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ABSTRACT

Angiotensin Il (All) can act In rats, dogs, and other animals o
Increase plasma levels of vasopressin (AVP) and adrenal corticotropic
hormone (ACTH) but so far no studies of these effects have been
completed using rabblits., Rabbits may serve as excellent subjects for
further research in this area. The present experiments were designed
to begin development of a consclious rabbit model by determining the
responses of plasma AVP and glucocorticoids to Increases In plasma All.
Plasma glucocorticoid concentrations were used as an Index of ACTH
release from the pituitary. Experiments were also conducted to
determine whether the responses of AVP and ACTH levels were Increased
when the pressor effect of All was negated. Catheters were implanted
into the central ear artery and marginal ear veln, and anglotensin 1|
was Infused Intravenously at rates of 10, 20, or 40 ng-kg=1-min=1 for
one hour (each dose was given on a different day). Some rabbits
receiving 20 or 40 ng-kg~l'min~! infusions of All also received 3-6
ug’kg”1°mln"1 of nitroprusside to counteract the pressor effect of All.
Only Infusions of 40 ng‘kg"l'mln"'1 of All combined with nitroprusside
caused significant rises In plasma AVP or glucocorticoid
concentrations. AVP level rose from 2.6 + 0.7 pg/ml to 4.4 + 1.3 pg/ml
(p<0.05, n=5) and glucocorticoid levels from 44 + 8 ng/ml| to0 64 + 5
ng/m! (p<0.005, n=5) after 30 minutes of All + NP infusion. The rise
in glucocorticolds was sustained for 60 minutes but the AVP increase
was not. Further studies were done to estimate the physiologic range
of plasma All concentrations in the rabbit. A 30% hemorrhage over 30
minutes decreased mean arterial pressure from 73 + 4 mm Hg to 63 £+ 2 mm

Hg (p<0.05, n=3) and caused a large increase Iin plasma AVP levels, but

viti



plasma concentration of Ali was not significantly affected. Ten days
of a low sodium diet with diuretic Injections did cause a mild rise In
rabbit plasma All levels to 67 * 31 pg/ml, but this value was lower
than effective plasma All levels for AVP or corticosteroid release.
These results indicate that All Is able to stimulate AVP and probably
ACTH release in the rabbit. They also support the hypothesis that the
pressor effect of All counteracts stimulatory effects of All on AVP and
ACTH release. This study did not estabiish that the plasma level of
All found effective for promoting the release of AVP and ACTH is within
the physiologic range of the rabbit, The methods developed in this
study and the findings mentioned will be important in the design and

execution of further experiments In thls area using the rabbit.
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INTRODUCT ION

A growing body of evidence indicates that angiotensin [l (All)
stimulates the release of both arginine vasopressin (AVP) and
adrenocorticotropic hormone (ACTH) from the mammalian pitultary (for
review, see Reid, 1984). The mechanisms, sites of action, and
physiologic significance of these effects are the subjects of a
considerable amount of ongoing research. Most studies In this area
used dogs, rats, and humans, with whole animal studles favoring dogs
and most |n vitro work done in rats. Despite these efforts, It Is
still unclear how and where All has these effects. Also unclear Is the
importance of these effects In mammal ian homeostasis and the relevance
of these findings to human pathophysiology.

Untll now, rabbits have been neglected as subjects for experiments
in this area. The effects of All on AVP and ACTH release in the rabbit
have never been published. The rabbit presents several advantages for
more advanced studies in this area. Arterial and venous
catheterization is fairly simple and it is possible to infuse
substances into the carotid and vertebral arteries (Dickinson & Yu,
1967; Undesser et al., 1985b) as well as the cerebral ventricles
(Rosendorff et al., 1970). Sinocaortic denervation, vagotomy,
hypophysectomy, and brainstem and hypothalamic lesioning are more
advanced procedures that are useful In the study of this area and can
be performed easily in the rabbit (Guo et al., 1982; Undesser et al.,
1985a). Rabbits are also Inexpensive enough to be suitable for In

vitro studies of pituitary and other tissues. This advantage permits



direct comparison of results of in yivo and In yifro studles without
concern for Interspecies differences.

Although rabbits are promising subjects for advanced studies in
+his area, the groundwork must first be lald by more baslic studlies to
determine whether the effects of All In rabbits are similar to those
observed in other animals. The purpose of the present study was to
examine the effects of elevated plasma All concentrations on ACTH or
AVP release In conscious rabbits. It also Investigated the physioiogic
significance of these effects by estimating the physiologic range of
plasma All levels In rabbits and comparing that range to the All

concentrations produced by exogenous All administration.

GENERAL BACKGROUND

Angiotensin Il Is well known as the active product of the renin-
anglotensin system (Ganong, 1981; Reld, 1984). Its formation is
regulated by the release of a proteolytic enzyme, renin, from the renal
Jjuxtaglomerular cells. Renin cleaves the decapeptide, angliotensin |,
from Its circulating precursor protein globulin, angiotensinogen.
Circulating angiotensin | is then rapidly transformed into angiotensin
Il by an angiotensin converting enzyme In endothellal cells. This
active octapeptide has a very short half-life In plasma (less than one
minute) and Is broken down rapidly Into smaller peptide fragments.

The All-regulating enzyme, renin, is released from the kidney in
response to a number of conditions. Hypotension and sodium deprivation
cause Intrarenal mechanisms to stimulate I+s release (Ganong, 1981).

In addition, extrarenal mechanisms Including increases In renal
sympathetic nerve activity and circulating catecholamines may also

stimulate renln release. As a result, plasma All levels Increase In



response to stress In general as well as specifically to stresses that
decrease plasma volume or kidney perfusion pressure.

Angiotensin || acts in several ways to Increase or maintain blood
pressure and enhance positive fluid balance (Ganong, 1981). |Its actlon
on the adrenal cortex to promote aldosterone release Increases sodium
retention. Its peripheral vasoconstrictor action directly Increases
systollic and dlastollc arterial pressure.

Anglotensin || also acts within the central nervous system to
Increase blood volume and pressure (Reld, 1984; Phillips, 1987). It
increases sympathetic output, causling additional vasoconstriction. It
also inhibits parasympathetic activity to the heart, Increasing cardlac
output. Another well established central effect of All is Its
dipsogenic effect, which contributes to positive fluid balance.
Finally, the stimulation of AVP and ACTH release by All is generally
regarded as a central effect.

Both AVP and ACTH act to malintain blood volume and pressure. AVP
Is a hormone released primarily from the posterior pituitary, which
strongly promotes renal fluld retention and also has powerful pressor
effects (Ganong, 1981). ACTH, an anterior pituitary hormone, increases
blood pressure when chronically administered (Whitworth et al., 1981).
Its action on the adrenal cortex to Increase aldosterone secretion also
increases sodium retention (Ganong, 1981). Furthermore, Its
stimulation of adrenal cortical production and release of
corticostercids is Important in the restoration of blocd volume after

acute hemorrhage (Gann & Pirkle, 1975).



EXPERIMENTAL APPROACHES |

General ly, three basic approaches have been used to study the
effects of All on AVP and ACTH in whole animals. (1) Exogenous All has
been elther Injected by bolus or Infused Into animals to raise plasma
and/or tissue concentrations of All. (2) Animals have also been
subjected to physiologic stresses that cause Increased endogenous All
production. (3) Finally, animals with elevated All levels have been
treated with competitive All antagonists such as saralasin or given
inhibltors of converting enzyme to prevent the production of All. The
second and third approaches are often used in studies attempting to
assess the physiologic Importance of All's effects In Intact animals.
The first approach can also evaluate the physiologic signiflicance of
the effects of All by comparing the plasma concentrations of All during
Infusions with those occurring naturally in the animal. This requires
a knowledge of the physiologic range of plasma All levels.

Physiologic range Is the range of responses of plasma or tissue
All levels to various physiologlic states producing extremes In the
production of circulating All. If exogenous infusions of All have
effects only when they produce plasma levels outside the physiologic
range, the physiologic importance of these effects Is questionable.
Since interspeclies differences may occur in physiologic All ranges, the
physiologlc range for each particular species must be estimated before
results of All Infusion experiments in the species can be interpreted
accurately.

Increases In plasma levels of AVP and ACTH are generally assumed
to be indicative of Increases in pitultary release of these hormones.
Plasma levels of AVP and ACTH are general ly assayed by

radioimmunoassay, but levels of plasma glucocorticolds have also been



used as indicators of ACTH release. This method Is less direct than
radioimmunoassay but may be a more sensitive indicator of the normally
pulsatile ACTH output (Wood et al., 1982). However, the method Is
complicated during All infusions by the observation that All can act
directly on the adrenals to increase glucocorticoid output (Braverman &

Davis, 1973; Reld, 1984).

