and high amplitude of the spikes may be explained. Hhi]e the - -
stressfu] manipulations studied presumably lower somatostatin
concentration in the dog in some way (since h1gh concentrations of
somatostatin prevents GH spikes) allowing a secretory episode to be
initiated, GRF may act on QH stored in somatotrophs and render more
GH available in a readily ro]eosable form. Hence, these two
factors may act in copjunction producing the effects that are
observed.

A foatore of stimulated spikes that bears commenting upon

is the‘duration of these opisodes: Spontaneous GH surges‘are
often preceded by a period of slowlysrising GH secretion befofe a
steep sloped burst occurs. This may represent a period of
declining SRIF.concentration 1mpingingion the somatotrophs, allowing
secretion to increase sogewhat above the irreducible basal level.
At some point however, a critically low SRIF concentration is
seen tr1gger1ng the massive release of accumulated GH. -In
1nt€£pret1ng the effect. of traversing such a threshold, it is
useful to note that the fu]l expression of the.effect of removai
of an SRIF signal from somatotrophs in vitro is felt within ono
mfnu;e (Cowoo et al., 1983), so even a very shorf period of dearth
of SRIF could trigger such‘an event. With a sharp decline in portal

somatostatin concentration which.may occur due to stress in the dog,
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or Tnterruption in the supply of SRIF to thé anterior pituitary due
to changes in portal f]ow_(sge 4\be10w), even if for a very short
period of time, a GH‘secrétory episode may be initiated rapiﬁ]y,
without a 'significant period of gra@pé]ly iising secretion preceding
it. | |
The rémarkably narrow range for steep duration of GH_spikés

occuring with the different experimental designs (indeed, even when
_compared to ig_giggg data from Cowaﬁ et alz (1983), and in
‘consideration of the bias introduced by varying sampling intervals
between designﬁ, and within some of them), would suggest that the
secretory event, once initiated woq]d proceed inexorably to
completion. (This conclusion would again suggest a different
mechanism inyo]ved in the spikes that occur following exposure to
ether). " This is also supported Sy evidence from a pilof‘study that
I designed to test this hypothesis in which the‘dog was primed with
an SRIF infusion that was interrupted for 10 min before being -
restarted. Since there is an increased 1ik;1ihood for a GH_spiké to
occur within a few minutes of stopping a prolonged SRIF infusion
(Cowaﬁ ét al.,‘1984) renewal of infusion would again raise SRIF
cbncent?ation above the critical threshold e#en uhi]e‘the spike was
" in progress. In one of twd dogé 50 ‘treated, a post inhibitory spike
oécure&; it was compietely unaffected by restarting of the'SRIF
infusion, suggesting that the renewed high SRIF levels did not

prematufely terminate the-secretory episode.

.
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Of interest is the high amplitude surge in GH secretion in »
the AS-SRIF experimént in dog #5, whére the %njectﬁon of the.
antiserum to somatostatin coincided with fhe downslope of a
sponfanenus secretorj episode. Although the pilot study mentioned
Qbove suggests that the secretory event, .oncg initiated, .is not. -
interrupted by concentrations of SRIF greatgr ghan the critical
threshold, lowering SRIF again may reactivate release of more GH
as observed in fh%s exper{ment (though concurrent increase of
‘GRF due to stress in dogs, which is a hypothesjs7in this study,

' may blay a role in producing the high amplitude of the response).
This result, aithough interesting, is not uni&ﬁe,and biphasic

GH spikes have been observed in previous studies (Martin, 1976;
‘Martin et al., 1978). .

