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- >physiological ranges, in the concentrations of various CSF cations (e.g., Nat,
y K+, Ca2+, Mg2+) could affect the basal activity of the HHA system directly or
through their actions on neurotransmitters which are known to modulate the
activity of the hypophysiotropic area.

Adult male and female cats were prepared with left lateral cerebro-
ventricular and right atrial cannulae. After establishing that the HHA
system of this animal model was in a basal state and responsive to exogenous
stimuli, the cerebroventricles of conscious unrestrained cats were perfused
with normal mock CSF or CSF containing high or low concentrations of Na+, g,
Ca2+, Mg2+ or Lit. Blood samples were taken at various times during CSF
perfusion and analyzed for cortisol fluorometrically..-These studies demon-
strated that although elevated CSF [kt], [Ca2%] or [Mg2t] did not alter
plasma cortisol levels, reducing these CSF cations activated the HHA system,
possibly by h perpolarizin§ an inhibitory neural path(s) to CRF neurons.
Altering CSF LNat] and [Li%] did not affect HHA activity.

3

The excitatory effect of the low concentrations of cations prompted
further investigations as to whether the actions of these cations were
mediated via adrenergic, cholinergic and/or gabanergic neural systems, however,
before pursuing these studies the influence of these neural systems on basal
HHA activity was ascertained. Cats were perfused with normal CSF containing
various receptor antagonists. The alpha and beta adrenergic receptor blockers
(phenotolamine and propranolol) administered alone or together elevated
cortisol levels, whereas neither nicotonic and muscarinic cholinergic
(mecamylamine and atropine) nor gabanergic (picrotoxin) blockers affected
basal HHA activity. When all five blockers were perfused simultaneously only
the excitatory action of the adrenergic blockers was noted. The consideration
of whether the action of reduced CSF cations was mediated via the adrenergic
system prompted the perfusion of cats with CSF containing norepinephrine and
a lack of Ca?*. The excitatory action of reduced [Ca2t] was inhibited by
norepinephrine, suggesting that the lack of this cation inhibited the release
of the adrenergic neurotransmitter.

A final consideration was to ascertain whether the excitatory effects of
reduced CSF cations and receptor antagonists acted via the feedback site(s).
The cerebroventricles of cats were perfused with dexamethasone together with
reduced CSF cations or receptor blockers. The stimulatory actions of the low
concentrations of cations and the adrenergic receptor blockers were inhibited
by dexamethasone.

These data suggest that in the conscious unrestrained cat basal activity
of the HHA system is: 1) influenced by the concentrations of CSF cations;
2) maintained primarily by the inhibitory action of the adrenergic system and
the latter is dependent upon normal extracellular [K+], [Ca2+] and [Mg2t]; and
3) not maintained by the cholinergic or gabanergic system nor is the effect of
the adrenergic syst2m mediated via the cholinergic and/or gabanergic systems.
In addition, the excitatory action of lowered CSF cations and the inhibitory
effect of the adrenergic system on basal HHA activity seem to act through the
feedback site(s). Thus, it is postulated that those stressors which lower
CSF cations may at least partially activate the HHA system by relaxing the
tonic inhibitory action of the adirenergic system.
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I. LITERATURE REVIEW P )
Y
Many envirommental stressors such as hypoxia, hypercapnia, Ao, M

hypotherinia, etc. have been shown to enhauce adrcnocortical activity;
however, the mechaniswm(s) whereby these stressors affect the
hypothalamo-hypophyseal-adrenocortical (BHA) system is not readily
known. It has been proposed that the adrenocortical stimulus may be
pediated initially through periphreral respiratory chemoreceptors for
acute hypoxia (76, 78, 87) and the hypothalamo-hypophyseal complex for
acute hypercapnria (77, 79). These stressors, as well as others, have
also been shown to affect acid-base balance and ultimately the [H+] of
cerebrospinal fluid (CSF). The proximity of the hypothaleno-hypophyseal
complex to the ventricular system oud CSF led Malasenos and Marotta /
(83, 84) tou investigate vwhether chenges in CSF [H+] would affect HHA
activity as well as respiratory parametcrs. They shewed that in
nonstressed anesthetized dogs perfusion of the cexrebroventricles with
elcvated CST [H+] stimu&ated, while decreassd CSF [H+] inhibited,
advenocourtical secretory rztes. Furthermore, the perfusion of basic
CSF attenuated the adrenocortical response to hypoxia, whereas ascidic
CSF augmented this wesponse.

" In z2ddition to changing COF [H+}, various stressocrs are knowa to
alter other brain-CSF cations which in turn could affect central
neural (e.g., hyinthalemic) activiiy. Dogs subjected to lowered

ambient oxygen (0,) concentrations exhibit pot only respivatory

. . It . . . .
alkalosis but also decreases in CSF [¥ ]}, The inhalation of high




concentrations of carbon dioxide (€0,) leads to an elevation in CSF
4 . o L5, G
[’} (14). Furthernore, radiolabelled ??Ra’ increases and "9Ca?

decreases in CSF vhen hyperpyrexia is produced by injecting a pyrogen,

Saluonella typhosa, into the Jateral ventricle of conscious cats (104).

Alteraticns in various CSI caticas induced either by intra-
ventricular injections of cations or cnvirenmental stressors are also
capable of affecting body temperature, respiratory rate, heart rate,
arterial pressure, thirst oud hunger. The cerebroveptricular or
push-pull (posterior hypothalamus) perfusicn of unanesthetized cats
and monkeys with CSF containing markedly clevated [Na+] has been shown
to increase body temperature, whereas perfusion with high [Ca2+J
decreased body temperature (3¢, 98, 100, 101, 102). Excess K4 ox M32+
bhad essentially no effect on body temperature. The altered temperaturcs

. . = 2t
persisted vntil the [Na']} and [Ca® ] rceturned to mormal levels. ‘Thus,

a new Y"set-point" was established and the animals were capuable of
meintaining this wewly acquired tewperature when challenged by a hot

or cold stressor (102). ‘fhese investigators postulated that body
temperature is maintained at 37°C by "inborn enzymatic'" functions of
posterior hypothalamic meurons that regulate the relcase of 2
neurotransmitter (e.g., acetylcholine) depending upon the ratio of Na©
to Caz+ in the extracellular fluid (98); however, the high concentuvotion
of Na* 2nd Ca?’ used in thsse studics ray have nonspecifically stimdated
and inhibited, resvectively, the heat gein ceater (41). Others have
proposed that it is not necessary to postulate a "sct-point", since
osmoreceptors in the preopiic area of the hypothalanus (48) may detect

. o W D B & % .
changes in the Na /Ca® or oswolarity and transduce these dioto signals

.




to the temperature regulating centers (124).

Changing the concentrations of K+, Ca2+, or Mgz+ in various lirbic
sites can influence respiration, heart rate and arterial pressure
(94, 106, 117). Within three minutcs after the microinjection of
206-800 ug K+ into the cat's infundibulun respiratory rates increased
(16}, while a 25% KC1 solution injected into either the hippocaipus or
cerebroventricles of rats (4) and dogs (28), rcspectivcly,.incrcased
heart rates. On the other hand, hypoventiiation and/or bradycardia
occurred when Ca?' or Mgz+ was clevated in the hypothalami of the cat
(16), xat (16) and rabbit (24). The c¢ffects of elevated [K+], [Ca2+]

‘* - - s e, a
and [Hg2 ] on respiration and heart rate may be attributed to

excitation and/or depression of reural centers located within the brain
stem. The perfusion of CSF containing & lack of Ca?" or an excess of

K through the cercbroventricles of anesthetized dogs caused marked
elevations in arterial pressure, while excesses of Ca2* and Mg2+

caused hypotension (81). . The pressor activities of low ca?’ and high K
were related to their stimulatory effect on the vasomotor center which
in turn stimulated the release of catecholamines from the adrenzl
redulla (81). The decrease in arterial pressure caused by an excess of
> was considered a depressive action of these cations on

+
Ca?” or Mg

<

this center (81).
5 . + S o¥
Changes in CSIF [Na ], [K ] and [Ca” ] also have been shown to alier
hunger and thirst. Microinjection or push-pull perfusion of excess
wy ot ot . " £ iated
Fa , K or Ca® in the Joteral hypothalanus of satiated or hungry

snimals dncreased the quantitics of foed dugested (335, 99, 103).

Furthernore, hypertonic saline (1.5%) or a 25% KCI solution injected
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into various hypothalamic sites (e.g., anteriox, lateral, and dorsal)
of the xat (33), rabbit (112) or gest (3) motivated the enimals to
drink within winutes after the imjection. The increased drinking
occurs when osnmoreceptors in the hypothalamus ere stinulated by the
increased tonicity of the extracellular fluid (3).