All ACTION ON AVP RELEASE

Intravenous infusions of All producing plasma levels within the
physiologlc range have been shown to Increase plasma levels of AYP In
some studies of dogs, humans, and rats (Ramsay et al., 1978; Uhlich et
al., 1975; Klingbeil et al., 1986). Other studies have only found this
Increase with supraphysiologic plasma All levels (Reid et al., 1982;
Usbert! et al., 1985; Knepel & Meyer, 1980; Padfield & Morton, 1977).
A few studies demonstrate no AVP reaction to even high doses of All
(Cowley et al., 1981; Hammer et al., 1980).

One possible reason for these discrepancies Is suggested by
evidence that All produces larger Increases in AVP in animals with
elevated plasma osmolality. It is well known that increased plasma
osmolal ity Is a powerful stimulant of AVP release (Ganong, 1981). The
possibil ity that All may modulate this reaction was raised by Shimizu
et al. (1973) when they found that intracarotid infusions of All
increased the rise In plasma AVP produced by Intravenous hypertonic
saline Infuslons In anesthetized dogs. A more recent study found that
All infusion Increased AVP responsiveness to intracarotid

administration of hypertonic saline in conscious dogs (Wade et al.,



1986). In yltro studies using organ culture rat hypothalamo-
neurohypophyseal systems also showed that All plays an important role
In modulating AVP release in response to increasing culture medjum
osmolality (lshikawa et al., 1980; Sladek et al., 1982). Results such
as these have led some researchers to suggest that the variability in
the results of Intravenous All Infuslion exper iments may have been
related to the fluld status of the animals at the time of

exper imentation. The lack of information on plasma osmolallity in these
studies makes these suggestions purely speculative. Nevertheless, It
Is apparent that further studies of All's action on AVP must carefully

monitor or control the osmolal ity of the culture medium or the blood.

Site of Action of All In AVP Release

Many studies have been performed to determine the site of action
of All to Increase AVP release. Intracerebral ventricular infusions of
All have been found to consistently produce rises in plasma AVP (Ganong
et al., 1982; Keil et al., 1975; Mouw et al., 1971; Fisher & Brown,
1984). This suggests that circulating All may act directly on the
brain to modulate AVP release. Since All does not cross the blood
brain barrier, the circumventricular organs have been considered |ikely
candidates as sites of action, These areas lack a blood brain barrier
and are known to possess specific All receptors (Van Houten et al.,
1980; 1983). Furthermore, there Is evidence that intraventricular and
blood-borne All may both act on these receptors (Van Houten et al.s
1983).

The circumventricular organs are located at sites in both the
brainstem and forebrain (Van Houten et al., 1980). Hypothalamic nuclei

are especially prominent candidates for sites of actlion, considering



the Importance of hypothalamic factors in the release of anterior
pitultary hormones and the extension of hypothalamic neurons into the
posterior pituitary. Seeking to differentiate a brainstem from
forebrain site of action, Reid et al. (1982) used intravertebral and
intracarotid infusions of All In dogs. They found that plasma AVP Is
increased in response to supraphysiologic levels of intracarotid All
but not Increased during Intravertebral Infusions, Because carotid
blood does not perfuse the brainstem (Reid et al., 1982), these data
support the hypothesis that circulating All acts on forebrain sites to
effect a release of AVP. |

A leading candidate for a site of action Is the subfornical organ.
The subfornical organ is a circumventricular organ that Is closely
connected wlith hypothalamic nuclei which produce AVP (Phillips, 1987).
Lesions of this organ attenuate the AVP response to All infusion
(Thrasher & Keil, 1986). On the other hand, there is also some
evidence favoring the neurohypophysis and the organ vasculosum of the
lamina terminalis as sites of action (Reid, 1984; Phillips, 1987). For
example, Al| stimulated AVP release from hypothalamo-neurohypophyseal
explants; these explants do not contain the subfornical organ (Sladek
et al., 1982). Thus, the exact site or mechanisms by which All
stimulates AVP release has not been definitely establ ished.

Rabbits would be especially good animals for further studies of
All's site of action of AVP release. Thelr size allows for chronic
catheterization with the capacity for muitiple biood sampies over Time.
Thelr size is also advantageous for brain lesion studies, and they are
much |less expensive than the larger animals used for central nervous

system ablation studies,



Physiologic Role of All In AVP Release

There has been much debate concerning the possibility that
endogenous All may play a role in the regulation of AVP release. Some
previously mentioned studies support this possibillty. Exogenous All
infusions producing plasma concentrations within the physiologic range
have been demonstrated to result in increased AVP concentirations
(Ramsey et al., 1978; Uhlich et al., 1975; Kiingbeil et al., 1686). On
the other hand, other studies required supraphysiological levels to
induce detectable AVP release (Padfield & Morton, 1977; Knepel & Meyer,
1980; Reld et al., 1982; Usberti et al., 1985).

it Is important to emphasize that studies evaluating the
physiologic role of All In the control of AVP release may underestimate
the potency of endogenous All. This is because All may be acting on
AVP release through multiple and sometimes opposing mechanisms. Like
renin, AVP release is Inversely related to blood pressure, and
elevations In arterial pressure suppress vasopressin secretion (Reld,
1984). Since infused All has a potent pressor effect, It may be acting
to Inhibit AVP release at the same time it is exerting stimulatory
effects. This possibility was investigated by Brooks et al. (1986)
with experiments In conscious dogs. These Investigators used
nitroprusside infusions concurrently with All infusions to counteract
the pressor effects of All. Physiologic plasma levels of All produced
larger increases in plasma AVP concentrations when the pressor effect
of All was negated.

Another aspect of this study (Brooks et al., 1986) used sodium
depletion to chronically elevate endogenous All levels In dogs.

Despite these high plasma All levels, AVP levels were not different



than sodium replete controls. The infusion of the All blocker,
saralasin, produced a sharp fall in arterial pressure in these animals,
emphasizing the importance of endogenous All in the malntenance of
blood pressure in these conditions. Remarkably, this fall in blood
pressure had no effect on plasma AVP levels which would be expected to
Increase. The most |ikely explanation for this finding was that
saralasin also blocked a tonic stimulation of AVP release by All,

counteracting Th

he stimulatory effect of hypotension. |f blood pressure
was reduced by nitroprusside to levels similar to those produced by
saeralasin administration, significant Increases in plasma AYP levels
occurred. These findings support the importance of endogenous All In
the maintenance of AVP levels In the sodium deficient state.

The Iimportance of Ail in the vasopressin response to hemorrhage
has been studied. Hemorrhage is a potent stimulator of AVP release iIn
dogs, and also can stimulate the renin-angiotensin system (Claybaugh &
Share, 1972). Mild hemorrhage can Increase plasma AVP levels without
affecting plasma renin activity (Claybaugh & Share, 1973). During more
severe hemorrhages, blockade of the Increase In plasma All by a
converting enzyme inhibitor does not affect the AVP response (Morton et
al., 1977). Another study used renal blood vesse! occlusion to prevent
rises in plasma renin activity during hemorrhage (Claybaugh & Share,
1972). The suppression of renin activity had no effect on the response
of AVP to hemorrhage. However, this study used anesthetized dogs and
circulating All does not Increase AVP release during anesthesla
(Claybaugh et al., 1972; Share, 1979).

Another potent stimulator of AVP release is hypotension (Lee et
al., 1986). The Increase In vasopressin during nitroprusside Induced

hypotension In consclous dogs is not affected by the intravenous
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administration of saralasin (Brooks et al., 1986). Collectively, these
studles suggest that All Is not necessary for the AVP response to
either hypotension or hypovolemia.

In summary, there Is some evidence that All has a physiologic role
in the regulation of AVP release in mammals, especially when plasma All
levels are high. It Is not clear what site of action is important for
this role, Further studies using rabbits may heip to locate this site

of action and help to define All's role in AVP release.

All ACTION ON ACTH RELEASE

Intravenous, Intracarotid, and intracerebroventricular infusions
of All can promote the release of ACTH and/or 11-hydroxycorticosterolds
into the clrculation of conscious dogs (Ramsay et al., 1978; Maran &
Yates, 1977; Reid et al., 1982; Kel ler-Wood et al., 1986; Raff et al.,
1985; Klingbell et al., 1986), rats (Daniels-Severs et al., 1971;
Rivier & Vale, 1983; Ganong et al., 1982; Spined! & Negro-Vilar, 1984)
and humans (Rayyis, 1971). The mechanism and site of action for this
effect have been investigated in numerous studies. Attention has been
focused on the Interrelationships between All and other, more potent
corticotropin releasing compounds such as AVP and corticotropin

releasing factor (CRF).