4. Effect of Stress on GH Secretion in Dogs

. The finding that different stress situations used in this
study do not dec?ease basal GH sécrefion of'prevent GH secretory
surges affirms the observations that stress, in gene}a1,‘does not,
depress GH secretion in dogs as it does in the rat (Scha1ch‘and
Reichlin, 1968; Takahashi et al., d971;'Rice and Critchlow, 1976;

_Takahashi, 1978; Lenox et al., 1980). In fact, the reliability
with whi;h GH spikes occﬁrvwith anaphylaxis.and blood wfthdrawal
stress indicate that the dog more resembies the primate {Glick
et a1:, 1965; Meyer and Knobil, 1967; Schalch, 1967) in. this

fl

respect.
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i _In the present study, a significant r%sg in plasma glucocor-
ticoidg has been.used to confirm the Eresence of stress, From thYs
gtandpoint, a rise in concentration of circulating glucocorticoids
can occur in the dog.without elevations in GH so that the.rise in
GH.is not an invariable accompaniment of stress as is observed inl
some of the ether experiments (dogs #-3nd 7) and in some cases of
primarx i;;éction ofzcontrol goat serum in_nafve animals (dogs ;8
and 9) as well as the inverse being possible (high GH-résponse with
relatively small glucocorticoid response - injection of éo;t serum
in dog #6, previously sensitizéd). In stress studies done on human -
subjects, increase in both GH and corfiso] are less frequent than ~
eléVEfTiﬁﬁLin cortisol alone, and dissociations between GH and
cortiso -response suggést a separate mechanism contro]ling‘the
secretion of these two stress-1a511e hormones (Rose and Sachar,
1981). .

Sihce GH secretory episodes occur with intreased frequency
in the (hypotension-producing) énaphy]axis and hypovo}emia
experiments, and such clear cut responses are not ré]iab1y seen
with ether, which has a hypertgnéive effect, speculation can be
made regarding the role of disturbances in hyp?fhalamo-hypophygeal
portal circd]atjon<jn precipitatjng some GH sp%kes. If -
reasonagie assumptions are to be made regarding pressures directing
f]ow'ip{the portal circulation to the pituitary gland (or {n any
portal ciréulation, for:that matter), it seems likely that large )

ﬁdec]ines in mean anterial pressure will have a greater impact on
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the small gradients in pressure avai]hb]e.fon portal flow then on the
larger gradients available for systemic flow. This is made even more
1ikely by'the absence of a typical range of artericlar edjnsnment'for'_
regulation of portal flows. Moreover, should portal flbw to - the
.pituitary be interrupted and cirfiIating GH continue to.increase (as.

experiments in th1s study show) strong case is.made for an

alternative collateral system\c c1rcu1at1on to the adenchypophysis in
the dog as has been deqpnstrated by dye studies in the rat (Ambach
and Palkovits, 1979).
. However this apparenn effeet of hypotension on GH secretory
bursts does not a1w;ys occur; in an additional experlment on dog #4
which was exposed to a holus of fore1gn serum for the 3rd time, with a
.4=fold rise in plasma glucocorticoids within 20 min and a prec1p1tuous.
decline jn'medniarteria1‘pregéure to anout-ZO mmHg which was sustained
?for about an hour, no post-manipulation GH spike was observed. Besides,
it is beyond the scope of tnis study to evaluate whefher hypotension,
even if it did contribute to offsetting some GH secretory episedes,
had a direct effect through caus1ng changes- in hypotha]amo hypophysea]
portal flows or through some 1ntermed1ary mechan1sm as yet unknown
The-observat1on made here regarding stressful effects of |
injection of fore1gn sera 1nto an animal bear 1nterest1ng]y upon
preced1ng stud1es where administration of antisera to somatostatin
produced "elevated basal GH secretion in rats but did not evoke
pulsatile secretion (Ferland et al., 1976; Terry.and Martin, 1981;
Eikelboom and Tannebaum, 1983). Stress in the rat increases SRIF

) .
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“secretion and inhibits GH secretion, {nc1yd;ng suppression of basal
secretion. .If the sera themselves caused stress, endogenous SRIF
production would increase; whereas antibodies to SRIF would act in the
- opposite direction'py neutre]izigg circulating'sematostatin; These 2%
effects must generate ambﬁguous.ﬁesu]ts, and operating as they would
e,~\\‘#j; opposiee directions, can inva]igate seme of the conclusions made
~without consideration ef the stressful effects of the sera themse]ves.
Even the use of contro] sera, without- recogn1zang the presence of a
variable stress component: (th1s study) may. ‘not ‘resglve these quest1ons.
Ihdeed 1t is clear that the rat is not a su1tab1e experimental
-an1ma1 for any stressfu1 man1pu1at1on in which a positive result relies

upon stimulation of GH secretion.

