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— ~~hysiological ranges, in the concentrations of various CSF cations (e.g., Na
+,

K+, Ca2+, Mg2+) could affect the basal activity of the HHA system directly or
through their actions on neurotransmltters 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+, K+,

2-F 2+Ca , Mg or Li . Blood samples were taken at variou\s times during CSF
perfusion and analyzed for cortisol fluorometrically .. These studies demon-
strated that although elevated CSF [K+J, [Ca2+] or_[Mg2+] did not alter
plasma cortisol levels, reducing these CSF cations activated the HHA system,
possibly by hyperpolarizin~ an inhibitory neural path(s) to CRF neurons.
Altering CSF LNa+J and [Li~] did not a f fe c t  HHA activity.

The excitatory e f fec t  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
(phenotolatnine and propranolol) administered alone or together elevated
cortisol levels, whereas neither nicotonic and muscarinic cholinergic
(inecamy lamine 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 Ca2+. The excitatory action of reduced [Ca2+1 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 dexainethasone 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 extracullular EK+J, [Ca2+] and [Mg2+]; and
3) not maintained by the cholinergic or gabanergic system nor is the effect of
the adrenergic syst~m mediated via the cholinergic and/or gabanergic systems.
In addition , the ex&itatory action of lowered CSF cations and the inhibitory
effect of the adrenergic system on basal HRA 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 }IHA system by relaxing the
tonic inhibitory action of the ac!~energic system.
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}4any e1iviroiunental stressors such as hypoxia , hyllercapala, .\  /

hypothermia , etc. have been shown to enh auco ndrcnocortical activity;

however , the mechanism(s) whereby these stressors aff t~ct the

hypothal amo -hypophys eal -a.drenocor t lea 1 (HH A) sys tern is not readily

laiown. It has beei~ proposed that the adrenocortical stiisuius may be

mediated in it iall y throu gh peripheral respiratory chemoreceptors for

acute hypoxia (7G , 78) 87) and the hypothalamo-hypophyseai complex for

acute hypercapula (77 , 79). These stressars , as well as others , hav e

also been shown to affect acid—base balance and ultimately the [1(1 of

cerebrospina]. fluid (CSF) . The proximity of the hypothalz~no—hypophyseal

cosplex to the ventricular systea~ and CSF led Malasaros aiid Unrotta

(83, 84) to investigate whether changes in CSF [H~ 3 would affect III1A

ac~ ivi.ty as well as respiratory paroeete~s. They showed that in

i~onstressed anesthetiaed clogs perfusion of the cerebroventricles with
+ . 

. 
. ‘I.

elevated CSF [H ] stimulated, while decreased CSF [II 3 inhibited,

adrenocorti.cal secretory rates . Furthermore , the perfusion of basic

CSF attenuated the acirenocortical response to hypoxia , whereas acidic

CSP augmanted this respanse.

in ac diticr. to changing CgP LU ’ J , various stressors are known to

alter other brain-CSF cations wiii cli in tnrn could affect central

neural (e.g., hy~ nt]ialan i.c) acti vity.  Dogs subj~ cU ’d to lowc’rud

ambient oxygen (02) coaceutratioT s c;lyjMt not only rcs :~i-~~tor y

alk zilosis but al~;o decrea ;os in CSP [} 4 3. Th e 1Jt ~ 3l ~t 1M11 of  hi gh

I
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concent rations of carbon dio :xj .do (C0~ ) J ads to art l~~ U on in ~gJ :

[K~ 3 (14 ) . Furthort iore , I~ R ol ~Lb~’ I I d  “ ‘ Nu increas a:; : ~;d ‘+ 
~Ca 2 +

decreases in CSP ~;]t cn l)ypar ~)yr~ xin is pro:’ae.atl by 3flj oct lug a pyrogcu ,

Sali~~ tel1a ty 1thosa , :uitcl the J~tter~l ventr icle  of conscious cats (104) .

Alterations in various C~F catic;ns induced either by in t ro—

ventricular injections of cations or ciiviroma~utal stressors are also

capable of affecting body tenperature, respiratory rate, heart rate,

arterial pressure, thirst ~-ad hunger. The cerebroventr .icular  or

push—pull (posterior hypothalamus) perfus ion of unanestha tized cats

and monkeys wi th CSF containing markedly elevated [Na + j has bee n sho~n

2+to increase body temperature , whereas perfusion with h .gb [Ca - 3

4decreased body temperature (3G . 98, 100, 101, 102) . Excess K or

had essentially no effect on bod y tenp orature . The altef ~d tcmpc-roture :;