Evidence for Direct Pitultary Effects

One possible site of All action Is the anterior pitultary. Maran
and Yates (1977) have shown that Intrapitultary Infusions of All iInto
conscious dogs stimulate ACTH release. Furthermore, these effects were
induced by All infusion rates which were ineffective when given

intravenously.
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it also is weil established that angiotensin i{i can act on
cultured anterior pituitary cells to promote the release of ACTH (Sobel
& Vagnucci, 1982; Sobel, 1983; Galllard et al., 1981; Aguilera et al.,
1983). However, it Is much less potent than a number of other
substances, most notably CRF and AVP (Hashimoto et al., 1979). Thls
lack of potency requires the use of high concentrations of All to
demonstrate any effect. Only two studies have demonstrated All effects
at concentrations (10~° M) low enough to approach the upper |imits of
endogenous plasma All levels In rats (Galllard et al., 1981; Spinedi &
Negro-Vilar, 1984). Some studies have found that All at concentrations
ineffective for ACTH release can potentiate the effect of CRF on this
release (Vale et al., 1983; Schoenenberg et al., 1987). Still, these
potentiating concentrations were still at least ten times higher than
recorded peak plasma concentrations of All In the rat.

Thuss, All may directly stimulate pituitary ACTH release. However,
the high doses of All required suggest that All may act primarily by

another mechanism, such as through the release of AVP or CRF.

Role of AVP

The observation that AVP and ACTH release are affected similarly
by All Infusion suggests the possibility that the release of ACTH may
be dependent on Increased pituitary levels of AVP. Indeed, AVP is
known to have significant corticotropin releasing activity; much more
than All itself (Hashimoto et al., 1979). One recent study In
consclous dogs addressed this possibility. Klingbell et al. (1986)
found that All produces larger increases in AVP release in water

deprived dogs compared to water replete dogs. This increased response
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of AVP was not accompanied by an increased ACTH response. Furthermore,
when water replete dogs were Infused by a vasopressin receptor (V1)
antagonist, the plasma ACTH response to All was unchanged. Finally,
they simuitanecusiy Infused All and AVP into dogs and found no synergy
In the two hormones! action on ACTH. These researchers therefore
concluded that AVP was not necessary for All's action on ACTH release.
A study In freely moving Sprague-Dawiey rats also showed that the
vasopressin antagonist dPTyr (Me) AVP did not effect the action of All
on ACTH (Rivier & Vale, 1983). This lack of Importance of AVP was also
supported by a study comparing normal and homozygous Brattieboro rats
(Spined! & Negro-Vilar, 1984). Brattleboro rats have extremely low
levels of plasma AVP, an Inherited diabetes insipidus. Despite this
deficlency, their ACTH response to bolus intravenous Injections of All
was not different than the response of normal rats. This suggests that
AVP release Is not an Important factor in the stimulation of ACTH
release by All. These researchers also removed and cultured the
pituitaries from both strains of rats. Both responded with ACTH
release equally well to All introduced into thelr media. It was also
found that the Brattleboro pitultary celis were far more sensitive to
CRF than the normals. This observation raises the possibility that
Brattleboro rat cells could be compensating for a deficiency In
vasopressin by Increasing the sensitivity of the corticotrophs to the
other major corticotropin releaser, CRF. This compensation could mask
the loss of AVP as one mediator of the ACTH response to All. However,
+his possibility Is unsupported and entirely speculative. Thus, the
weight of the evidence argues against a significant effect of AVP as a

mediator between All and ACTH release.
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Role of CRF

Evidence Is strong that CRF plays an Important role In the action
of All on ACTH. CRF may play two roles. 1) All may stimulate CRF
release, allowing CRF to then exert Its own powerful corticotropin
releasing activity. 2) CRF may also be a necessary cofactor for a
direct Ail action on the pituitary.

Studies of rats anesthetized by a method preventing endogenous CRF
release showed that subsequent intravenous or Intraperitoneal All
Infusions were lneffective In raising plasma ACTH levels (Rivier &
vale, 1983; Spinedi & Negro-Vilar, 1984). Simultaneous infusion of CRF
with All in similarly anesthetized rats produced a modest synergism in
t+he release of ACTH (Rivier & Vale, 1983). Another study In freely
moving unanesthetized rats showed that anti-CRF serum blocked All
stimulation of ACTH release (Rivier & Vale, 1983).

It Is important to consider the previcusly mentioned study
compar ing normal and Brattleboro rats (Spinedl & Negro-Vilar, 1984).
Brattleboro rats were found to have much larger ACTH release responses
+o Intravenous CRF infusions than normals. This increased sensitivity
+o CRF was also found in Isolated cultured Brattleboro pituitaries. |f
All stimulated ACTH release by stimulating CRF release, Brattleboro
rats would be expected to have increased sensitivity to All. However,
when All was administered both in yivo and In vitro, no difference in
ACTH responses of normal and Brattleboro rats was observed. These data
therefore argue against an Ail effect on CRF alone and suggest that All
may act directly on the pltuitary and that CRF is a required cofactor.
However, it Is not known whether CRF release in the Brattleboro rat is

blunted, which could counteract increases In pitultary sensitivity.
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The possiblllty that elevated CRF levels are necessary for All's
effects was Investigated in conscious dogs by Keller-Wood et al.
(1986). Intravenous Al! Infuslon producing physiologic plasma
concentrations were found to increase corticosteroid but not ACTH
levels in plasma. Coinfusion of CRF with All was shown to produce a
dose-response relationship between All infuslon rate and ACTH or
corticosteroid plasma levels. These experiments confirmed that All and
CRF can interact to stimulate ACTH release. They did not, however,
def ine whether CRF was acting as a cofactor or an Intermediate for the
effect of All. The possibility remalns that All could both increase
the release of CRF and then Interact with CRF at the pitultary to
Increase ACTH output.

Further studies must be done to clearly define the role of CRF in
All stimulation of ACTH release. One possible study Is to block
endogenous CRF release in an animal and then infuse doses of exogenous
CRF to maintain constant plasma CRF levels. ACTH release In response
to All infusions could then be determined. I|f the ACTH response to All
was blocked, an active role of CRF would be indicated. Findings of
continued All effectiveness would indicate that CRF was a permissive
agent for All's mechanism of action. The methodological difficulty In
this experiment is In blocking endogenous CRF wlthout altering the
effects of exogenous CRF. This could be done with anesthetics or by
surgical ablation of the median eminence. The rabbit would be an

excelient subject for studies of this type.

Evidence for Effects on the Central Nervous System
Lending support to the possibility that All acts by Increasing CRF

release, studies have indicated that central nervous system receptors
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are Important sites of action for All. All has been found to be
effective in raising plasma 11~hydroxycorticoid levels when infused
into the cerebral ventricles of dogs (Maran & Yates, 1977; Brooks &
Malvin, 1979) and rats (Daniels-Severs et al., 1971; Ganong et al..
1982). Hypophysectomy blocks this response, indicating that ACTH
release may be involved. Furthermore, when saralasin (All biocker) is
infused Into the cerebral ventricles of sodium deprived dogs, plasma
cortisol levels decrease (Brooks & Malvin, 1979). This suggests that
endogenous All acts on receptors in the central nervous system to
Increase ACTH release through the mediating effect of CRF.

Possible sites of action Include the organ vasculosum of the
lamina terminalis and the subfornical organ. Both are
circumventricular organs bearing All receptors and both are either
within (organ vasculosum of the lamina terminalis) or closely related
(subfornical organ) to the hypothalamus. To evaluate the subfornical
organ, one group surgically ablated this area in dogs (Thrasher & Kefll,
1986). They found that the lesions attenuated ACTH secretion In
response to Intravenously administered All.

Another possible central site of All action on CRF release Is the
median eminence. |t too is a circumventricular organ with All
receptors and It Is well known as the site of hypothalamic CRF release
into the hypophyseal portal system (Ganong, 1981). Gann (1979) studied
+he Importance of the median eminence in All stimulation of ACTH
release by comparing two groups of anesthetized dogs. One group
underwent complete braln removal sparing the areas of the median
eminence and pitultary. The other group also underwent brain removal,

but this time with removal of the median eminence and posterior
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pitultary. The group with intact median eminences and pituitaries had
much greater cortisol responses to Intravenous All infuslons. Those
animals with only the anterior pituitary spared had similar responses
to hypophysectomized dogs. It was concluded that the median eminence
was necessary for the effect of All on ACTH.

Since the median eminence Is the slte of CRF secretion into the
portal system, these findings agree with those that found CRF important
for All's actions on ACTH. |t remains uncertain whether All acts
directly on the medlian eminence, on the other circumventricular organs

mentioned, or both.

Adrenal Actions of All on Corticosteroid Release

Some studies have demonstrated that All Infuslon can Increase
corticostercid levels when ACTH levels are suppressed.
Hypohysectomized rats with low basal corticosterone levels experienced
an 80% fall in these levels when infused with an All blocker
(saralasin) (Davis & Freeman, 1976). Rabbits treated with
dexamethasone to suppress ACTH release had low rates of corticosterone
release. In these rabblts, high doses of All (100 ngkg~!'min~1) had a
mild but significant stimulatory effect on corticosterone output
(Braverman & Davis, 1973). Anesthetized, nephrectomized, dexamethasone
treated dogs were also shown to Increase cortisol output In response to
All (Bravo et al., 1975). These data suggest that All may directiy
stimulate adrenal corticosteroid release.