5. Examination of Models for Episodic GH Release

The secret1on of GH has been shown to be episodic 1n several

-

mamma]1an species 1nclud1ng the dog {Takahashi et al., 1981; Cowan
et al., 1981; Cowaﬁ'et 1., 1988).

" The.role of the’ hypotha]am1c 1nh1b1tor for growth honnone,
somatostat1n (SRIF), in the short- term reguiat1on of such episodic
secretion has been unc]ear Certa1n1y stress- 1nduced SRIF secret1on ‘
Towers GH'set}efion i ther rat and th1s-effect can be abo]1shed by

ant1serum to SRIF- (Ar1mura et al. i<1975 Terry e et al., 1976;

- Tannenbaum et a] , 1978). An ant1
-
(basa]) GH concentrat1ons in the unstressed Fat (E1ke1boom and

L to SRIF 1ncn5ases trough

Tannenbaum, 1983) but has 11tt1e or no effect on GH secretory bursts

(Terry and Martin, 1981). - these confirm s1m11ar,‘though less c]ear-
. ' - ’ . T "t -

@, -

- -
[ n
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cut earlier findings aiso in the rat (ferland et al., 1976), and have
led many workers fo rgject changeﬁ in SRIF aﬁlqn important factor in
initiating epiSodic secretion. ‘Recent pffort;.have concentrated on
identifying the role of GRF in control of pulsatile secretion. The
7ava11ability of GRF preparations (Brazeau et al., 1981), and
consequently monoclonal. antibodies to GRF (LubEn'et al., 1981; Ldbeﬁ
et 51.[ 1982) has led to efforts to reduce circulating GRF in-rats with
such'antibodies (Wehrenberg et a{., 1982). Hhile the reduction in
circulating GRF so accomplished did reduce and u]iima;ely eliminate GH
secretory bqrsts, the interpretation by the. authors that GRF excursions
initiate the bursts is not an exclusive model. Hence, while GRF is
ciearly important to any substantial GH secretion it is as yet not clear
whether its exﬁursions {ni;iaté_secretpry bursts, or whether it has a
stead;er tonit effect without which other gﬁperimposed factors cannot

aét fully. ' | -

Thus the way in which SRIF and GRF interact~€o‘produce GH ~
sec?etory bursts in vivo rema1ns poorly def1ned -
+ Conclusions from the present ser1es regard1ng the stressfu]

effects of injection of foreign sera on the secretion of GH polnp to o
the\inappropriateness of the use -of the fat as the experimental animal

in studies which‘empaoy'antfsefa: F?r}exper1mental d;s1gns with |
-ser1a1 samp]1ng, the blood. volume of {rats is too small to add1t1ona11y
assess the status of glucocorticoids as an indicator of the stress

that manipulations may produce. When- the study involves the GH

system, this can'be further emphasized since the rat differs from



most larger mammals in thet the basal GH secretion is reducible and
stress itself has a negat1ve‘1nf1uence on both basal and ep1sod1c | ’
GH re1ease. A]though useful 1nformat1on has been obta1ned from

experiments'USJng this species, g]earer characterization of the-__
mechanism by which GH secretion is oontrolled, would require.other.anima1

-

models . )
A modest constant infusion of SRIF abolishes the spontaneous _/)

GH secretory surges normally seen in dogs (Cowan et al., 1981; Cowan
et al:, 1984) but does not lower basal secretion rate.” These results
imply that during basal GH secretion, a surfeit of_SRIF impinges on
the somatotrophs, as extra SRIF does not further lower secretjon.
However, as exogenous SRIF blocks the secretory bursts, very little
SRIF must be present in order to allow.them to occur. The injection
of the antiserum to somatostatin osed in this study re]iab]y evokes