Although little information is availuble on the actions of CSF
caticns on FHA activity, the alterations in brain-CSF Na+, K*, ca2?
and Mg2+ caused by several environuental stressors, as well as the
effects that experimentally induced chenges in brain-CSF cations have

on various physiological and behavioral activities, make it tempting

to postulate that these CSF cations may also affect the activity of the
HIA syctem.  Although specific mechanism(s) describing the regulation

of physiological activities by brain-CSF cations are not readily
understood, the probable actions of these cations cn the HHA system nay
be 1) directly on primary sites (i.e., CRF neurons and/or adenohypo-
physis); 2) indirectly on- secondary sites (i.e., neural systems or paths)

vhich may exhibit adrenergic, cholinergic and/or gabanergic

activity; and 3) a common neural pathway (feedback site) that could

~e

be affected by these neurotransmitters.
The effects of monovalent and divalent cations directly on neural
. . o + . .
tissue have been known for scme time. The presence of Ma is esseatial
for the rate of risc and amplitude of the action potential (59, 60).
These two componeats of the actica poleniial are proportional to the
P c , L i (e} F 3 134l . ¥
log of the ratio of extra- to intracellular Na (59). JTn additicn, Na
has been shown to 1) affcet the release of neurotransnitters from the

presynraptic tewminals; 2) be necessavy for the gencration of excitatory
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postsynaptic potentials; and 3) be involved in the re-uptake of the

neurctransnitter by nerve cndings (8, 11, 45, 59). Although Lit me)y be
substituted for Na'© in raintairing neural function (60), this ion
decreases the release of norepinephrine and serotonin from the rat's
brain (21, 55, 58), increases the uptake of monoamines and modulates
tryptophan hydroxylass activity (65, 68, 85). A combinaticn of these
actions of Li' may lcad to the normalizaticn of monoamine content at
synapses with the subsequent amelioration of the manic or depressive
state in human patients (21, 55, 58, 65, 85). Furthermore, activation
of neurens can occur vhen extracellular [K+] is markedly increased

(45, 53, 75, 96). These effects of k' include depolarization of the

iy

axonal membrane for the propagation of an action potential end/or
depolarization of the presynaptic terminal resulting in ncuro-
transmitter release and the subsequent increase in synaptic activity
(45, 53, 75, 96, 97).

Neurcns and other secretory tissues may be excitced by Na' and K+;
however, the presence of normal cxtraceliular [Ca2+] is essential
for the coupling of stinulus and secvetion of neurotransmitters and
hormones (6, 8, 32, 114, 115, 127), wvhile Hg2+ is involved in the

active uptake of necurotransmitters into the storage vesicles (1135). An
o

-

additional function of normal [Caz+] is the generaticn of the spike in
an action potential (32, 60). When the extracellular [Ca2+] of neurons
is reduced, spontaneous dischacges occur in the form of the action
poteptiul (37, 94) which is attributed to an increcasc in conduciance

. a 5 , 0%
of monovalent ions (37, 107). Oa the other hand, low [Mg?" ] does not

appear to affect neural octivity (60). The ionotophoretic application
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of high [Ca?"] or [1ig?'] to nevrons decreases neural activity (125).
This suppressive effect appears to be localized in the postsynaptic

= S I . - « < . : a2t 2+
activity of neurons (125). In contrast, increascd [Mg% ] and [Ca” ]
at the neurcmuscular junction are antagonistic to cach other. The

. e , ot 2 . - +
decreasing activity caused by Mg? can be restored by increasing Ca?

(12, 60). The entagonistic action between Hg2+ and Ca2¥ is a
presynaptic competitive effect vhich reduces the release of acetyl-
choline (60C).

The nunmerous effects of Na+, K+, ca2t and Mgz+ on the activity of i
neurons, as well as other cells, suggest the posssibility that these
cations could act directly on various components or levels of the HIA

,. + SRy o :
system, Although the presence of extracellulax C2?", but not X, is 2

required for the secretion of glucocerticoids from adrenocortical cells

ki

(56), this component of the IHA systen can be excluded from being
affected when CSF cations are changed directly, since CSF and the !
systemic circulation are essentially separated and maintained by
different mechanisns (23). Even though CSF cations could enter the
systemic circulation during the perfusion of the cercbroventricles,
the marked dilution of these ions would rendes them inzffective on
adrenocortical cells.

Th remairivg two components of the HHA system, the CRF neurons
and the chromophcbhes of the adenohypophiysis, could be afifected dicectly
by CSP cations if 2 connection is provided between the cevebro-
ventricular systea and the hypotholano-hypophysecal cowmplex. An
association between the third venlricle and the CRF ncurons has been

demonstrated, CSPF cations may diffusc directly into the parenclhyma




and/or be taken up actively by specialized ependynal cells, the
tanycytes. These cells send processcs juxtaposed to the hypothalamic
neurens end may secrvete into the hypothalamo-hypophyseal portal
vessels (47, 109). Thus, the latter may act as a possible transport
channel between the cercbroventricles and the adeaohypophysis.
Recently it has been shown that when the luteinizing releasing factor
(LRF) is injected into the third ventricle of the rat, the luteinizing
hormore (LH) is released (5, 110). Furthermore, following the
administration of Na1l3l, p-113!  S3H-corticosterons or ACTH-1125

into the cerebreventricles, these substonces appeared in the median
oninence, infundibular stalk and single portal vessels (62, 116). Thus,

it is concecivable that CSF cations could be tramsported to the adeno-

hypophyseal exiracellular space and affect adenohypophyseal activity.

Further credence is given to this hypothesis when one considers that the

corticotropin releasing factor (CRF) and adrenocorticotropin (ACTH) 1
are released from in vitro preparations of rat's hypothalamic (6) and
adenchypophyseal slices (69, 70, 90), respectively, when in;ubatcd in
the presence of 30-55 mM x" and 0.75 1M Ca2’. s

In addition to the possible direct cffects of CSF cations on CRF

necurons and/or the anterior pituitery, the monommines (e.g., norepine-

rhrine, dopamine and serotonin) which have been located in the ~
hypothalamus (19, 38, 40, 5z, 77, 111, 119), could serve as indirect

rediators of CSF cations by the latter altering the synthesis, storage,

release and/or uptake of these neunrotransmitters. The monoanine,
serotonin, when injected into the anterior hypothalamus of cats end

ronkeys incrcases body temperature, waereas lowering the body

—.




temperature of these animals causes hypothalamic release of serotonin

(105). These studies suggest that this monoawmine affccts the heat
gain mechanism. Evidence of a role for serotonin in regulating HHA
activity is conflicting. Vhen scrotonin is lowercd ir the rat's brain
by a diet deficient in tryptophan or the intrﬁpuriton::l administration
of para chlorophenylalanine (pCPA), an inhibitor of tryptophan
hydroxylase, neither the basal nor the acute stress levels of plasma
corticostexcne are affected (29, 30); however, others have shown

that 1) pCPA can act as a non-specific stressexr in rats (89);

2) serotonin injected into the hypothalanus of hypothalanic
deafferented guinea pigs is stimulatory (108); and 3) pCPA does not
affect basal cortisol secretoxry rates of dogs, but does inhibit the
adrenocortical response to hypoxia (€8). Oa the other hand, whzn the
fornix is transected or the animals are pretreated with pCPA, the
serotonin levels in the hippocampus, which normally parallel plasma
corticosterone levels and thus may be involved in circadian adreno-
cortical variations, decrease and a concomitant disruption of the
circadian corticostcrone rhythm occurs (27, 121). Thus, the ecvidence
although incomplete indicates that the primary action of serotonin may
be in the maintenance of circadian adrenocortical ectivity, rufthsr
determination of whether serotonin is involved in basal HHA activity
cannot be fully ascertained until a blocker specific for serotonin
receptors is found., The blockers (e.g., nethysergide, cyproheptadine,
etc.) currently available have many ruscular and neural effects in
addition to blocking serotonergic receptors (31).

Other wenoanines that ave known to inlluence variocus physiological

' . . : rﬂlﬁlﬁlllli.ﬂl‘il
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functions as well as possibly the CRF necurons include dopamine and
rorepinephrine. When norepinephrine is injccted into the lateral
hypothalamus of rats (46) and monkeys (106) drinking and/or feeding
increases, whereas injection of this monoaninre into the anterior
hypothalarus of these animals decrcases body temperature (105).

The administration cf bis-(l-methyl-4-homopiperazinyl-thiocaxrbonyl)-
disulfide (FLA-63), an inhibitor of dopamine hydroxylzse which elevates
brain dopamine but depletes norepinephrine levels, clevates basal plasma
corticosterone levels of rats (89, 120, 121). Furtherrore, intravenous
or ccrebroventricular adnministration of norepinephrine into »ats (10,
39, 86, 128) and dogs (42, 129) lowers plasma 1ll-hydroxycorticosteroid
(11-0HCS) levels during basal or stxess conditions, suggesting that

the noradrenergic system exerts an inhibizory action on HHA activity.
However, the inhibitory action of injected morepinephrine on plasma
11-CHCS levels does not indicate whether the endogenous monoamine

is affecting alpha (¢) and/or beta (B) adrenergic receptors during
these two states of HHA ;ctivity. Cnly limited date are available
concerning the typé of adrenergic receptor involved in the inhibition
of 11~0HCS release. When phentolanine (c-blocker) or prepranoclol
(B-blocker) is injected intravenously or intraventricularly into
nonstressed rats, corticosterone levels are wmarkedly increased with the
¢-blocker but not with the B-blocker (121), while in laporatomized (121)
or hypoxic rats (&%) the inhibitory cffect of norepinephrine appears to
be medizted by the e-receptors in the former stress and both «- and
p-receptors in the latter stress. Vhether the inhibitory action of

norepinephrine on INIA activity, which is partially mediated through
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a- and/oxr B-receptors during basal and stressful conditions in the rat,
is similer in other animal models (e.g., cat) remains to be
ascertained.