There is also evidence both jn yvitro and in yivo that All may act
on the adrenal cortex synergistically with ACTH to stimulate
corticosterold release. This interaction was studled In conscious dogs

pretreated with dexamethasone, which abollshed the ACTH and cortisol
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response to All (Brooks et al., 1984). Infusions of ACTH (0.3 ng-kg~1s
min~1) to increase plasma levels to those noted in control animals
falled to reestablish the cortisol response to All infusion. However:
larger doses of ACTH (0.4 ng~kg’1-min’1) permitted a dose response
effect of All on corticosterolid levels. This study Indicates that ACTH
must be Increased above resting levels for Ail to produce a significant
increase in glucocorticoids. It aiso suggests that Infused All cannot
act on the adrenal alone but must also act to Increase ACTH release to
exert its effects on corticosteroid release.

All's effect on ACTH release may be a more potent stimulator of
corticosterone release than Its direct adrenal effect. When dogs are
hypophysectomized (Maran & Yates, 1977) or treated with dexamethasone
(Brooks et al., 1984) the cortisol response to All infusion is
abolished. Reld et al. (1982) investigated the Importance of central
versus peripheral effects In conscious dogs. Intracarotid All
infusions were found to stimulate corticosteroid release at far lower
doses than intravenously administered Ail. However, another study
using sodium deprived dogs demonstrated decreases In corticosteroids
when an All blocker (saralasin) was infused Intravenously but no
decreases when intracarotid or intravertebral saralasin was Infused
(Brooks & Reld, 1983). This group then concluded that All's primary
effects were peripheral, not central.

In summary, evidence Is strong that ACTH is Involved with All
induced corticosteroid release. The relative importance of All's
stimulatory effect on ACTH release and interaction with ACTH at the
adrenal cortex to release corticosterolds Is presently not well

establ ished.
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Physiologic Significance

Although evidence Is strong that All can cause a release of ACTH
from the pituitary, it is less well establlished that this effect Is
physiologically relevant. Some studies of intravenous or intracarotid
All infusions in the dog have required supraphysiclogic plasma
concentrations to induce ACTH or corticosteroid release (Reid et al.,
1982). The studies of Intracerebral ventricular infusions also raise
All levels in the cerebrospinal fluid far above levels of endogenous
All recorded in animals (Reid, 1977).

As in AVP release, the effect of blood pressure on ACTH
complicates the interpretation of All infusion experiments. ACTH
release is inversely related to blood pressure (Gann, 1981; Brooks &
Reid, 1986) and the pressor effect of All may Inhibit ACTH release.
This inhibition could then counteract more direct stimulation of ACTH
release by All. Brooks & Reld (1986) studled this possibility.
Conscious dogs were given infusions of All simultaneously with
suffliclent nitroprusside (NP) to malintain arterial pressure near
control levels. This Infusion resulted In a larger Increase in ACTH
release. The angiotensin || was Infused at a rate maintaining plasma
All concentrations well within the physiologic range. The possibility
that the nitroprusside was producing an effect not related to Its
modulation of blood pressure was tested. A different vasodilator,
hydralazine, was used in further experiments fo negate the All Induced
blood pressure rise., These experiments showed similar results to the
All + NP infusions. Thus, [t appears that the pressor effect of

exogenous All does counteract an effect to stimulate ACTH release,
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Exper Iments on sodium depleted dogs were also done using an All
blocker, saralasin (Brooks & Reid, 1986). These studies showed that
despite a large drop in biood pressure Induced by saralasin infusion,
plasma corticosteroid levels remalned unchanged. This Indicates that
All may well be acting to maintain the output of corticosteroids in
this physiologic state. The potency of these animals' ACTH releasing
response to hypotension was demonstrated with Infusions of
nitroprusside. A decrease in biood pressure to similar levels as
induced by saralasin was accompanied by large Increases in plasma ACTH
concentrations. I+ is unlikely that All simply uncouples the
relationship between blood pressure and ACTH release. When
nitroprusside was added to saralasin infusions to lower pressure
further, large increases In ACTH again occurred, reconfirming the
potency of nitroprusside induced hypotension in saralasin treated
animals.

Studies utilizing infusions of saralasin into the cerebral
ventricles of sodlum deprived dogs have demonstrated significant
decreases in plasma corticosterold concentrations (Brooks & Malvin,
1979). These studles indicate that All may play a physiologic role In
central mechanisms of stimulating glucocorticoid release during sodium
deprivation.

Another physiologic state in which All may Influence the adrenal-
pitultary axis is that of high renin hypertension. Humans with high
renin or renovascuiar hypertension have been found to have higher
morning (0800) cortisol peaks than those with low renin hypertension or
normotension (Atlas et al., 1981). Ten days of administration of

Captopril (inhibitor of angiotensin converting enzyme) to the high

renin subjects not only decreased mean arterial pressure but also
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caused cortisol peak levels to fall. Analysis of the data of another
study of slx patients with essential hypertension (Ange! i et al., 1981}
showed a correlation between plasma renin activity and cortisol levels.
Cortisol concentration then decreased in the three patients with high
renin hypertension when treated with Captopril. Exper iments In dogs
with one clip Goldblatt hypertension showed that chronic activation of
the renin anglotensin system produced no changes in plasma
corticosterold levels and that All blockade with saralasin or

Captopril did not decrease corticosteroid concentrations (Ben et al.,
1984). This result conflicts with the previous human studies but also
raises the possibility that differences In All actions on
corticosteroids may exist between dogs and humans.

Another physiologic state that has been Investigated is
hemorrhage. Hemorrhage Is known to stimulate the renln-angiotensin
system (Claybaugh & Share, 1972). Aguilera et al. (1983) Investigated
the role of anglotensin In the ACTH response to hemorrhage by Infusing
converting enzyme inhibitor into the cerebral ventricles of conscious
rats. This infusion prevented a previously demonstrated Increase in
plasma ACTH levels during hemorrhage. This indicated the Importance of
centrally produced All in this response. |f peripherally generated All
was Important, the central blockade of converting enzyme would be
ineffective. Therefore, although All may play a role In the ACTH
response to hemorrhage, the role of the peripheral renin-anglotensin
system Is uncertain.

In conclusion, endogenous All may promote ACTH release In a number
of physiologic states, and this action may be important in normal

responses to certaln physlologic stresses.
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Summary

Intravenous, Intracarotid, and Intracerebroventricular infusions
of All can promote the release of ACTH and/or 11=hydroxycorticosterolds
into the circulation of conscious dogs, rats, and humans. The relative
importance of three potential sites of All action have been studied.
All may effect ACTH release by Interaction wlth receptors in the
anterior pituitary or areas in the central nervous system that regulate
the release of CRF into the hypophyseal portai system. The possibility
of direct effects of All on the adrenal cortex for the release of 11-
hydroxycorticosteroids must also be considered.

Rabbits may be excellent subjects for further studies of the
mechanism and site of All's action of ACTH and/or corticosteroid

release.

RABBIT STUDIES

The purpose of the present study was to examine the ef fects of
increased plasma All concentrations on the release of AVP and ACTH from
the rabbit pitultary. This project used two different approaches., The
first approach involved intravenous infusion of All Into conscious
rabbits and addressed the question: Does All stimulate ACTH and AVP
release in rabbits?

The second approach involved subjecting rabbits to physioiogic
stresses known to raise plasma All concentrations in other animals.
Hemorrhage and sodium depletion were used to assess the range of
endogenous All concentrations that were possible in rabbits. This -
approach addressed the question: Can rabbit endogenous All plasma
levels rise to the levels found effective In stimulating AVP and/or

ACTH release during All Infusions?
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METHODS AND MATERIALS

Twenty-seven male New Zealand White rabbits weighing 2.0-4.0 kg
were studied. They were housed in Individual cages in the OHSU Animal
Care Department and fed approximately 1 cup/150 g of Purina rabbit chow
(DG-5315, sodium content 0.25-0.50%) dally unless otherwise specified.
They also recelved tap water ad libitum. Rabbifs were brought to the
lab daily and placed In the stainless steel restrainer boxes used for
exper Iments. They were given at least four days to become famillar

with the lab environment before experimentation.

CATHETERIZATION

Arterial catheters were implanted for blood pressure and heart
rate monitoring as well as blood sampling. Venous catheters were used
for infusion of All and nitroprusside. The central arteries and
marginal veins of the rabbit ears were selected for catheterization.
Catheters were introduced in the morning of the day of experimentation
and removed immediately upon completion of the experiment.