GH surges with almost no delay between 1n3ect1on of the antiserum ;od
_1n1t1at1on of the setretory event, strong1y suggesting that a

-~

decline in coocentration of SRIF must be implicated in the causation
of these episodes. . | ) '

No doubt tne_supra-hypoohyseaf influences on the release of GH
-must hare some.tacilitatory effect, probably mediated by GRF, as in it's
-absence there 1s a-decline in GH secreted by the pars distalis, both ig
basa] secret1on and ep1sod1c re1ease This, is, ev1denceduby exper1ments
where toe integrity of the "hypothalamo-hypophysea] un1t"'1s 1nterrupteq
by pituitary stalk section (Wehrenberg et a1 e 1980) and’ eXtrasellar “

transp]ant of the gland (Schaﬂch ‘and Re1ch11n, 1966) gg_v1tro work

-

Je
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' on transp1ahteﬁ hgmb]ogous partes distales (Zanini et al., 1979) .
and the»gradua] decline in equilibration levels pf GH'sgcreted by

~ somatotrophs in a perifusion system (£6wan'ef al., 1983) also o
.suggest thig‘conclusfon.

The initiatién of epispdic bursts of @H. then,.mugt'occyr
because of decliine in circulating SRIF below Some.critica1
concentration with GRF exerting a tﬁdic effect, possibly influencing‘
the amplitude of the secretory surge, or conceivably when a deé]ine
in SRIF and an ‘elevation in GRF occur concurrently (Terry and4Maftin,
1981) .- Since the effecf of GRF alone on in vivo GH secretion has not

_ yet been elucidated, further work is necessary before this problem
comes to be resolved and the mechanism by which GH secretory bursEs
are offset is understood with more clarity. Sdme‘ig_!iggg work
utilizing perifused somatotrophs which are subjected to SRIF and GRF .
as isolated pulses or used together, is currently being done by
Dr. J. Kraicer at Queen's University and this could progress on
to further experiments ‘to test their results in vivo. Also, with
refinement in the techniques of preparing antibodies in cell cultures,.
évai]abi]ity of pu}e antibodie% would eIiminate‘the effects of the '
serum in which they have been raised, and may permit experiments
with more clear cut results. . ' . | . ’ ‘

Hoﬁeéeﬁ, the admittedly hu]tifacﬁoria] data already existing, —
along with the speculations in this discussion (in sections 3 § 4),
provide‘a possible'model which may integrate all of the results -

. obtained with these six designs of experiments.

.

) .
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This model, though somewhat fanciful, would be based upon the

. following facts or quculative hypotheses: |

i) Typical. secretory bufsts need ; decline ‘in SRIF to occur.

' 11) Extra GRF can increase thé size of bursts'wﬁen they occuf, b;;

qén also iﬁcrease basaihGﬂorélease {hypothesis)." ;

iii) Stress in the dog released extra GRF (hypothesis).

iv) Stress in the rat releases extra SRIF (Arimura et al., 1975;
Terry et a]¥; 1976) . '

‘y) Certain manipufgtions in, the dog which are stressful (and re]éase
GRF as a'resd]t{\$1so can dimjnishlSRIF imbinging on the
Somatotrophs. Perhaps ail hypotensivé stresses do this, but
certainly our AS-SRIF serum does this, as-it is both a str?s?,
and binds‘some cjrcu]ating SRI%. . o © N

vi) Extra‘SRIF in the rat 1ower§ basal GH, but it does not do so in /,l/"“
the dog (Cowan et al., 1984} or mapv(Mortimer et alz, 1974).

. 3 _
Lo ovii) Progressive removal of GRF lowers basal §H in the rat (Hehrenberg

-]

et al., 1982) but the converse has not b ested in vivo.