The cholinergic neural system, vhich is involved in the regulaticn
of nuwnerous physiological functions, woy also be considered in
pediating the effects of altered CSF cations on HHUA activity. These
may include altering the release and/or uptake of acetylcholine (59,
107) . Microinmplantation of acetylcholine or the cholinomimetic
carbz~ol into the anterior hypothalaiius of ronkeys increases body
tesperature, whereas when injected into the posterior hypothalamwms it
decreases body temperature. This suggests that the antericr hypo-
thalanmic cholinergic system is concerned with heat gein, vhereas the
posterior hypothalamus is invelved with heat loss (105). When lov
doses of acetylcholine or carbacol are injected into the lateral
hypothalamus of the wonkey (106) or the rat (46) drirking is
increased, while the administration of high doses of carbacol, which
stimulates both the nicotinic(n) and nuscarinic (m) recentors, into
the basal hypotholarus of nonstressed conscious cats elevates plasma
cortisel levels (74). Wwhen high doses of atropine which can block
both n- and m-receptors (54) are injected into the sope sites, the
excitatory action of the agonist on the KA system is blocked (74),
indicating that either the n- and/or m-receptors exert a regulatoxy
action on plasma cortisol levels; however, whether carbacol affected
basal BHHA activity was not determined since plasma cortisel levels
were measured only in atropine plus carhacel treated animals,

Furthernore, the implantatien ol atvopine crystals in the anterior

T ———
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hypothalamus of rats attcnuates the adrenocortical response to the
surgical stress of implantation (49), wvhereas the subcutaneous (71)

or intravenous (72) injection of atropine into cats a few hours prior
to the circadian rise in plasma cortisol levels blocks this elevation.
Thus, the central cholinergic neural system may contribute to the
regulation of HHA activity; however, whether n- and/or m-receptors
affect this system duvring stressful, circadian and basal activities

is not recadily known.

The gabanergic neural system has been investigated as to its
function in the central nervous system (CNS). The neuvrotransmitter,
y-aminobutyric acid (CABA), of this system inhibits neuwral activity
presusably by increasing the conductance of the anion C1° (1, 93).
This acid which has been located in cercbrocortical and subcortical
structures (63, 93) has been considered an inportant regulatory
factor in cortical pyramidal cell activity (93). Subcortically GARA
content has been shown to decrease in the rat's lateral hypothalamus
and increase in the ventromedial hypothalamus during hypoglycemi:z,
vhile the reverse occurs during hyperglycemia (63). Thus, many
investigators have postulated a role for GABA in regulating appetite.
Furthernﬂre, the granular cell layer of the hippocanpus has been shown
to contain GABA (126) which in turn reduccs clectricel discharges fronm
adjacent pyramidal cells (17). Since stimulaetion of the hippocanpus
can decrease 11-CHCS levels (66, 91), the inhibitory effect way be via
pyramidal neurcens which in turn could be regulated by GABA neurvons of
the hippocarpus. On the other hand, vhen GABA is injected into the

nedion cninence of cats, plasma cortisol levels increase (73). This




suggests that a gabsnergic nmeural syster could be acting in the hypo-
thalarpus to suppress the action of inhibitory neurons on CRF neurcns.
In view of the limited information concerning the fuaction of CABA in
podulating adenoccertical activity, further work is required in order to
determine the role of this neural systew in the regulation of basal HEHA
activity.

The neurotransmitters discussed above may act not cnly on neural
paths to the CRF neurons but also on the CRF neurons themselves.
Support for the latter was rccently provided by Burden et al., (13),
vho studied the effects of various neurotransmitters on the in vitro
release of CRF from rat's hypothalamic preparations. They fcund that
acetylcholine and serotonin increcased the xelease of CRF, wherecas
norepinephrine and GABA inhibited its xelease.

Proper function of the HHA system is dependent uvpon the appropriate
action of the control (feedback) center(s) which quantitatively
evaluates incoming excitatorxy and inhibitory signals, and then send

a signal of an cxactly determined intensity to CRF neurons (123),

The control center or site that serves as a common input for variovs
neurochenical and kormonal stinuli could be situasted in the CNS and/or

the adenohypophysis. Administration of cortisol or the synthetic

glucocorticoid, dexnncthasone, into the cercbioventricles or various

subcortical sites (c.g., median eninence, ctc.) depresses the stress
responses and the circadian clevaetlions in plaswma 11-0lCS levels (20,
61, 130, 131). Thus, neurochenical or hormenal effects could be
mediated via a common control center. Furthermore, the cytoplasmic and

nuclear fracticns of hypothalamic, hippocamnpal and adenohypophyseal

| . _d - '
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cells have a high affinity for glucocorticoids (44, 67, 92, 118), and

the latter is known to depress hypothalamic and hippocaupal neuronal
activities (18, 35). 7his indicatcs that the pathways to the common
site(s) can originate in various arcas of the brain. Although injections
of dopamine and serotonin into the third ventricle of rats cause

the release of some trophic hormones, these monoémines have no effect
vhen injected directly into the adenohypophysis (57). This suggests

that neural mechanisms and their ncurctransmitters, which affect
hypothalamo-hypophyscal activity, would act through a common site(s)

in the hypothalamus releasing hypothalamic factors and not directly

on the adenohypophysis. Finally, Swelik (123) showed that when rats with
hypothalawic dexamrethesone implants are subjected to stress, the
adrenocortical responsc is abolished; however, when a crude CRF
preparation is injected into dexanathasone implanted rats, the adreno-
cortical response was normal (i.e., stimulated) for at Jeast 24 hr
before gradually declining (i.e., inhibition). These data suggest that
initially glucocorticoid-inhibition is at the hypothalamic level and
gradually (after 24 hr) the sensitivity of the adenohypophysis
decreases, prcsumabiy due to the zbsence of tonic hypothalanic

influences on the anterior pituitary (67, 123).

Since changes in brain-CSF cations can affect various physiological

activities, it is postulated that those mechanisms which repulate tha

ionic envirommeat of the hypothalamus and are influenced by
various siressors could alfect PHA activity either dirvectly and/ox
through ncurotransmitters. Thus, the basic problem of this research

project is to ascertain the role(s) of CSF cations in regulating HIA

activity. In ordar to accerplish this, the following will be taken

—— | ‘ a i
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under consideration once the conscious animal wmodel is validatced:

1) whether altexations, within physiological ranges, in the major CS¥
cations (Na+, K*, Ca2+, and M32+) can aifect the basal activity of the IIA
system; 2) whether Li+, which is known to affect neurotransmitter
activity, can partially replace Na© in CSF; 3) whether -, B-, n-, m-
and/oxr y-receptors are involved in maintaining basal FHA activity;

4) whether the action(s) of CSF cations are mediated through

adrenergic, cholinergic and/or gabanergic systems; and 5) whether

the actions of CSF cations and neurotransmitters a ¢ directed to the

feedback site(s).




II. MATERIALS AND METHODS

General Preparations

Seventy-four (254 trials-experiments) wale and fermale adult cats,

weighing 3.6 * 0.1 kg, were mainteined in separate cages in a constaant
teizperature (25°C) room with a 12L:12D (lights on 0600 hr) lighting
schedule and fed Wayne cat foed (Allied Mills) and water ad libitua,

The cats were anesthetized with Ketamine Hydrochloride (25 mg/kg; Parke,
Davis and Co.) and a polyvinyl tubing {I.D. = .044"; 0.D. = ,065")

was positioned in the superior vena cava-right atriuwm via the left
external jugular vein. The cat's he:ud was placed in a stereotaxic

frawe and an incision made along the skin of the skuil. The muscles

on the parietal bone were retracted and the skull clezned with 10%
hydrxogen peroxide (J.T. Baker Chemical Co.).

The cooxrdinates, & wm antcrior to the earbars and 4 mm lateral to the
midline (15), were located on the parictal bone and a hole (Z mn) was
drilled through the bone. A modificd clectrode holder to which was
attached a stainless steal block (12x12x12 nm) containing a bottom
outlet with a 22G-1%" stainless steel cutting needle and two side
outlets, one for wonitorivg pressvre and the other for pexfusing 0.9%
saline, was lowercd gradually into the brain. This procedure caused
a gradual increasz in pressure in the perfusion systen until the
lateral ventricle was reached. This was indicated by a sudden drop in
pressure recorded on a Grass polygraph (Model 77B) via a Stathem

transduces Model 23). The ventriculac coordinate (135-15 1) was

15
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recorded and the cutting needle retracted. The latier vias replaced

with a 196 (1') needle cannuvla with a polyvinyl slecve., While perfusing
0.9% saline through the ncedle to eliwinate blockage of the caunula with :
brain tissue, the cannula was lowered into position. 'The external
jugular camaula, vhich was brought under the skin of the neck and
connected to another 192G neecdle, was attached to the top of the skull.
This cannula as well as the lateral ventricular cannula were
permanently atffixed to the skull with acrylic cement (Fine Precision
Dental Manufacturing Co.). The incision was closed vwith wound clips
(14 mm) and the anitieal injected with ome million units Bicillin C-R
(Wyeth Laboratories, Inc.). Following the operation the aninal was

returned to its cage and checked daily for healing of wounds, patency

of cannulae and general health. Following the post surgery expesiment,

: ;

all cats were allowed to recover for at lecast seven days prior to 3
|

experinentation. VWhen a cat was used for more than onc experiment ut 1
Jeast two days elapsed between experinents. |
Validation of the Animal Model 1

In order to determine the time after surgery when cortisol levels
return to non-stressed levels, blood samples (4~S ml) were teken from
13 cats imwediately following sucgery and between 0800-1000 hz on
days 1, 2, 3, 4 and 7 after surgery. ‘These blood samples, as well as
all subsequent blood semples, were stored in an iced bath until
centrifuged at 2050 xpa for 12 min., Plaspa was transferred to plastic

vials and stored at -20°C wntil analyzed for cortisel {luorometrically

(64).