persisted until the [Na 3 and [Ca 2
~ ] returned to jiorinal levels. Thus ,

a new “set— point” was established and the anisnils were capable of

ss~tintaining this newly acquired tei~perature when challenged by a hot

or cold stressor (102). !these investigators postu lated that body

temperature is maintained at 37°C by “inborn enzymatic” functions of

posterior hypothalamic neurons that regulate the release of a

neurotransinittor (e.g., accityicholino) depending upon the ratio of Na

to Ca2+ in the extracellular fluid (~3); however , the hi gh coItc.:n~’ r. tion

of Na + .,~~j Ca2
3 

used in those studies i :;~y hove nonspecif .ically stjtu:.iatcd

and. inhibited , rcseecti vely,  tha heat ga in  ccnt c r (‘~1) . Cther~; h~ve

pro1x)scd that it is not recCs:~ory to pos tu lat e  a ~I Set . .pOiu t f l , since

OsIaOrCCeLItOrS III  the pr ’op~ c oven aC 1 b~’ hypol hal n~~ :; (~ 
t~) n i ) ’ detect:

. 4 , -)4
change: ; ]fl Ihe La /ta~ or u: : ula rily and t i- ans ( lu c - e t ht ~’sa i ~o ~-i  t°~’~~

~~~~~~- -~~~~~~~~~- - - .-~~~~~~~~~~--~~~-- -.
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to the tempera ture regulating centers (1 24) .

- + 2~~ 2~~~. -Changing the concentrations of K , La - 
, or Mg - in various i nabic

sites con influence respiration, hea-rt rate and arterial pressure

(94 , 106, 117). lIlthin three minutes after the microinject ion of

200-800 pg K
+ into the cot ’s infundibuluni respiratory rates increased

(16) , while a 25~ KC 1 solution injected into either the hippocampus or

cer ebroventricles of rats (4) and dogs (28) , respectively, increased

heart rates. On the other hand, hypoventilat ion and/or bradycardia

occurred when or Mg 2+ was elevated in the hypothaimni of the cat

(16), rat (16) and rabbit (24). The effects of elevated [K ’], [Ca 2 )

and [1182+ ] on respiration and heart rate m a y  be attributed to

excitation and/or depression of neura l centers loca ted within the brain

stem. The perfusion of CSF contain ing a lack of Ca 2 + or an excess of

K’ through the cerebroventricles of anesthetized dogs caused marked

elevations in arterial pressure, while excesses of Ca~~ and

caused hypotcnsion ($1). - The pressor activities of low Ca~+ and high K
4

were related to their stitaulatory effect on the vasoinotor center which

in turn stimulated the release of catecholanines from the adrenal

medulla (81). Th~ decrease in arterial pressure caused by on excess of

Ca?4 
or ~~~~~ was considered a depressive action of tbe~ e cations on

this center (81).

Changes in CSF [Na
4
], [Z(~ J and [Ga p ”) a] so have b~ a shown to alt ar

hunger and th i rs t .  Micro inj act ior t  or push -pull perfusion of excess

+ + -
, K or Ca in the 3 ; tc’-ra l, hypo t h a i  a. ia ;  of  sa in ~e or hungry

an imals i nc-re ; .od the ‘~ a t as of f o a l  ingcs ~cd (3~ , 99 , 1 0~ )

Furthernore , ) iy pr r t un  1 a .1 1 1! (1 
~~~

) or a 2!d~ LU 1 sol uI  ion  i nj  c c l  ad

I
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into various hypoth~c 1anic sites (c. g. , a n t  e.r io r , lot:c’rzci , and dursal )

of the rat (33) , rabbit (11.2) or ge t (?‘) notivated the e ulinals to

drink within minutes ~i Ctu .r t h e  inj act :~oil . The increased drinking

occurs when osmoreceptors in the hypothalzLe~us are st imulatc -d by the

increased tonicity of the extracellular fluid (3).

Although little information is available on the acti.:is of CSF

cations on I fl-TA activiiy ,  the alterations in b:airt--CSF Na4
, K~, Ca2~

and Mg24 caused by several cnvi-romaental stressors , as wall as the

effects that experimentall y induced changes in br ain—C SF catio]~s have

on various physiological and behavioral activities , make it tempting

to postulate that these CSF cations nay also affect the activity of the

IttLt~ sy~tee~. Although specific nechanism(s) descril irig t h e  regulat ion

of phy-siolog ical activit ies by brain~CSy cation s arc not readily

understood , the pro1~ab1e actions of those cations en the lilA system nay

be 1) directly on primary sites (i.e., CRF neurons and/or aclenohyp o-

physis); 2) indirectly on- secondary sites (i.e., neural systems or paths)

which nay exhibit adrenerg ic , cholinergic and/or gabanergic

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

be affected by these neurotror isnitter s .