Examining the differenf de§igns used and (apply#ng theseé seven

elements:

\ a) Rqst%ng controls: the interaction of a declining SRIF effect,
\lfpperimbosed on a s;eady or.ris{ng GRF has already been reviewed.
b)-AS—SR;FQ-the'dec11né in SRIF due to the antibodies (and possibly T
“due in.'art'~-]ater - to circulatory changes (see section 4 of this~;,§§f
chapter) mhy-triggef a'GHlspiki;> Extra GRF due to stress increaseséé;?‘r-:“ ‘
o the amplitude greatly. /’ ' -

. s -
.
F ) . v . T-
.
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c) Exper{mepts using goat sere in naive and‘sensitized'dogs, and
“hypovolemia experiments: varying.degrees of stress from ldw (naive

' goat sera dr hypodo]emia) to high (anaphylaxis) may adjust'GRF'reIease
and hence, account fof(neaF-contfoI spike amplitudes for the naive
exposure and hypovolem%a exderiments, and for the 1arger ones.in the
anapﬁylactic group. Hypotensive changes may diminieh SRIF delivery

to the somatotrophs to below a cr{tica] tgpégﬁaf‘;-this is net *
reliably prompt in any of these designs, but clearly reflects e
hierarchy - from infrequent spike effects in the naive group,.to
reliable but siow inlthe hypqu]emia group, to reliabl ;nd moderately
~prompt in the.anaphylactic group. Nonetheless, none ;?\ﬁﬂaHL'
specu]ativef&'indifect influences on SR}F is near!y as prompt as

the’ AS-SRIF effect noted in (b) above. | _ . _

d) Ether: It etheFeﬁé a stress (doubtless), but, being‘hypertensite
has no effect on Sﬁlf'suppi&'to the sdmatotrophs, the'idcreasa in.

GRF might'predict a rising base]ine, and possible short upward
excursions not‘restrained by the adbient SRIF levels, but still not

reflecting the expected 20 min +. spike resu]t1ng from SRIF withdrawal.

. 6. Sources of Error 1n this Study ‘ . . *

}) Assay-Re]ated Errors The coeff1c1ent of 1ntra—assay variation for

the GH RIA was always less than 10%, and would be’ expected to '«

contr1bute 11tt1e to Errors in calculated values” for. cont1nuous GH
secret1on rates. D1§cont1nu1t1es are unljke1y, as individual
experiments ﬁere never split, but wete alwyys aeeeyed id their
edtiﬁetQ wdthin one_assay;tﬁg%ﬁm time to éﬁmg, tﬁe re-assay of

1 s : ! ' "\
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_of experiments was done, and suggested very small inter-assay

variation as:de]l, though it was not numerically eva]uéted.
The usé of hypophyséctomized dog plasma anda known pool sample

in each assay hefbed to reassure.us‘that (i)} Tow values were not

.artifacts and (ii) inter-assay variation was small.

-

b) Model-Related Errors. The use’ of the sinﬁle compa;tment model for
GH as a first approximation has certain faults. It is unlikely to |
represent real physiology, since the multiexponential disappearance
curves for labelled GH (Blick et af.,ﬂlgﬁd; Pegze et al., 1968;
Kramer et a1.;31973)‘suggest more compartmengs. Nonefheléss, for

-

steady states, any mode] will do (as they at% degenerate to Ra = \\\\;

'MCRxC), and for relatively rapid departures from steady state, the

+

1nput of "slower“ compartments is negl1g1b]e..

However, the s1ng1e compartment mode] is Tikely Qe‘Tﬁtnoduce

‘some artifacts: : ) : /.A

i) The composite "V" is un11kely to be a true constant. It
probab]y should vary slightly with concentrat1on, and is probably

overestimated at h1gher concentrations of GH, yielding brlef N

negative values for secretion rates on some rapid downs]opes after

very high GH peaks
-

ii) Other slow compartmen;s,.éach with their own “V's", must absorb

small amounts of GH durihg be}iods of high GH gonééntration,.on1y

 to return it later, ocdhsidnaIIy raising baselines somewhat longer

after mdjor sécretogafiients,. These aré very much sécond order effects,
but are.also seen in MCR and V validation studies in.an earlier series’

4.
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“in this lab (Cowan et al., 1984).

. Errors associated with the o;e of a conctant MCR are likely
to be small (Cowan et al., 1984), except during periods of
cardiovascu]ar:perturbation (oee subsection (&) below).