In order to determine that the animal (20 trials on six cats)
wodel's adrenal coxtex was functicning, a large dose (20-25 units) of
ACTH (Acthar; Armour Phariaceutical Co. or Cortrosyn; Organon, Inc.)
vas injected intravenously (IV) into cats at Jeast seven days post-
operatively. Blood samples, which were analyzed foxr cortisol
concentrations (64), were collected before and 5, 10 and 15-20 nin

ter the IV infusion of ACTH. In addition, ACTH dosc—rcsponse studies
were performed on 22 cats so that the minimum dose of ACTH (sensitiviity
test) which would cause maximun elevations in cortisol levels could
be ascexrtained. Basal blood samples were taken before and 15-20 pin

after the IV infusicn of 0.5, 5, 25 or 50 units ACTI.

Perfusion Apparatus and Materials

The perfusion apparatus (Fig. 1) consisted of a specially constructed
plastic block (L = 42 mm; H = 40 mu; W = 13 mn) with a bottom ocutlet
which was connected to the cerebroventricular cannula for perfusion of
normal or experimental CSF (Table J). An outlet on top of the block
vas connected via a Statham transducer to a polygraph for nonitoring
CSF pressure. The terperature of the CSF was maintained at 37.5°C
by heating a nichromz wire surrounding the CSF inlet tube with
approximately 70 volts from a varieble transformer. The CSF teaperature
vas monitored with a thermistor probz (Atkius Technical Inc,). The
perfusion apparatus was needed to intrvoduce mormol cor experimental
CSF, which were contained ig two beakers and agitated by ragnetic
stirvers, into the cerebroventricles via a micro-infusion punp (Uelter;
Model RL 175) at constant temparatuce (37.5°C), pressure (15 cm 1,0)

and rate (50 pl/min).
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TABLE 1
CSF SOLUTIONS USED FOR PERFUSING 1HE CEREBROVENTRICLES OF CATS
CSE composition (mEq/L)?
Groups  Na' k' Li¥  Ca?"  Mp2" HCO3  Urea  Glucosc
Normal 158 2.98 0.00 3.00 1.33 24.6  6.70 3.68
Sodiun
High 168 2.98 0.00 3.00 1.33  24.6 0.00 0.00
Low 148 2.98 0.00  3.00 1.33 24.6  13.00 7.00
Potassiun
High 152 9.00 0.00  3.00 1.53 2.6 6.70 3.68
Low 161 0.00 0.00  3.00 1.33 24.6  6.70 3.68
Lithium
High 156 2.98 2.00  3.00 1.33 24.6 6.70 3.68
Low 157 2.98 1.00  3.00 1.33 24.6  6.70 3.68
Calcium
High 152 2.98 0.00 9.00 1.33 - 24.6 8.70 3.68
Low 161 2.98 .0.00 0.00 1.3 24.6 6.1 3.68
Magnesium _
High 155.3 2.98 0.00  3.00 3,99 4.6 670 3.68
Medium 158.7 2.98 0.00  3.00 0.67 24.6 6.70 3.68
None 159.3 2.98 0.00  3.00 0.00 24.6  6.70 3.68

2gsmolality (314.8 mOsm) kept constant by varying concentrations of

Na+, ureca or glucose. The pH was adjusted to 7.35 with 3 N HCIL.
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The composition of normal mock CSF (Table I) for cats wus formulated
according to published veports (2, 7, 22, 54). Since previous
experiients (83, 84) from our leboratoxry have shown that altercing

o + v - . .
CSE [H'] can markediy affect the cortisol secretion of dogs, the
o . s

[i! ] was rigorously controllcd ot pd 7.35 in both normal and

experimental CSF. In addition, the osmolality was maintaiied

at

314.8 mOsm by varying primarily the urea and glucose content,

Pexrfusion Procedure

4

On the morning of experircntction, the animals (seven doys post-
operative) were brought into the testing room, a quiet locaticn adjoining
the main laboratory, where they were kept for at least one hour prior to
the beginning of experimentation. The perfusion apparatus was locked
into the ventricular cannula (Fig, 1) end the aniwal placoed in an open
top box (46x46x46 cn). Perfusion of cats with normal CSF at 50 ul/nin
was then started (15, 22). The CSF pressure was rccorded on a Grass
polygraph. Those animals whose CSF pressure increased or did not
stabilize at normal CSF-pressuxe (10-20 cm Hy0) were immediately
excluded from furthec perfusion. After 30 min a control or pre-period
blood sample was collected. Immediately following the collecticn of
the control blood sample, the polyvinyl tube carvrying normal CSF wos
replaced with the experimental CSF line and the cerebroventricles were
perfused for an edditional 6C min with blood samples being taken ot 30
and 60 min. To ascectein the maximal responsiveness of the adrenal
cortex, at the end of cech experimentel period 20-25 units ACTH were
infused ov 'r two ninutes into the extemmal jugular vein, the cannula

1 A

flushed with saline and a blood sample talken approximately 20 nin
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later. All blood smaples were analyzed for cortisol fluorcmetrically

(64).

Perfusion Experiments

1. Effects of the Perfusion Apparatus and Anesthesia

To further test the experimental model, it was necessary to
determine the effects of the perfusion apparatus mounted on the
conscious animals on plasma cortisol levels and the tolexance of the
cat to this procedurc. Three groups of cats were used in this study.
One group of cats (six trials on six cats) did not have the perfusion
apparatus attached to the ventricular cannula, A second group
(six trials on six cats) had the apparatus attached without perfusing
CSF and a third group (six trials on five cats) had the apparatus
attached with normal CSF perfused at 50 pl/min through the
ventricles. Blood samples were collected at 30 min (control oz
pre-period), 6C and 90 uan (30 and 60 min experimental periods)
and at 110 min (ACTH period).

Anesthesia experiments were also performed in oxrder to deterning
vhether the conscious cat vwould be a better animal model for
perfusion with CSF and not result in significant changes in basal
plasma cortisol levels. Cats were anesthetized with sodium pento-
barbital (2f mg/kg; Abbott Laboratories) and perfused with normal
CSF for 90 min with 20 units ACTH being infused IV at the end of
expecimental period while norm:l CSF was perfused for on additional
20 nin,

2. CSE Cation Studics

A serics of cxperinments were designed to ascortain whether
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altered CSF cation concentrations known to occur durlng various

envivonmental stressors, such as hypoxia and hypercapnia (9), would
2 - : + ¥
affect the HHA system. Various concentrations of CSF Ra ', K,
ot 1 12+ Table | ;ithi hysiol 4 1 ranees AT ~fu .|
Ca® and Mg~ (Table I}, within physiological ranges, were perfused
(50 pl/nin) through the cerebroventricles of conscious cats. In
- o . o o . F
two groups of animals 1.0 and 2.0 ntq Li /L were substituted for Na .
Following a 30 min control period during which the animal was
perfused with normal CSF, increased or decreased anounts of the
above mentioned catiors (73 trials on 27 cats) were perfused during
a 60 min experimental period vith ACTH infused IV at the end of this
period.

Agonist and Antagonists Studies

In order to separate the o~ and B-receptor actions of norepine-
phreine and the n- and n-receptor actions of acetylcholine on HHA
activity, the c-adrenergic blocker, phentolamine (Ciba Phaim. Co.),
the B-blocker, propranclol (Sigma Chemical Co.), the n-blocker,
necamylamine (Sigma Chemical Co.) and the nr-blocker, atropine

sulfate (Mallinchredt Chemical Works), were added to normal CSF

and perfused through the ccrebrovcntriclc§ of conscious cats

(71 trials on 33 cats). Sclection of doses and perfusion rates for
the «~ and B-blockers were based on those of Heise and Kvenebexg
(50, 51), who perfused the ventricles of dogs with 30 and 10 yg/nin,
respectively. In addition, tbte doses were modified in order to
avoid overt bLehavioral elfects such as vocalization, tremors and
excitability when conscious cats were perfused with the vartoes

blockexrs. Thus, a group of cats (four trials on four cats) vas




of experimenis. .In order to dstermine the

N
w

perfused with phenotolanine at 30 pg/min and a secend group (six
trials on five cats) with 1.0 pg/min, while propranolol was pexfused
at 10 yg/nin (four trials on four cats) and 0.3 pg/uin (nine trials
on seven cats). Another group of cats was perfused sinultaneously
1ith phentolamine (1.0 pg/min) and propranolel (0.3 pg/nin) in order
to determine the effect of blocking both e- and B-receptors on HIA

activity. Q

Mecamylamine was perfused at 0.8 pg/min (seven trials on six
cats) and 3.0 pg/min (seven trials on seven cats), while atropine
vas first pexfused at 0.8 yg/rmin (seven trials on five cats) and
then at 3.0 pg/unin (cight trials oan six catsj. Perfusion doses and
rates werc obtained from Ganong (43) who perfused the cerebro-
ventricles of surgically stressed dogs with atropine. These low
doses of atropine were selected since it is known that high doses
affect both n- and m-receptors, whereas low doses affect primarily
the m-receptors (54). Mecamylanine together with atropine was
perfused (six trials on four cats) at 0.8 yug/min in another group

nteract:

(=N
<o

on cof both

1

adrenergic and cholinergic receptors on MA activity, phentolenine

(1.0 pg/min), propranclol (0.3 pg/nin), mecamylamine (0.8 pg/min) and .
atropine (0.8 pg/min) were combined and perfusgd in six cats (six
trials).
GABA Studics

The influence of the bippocampus (44) on adrenocortical
activity and the prescence of GABA (126) in this lirmbic structure

prompted the perfusion of CABA in order to ascertoin the effects




of this neurotranswitter on A activity. Froa the perfusion

studies performed on rats by Makara and Stark (52, the dose and

perfusion rate of GABA were determined. GABA (Sigma Chemical Co.)