Arterial catheterization was begun by Infusing subcutaneous 1%
{1docaine (Elkins=Sinn, Inc.) bilaterally to the central ear artery.
This maneuver was mildly Irritating to the rabbit but prevented any
further paln secondary to the catheterization. After local anesthesia,
an 18 or 20 gauge catheter (3.2 cm Quik-Cath [Intravascular Over-the-
Needle Teflon catheter], Travenol) was Introduced Into the vessel and
advanced i cm ftoward the base of the ear. It was then flushed with 1-2
m| heparinized saline (heparin, Elkins=Sinn, Inc., 1000 u/ml diluted

ten-fold In normal saline; 100 USP units/ml). This flush was easily
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seen In the superficial ear vasculature and served as an Indication of
successful cannulation. The catheter was then secured wlith cloth tape.

If the first attempt at arterial catheterization failed, a second
attempt was made using the opposite ear. If this failed a third
attempt was occaslionally attempted in the first ear. For further
detalls of catheterization techniques, see Appendix A.

Following arterial catheterization, a 20-gauge catheter was placed
in the marginal veln of the opposite ear. Lidocalne (1%) was used for
local anesthesla. Catheter placement was alded by the placement of a
paper clip on the proximal marginal ear to act as a tourniquet. The
catheter (Quik-Cath, Travenol) was Inserted In a similar manner to the
arterlal catheter.

Arterial catheters were connected by tubing (Tygon Mico Bore; I1.D.
040) filled with heparinized saline to a pressure transducer
(Microsw itch, Model 135 PC 05 G1, Honeywell) linked to a Grass (Model
7D) polygraph (Figure 1). Pressure readings were recorded on two
channels, one highly damped to reflect mean arterial pressure, and the
other minimal ly damped to monitor pulse amplitude and rate. Pulse rate
was recorded by a tachograph. The transducer and polygraph were
cal ibrated before experiments using a water manometer. The Internally
cal ibrated tachograph readings were periodically compared with visual
counts of Inflections of the pressure tracing.

The venous catheter was connected by tubing fo a 6 ml syringe
filied with Infusate. This syringe was placed In an Infusion pump
(Harvard Mode! 901) cal ibrated to deliver 0.080 mi/min.

Rabbits were al lowed at least two hours after catheterization
before an experiment began. Occasionally, severe vasoconstriction of

the ear arteries delayed exper iments several hours. The mean time
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delay between catheterization and experimentation was 3 hrs and 40 min
+ 74 min. This vasoconstriction was sometimes overcome by intra-
arterial flushes of 1-2 ml of warm (409C) sallne. This technique was
also useful when vasoconstriction during exper iments interfered with
blood sample withdrawal. When a stable baselline pressure had been
maintalned for at least thirty minutes, one of the following

experiments was begun.

PROTOCOLS
1. ALl INFUSION EXPERIMENTS (Figure 2)

These experiments were conducted to determine the dose-response
relationship between Intravenous All infusions and plasma levels of
All, AVP and corticosteroids. Experiments used 60-minute infusions of
either 0, 10, 20, or 40 ngkg~'-min~1 of All suspended in a 5% Dextrose
in water solution, Infused at a rate of 0.08 ml/min. An Initial blood
sample (4 ml) was withdrawn and replaced with 3.0 ml normal saline and
0.5 m! heparinized normal salline, which also flushed the arterial line.
The infusion was then begun. After 30 minutes, the second arterial
blood sample (2 ml) was withdrawn and replaced with 2.0 m| normal
saline and 0.5 m| heparinized normal saline. Another 30 minutes of
infusion passed and a third arterial sample (4 ml) was withdrawn and
replaced. Infusion was then halted. After a 30-minute recovery
period, a fourth and final arterial sample (4 ml) was withdrawn,

Samples were immediateiy put on ice. The 4 mi sampies were
divided with 1.8 ml placed in a tube with EDTA (0.2 ml of 0.3 M EDTA
solution) and the remainder placed in a tube with two drops of heparin
(1000 USP units/ml). All of the second sample (2 ml|) was put in a

heparin tube. At the end of the experiment, the samples were
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centrifuged at 4°C and the piasma was separated from the red biood
cells. Erythrocytes from the heparinized samples were resuspended In
normal saline and reinfused Into the rabbits. The plasma samples were
separated into aliquots and frozen at -20°C for later assay of All,

AVP, and corticosteroid levels. Osmolality was also measured.

2. All + NITROPRUSSIDE INFUSION EXPERIMENTS (Figure 2)

The purpose of these experiments was to ascertaln the effect of
All on ACTH and AVP release Independent of All's pressor effect.
Nitroprusside (NP) was infused simultaneously with All at rates
minimizing the elevation of blood pressure during the infusion. One
set of experiments combined 3 ugekg=l-min=1 NP with 20 ng-kg~!-min~1
All. The other set combined 3-6 ug-kg=!-min~1 NP with 40 ng-kg=Temin~'
All. The simultaneous All and NP Infusions were performed for one hour

and blood samples were collected as described above for All infusions.

Solutions were infused at the rate of 0.08 ml/min.

3. NITROPRUSSIDE INFUSION EXPERIMENT

After one rabbit received an Infusion of 20 ng-kg=!-min~1 All
plus 3 ugkg=temin=1 NP, it was allowed thirty minutes to recover and
an infusion of nitroprusside alone was begun. The nitroprusside
infusion rate was Increased to a level that produced a 20 mm Hg drop in
mean arterial pressure. This rate was calculated to be 60 ug-kg‘1°
min~1. When a 20 mm Hg fall was achieved, a 4 ml blood sample was
drawn. The Infuslon was continued at a rate of 60 ugkg~temin~! for

ten more minutes, then a second 4 ml blood sample was drawn.
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4, HEMORRHAGE EXPERIMENTS
These experiments were performed to measure the rise in plasma

All levels occurring during a three-step 30% hemorrhage. Estimated
blood volume was considered to be 65 ml/kg (Yamazakl & Sagawa, 1985).
A catheter was placed In the central ear artery of each rabbit in a
manner previously described. This catheter was also connected to the
transducer and polygraph apparatus used before. After catheterization,
the rabbits were given an hour to recover before experimentation was
begun.

Ten minutes before hemorrhage, a control sample of arterial blood
(4 ml) was drawn. At the beginning of the first bleed, a second sample
of 4 ml was drawn. Blood was then dripped into a graduated tube with a
small amount of heparin added. A total of 10% of the estimated blood
volume was withdrawn (including the fwo samples) and the line was then
flushed with 0.5 ml heparinlzed normal saline. Ten minutes after the
start of the first hemorrhage, the second bleed was begun. Again, the
first 4 ml of blood was placed in sample tubes and the remainder of
another 10% of the estimated blood volume was dripped into a larger
graduated ftube. Ten minutes later this routine was repeated for the
third 10% bleed. Ten minutes after the beginning of the third bleed, a
final sample of 4 m! was withdrawn. Most bleeds required only two to
three minutes although one required six, and another eight, minutes.

Blood samples were drawn and separated In a similar manner to that
described in the All infusion experiments, The sampies were
centrifuged after the experiment and the heparinized erythrocytes were
resuspended in sallne and relnfused into the rabbits. Blood volume was

also then restored with "non-sample" blood. The five plasma samples
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were aliquoted and frozen and later assayed for All, AVP, and

corticosteroid levels.

5. SODIUM DEPRIVATION

This experiment was designed to determine the response of plasma
All levels to chronic sodium deprivation. Blood samples were taken
from six rabbits for the measurement of baseline All, AVP, and
corticosteroid concentrations., These rabbits were then fed a low
sodium diet (Purina Modified Lab Rabbit Chow with No Added Sodium,
sodium content 0.05%, providing 3 mEq sodium per day). On the third
day of low sodlum diet, 4 mg of furosemide was given intramuscularly to
each rabbit and repeated every other day until the ninth day,
inclusive. This dose of furosemide per kg body weight was similar To
the dose given to dogs during other sodium deprivation experiments
(Brooks & Reid, 1986). On the tenth day, a catheter was placed elther
in an ear artery or vein. Arterial catheterizations allowed blood
pressure measurements., Blood samples were collected up 1o an hour
after arterial catheterization but Immediately after venous
catheterization. Venous blood withdrawal was impossible in one rabbit
(#1553) requiring the use of cardiac puncture technique. Anesthesia
was induced with 0.6 ml Pentobarbital (64.8 mg/ml, Fort Dodge
Laboratories, Inc.). Two 4 ml samples were collected from each rabbit
and placed into iced tubes. Each sample was divided in half with 2 ml
col lected In a tube containing heparin and 2 ml collected in a tube
containing EDTA. Samples were then centrifuged and handled as
described before. Instead of using part of the heparinized plasma for

assay of AVP, this aliquot was used for determination of plasma sodium
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content. The remaining plasma was used for measures of plasma All,

glucocorticoids and osmolal Ity.

REUSE OF ANIMALS

After Infusion experiments, catheters were removed and animals
returned to their quarters. A recovery period of seven days was
al lowed before further experimentation. During this perlod, further
tralning was done. Rabbits were often subjects for both All and All +
NP infusion experiments. None were used for more than four experiments

because of increased diffliculties with arterial catheterization.