* ¢) The Impact of Stress and Cardiovascular Changes on Calculated GH

Secretion Rates. (i) Changes which reduce hepatic perfusion'wou1d3be
expected'to lower the MCR for any peptide hornone. -Such changes
undoubfedly occur brieffy durtng all experimento except resting controls
and ether exposure groups. This would result in a brief period

during which GH secretion rates would be overestimated using the
constant MéR calculation approach However during most of a -.- -+
secretory episode evoked by a man1pu1at1on, plasma GH coqcentrat1on i
is rising rather steep1y {the gradual. fa11 in concentration is mostly
after the actual,secretory episode}. Hence the th term is usuallp

-

very important during secretory bursts and the inpuf of the MCRxC

L4

term (and its possib1e over est1mat1on) is diminished.

Shou1d a 511ght1y reduced MCR persist, it might also help ’ '

v

b to account for the few‘cases,where return to basal GH secretion rates

’

appeared 1nc0mp1ete.;

(H/”" . (31), Reduct1ons in ¢irculating vo]ume as an anaphy]ax1s might have
| . an, 1mpact on V, the apparent d1str1but1on volume for GH. Such
effect wou]d not 11ke1y be great, however, since not all <¢F 1
pIasma (v exceeds plasma volume in any event) and a redyCtion of the

component of V in p]asma would probany be matched b ‘an increase

+ " -4n the pos1t1on of apparent V in ECF, due to 1ncreased cap111ary

. 8
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permeability.
V may be somewhat oJerestfmated in the hypovo]eﬁia experiments

(perhaps by 10-20%) end this may artifactual]y increase the .

‘amp11tude of spikes seen in these experiments by a proportion less
than this. ;_

_(iii) "Stress" may alter MCR (but not V) by alterations in hepatic
,perfusipni However, while stress-induced increases in cardiac output
do occur, they usually reflect ptimariTy changes in flow to areas
other than the viscera. Hence, stress effects not covered in (i)
above, as: in ether experiments, would bé ekpected td have little j

effect on rate calculations.

d) The Effect of "N". The small "N" in the groups in this study

make the statistical separation even of markedly different responses
difficult. Purer anitbody preparattons (expected 1n 1984), and .

more an1ma]s will 1mprove th1s aspect.

‘x\\\ 7. Summary of - Conc]us1ons

The indirect evidence suggest1ng that decline in c1rcu]at1ng

somatostat1n concentrat1on below some- cr1t1cq] thresho]d is :
. ;?\?ﬁpllsifed_jn the 1n1t1at1on of, episodic™ bursts of GH has already

been reviewed. More'd1rect evidence for the role of somatostet1n in
pu]sati]é'GH secretion is obtained from the finding in this stddy
that decrease 1n endogenous SRIF produced by injection of an
aht!serum to somatostatln prompt]y and re]1ab1y evokes GH secretory

. surges.



Stresses reduce GH secretion in rats and increase the ﬁﬁ
levels in man. Results frﬁm_;pis‘series of experiments show that
stré;S does hot lower GH{in the ng, and may_increase GH secrétion,
so that the dog more r embles\hrimétes than it does rodents in
this régpect. B . '

In- the stresses examined herein, ihe man%pulaiinns which
produced hypotensiéﬁ feliab1y resulted in the occurance of.GH :
secretory ep1sodes while ether, a hypertens1ve one, d1d not.

More work needs to be done to moregdef1n1te1y explain some
of the effects on release of growth hormone observed in this study.
Through the use of pure antibodies to SRiF raised in cell cultures,

and experiments using GRF alone or in conjunction-with SRIF the.

physiological méfhan1sms involved in the contro] of GH secref%on

-
~<—

'may be further elucidated and more clearly character1zed

¢ o o
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APPENDIX

Summary of Clinical Observptions‘

' Nothing udusudI was noticed throughout the resting control
experdments, all dogs being quiet_and resbonsive. Ddg #1 passed urine
315 min after the start of the expérjment,‘but this‘event occured

35, min afder the termination of the sole spontaneous GH secretory -

episodé in this experiment 7Qd did not produce dny change in the

. resting plasma glucocorticoid values.