&

vias added to normal CSF and perfused (100 ypg/min) in six cats

(six trials). Picrotoxin, a y-blocker for GABA, was perfused in

order to further delineate the action of GABA on HHA activity. The

dose and perfusion rate of picrotoxin (Sigma Cheirical Co.) was
obtained from the studics of lee and Yang (80) cr<d {rom preliminary
experinents in which various doses of the blocker vere added to
normal CSF. Behavioral effects were the primary fuoctors that
resulted in the sclection of 1.0 pg picrotoxin/min to perfuse through
the ventricles of five cats (five trials). . In order te ascertain

the interaction of CGARA and picrotoxin, the ncurotrunsmitter and
antagonist were perfused simultanreously in four cats (four trials)

at 100 pg/iin and 1.0 pg/min, respectively.

Another group (seven trialg‘on seven cats) of experiments
included the simultaneous perfusion of phentoleamine (1.0 ug/min),
preprarolel (0.3 pg/min), mecamylamine (0.8 pg/win), atropine
(0.8 pg/nin) aud picrotoxin (1.0 yg/min) in order to ascertain the
effects of the interaction of the adrenergic, cholinergic and gaba-

nergic neural systems on plasma cortisol levels.

In order to ascertuin whether the effect of CSF cations (e.g.,

+ ; S : . y
Ca? lack) on IUA activity was nediated through ncurotransmitters

(e.g., adrenergic), CSF containing norcpinepbrine (0.1 ng/ml) and a

-' . = . -
lack of Ca?’ was sclected for perfusion through the cexebroventricles




of two cats (five trials). The perfusion rate of norepinephrine was

obtained from the cerebroventricular perfusion studies of Van Loon

et al., (129).

6.

Dexmethasone Studies

Dexamethasonz (Sigina Chenmical Co.) was added to CSF and perifused
through the ventricles in order to deternmine whether this synthetic
glucocorticoid was capable of inhibiting the stimulatory effects of
various cations and agonists-antagonists. To pecform these studies
it was first necessary to ascertain the dose-perfusion rate of
dexamethasone which would lower, if possible, the basal cortisol
levels in the cat model. The dos2 and perfusion rate was determined
by noting the effects of various rates (2-25 pg/min) which ceused
minimal behavioral changes while still lowering plasma cortisol
levels. Dexamethasone was added to normal CSF and perfused
(25 yg/min) in six cats for 90 min prior to being injected IV with
ACTH. Once this dose had been established, dexamethasone was added
to CSF containing no x* and then perfused through the ventricles of
five cats (six trials) for 8C min after first perfusing the
ventricles for 30 nin with dexascthasone added to normal CSF.

Similar experimesnts were performed by adding dexawethasonz to CSF
contuining 1) me Ca2* (six trials on five cats); 2) GABA {100 wg/nin;
six trials oa three cats); or 3) the five blockers (pheatelamine ot
1.0 pg/min, propranolol at 0.3 pg/nin, mecamylanine at 0.8 pg/nin,
atropine at 0.8 pg/min and picrotoxin at 1.0 pg/nin),

Cortisol Deternmination and C31C”1’¥ifm,9f Data

1

A1l plasma sanples, which had been stored at -20°C, were
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analyzed fluorometrically for cortisol according to the nethod of
Kitabehi and Kitchell (64) with the exception that 2.0 il rather
than 1.0 ml fluorescent reagent was used., In order to ascertazin
vhether the fluorometric method was indeed reasuring cortisol, it
was comparel to a radioirmunoassay (34) in samples obtoined frem the
ACTH-dose response study. These data showed that during basal
periods the cortisol values by the radioimmunoassay were
approxinately 75% of the fluerowetric metbod, whereas after the
administration of ACTH the values were essentially siniler. Based
upon these results, the morc cconomical and less tire consuning
fluorometric procedure was selected.

Since variations in the pre-pericd (control) levels of plasma
cortisol were observed arong the cats, the data from the perfuszion
studies are reported as the perceat (%) change in cortisol levels
for each cat from the pre-periced value. Group>mcans viere
calculated from these % values and are expressed in the text as %

cortisol changes. Statistical significance was ascertained by the

independent t-test.

T Y T S——

2t
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III. RESULTS

Validation of the Animal Model

The effect of the surgical proccdure on the plasma cortisol levels
of cats immediately following surgery and on days 1, 2, 3, 4 and 7 is

illustrated in Figure 2. The rean cortisol level after surgery was

Y

16.8 * 1.4 pg/100 ml and decreased significantly (P < 0.05) to

10.2

I+

0.7 and 10.3 + 1.2 yug/100 ml on days 1 and 2, respectively. On
days 3 and 4 the cortisol levels further decreased to 8.3 + 1.1 and

8.6 + 0.8 pg/100 m1, respectively, and these were significantly lower
(P < 0.05) than cn the day of surgery but not from those noted on days
1 and 2. The further decrease to 6.6 + 0.8 pg/100 wl on day 7 was
significantly (P < 0.05) lower than the day of surgery as well as on
the first two post-surgical days. Although cortisol levels decreased
rarkedly after the first day of surgery, in all subsecquent experirents
at least 7 days were allowed for basal cortiscl levels (72) to be
attained and for the complete recovexy of general health (e.g.,
appetite, drinking, etc.). In addition, scizﬁre activity that occurrcd
shen cercbroventricular perfusions were performed shortly after ;urgcry
was almost completely eliminated by 7 days postsurgery.

Five min after the rapid injection of 20-25 wnits ACTH, cortisol
levels (15.6 * 1.3 pg/100 nl) increased significantly (P < 0.05) from
those (8.3 # 0.6 pg/100 ml) obscrved prior to the administration of
ACTH (Fig. 2). Further increases in cortisol levels occurred at 10

(6.4 * 1.4 wg/100 n1), 15 (20.1 * 1.4 pg/100 m1) and 20 (18.5 * 1.9

21




Figure 2.

Plasma cortisol levels of 13 cats (40 blood samples)

following surgery (A); six cats after the injection of

20-25 units ACTH (B); and 22 cats (25 trials) after the

injection of varviocus doses of ACTH (C). Bar with
vertical line indicates the mean * S.E.M. * denotes
P < 0.05 from day of surgery (A), zcro time (B) orc

pre-peviod (C).
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yg/100 1) min aud these were significantly (P < 0.05) a2bove thosc of
their respective pre-injection periods. Comparisons of the cortisol
levels among the 5, 10 and 20 win periods were not sigaificant
(P > 0.05); however, the sterc!d concentration at 15 min was
significantly (P < 0.05) higher then at 5 min but not significantly
(P > 0.05) different from the 10 and 20 min periods. Sirce the cortisol
level at 15 min was maxiwal, blood saiples were withdrawn between
15-20 wmin after the injecticn of ACTH in subsequent experiments.

The cortisol levels obsecrved after the injection of various doses
of ACTH zre presented in Figure 2. The injecticn of 0.5 unit ACTH
caused a sigrnificant (P < 0.05) increase in cortisol level over its
pre-pericd level, as well as the pre- and post-periods of the saline
injected grcup. Cortisol levels were further elevated to 19.8 + 1,0
kg/100 ml after 5 units ACTU, 17.8 * 1.0 ug/100 ml after 25 units ACTH
and 17.4 % 1.0 pup/100 ml after 50 units ACTH. These cortisol
concentrations were significantly (P < 0.05) higher than thosc of their
respective pre-periods, as vell as the pre- and post-periods of the
saline group. In subse&uent experiments 20-25 units ACTH were injected
IV at the end of the expevimental periocd to determine maximal stimulation

of the adrenal cortex. If the animals did not respond to this dose of
i

ACTHI, they were not included in the studies reported herein.

Pcr;uSLOn Pxner1mvnus

1. Effects of the Per|us10n AP“G?"IS:&JJ Anosthv
The cff:cts of the perfusior apparatus and nocmal CSF on plasma

cortisol lcvels are presented in Figure 3. A gioup of cats, which

wexre placed in the open restraining box without th: porlusion
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i Figure 3. The pevcent changes in plasma cortisol from the pre-period &
. A
in A) conscious cats (12 cats, 12 trials) with and without ' |
3 1
H the perfusion apparatus attached; B) conscious cats (11 ‘

cats, 12 trials) with and without CSF perfusion; and C)
conscious and ancsthetized cats (six cats, six trials)

perfused with normal CSF., Bar with vertical lince indicates

the mean + S.E.M.
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apparatus attached to the ventricular cannula, exhibited % cortisol
changes during the 30 (-2 % 7%) ond 60 (7 * 20%) nin experimental
periods which were not significantly (PP > 0.05) diffecent from the
control or pre-period valucs. In another group of cats with the
perfusion apparatus attached to the ventricular cannula, plasma
cortisol during the 30 (22 # 16%) and 60 (21 * 16%) min periods did
not vary significently (P > 0.05) from one another or from the
group without the apparatus attached at comparable periods. In
cats with the apparatus attachel to the ventricular carnula and
nornal CSF perfused through the ventricles, the cortisol changes
during the 30 and 60 min periods vere 4 + 14% and 18 # 15%,
respectively, above the pre-period. These values vere not
significantly (P > 0.05) higher than those of the group without the

apparatus attached for the same period or the cats with the apperatus

Sl

attached but without perfusing CSF. Figurc 3 also shows the
cortisol changes for the 30 and 60 min periods of anesthetized

cats perfused with normal CSF. These cortisol changes were not
significantly (P > 0.05) different from those of conscious cats
perfused with CSF. Since perfusion of anesthetized cats with noxmal
CSF offered mo advantages in terms of basal cortisol levels over

the conscious cat nodel, the latter was sclected as being the

more physiological prepacation.

Cation Studies

Prescn.ed in Figure 4 arc the % cortisol changes from the
pre-pericds causcd by the perfusion of vacicus concentrations of .