RANDOM | ZAT ION
The infusion protocol for each of the first elghteen experiments

was selected by a random die roll from the protocols for 0, 10, 20, and
40 ng-kg=!-min=1 All infusions as well as the 20 ng-kg=l-min=! All plus
3 pg-kg=lemin=1 NP Infusion protocol. After fourteen experiments, the
protocol for 40 ng-kg=l.min=1 All + 3-6 ugkg=temin=! infusion was
added to the other protocols selected at random. In the final fourteen
infusion experiments, a protocol was chosen before each rabbit was
brought to the lab for catheterization. Detalls of dates, rabbits used

and randomization for each protocol can be found in Appendix B.

ASSAYS

Plasma samples collected in heparinized fubes were assayed for AYP
and corticostercids. AVP was exiracted from plasma, dried, frozen, and
shipped to another lab (LC Keli, USF, San Francisco, CA) for
radioimmunoassay (Keil et al., 1977). Corticosteroid concentrations
were measured by competitive binding proteln radloassay (Murphy, 1967).

The plasma samples anticoagulated with EDTA were assayed for
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angiotensin I!l. All was extracted from plasma and measured by
radioimmunoassay (Reld, 1981; Deschepper & Ganong, 1986).

Plasma sodium was measured by a Nova 1 Sodium/Potassium Analyzer
(Nova Biomedical). Plasma osmolality was measured by a freezing point
osmometer (Advanced Digimatic Osmometer, Model 3D2, Advanced

instruments Co).

ANALYSIS OF DATA

In All or All + NP infusion experiments, rabbits with high (>100
ng/ml) baseline corticosteroid levels were excluded from the
statistical analysis. Rabbits with baseline corticosteroid levels
below 100 ng/ml| were not excluded, even if subsequent levels rose above
100 ng/ml. It was noticed in preliminary experiments that rabbits
which appeared more agitated and had higher baseline blood pressure
also tended to have glucocorticoid levels above 100 ng/ml. This value
is comparable with the elevation In glucocorticoid levels in other
rabbits exposed acutely to handling stress (Redgate et al., 1981).
Therefore, this criteria was used to exclude rabbits that presumably
were undergolng a stress reaction to the preparation of the experiment,
since this reaction possibly could mask an effect of All on
glucocorticold levels.

The mean blood pressure value given for each experimental period
was determined by caiculating the average value of the polygraph tracing
over the 20-minute period preceding the blood sample. Mean heart rate
values were determined in a similar manner,

Cardiovascular and endocrine responses to anglotensin || infusion

or hemorrhage were statistically evaluated with one-way analysis of
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variance for repeated measures (Winer, 1971). |f changes over the
course of exper Iments were statistically significant, a post hoc
Duncan's multiple-range test (Winer, 1971) was used to assess which
values differed from the control value.

The increases In blood pressure produced by 20 ng-kg"-min" All
infusions were compared with those produced by 20 ng-kg~l-min=1 All + 3
pg-kg=temin=1 NP infusions with an unpaired t+ test (Winer, 1971). A
similar comparison was made between 40 ng-kg~i-min~1 All Infusions and
40 ngkg=lemin=1 All + 3-6 ngekg='-min=! NP Infusions.

Results of sodium deprivation experiments required different
analysis. Sodlum depleted All values were compared with the sodium
replete values of the same rabbits along with control values of sodium
replete rabbits used for other experiments. An unpaired t test (Winer,
1971) was used. Sodium depleted corticosterold values were compared to
controls with a palred t test (Winer, 1971). Plasma sodium values for
sodium depleted rabbits were compared to values for different, sodium
replete control rabbits with an unpaired t+ test (Winer, 1971).

Values In figures and tables were presented as means plus or minus

standard error (+ SE).
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RESULTS

Thirty-one All or All + NP Infusion experiments were performed.
High baseline plasma glucocorticoid levels (>100 ng/ml) excluded nine
experiments from analysis. These nine also tended to have elevated
baseline blood pressures and plasma AVP levels. Mean arterial pressure
for control periods of rejected experiments was 80 + 3 mm Hg compared
to the value of 71 + 2 mm Hg for control periods of Included
experiments (p<0.05, unpalred ¥ test). The mean control AVP level of
excluded experiments was 17 £ 5 pg/ml whereas Included rabbits had a

level of 6 + 3 pg/ml (p=0.05).

ANGIOTENSIN Il INFUSION EXPERIMENTS
1. Effects on Plasma All Concentration (Table 1)

Plasma All concentration did not rise from baseline (41 + 15
pg/mi) levels during or after 60-minute Infuslons of the 5% dextrose In
water vehicle (p>0.10, n=3). All infuslons of 20 ngwkg~t-min~!
Increased plasma All levels In all experiments, but this was followed
by an elevated recovery level (176 pg/ml) In one rabbit, This resulted
in a large recovery standard error and p>0.05 In one-way analysis of
variance. However, the All concentration during infuslion (131 + 2
pg/ml) was much larger than the control level of 25 + 3 pg/ml (p<0.001,
n=3) when compared by a paired t test. When 20 ngekg~lemin=! All
Infusions were accompanied by 3 ug-kg~l-min=! of nitroprusside, plasma
Ail rose significantiy (p<0.001) to ievels not different from levels
achleved by infusions of 20 ng-kg~!'min~1 of All alone (p>0.10;
unpaired t test). Forty ng-kg=1-min=1 infusions of All also ralsed

plasma All levels when administered elther alone (191 % 35 pg/ml;
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p<0.005) or In combination with nitroprusside 194 + 22 pg/ml, p<0.005).
These two mean peak values were not different (p>0.10, unpaired ¥
test). In all All Infusions except 20 ng+kg~lemin~!, recovery plasma

All concentrations were similar to preinfusion controls.

2. Effects on blood pressure (Tabies Z and 3)

When the 5% dextrose in water vehicle was Infused alone,
arterlal pressure did not change significantiy. Each dose of All
produced increases in arterial blood pressure. When nitroprusside was
infused simultaneously with elther 20 or 40 ng-kg~lemin=! All, arterial
pressure did not change significantly from control values.

Figure 3 compares the pressor effects of All Infusions with those
of All + NP Infusions. All infuslon of 40 ngekg~l-min=1 resulted in a
mean pressor response significantly greater than the response to 40
ng-kg~Temin=! All + 3-6 pgkg=l-min~! NP Infusions (p<0.05, unpalred +

test),

3. Effects on heart rate (Table 4 and 5)

Heart rate was not signiflcantly affected by All Infusion either
alone or In combination with nitroprusside Infusion. However, during
the recovery periods following 20 and 40 ng-kg'hmin'1 All infusions,

heart rate was elevated above control levels (p<0.05).

4, Effects on plasma corticosteroid concentration (Tabies 6 and 7)
Infusions of All alone had no significant effects on plasma
glucocorticoid concentration (Table 6 and Figures 4 and 5). Plasma
glucocorticold concentration was unaltered by simultaneous Infusions of
20 ng-kg=lmin=! All and 3 ng-kg=l-min=! NP. However, 40 ng-kg=l-min™!

All + 3-6 ug-kg~Temin=! NP infusions produced a 50% rise in mean
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glucocorticoid level (p<0.005) which was sustained through the
Infusions. Glucocorticoids then returned to near the control
concentration during the post-infusion recovery perliod (Table 7 and

Figure 5).

5. Effects on plasma AVP concentration and osmolal ity

Infusions of All alone had no significant effects on plasma AVP
levels (Table 8). Simultaneous Infusion of 40 ng-kg=l.min=1 All and 3-
6 ug-kg=lemin=1 NP did result in a small but significant increase In
AVP (p<0.05) (Table 9 and Figure 6). This iIncrease did not persist and
by the end of the 60~-minute infusion, AVP levels had fallen
significantly to near control levels, where they remained after the
recovery perijod. 20 ng-kg‘1-min‘1 All + NP Infusions had no effect on
AVP levels (Table 9). Baseline osmolalities did not differ between
protocol groups and no changes were found in mean osmolalities over the
time course of any protocol group (Table 11). The mean baseline

osmolality for all groups was 279 + 5 mOsm/kg.

NITROPRUSSIDE INFUSION EXPERIMENT

Nitroprusside was infused into one rabbit at a rate of 30-60
pg-kg=temin=1 which produced a transient fall In mean arterial pressure
from 62 o 42 mm Hg, over the course of 5 minutes. A blood sample was
then taken (requiring 1.4 minutes) and when the arterial line was
returned to the pressure transducer, mean pressure returned to 55 mm
Hg. The mean pressure then rose gradually over The next ten minutes to
58 mm Hg Immediately before the second sample was drawn. Plasma All
concentration rose from a preinfusion level of 56 pg/ml to 340 pg/ml in

the first sample and 330 pg/ml in the second. Plasma corticosteroid
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concentration rose from 64 ng/ml to 76 and 81 ng/ml, respectively. AVP

levels were not measured.