The reaction of the animals to sheepserum containing antibodies

to SRIF was evident within 2 or 3 min of it's i.v. administration as
all dods'edhibi;ed some restlessness and had to be pettdd and
reassured. 'Occurance of 522? degree of stress is also suggested by
‘the following observatigns within 10 min of the bolus injgctignz

foul smell from opening ud of the anima]s' anal glands (dbgs #3 and 4);

.short lived episode of retch1ng (dog #43); bowe] movement (dogs #1 and 5).

Darken1ng of blood withdrawn dur1ng samp11ng was observed 3-10 min
following the manipulation.in 3 of the 5 dogs (#2, 3 and 4), although.
a transient increase in hematocrit could be surmised‘only -in dog #5

from decrease in-the voldme of p]asms\recovered from blood sampfes

N\

4

that had been centrifyged.

L3

.

The reattion to contro1 goat sera in naive dogs wa$ somewhat
. m11der than the pré@ed1ng group w1th s]nght restlessness and darken1ng -
of blood seen in 3 of 5 dogs (#7, 9 and 10). Dog #10 had two ’

ep1sodes of vom1t1ng and passed stool between 30 and 45 min aftar -

"

Y



.injection of serum. A decrease in b]qod'pressure is suggested in

dog #6 from a difficulty in drauin§ blood samples from the indwelling

vena caval catheter, similar to that obsefved'with dog #10 (relevant

portion of mean arterial pressure tracing from the latter experiment

shown in Fig. 9(b) of this thesis). In the other 3 dogs (#7, 8 and 9),

ihjection of the bolus of goat serum had no effect on mean arterial
pressure (see F1g 9(a)) ‘

Injection of contra] goat sera in prev1ous]y sens1tfzed dogs
showed reactions s1m11ar to, but c11n1ca11y more severe, than the
preeed1ng two groups. ddition to the features noted above,
there was shivering, retching or vomiting, and severe prostration with
dim%nished feSponsiveness to external stimuli (all the animats),
jerky muscular movements (dogs #2 and 6} rhinorrhoea (dogs #2 and Q),;
a ‘dyspnea (dogs #4 and 6) with Taryngeai stridor (doé #6). These |
(ggctions were more severe in the doge.(#B: 4 and 5) that had-rece%ﬁed
the anti SRIF containing sereﬁ only a week earlier (1 of these 3
animals, dog #5, died during the experiment) and were milder when
the intervals to subsequent exposure were greater (2 to ﬁ months).

Q]ood pressu?e tracings frqm experiments of this type, whenever

recorded, showed rapid deve]opmeht Bf eevere hypotension {see Eig.:]O)

foflowing injegf%en:e% the foreign serum, as 1s'characteristic of
anaphylaxis (Smith and Hamlin, 1977j. ‘ '

in the hypovo1emia experiments, the induced declines in
© arterial pre;sure were recorded (see Fig. 11), - Only one dog #4)

- appeared to become drowsy from the blood w1thdrawa1 and became

- A - - '
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aiertlagain part way %hrou§ﬁ1the reinfusion. B e - .
.. During. the ethef'%nha1atiqn experiments, dog #7 sassed urine

and fTAtus soon after onset,of the manipulation and dog #B showed

a short lived'darkedﬁnd éf blood for about 2 mi; during the

. aﬁministﬁation of ether. Blood pressure tfaciqgs from these experiments

showed immediate-risg of M,A.P. from resting_va]hes of about 100

mmHg to about dqub]e thaf valug within‘secOnds of the face magk

wifh ether beiﬁg pﬁt;on the anijmal, and.some degree ofjﬁypertension

persiééed throughout tﬁe manipulation, with gradual fethrn to resting

values o;er several m{nutes following removal of the face magk

(see Fig. 12).