+ ¥ .+ . . .
Na , K and Li . The cortiscl values for both the 30 and 60 nin
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Figure 4.

The percent changes in plasma cortisol from the pre-period
during cerebroventricular perfusion with CSF containing
variouas concentrations of A) sodium (18 cats, 19 trials);
B) potassium (13 cats, 13 trials); and C) lithium (11 cats,
11 trials). Bar with vertical line indicates the mean

+ S.E.M. * denotes P < 0.05 from control group (solid baf).
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periods of the low ra® (348 pEq/L) group were not significantly
(P > 0.05) different from these observed at 30 (31 # 8%) and 60
(10 £7%) min in the control group vhich was perfusced with normal
quantitics of Na® (158 mEq/L). In the high Na© (168 uEc/L) group,
cortisol increased at 30 min and then declined slightly at 60 min.
These small changes in plasma coxtisol wviere not significantly
(P > 0.05) different from those receiving normal quantitirs of Na®,
In cats perfused with CSF lacking K" (0 mEq/L) plasma cortisol
increased to 60 * 14% at 30 min and 67 * 26% at 60 nin above
control levels (Fig. 4). These values were not only significantly
(P < 0.05) higher than the levels observed during the pre-period
but also : . rkedly higher than those of the control group. On the
other hand, the perfusion of high K (8.0 rEq/L) caused nodest
elevations in plasma cortisol which werc not significantly
(P > 0.65) different from the control values. The two groups
receiving 1.0 and 2.0 nlq Li+/L showed % cortisol changes at 30 min
of 45 * 22% and 18 % 11%, and at 60 min of 32 * 8% and 12 1 5%,
respectively (Fig. 4).
The effects of perfusing various concentrations of ca?” and
Mg2+ on alterations in plasma cortisol are shown in Figure 5. The
perfusion of coascious cats with CSF containing no Ca?" caused
significant (P < 0.05) increases in plasma cortisol of &9 + 29% at
30 min and 137 £43% at 60 min. Mininal changes were obECIVcd vhen
cats were jexvfused with high Ca?? (9.0 ntq/L). Cats perfused with

. + B st - " '
vavious Me?” concentrations (0, 0.67, 1.33 and 3.99 m¥ig/L) showed
; ] 1

modest elevations in plasma cortisol; however, only the lower
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Figure 5.

The percent changes in plasma cortisol from the pre-period
during cerebroveutricular perfusion with CSF containing

various concentrations of A) calcium (12 cats, 12 trials);
and B) magnesium (15 cats, 18 trials). Bar with vcrticgl.

line indicates the mean * S.E.M. ¥ denotes P < 0.05

from control group (solid bar).
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concentrations of Hg?+ at 60 min caused significant (P < 0.05)
elevations above the control group.

A1l cats perfused with various concentrations of monovalent and
divalent cations exhibited incceases of 80% to 112% when ACTH was

adninistered IV at the end of the cxperimental périod (Teble II),

Agonist and Autagonist Studies

Animals perfused with normal CSF containing the c-adrencrgic
blocker, phentélamine (1.0 pg/min) showed increases (P < 0.05) in
plasma cortisol above the pre-period of 49 * 16% at 30 min and
66 + 18% at 60 min (Fig. 6). The plasma cortisol of four cats
perfused with pheatolamine at 30 pg/min increased markecdly
(P < 0.05) at 30 (83 % 38%) and 60 (219 % 54%) min. These
experinents had to be aborted since conscious cats were not able to
withstand this dose without exhibiting many behavioral (e.g.,
restlessness, vocalization, etc.) and physiological (e.g.,
defecation, salivation, etc.) changes. The plasma cortisol of cats
perfused with normal CSF containing the B-advenergic blocker,

propranolol (0.3 npg/min), increascd though not significantly

(P > 0.05) 31.5 % 5% at 30 win, while at 60 min the 49 * 10%
increase in plasma cortisol was significantly (P < 0.05) higher
than the control group (Fig. 6). Four cats perfused at 10 pg/nin
exhibited significaat (P < 0.05) changes in cortisol levels of

136 + 49% at %0 min and 272 % 51% at 60 nin. Additional aninals

were not perfused with propranolol at this high dose because of |
similar behavioral and physiological changes that occurred with

the high dose of phentolamine.,  When cats were perfused with normal
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TABLE II

PERCENT CHANGE FRQM PRE-PERTOD IN PLASMA CORTISOL CAUSED BY ACTH
(20 units) ADMINISTERED IV AT THE END OF THE EXPERIMENTAL PERIOD
IN CATS PERFUSED Wi CSF CONTAINING VARIOUS CONCENTRATION OF

CATIONS
Cation Cortisol
IEq/L 8%
Sodium
148 80 + 10°
158 100 £ 19
168 105 + 10
Potassium
0 112 + 19
9.0 104 + 14
Lithiun
1.0 106 + 16
2.0 111 * 24
Magnesiun |
0 84 * 15
0.67 93 + 15
3.99 112 + 25
Calcium |
0 108 * 16
9.0 100 * 16

AMean * S.E.M.




Figurc 6. The percent changes in plasma cortisol from the pre-period

during cerebroventricular perfusion with normal CSF
containing A) a-blocker, phentolamine (nine cats, ten
trials; B) B-blocker, propranolol (11 cats, 13 trials);

and C) both a- and B-blockers combined (six cats, scven
trials). Ber with vertical lince indicates the nean & S E.M.

* denotes P < 0.05 from control group (solid bar)
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CSF containing the lower doscs of both phentolamine (1.0 pg/min)

and propranolol (0.3 pg/min), plasma cortisol increased significently
(P < 0.05) at both 30 (58 # 14%) end 60 (89 % 12%) nin (Fig. 6).
These cortisol values were higher than those noted when the tvio
blockers were perfused alone foxr the same duraticn,

Figure 7 illustrates the % cortisol changes observed vhen the
cerebral ventricles of cats were perfused with cholinergic
antagenists. In animals perfused with mecamylamine (n-blocker)
a2t 0.8 pg/min, the changes observed in cortisoi at 30 and 60 min
were not significently (P > 0.05) different from the control grcup.
When the perfusion of cats with mecamylamine vas increased to
3.0 ug/rin, plasma cortisol levels were neither significantly
(P > 0.05) different from the pre-period values nor from the contzol
grovp. The perfusion of cats with atropine (m-blocker) at 0.8 or
3.0 ug/min did not cause significant (P > 0.05) altcrations in
plasma cortisol levels for the 30 or 60 min periods. In addition,
combining mecamylamine (0.8 pg/min) and atropine (0.8 pg/min) in
the perfusion solution did not significantly (P > 0.05) altex
plasma cortisol throughout the experimental period.

The effects of perfusing GABA (100 pg/min) on plasma cortisocl
are presented in Figure 8. A 49 * 12% increase (P < 0,05) from
the pre-pericd was observed at 30 min which continuad to rise to
69 % 12% (P < 0.05) at 60 nin. On the other hand, pexrfusion of
cats with the y-blocker, picrotoxin (1.0 wg/min), did not alter
steroid lcvels. Vhen animals were perfused with o conbination of

GABA (100 yg/nin) and picrotoxin (1.0 pg/win), the cortisol volues
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The percent changes in plasma cortisol from the pre-period
during cerebroventricular perfusion with normal CS¥
containing A) the n-blocker, mecamylamine (13 cats, 14
trials); B) m-blocker, atropine (11 cats, 15 trials); and
C) both n- and m-blockers combined (four cats, six trials).
Bér with vorfical line indicates the mean * S.E.M.

* denotes P < 0.05 from control group (solid bai).
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Figure 8. The percent changes in plasma cortisol from the pre-period
during cercbroventricular perfusion with normal CSF
containing A) GABA (six cats, six trials); B) y-blocker,
picrotoxin (five cats, five trials); and C) a combination
of GABA and the y-blocker (four cats, four trials). Bar . :
with vertical line iiml'i cates the mean & S.E.M,  * denotes

P < 0.05 from the control group (solid bar).
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at 30 (4 % 4%) and 60 (6 * 12%) nmin were similar to the pre-period
levels, Furthernove, it is obvious that picrotoxin significantly
(P < 0.05) inhibited the effect observed vhen GABA alone was
perfused through the cerebral ventricles, GABA plus picrotoxin
treated cats were not secreting cortisol maximally, since ACTH
injected at the end of the experiment caused rmodest elevatiocns in
plasma cortisol levels (Table III).

% cortisol changes of animals perfused

Figure 9 presents the
simultaneously with the low doses of a- (1.0 pg/min), B- (0.3 pg/nin),
n- (0.8 pg/min) and m- (0.8 pg/wmin) blockers during the experinental
peried. At 30 min plasma corxtisol increased 43 & 10% (P < 0.05),
and at 60 nin it increased to 71 * 10% (P < 0.05) @bove the
pre-period values. These changes were also markedly
(P < 0.05) different from those observed in the control group at
similar times. The addition of picrotoxin (1.0 pg/nin) to CSF
containing both adrenergic ond cholinergic blockers caused
significant (P < 0.05) alterations of 53 % 15% at 30 min and
110 + 38% at 60 min. Comparisons of the cortisol values, which were
observed during the perfusion of the five blockers vwith those noted
vhen the four adrenergic and cholinergic antagonists were pexfuscd,
did not recveal significant (P > 0.05) differences. Cats perfused
with antagonists alone or in various combinations exhibited
increases of 69% to 233% when ACTH was administered IV at the end
of the experinental period (Table TIX).