HEMORRHAGE EXPERIMENTS

Table 10 illustrates the effects of hemorrhage on blood pressures,
heart rate, and plasma All, corticosteroid, and AVP concentrations.
Mean blood pressure was not significantly lower than control levels
until after the third hemorrhage when I+ decreased from 73 + 4 +o 63 +
2 mm Hg (p<0.05). Heart rate and plasma All levels did not change
significantly during the hemorrhage.

Corticosterold levels began at 60 + 8 ng/ml but fell to 58 + 7
ng/m| after the first 10% bleed. The value after the final bleed was
69 + 8 ng/ml. One-way analysis of varlance repeated over time
Indicated that values changed over the course of the experiment.
However, Duncans multiple range test indicated that the value after 10%
hemorrhage was significantly different than the final corticosteroid
value (p<0.05). However, no corticosteroid levels signlificantly
differed from the control value.

AVP levels rose precipitously after the third 10% hemorrhage
(p<0.01). Two of the three animals measured had final AVP plasma
levels higher than the upper range of the assay (62.5 pg/mi). Both of

these animals were therefore assigned a value of 62.5 pg/ml for

purposes of data analysis.

SODIUM DEPRIVATION EXPERIMENTS
Sodium deprivation plus diuretic injections Increased the mean
plasma All level to 67 + 31 pg/ml (n=6), a value that was significantly

different than the level of 30 + 4 pg/ml (n=26) found in sodium replete
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controls (p<0.05, unpaired t test). The rabbit that was bled while
anesthetized had a much higher All level (221 pg/mi) than the other
five sodium deprived rabbits.

Plasma sodium concentration was lower In sodium depleted rabbits
(138.6 + 1.2 mM, n=6) than sodium replete controls (142.1 £ 0.4 mM,
n=9, p<0.05, unpalred t test). One sodium deprived rabbit had far
lower levels (132.6 mM) than the others. This was the same rabbit with
extremely elevated All levels (221 pg/ml).

Corticosterolds were not alfered by sodium deprivation with
control values of 47 + 10 pg/m! (n=6) in sodium replete rabbits
compared to 42 + 6 pg/ml (n=6) when the rabbits were depleted (p>0.10,

paired t test).
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DISCUSSION

This study served three purposes. The first was to develop the
consclous rabbit as a modei for Investigation of the actions of
angiotensin |l (All) on the release of adrenocorticotropic hormone
(ACTH) and arginine vasopressin (AYP) from the pitultary. The second
purpose was to compare the actions of All in the rabbit with those
previously discovered in other animals, such as the rat and dog.
Finally, thls study sought to determine whether the actions of All on
ACTH and AVP release were physiologically significant In the rabbit.

A major difficulty encountered during this study was overcoming
the tendency for ACTH and corticosterold levels to Increase due to
Incidental stresses of experimentation., Corticosteroids are elevated
in rabbits during such diverse situations as exposure 1o a new
environment, handling, and venipuncture (Redgate et al., 1981; Fenske
et al., 1982). It was therefore uncertain at the outset of this
project whether rabbits could be studied within a few hours of
catheterlization,

A major finding of thls study was that if properly handled and
trained, conscious rabbits are suitable for acute studies of ACTH
release. Although 28% of Infusion experiments were rejected due to
elevated basellne corticosterold levels, the incldence of rejection
fell markedly as refinements in tralning and experimental technique
were implemented.

Because of the smail number of rabbits inciuded in each
exper Imental group, further findings of this study must be regarded as
preliminary, and more work will be necessary before they can be sclidly

established. Despite this, some of the results reported in this study
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reached high levels of significance; It Is expected that these findings
will be confirmed In the future.

The second major finding of this study was that All Infusions can
Induce rises In plasma corticosteroid and AVP levels in rabbifts.
However, this effect could only be demonstrated when the highest dose
of All (40 ng-kg=lemin=1) was Infused and Its pressor effect was
negated by concurrent nltroprusside colnfusion. This suggests that the
pressor effect of All may Inhibit AVP and ACTH release, counteracting
other stimulatory effects of All. The enhancement of these actions of
All by nitroprusside agrees with findings of similar experiments In
dogs (Brooks & Reid, 1986; Brooks et al., 1986). Still, the infusion
rate necessary for these effects in rabbits was much higher than the
rate found effective for both effects in dogs (10 ng-kg=temin=1).

It is conceivable that nitroprusside promotes AVP and
corticosteroid secretion through a mechanism other than by decreasing
blood pressure. The fact that plasma AVP and corticosteroid levels
were unaltered by infusion of nitroprusside with 20 ng-}<g"1'min'1 All
argues against a direct action of nitroprusside on AVP or ACTH release.
Evidence in dogs shows that the vasodilator hydralazine, when infused
simultaneously with All, Is as effective as nitroprusside in
stimulating AVP and ACTH (Brooks & Reid, 1986; Brooks et al., 1986).
Brooks and colleagues also reported that sincaortic baroreceptor
denervation el Iminated the effects of nitroprusside Infusion on AVP and
ACTH. This Is further evidence that the action of nitroprusside on AVP
and ACTH release is mediated by its effect on blood pressure alone.
However, another mechanism of nitroprusside action cannot be decisively

ruled out by these studies.
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One Interpretation of the finding that All infusions can increase
plasma corticosteroid levels Is that All stimulates the release of ACTH
from the pltuitary since corticosteroid levels are generally considered
to be good Indicators of pituitary ACTH release (Reld, 1984), Howevers
the possibility of a direct stimulatory effect of All on the adrenal
cortex cannot be ignored. This effect could cause corticosteroid
levels to rise independently from ACTH release. A study of Braverman
and Davis (1973) showed that All infusions increase corticosteroid
output in adrenal veins of dexamethasone-treated rabbits. Since
dexamethasone suppresses ACTH release, this was evidence of a direct
effect of All on the adrenal cortex. |t should be noted that this
effect was seen with 100 ng-kg=t-min=1 All infusion rates; in the
present study the highest rate used was 40 ng-kg~lemin~!. However, the
Braverman and Davis study also found that the glucocorticoid release
response to ACTH Infusion was blunted by dexamethasone, raising the
possibility that dexamethasone was acting at the adrenal cortex to
inhibit glucocorticold release. This could explain why high doses were
needed to stimulate an increase In glucocorticoid output in their
experiments. The finding of a direct adrenal effect does not preclude
the possibility that All also increases ACTH release. Resolution of
this issue awaits studies measuring ACTH release more directly in the
rabbit.

This study presents evidence that All, when infused at a rate
similar to that used in dogs, produces lower levels of plasma All.
Infusions of 40 ng:kg~lemin=1 All in rabbits were found to raise plasma
All concentrations to 190 pg/ml. This value Is similar to that found
in dogs during infusions of only 10 ng-kg=lemin=1, Infusion rates of

20 ngkg=l-min=1 All produced even lower plasma All concentrations In
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rabbits. Therefore, evidence exists that a given dose of All is much
less effective in raising plasma All levels In rabbits than in dogs.
It also accounts for the necessity of using larger doses of All In
rabbits than dogs to produce measurable rises In plasma AVP and ACTH
levels,

Although All is apparently able to increase plasma levels of AVP
and glucocorticolds In the rabbit, It remains uncertaln that the plasma
levels of All required for these effects are within the physiologic
range. Two attempts were made to increase endogenous All levels above
those found effective during All infusion.

The first attempt utilized a hypotensive hemorrhage of 30% of the
rabbit's estimated blood volume. This hemorrhage produced no
discernable Increase in plasma All levels, despite @ 10 mm Hg drop in
arterlal blood pressure and a precipitous rise in AVP levels. This
finding is consistent with a study in dogs (Claybaugh & Share, 1973)
that demonstrated that hemorrhage can Increase plasma AVP levels
without affecting plasma renin activity. However, the present
hemorrhage was more severe than hemorrhage rates in the dog which were
effective in increasing both AVP and All levels. This study also
conflicts with results of a study in conscious rabbits which showed
that a 20% hemorrhage raised plasma renln activity almost three-fold
(Bartley & Anderson, 1984).

The second attempt to raise endogenous plasma All levels utilized
a ten-day sodium deprivation regimen. Sodium deprivation is an
ef fective stimulus of the renin-angiotensin system in dogs (Bfooks &
Reid, 1983), rats (Semple, 1980), and rabbits (Braverman & Davis,

1973). In the latter study, 4-6 days of a sodium deficient diet plus
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daily dluretic injections raised plasma renin activity In rabbits five-
fold. The results of the present study were less impressive, with ten
days of sodium deprivation producing a milder, although significant
rise in plasma All levels, Comparisons of dally sodium Intake of the
two rabbit groups may explain the difference in these findings. The
sodlum content of the low sodium rabbit chow used In the present
exper Iment was 22 mEq/kg compared to a level of 7 mEq/kg In the chow
used by Braverman and Davis (1973). Further experiments are needed
with more severe sodium restriction to raise endogenous plasma All
levels maximally.