+v



Figire 3. GH secretion rates vs time:from six-hour resting control

experiments on dogs #1-5.
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Figure 4 (a-e). GH secretion rates vs time from AS-SRIF

experiments on dogs ¢ 1-5. At time = O, each dog received a bolus
injection of 8.5 mL of an antiserum to somatostatin through an

ingwelling venous catheter. Note the near absence of lags following

injectjdn to onset of a GH secretory surge.
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Figure 5 {a-e). GH secretion rates vs time from experiments with

injection of contrgl”/goat sera in naive dogs flﬁ-10). At time = 0,
each dog receiyfd a bolus injection of control goat serum through
an indwellin venous catheter., Note that when the manipulation .s
f;110wed.by GH secretory ebisode, 1t.occurs following lag of 5

.injection.
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.Figure 6 (a-d). GH sécretion rates vs time from experiments with

injection of control goat sera in dogs pre@iuusly sensitized to -
it. At time = 0, each dog received a2 bolus injectiqp of control
goat serum?through an indwelling venous catheter. Note the

presence of appreciable lags between manipulation and response.
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Figure 7 (a-d). GH secretion rates vs time from hypovdlemia experiments

Blood’ w1thdrawa1 was started-in each of the exper1ments at time = 0
and reinfused about 30 min later. Note the presence of substant1a1

time'ﬂags from start of blood withdrawal to onset of GH spike. .
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Figdre 8 (a-di, GH secretion rates vs time from ether inhalation

e'xperiments. Face mzsk'with ether was placed over the animal's
snout at time = 0 and removed at time = 10 min. Note that the GH
surges when they occur following manipulation, are of éhorjt

" duration.
4
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Figure 9 (a). A portion'of the mean arterial pressure trace from
experiment with first injeczion of control goat serum in dog #7.
"The arrow indicates the time at which Sgrum was injeéted as a bolus
inte the indwelling venous catheter. Note that_M.A.P. is
unaffected.ﬁy administration of the serﬁm.

Y

Figure 9 (b). A portion of the mean arterial pressure trace from
experiment with first injection of control goat serum in dog #10.
.The arrow indicates the time at which the-serum was injected as a
bolus-into the indwelling venous catheter. Note decline in M.A.P.
within 1 min of administration of serum and recovery to resting
levels 5 min later. Broader segments of tracing are recorJQngs
of the pulse pressure, which seems reducéd during the transient

hypotension and shows a return to normal when normotension was

restored.
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! igure 10. A port1on of the mean arterial pressure trace from experl- f
ment with injection of control go;t serum in dog #6 when this animal

had a1ready been sensitized to goat serum in a previous exper1ment

The arrow 1pd1cate§ the time of bolus injection of the serum through
the indwe111ng venous catheter. Note the immediate rise in M.A.P. for
a few seconds befo#é a precipitous fall to about 40-mmHg where it
stabilized for several minutes. Broader segments of the tracing are

recordings of the pulse pressure, which seems to be gradually decreasing

- as hypotension becomes more profound.

Figure 11. A portion of ‘the mean arterial pressure trace from the hypo-
volemia experiment on dog #6. Hollow triangles indicate the period when
blood was being Qithdrawn and solid triangles indicate the period when

blood was being reinfused. The broken line marked with a croéé indicates

the period where the blood ﬁressure was not being recorded as the arterial

cannula was being used for the withdrawal of blood, in addition to the

indwelling venous catheter. Note that M.A.P. is re&uced to = 60 mmHg by the

hypovolemia produced andhstays at about that lgve] till normotension is

rapidly restored by reipfusion of the withdrawn blood about 30 min later.

Figufe 12. A portioq o% the mean arterial preséure trace‘from the ethef
'inha]atibn‘experiment'on dog #4. The arrow indicates the time at which
the face mask with ether was placed over the énimal's snout and this
procedure was continued for 10 min. - Note the immediate rise in M.A.P.
from resting Qa1ues of abdut 100 mmHg to about 200 mmHG with the hyper-
tensive effect sustained to dn extent throgghout the manipulétion,

gradually declining towards resting values thereafter.
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