Cation and Neurotransmitter Study
The effects of perfusing cats with CSF containing norepine-

-+ % .
phrine (0.1 »g/ml) and a lack of C2?” are shown in Vigure 10,

ol
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TABLE ITI
PERCENT CHANGE FROM PRE-PERIOD IN PLASMA CORTISOL CAUSED BY ACTIl
(20 units) ADMINISTERED IV AT THE END OF THE EXPERIMENTAL PERIOD
IN CATS PERFUSED WITH CSF CONTAINTNG VARIOUS AGONISTS AND
ANTAGONIS'TS
Drugs Cortisol
yg/min -y
i L e e 4
o-blocker " |
1.0 119 + 57
3.0 189 * 56
g-blocker _
0.3 101 * 38
10 233 + 70
a, p-blockers
1.0; 0.3 148 + 56
y-blocker
1.0 87 + 17
GABA
100 123 % 13
y-blocker + GABA :
1.0; 100 69 12
n-blocker
0.8 106 + 13
3.0 68 * 6
n-blocker
0.8 i 100 * 10
3.0 69 * 13
n, m-blockers
0.8; 0.8 77 % 14
¢, B, n, m-blockers
1.0; 0.3; 0.8; C.8 107 *+ 33
a, B8, ¥y, n, m-blockers }
1.0; 0.3; 1.0; 0.8; 0.8 146 + 87
IMean + S.E.M. J




Figure 9.

The percent changes in plasma cortisol from the pre-period
b2 pre-i

during cerebroventricular perfusion with normal CSF
containing A) the «, B, n, m-blockers (six cats, six
trials; and B) the four blockers with the addition of the
y-blocker, piérotoxin (seven cats, seven trials). Bar

+ S.E.M. * denotes

with vertical line indicates the mean

P < 0.05 from the control group (solid bar).
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Figure 10.

The percent changes in plasma cortisol from the pre-period
during cerebroventricular perfusion with normal CSF
containing norepinephrine and a lack of Ca?* (two cats,

five trials). Bar with vertical line indicates the mean

+ S.E.M. * denotes P < 0.05 from the control group

(solid bar); ** denotes P < 0.05 from the lack of CSF

("17+ group (broken barv
s sroup oken barv).
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Norepinephrine significantly (P < 0.05) inhibited the stimulatory
action of a lack of CSF Caz+ at 30 (-1 % 8%) and 60 (-3 % 12%) min.

Dexamethasonz Studies

The perfusion of cats with dexarethasone (25 pg/iin)
concomitantly with those experimental CSF solutions which had a
stimulatory effect on the HHA system are presented in Figure 11.
Cats perfused with dexawethasone contained in normai CSF caused
decreases of -11 * 5% at 30 nin and -8 % 8% at 60 min. Furthernore,
dexamethasone significantly (P < 0.05) inhibited the stimulatoxy
effects of perfusing the cercbral ventricles of cats with CSF
a) without K+; b) without Cu?+; ¢) containing GABA; and
d) containing all five neural receptor blockers. In addition,
all animals whose increascd cortisol levels were inhibited by

dexanethasone exhibited increases of 78% to 103% when ACTH was

injected TV at the end of the experimental period (Table IV).

aath o as gl L o




Figure 11..

The percent changes in plasma cortisol from the pre-period
during cerebroventrjcular perfusion with dexamethasone
added to A) normal CSF (six cats, six trials); B) CSF
without K (five cats, six trials); C) CSF without Ca2*
(five cats, six trials); D) CSF with GABA (three cats,

six trials); and E) CSF with the «, R, y, n, m-blockers
(five cats, six trials). Bar with vertical line indicates

the mean + G.E.M. * dcnotes P < 0.05 from groups

receiving no dexamcthasone (solid bar).
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TABLE 1V

PERCENT CHANGE FROM PRE-PER10OD IN PLASMA CORTISOL CAUSED BY ACTH
(20 units) ADMINISTERED IV AT THE END OF THE EXPERIMENTAL PERIOD
IN CATS PERFUSED WITH CSF CONTAINING DEXAMETHASONE (25 pg/min)
TOGET(ER WITH VARIOUS CATIONS, AGONISTS OR ANTAGONISTS

Cortisol
Group A%
Sodium .
158 mEq/L 93 & g%
Potassium .
0 mEq/L : 98 * 28
Calcium \ ;
0 mkq/L 103 x 44
GABA 3
100 pg/min 98 + 24
o, B, v, n, m-blockers e
1.0; 0.3; 1.0; 0.8; 0.8 78 + 12

aMean # S.E.M.




IV, DISCUSSION

Prior to determining the effects of perfusing various CSF cations on
basal HHA activity, the snimal model and the cecebroventricular perfusion
procedure were tested. These studics demonstrated that seven days after
surgically preparing the animals with lateral ventricular and right
atrial cannulae, they 1) had regained general health, 2) exhibited
rorning cortisol lecvels which were normal (72), 3) had adrenral cortices
virich responded to exogenous ACTH administration, and 4) did not
exhibit any perceptible changes in basal HHA activity during cerebro-
ventricular perfusion with normal mcck CSF. These results indicate
that the animal model was essentially in a "normal' basal state at the
begimming of the experinent and that its IHA system could respond to the
CSF perfusion experiments with elther a decrcase or an increase in
plasma cortisol levels.

The cerebroventricular perfus’ n with CSF containing a lack of K
marlicdly elevated plasma cortisol levels, whereas perfusion with
elevated [K+] was without effect. Since increased extracellular [K+]
hypopolarizes (i.e., membrane potential becomes less megative) and
decreased extracellar [K+] hyperpolarizes cellular membranes (53, 59,
75, 107), the excitatory effect of perfusing mock CSF without X' on the
HJA system could not have been duc to hypopolarization which eventually
leads to deoplarization. The lack of excitation of the HUA systea by
increased extracellular [K+] may be attributed to a dilution effect.
Since the turnover rate for CSF in the cat is approximately 50 pl/min

58




59 g
\ . |
i e . P " |
{ (22), the exogenous adninistration of CSP with clevated X' (9.0 nEq/L) ;
4 at the same rate would dilute the experimental CSF by 56G% vendering it |
{
¥ approxinately 6.0 mEq/L. Thus, it is possible that the HIA system
| . . 4
i} requires a substantially greater extracellular [K' ] to reach threshold
¢ and then firve. The latter is substantiated by the in vitro studies
3 of others vho deimmonstrated that the relcase of CRF (6) and ACTH (69, 70)

: - o e - L
requires 30-55 mM K for depolarization of the cells, and further that

the potential membrane of neural tissue is more sensitive to decreases

than to incrcases in the ionic environment (60, 107). Thus, the lattcr
could accouut for hyperpolarization of membranes even when one

considers that the cation concentrations of mock CSF solutions lacking

|
|
|
|

cations would be increased somewhat when mixed with eadogenous CSF.

Therefore, the HHA system appears to have becen stimulated with lowered

+ e
} CSF [K ] by hyperpolarizing ncural path(s) to the CRY ncuvons, the

CRF neurons themselves and/or the anterior pituitary. The lattex

component can be eliminated, since changes in menbrane potentials of

: +
adenochypophyseal cells resulting from altered [K ] have been shown not
to be tightly coupled to the release of ACTIl (69, 70). Furthernmore, if

CRF neurons were hyperpolarized, they would undoubtedly sccrete less

o st o it i i il N < it i,

CRF, yet activation of the IHUA system was noted with low CSF [K+]. Thus,
low [K+] appears to have hyperpolarired primarily an inhibitory |
neurzl pathway(s).

The observed stability of the HIA cysten in the prescince of slightly
elevated (increased 10 mtg/L) or lowered (decreased 10 mtq/lL)

| concentrations of CSF Ni  is in accord with the very minor clienges noted

: . ’ t Tl ;
in membrane potentials whea 10 mM N is either added or removed frem the
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extracellular fluid of nerves (606). Furthermoire, there would be a 50%
. e i~ . v = % . A o n"' v . » 2 =
ditution of the high experimenial CSF [Na | and conversely an increasc
: o iyt . .
in the low CSF [XKa ] with endogenous CSF.  In addition, the lack of a
. R ol
shoxrt term effect of either 1.0 or 2.0 1mEq Li /L on the BUA systcem nay
b {odl T, pntetaniy ’ SRR SN
be considered on the basis that Li con be substituted for Na  without
affecting neural activity (60). Therefore, the stebility of the meubrane
: . % ’ . .
potential in the presence of changes in extracellular [MNa ] is
. .+ .+ -
also valid for Li . On the other hand, the effects of Li on noioamine
retabolism must be considered. Recent studies, however, have stown that
» R R e b 2 . . 5 .
5-10 days of L1 administration are required before this cation affects
ronoamine activity in the brain (65, 85). Therefore, the perfusion of
ok i A el :
Li for 60 min, although considered toxic when plasma levels of 1.0 mEq/L
b S 5 R gl % : .
are attained, would not be sufficient time for Li to manifest its
¥ o g A > F Y 1 L4 54 y S '+ 7 gl |
effects on ronecanine metabelism. Thues, the experinents on L1 presented
herein would not weveal a role for nonoanmines in the regulation of basal
HHA activity.
The plasma cortisol Jdevels of cats perfused with high conceatrations
4 3 2+ ?+ a2
of the divalent cations, Ca“ and Mg“ , were rclatively stable, while a
lack of these divalent cations caused significant elevations in plasma
2 v L e 2+ i 2+
cortisol levels. Although increased extracellular [Ca® ] and [Mg? ] can
suppress neural activity (106, 125), it has been shown that a 5-10%
CaClp or MgSO, solution is required to suppress this activity (12). Thus,
increasing these CSF cations only 1.5 nliq/l, correcting for dilution,
above endogenous (SF concentrations could be considered insufficient to
affect neural activity and hence the IMIA system. On the other hand,

L
slightly lowering extracellular [Ca?” ] is known to increase spontaacous
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neural activity (107) and npore dmportantly suppress the rel-use of
neurotransmitters (60, 107). This uncoupling of the stimulus-secretion
could be the mechanism whercby an inhibitory input(s) to CRF neurons is
suppressed resulting in increased BHA activity. The action of lowx
[Ca2+] is probably not directly on the hypothalamus (e.g., CRF neuroans)
or the antcrior pituitary, since it is known that low ca?" doss not
affect the in vitro release of CRF end ACTH (6, 69, 70). On the other
hand, lowered extracellular [Mg2+] interfers with the storage of newly
synthesizad neurotransmitters (8) which in turn would decrcase the
amount of neurotransmitter recleascd from the vesicles, Thus, the
mechanism whereby reduced CSF [M32+] could affect the IN'A system is
similar to that postulated for cdecrcased CSF [Ca2+].