Supporting @ physiologic role of All in the release of AVP and
ACTH in rabbits is the comparison of effective All levels In rabbits
(191 pg/ml) with those produced endogenously during sodium deprivation
in the dog (172 pg/ml) and during hemorrhage In rats (500-1000 pg/ml).
In addition, two of the rabbits in this study were found to have very
high plasma All levels. One sodium depleted rabbit required anesthesia
for a cardiac puncture; it had a plasma All level of 210 pg/ml. The
other rabbit, given nitroprusside alone, experienced a 20 mm Hg fall In
mean arterial pressure; it had plasma All levels of 340 pg/ml. These
prel Iminary data indicate that not only Is All effective In Increasing
AVP and corticosterold release with plasma levels similar to endogenous
levels seen In other animals, but the rabbit Is also capable of
producing these levels as well. Nevertheless, it is possible that
these high rabbit All plasma levels cannot be induced by physlological
stimuli.

Cardiovascular responses to All were observed in this study. the
pressor response to All infusion was simllar to other published results

in rabbits (Bartiey & Anderson, 1984). |t Is notable that All
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infusions did not significantly depress heart rates despite increases
in mean arterial pressure. When the higher dose All infusions ended
and blood pressure fell to near control levels, heart rate Increased
markedly. A likely explanation Is that sustained elevation in arterial
pressure raised the baroreflex set point, resulting in reflex increases

in heart rate when blood pressure fell to normal levels. Rapid

arterjal baroreceptor resetting has been observed after only 15 minutes

of pressure elevation In rabbits (Dorward et al., 1982).
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SUMMARY AND CONCLUS IONS

It was found that Intraveous infusions of All could stimulate
rises in plasma AVP and glucocorticoid concentrations In the conscious
rabbit. These effects of All could only be demonstrated when
nitroprusside was infused simultaneously with the highest All iInfusion
rate. This rate Induced plasma All levels that were similar to levels
found to be effective for the stimulation of AVP and ACTH release in
the dog.

Another finding was that for a given rate of All infusion, plasma
All levels rise far less in rabbits than in dogs. This necessitated
higher Infusion rates In rabbits to reach the same effective plasma
levels.

Attempts to raise endogenous All levels In conscious rabbits by
hemorrhage and sodium deprivation were only mildly successful. Nelther
procedure increased plasma All concentration levels to levels similar
to those found effective for AVP and glucocorticoid release.

It Is therefore concluded that All may Increase the release of
AVP and ACTH from the rabblt pituitary when its pressor effect Is
negated. This effect occurs when plasma levels are within the
physiologlc range of other animals. However, this study neither
supports nor disproves the hypothesis that these effects of All are
physiologically relevant in the rabbit. These findings will be an
Important contribution to further studies of All induction of AYP and

ACTH release In conscious rabbits.
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FIGURE 1:

Exper imental Set Up.
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FIGURE 2: All Infusion Protocol. All = anglotensin Il, NP =

nitroprusside, AVP = vasopressin, CORTS = glucocorticeids. AVP, All,

and CORTS refer to assays applied to plasma samples above.
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FIGURE 3: The change (A) In mean arterial pressure from control (mean +

SE) during infusion of two doses of anéiofensln Il (All) either alone or
in combination with nitroprusside. ¥ Indicates that blood pressure

responses to Infusions 3 and 4 differed significantly (p<0.05; unpaired

+ test).
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FIGURE 4: Effect of 20 ng-kg"‘-min"1 angliotensin |1 (All) Infusion

either alone or in combination with 3 uvg-kg"hmln"1 nitroprusside (NP)

on plasma corticosteroid concentration. Values are means % SE.
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FIGURE 5: Effect of 40 ng-kg~lemin~1 anglotensin Il (All) infusion

elther alone or In combination with nitroprusside (NP) on plasma

corticosterold concentration. Values are means + SE. ¥ indicates

values signiflcantly different than controls (p<0.005, n=5).
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FIGURE 6: Effect of 40 ng-kg“-mln‘1 angiotensin 11 (All) + 3 ug/kg/min

nitroprusside (NP) infusion on plasma AVP concentration. Values are

means + SE. * indicates value significantly different than control

(p<0|05l n=5)l
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APPENDIX A: ARTERIAL CATHETERIZATION TECHNIQUES

Suggestions for Implanting 18 or 20 gauge catheters (Quik-Cath,

Intravascular Over-the-Needle Catheter, Travenol) Into the central ear

artery of the rabbit.

1. Shave ears the day before the catheterization.

2. Attempt arterial catheterization before venous catheterization
when both are needed. Arterial catheterization has a much
higher fallure rate.

3. Infuse lidocalne without epinephrine subcutanecusly
bitaterally to the catheterization site.

4. Avold over use of |ldocaine since It tends to vasoconstrict
ears In local areas of subcutaneous Infusion.

5. Use a 25-gauge needle to infuse lidocaine.

6. Avoid puncturing small but visible blood vessels lateral to
central artery. Hemotoma formation alsoc is associated with
central artery constriction.

7. Prepare heparinized saline filled tubing and heparinized
saline flush solutions before catheterization. Also
prepare cloth tape strips for securing the catheter.

8. 18~gauge catheters seem to perform better in providing
consistent blood pressure readings but 20-gauge may be
necessary for catheterization of small or somewhat
constricted vessels.

9, Attempt to maximize arterial vasodilation immediately before
Inserting the catheter. This can be done by gently
stroking the ear along the course of the artery or applying

slight pressure with thumb and forefinger on both sides of
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the ear and sliding along the course of the artery toward
the base of the ear, emptying the artery. When fingers are
removed in the latter maneuver, the artery often refills to
a2 larger diameter.

10. Another technique for lncreasing arterlal diameter is that of
flicking the ear several times, which usually causes
translent arterlial engorgement. However, this is short-
lived and the maneuver tends to irritate the rabbift.

11. The catheter should be inserted Into the skin bevel up
directly over the artery. Apply traction to the skin with
the thumb and forefinger of the opposite hand.

12. When the catheter enters the arterial lumen, a flashback of
blood will occur Into the transparent chamber of the
catheter needle. At this time the angle of the catheter
should be adjusted slightly upward so that the needle does
not pass through the opposite side of the vessel.

13. The catheter assembly should then be advanced into the vessel
until the shoulders of the teflon catheter have entered the
vessel (1-2 mm). The teflon catheter may then be advanced
over the needle approximately 3 mm, burying the point.

Then both the needle and catheter should be advanced

another centimeter Into the vessel for improved security.

If the catheter Is in the lumen, it should advance easily.
14, Immediately after removing the needle, flush catheter with

heparinized normal saline and secure with cloth tape.



15. Venous catheterization may be done In a similar manner as
arterial. Usually unillateral administration of

subcutaneous local anesthesia Is sufficient.

hd



APPENDIX B:

ProTOCOL:

ProTOCOL:

DATE
11/13/86
12/19/86

ProTOCOL:

PROTOCOL

DATE

1/20/37
1/21/87
1/30/87
4/24/87
4s25/87

EXPERIMENTAL DATES AND RANDOMIZATION

CONTROL INFUSIONS (5% DEXTROSE IN WATER)
RABBIT RANDOMIZED EXCLUDED
83 +* L3
931

%*

3

=5
o
[N

* %k Kk %k

SNOY.LENW
—OEN
S OANOON

10 NG-KG-1-MIN-1 ANGIOTENSIN II INFUSIONS
RABBIT RANDOMIZED ExCLUDED
852 *
951 *

20 NG-KG-1-MIN-1 ANGIOTENSIN II INFUSIONS

RABBIT RANDQMIZED EXCLUDED
311 s ¥
951
446
443
445

¥*

k & ok %

40 NG-kG-1.MIN-1 ANGIOTENSIN II INFUSIONS

RQE%IT RANDOMIZED EXCLUDED
443 *
443
/76

717

72



APPENDIX B, CONTINUED.

PrRoOTOCOL:

20 NG-KG ~1:-MIN~! ANGIOTENSIN II PLUS

3 MICROGRAMS: KG~1-MIN-1 NITROPRUSSIDE INFUSIONS

6
6

L0 2 L o R GUIE WY o |
NNNNON T
~Cco OO

=
/
4
/
/1
/5
/

NN OON 00NN

E

11
7
16
5/8
/8
/8

PROTOCOL:

RABBIT RANDOMIZED EXCLUDED
951 * o
952 ¥
101 * &=
449 %

736
738

40 NG-kG-1-MIN-1 ANGIOTENSIN Il PLUS

3-6 MICROGRAMS -KG-l- MIN -1 NITROPRUSSIDE INFUSIONS

4/20/87

RABRIT RANDOMIZED EXCLUDED
251 ® o

Lyg
449
630
479
780
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