Activation of the HHA systemr by a lack of CSF K+, ca?’ and N32+
could possible have been mediated by alfecting the synthesis, releasc
and/or uptake of the adrenergic, cholinergic and/or gubnncfgic
neurotransmitters. In order to test this hypothesis, it was first
necessary to determine whether these neural systems were involved in the
maintenance of basal activity of the BHA system. The excitatory effeccts
of low doses of either the a- or B-adrenergic blockers indicated that
both receptors exert moderate inhibitory effects on basal BHA activity.
The latter was further substantiated by the finding that the perfusion
of both adrenergic blockers simultancously had a mildly additive elfect
on clevating plasmi cortisol levels., This indicates that both adrencrgic
receptors are involved in the tonic basal inhibition of the HIIA systenm
of the cat. These findings are in accocd with those demonstrating
that central a-receptors in the rat hove @i inhibitory effect on

basal HHA activity and contrary to those stating that the p-receptors
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are inactive in the basal state (26, 121); hovcver,
Marotta ¢t al., (89) recceantly have shown that th» f-receptors are
involved in regulating basal HJA activity of the rat and thzt both
¢~ and B-receptors play a role in the hypercapnic and hypoxic
activiation of the A system. Thus, the cat and the rat appear to
be similar in relation to adrenergic influences on the A systemn.

The perfusion of thc cerebroventricles with either high or low
doses of n- or m- cholinergic blockers, administered individually or
together, did not appreciably alter plesma cortisol levels. Even when
both cholinergic blockers were perfused sinultuneously with both
adrenergic blockers, the obscrved effect on plasma corticol levels was
not significantly diffccent from thosc obscrved when cats were
perfused with only the adrenergic blockers. These date not only
indicate th:t both cholinergic receptors arye not involved in the basal
regulation of IHA activity and thus acctylcholine does not cxert a
tonic excitatory effcect, but also that the adrenergic inhibitory effect
is not mediated indirectly via a cholinergic system, If during the
basal state the cholinergic neurons were excitatory to the adrenergic
system, the end result would be inhibition of the HHA sy:stem; however,
the probable decreasced release of both neurotransmitters resulting
from CSF perfusion with reduced [K+], [Caz+] or [H32+] vould renove
both an excitatory cholinergic input and an irhibitory adrenergic dinput
to the CRF neurcas. Obviously, the latter predominates when the antinal
is in the basal s.ate, since the result observed was activation of the
EHA system.  These in vive data are somewhat contravy to the in vitro
results obtained by Burden et al., (13) vho showed that the inhibitory

action of norepinephrine on CRF release from rat's hypothalarus is

gdaie i
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rediated through the cholinergic neural system. This discrepancy may
be due not only to o difference in animal species, but also that an
isolated hypothalamic preparation is devoid of the necessary tonic
neural inputs (i.c., excitatory and inhibitory) and thus renders it
an artificial preparation in which to study this system. Therefore,
it is difficult to relate these data to an intact animal. The above,
however, does not elimi..te the possible excitatory role for
acetylcholine on n- and/or m-receptors in the activation of the HHA
system during stress (43, 49, 122) and the regulation of the
circadian rhythm in plaswa cortisol levels (71, 72).

When GABA was pexrfused through the cercbral ventricles of
conscious cats, plasma cortisol levels were markedly eclevated. Thesc
data are in agreement with those of Krieger and Krieger (73) who
implanted GABA in the cat's median eninence and also with those of
Makara and Stark (82) who injected GABA into the cercbroventricles
of rats. On the other hand, although picrotoxin did not affect
the basal activity of the HHA system, it did block the excitatory
effect of GABA vhen both were perfused together. These data suggest
that the gabanergic neural system is not involved in the tonic basal
regulation of HHA activity; however, this finding does not exclude the
possibility that GABA may be involved in the IHA response to stress and
circadian activity by relaxing (17) the inhibitory action of the
hippocampus, vhich is rich in GABA content (126), on the hypothalamic
release of CRF (66, 91). Furthermore, since the plasma cortisol levels
which were cbserved when picrotoxin was perfused siunuvltancously with

the cholinergic and adrencrgic blockers were not sigeilicantly
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different from those noted when only the adrenergic blockers vcre
adninistered, this confirms not only that the role of the ndrenergic
system on basal HdA activity is predominantly inhibitory, but also that
this system is not functioning through a chain of gabanergic and/or
cholinergic paths to CRF neurons.

Since the cholinergic and gabanergic systems were mnot shown to be
involved in the maintenance of basal HHA activity, the question arose
as toe whether the action of lowered CSF [Ca2+], which uncouples
stirmulus-secretion (i.e., decreases norepinephrine release) and thus
stimulates the HHA systen by relaxing an inhibitory neural system, was
rediated via the adrenergic system. This involved the perfusion of
the cerebroventricles with CSF containing a lack of Ca?” end added
sorepinephrine. This neurotransmitter markedly irhibited the excitatory
effect of reduced CSF Ca?'. Since, as previously stated, lowering this
cation has no efiect on the in vitro release of CRF ox ACTH, this
suggests an inhibitory action of reduced CSF [Ca2+] on inhibitory neural
paths to CRF neurons and not on the CRF neurons themselves or the
anterior pituitary. Furthermore, since it is known that noxepinephrine
implanted in the hypothalamus and not the anterior pitultary (27, 39),
or placed in vitro with hypothalamic preparations (13) inhibits
CRF-ACTH relcase, it is postulated that the exogenous norepinephrine
acting directly on CRF mncurons xreplaced the nevrotransmitt: - vhich
was prevented from being released by low ca?*, Thus, the ¢ .vct of low
c2?” appears to have been mediated through the adrenergic s
the inhibitory action of this ncural system was removed by decreased CSF

. 0¥ 3 . e
[Ca?"] as a result of decreasing the release of norepinephrine.

ctem; that is,




The sinilar effect of low CSF [K+] on HIA activity may be due to
a mechanism which is initially different from that of low CSF [Cuz+].
The membrane potential of neurons and other secretory cells are known
to increase with decreased extracellular [K+] (60). Consequently,
cellular activity would be suppressed. This hyperpolarizaticn effect on
cellular membranes nay be the mechanisa whereby lowered CSF [K+] would
affect the adrenerygic system. The result of such an action would be to
release less norepinephrine and thus rewove an inhibitory control from
highly active CRF neurons. Although lowered CSF [Mg2+] would interfere
with the storage and release of neurctransmitter(s) (8), the effect of
this ion would be similar to that of luwered K& and Cuz+; that is,
removal of an inhibitory control over highly discharging CRF neurons.

To determine whether the excitatory effect of reduced CSF cations
(K+ and Caz+), CGABA and the neural blockers were acting thrmough the
control (feadback) center(s), dexamethesone, which is known to inhibit
neural activity cf the hippocampus (95) and hypothalawus (18), was
perfused with each of the previously mentioned cations, agonists or
aptagonists. The results illustrate that these excitatory actions wvere
corpletely inhibited by dexamethasone. This inhibitory action on the
excitatory effects of reduced extracellular CSF cations suggests that
the activities of these cations could be directed either to a site
(feedback) in the CNS and/or the pituitary; however, the CNS appears to
be the more likely location since 1) dexamethascone treated aninals oxe
raxinally responsive to 2n injected CRF preparation for at least 24 hr
(123); 2) the injection of porepinephrine into the adenohypophysis does
not affect the relcase of trophic hormones (57); end 3) a lack of CGF

cations should have provided the same excltatery effect on the




66

pitaitary when perfused alone or in combination with norcepinephrine,
Thus, the effects of reduced CSF cations are probably mediated via a
rclaxation of the adrvenergic system and in turn the inhibitory
activity of this system is not mediated through the cholinergic and/or
gabanexrgic systems. These data suggest that the adrenergic system acts
either directly on the feedback site(s) (e.g., hypothalarus) or
through some pathway which terminates on this site.

In conclusion, the data presented herein indicate that basal
activity in the conscious cat is achicved primarily by the inhibitory
action of the adrenorgic system on spontaneously discharging CRF ncurons.

Although the latter has been shown not to be the result of tonic

excitatory cholinergic or gabancrgic systems, this does not preclude the

possibility that other neural systems (c.g., serotonergic, histasinergic,
etc.) may tonically excite CRF neurons. Furthermere, the inhibitory
action of the adrenergic system requires no less than normal

= ot o+t . s :
extracellular [K'], [Ca® ] and [Mg” ]. It is postulated that slight
decreases in the concentrations of these cations as observed in various
environmental stressors such as hypoxia, hypocapnia, hyperthermla, etc.

may activate the HIA system by relaxing the inhibitory cffect of the

adrenergic systen.
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