The effects  of monovalent and divalent cations directly on neural

tissue have been bio~;n for sc;ia tiuo . The pro~;c’~ ce of Na4 is cssent i al

4 for the i-ate of r .i so and amp li I ude of the ac t ion  potent ia l  (59 , 60) -

These t~o components of l iv -  a c t i on  po~ a n t i  al are propnxi: oiiol 1.0 t Ime

log of t h e  ratio o~ ext .ro ~ to in t r ace l lu i ;i r N;, 4 (5!~) . In ;dd i1~ia;i , N~~’

has been shown to 1) a I fac t  he ~~le~~-c- ~ ~ JianrOt~~;’P.vi . i.t acs .iro;a 1 he

pi e~;) I ! a pt  tc tci’im~in a i ~; ; 2)  ~ 1~ ’ mivce ~, :,a I )  f ~ r i ; O g~:fl(; r;! c,a of c-xci i o:y
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postsynaptic potcat:ials; and 3) be involved in the re—uptal ;e of the

ncurotransraitter by nerve cndia~ s (8 , 11, 45 , 59). Although Li+ may be

substituted for Na
4 

in iaaintair.ing neural function (60), this ion

decreases the release of norepinephr ine and serotonin from the rat ’s

brain (21, 55, 58), increases the uptake of monoaLlines and modulates

tryptophan hydroxylase activity (65 , 68, 85) . A combination of these

actions of Li
+ 
nay lead to the normalization of nonoamine content at

synapses with the subsequent amelioration of the manic or depressive

state in human patients (21, 55 , 58, 65, 85) . Furthermore , act ivation

of neurons can occur wnen extracellular [k ] as markedly increased

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

axonal membrane for the propagation of an action potential and/or

depolarization of the presynaptic terminal resulting in. neuro~

transmitter release and the subsequent increase in synaptic activity

(45, 53, 75, 96, 97).

Neurons and other secretory tissues nay be excited by Na+ and K4 ;

however, the presence of normal extracellular [Ca 24
) is essential

for the coupling of stinulus and secretion of neurotransmitters and

2+ . -hormones (6, 8, 32, 114, 115, 127), while Mg is involved an the

active uptake of neurotransoitters into the storage vesiches (113) . fin

additional function o~ normal [N~
4 ] is the genera t~ ea of the sy i~ e in

an action potential (32, 60). When the extracellular [Ca 2
~ ) of neurons

is reduced, spontaneous discharges occur in the form of the action

potential (37, 94) which is attributed to on increase in conduc~ encu

of monovalent ions (37, 107) . On the ot :lmer h a n d , low [1.7g~~j does not.

appear to affect neural act ~vity (60) . ‘iha io ;moti op hora t ic app lication

-~~~ .- -—.- ..~~ --— -— - — .-. -- —- — -m — - --~~~ 
-
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of high [ C a 2 4
) Cr I l ~:~~

1 
] to iicuro !is decicasas  nau i - ; l  aeL  l v i  ty (125) -

This suppressive effect appears t~ lv- - l oca l ized  ir .  the post synL:ptic

activity of neurons (125) . In coimtra st , increased [?.!g2
4
1 and [ Ca ~

4 ]

at the neuromuscular j unction are antagonist ic  to each other. The

decreasing activity caused by r4g~~ can be restored by incr easing Ca24

(12, 60). The antagonistic action betueen Ng2
4 and Ca2+ is a

presynapUc competitive effect which reducc~ the release of acetyl-

choline (60) .

The numerous effects of Na4, K ’, Ca24 and Mg 24 
on the activity of

neurons , as well as other cells , suggest the posssihility that these

cations could act directly on various compuncnts or levels of the 111111

system. Although the presence of extracellular Ca2~, but not K
4
, is

required for the secretion of glucocort icoids from adrenocort.ical cell.s

(56), this componen t of the hUlA syste~ 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 rechanisus (23). Even though CSF cations could enter the

systemic circulation during the perfusion of the corcbrcventricles,

the r.arked dilution of these ions would render them in~ f fec t i~ e on

adrenocortical cells.

Th rcmaini~-g tm~’o coi~pun onts  0r the }~1~A systen , the CPSF neuron s

and the chromop hL h_ ~s o ~ the lc’ i~y~ ci ~ :v is , could l)e a f .Cectcd di:cectly

liy CSP cat. ons if a cOf l f lec~ on j~ ~~~~~~~~~ 
i d ~’d b. -t s ( ; v I  tha cerebro —

ventricul ar ~~~~~~ ar ’i the ‘ J ü L l ~~1 z t . ü -h ypop hiy :;cn I co ’p 1e:~. An

ossoc aLion betucen the ih~ rd vi ii r~ civ and the  C~ 1 nami r ons  ha s  1 c-e~

denonstratecI . CSi co~~ioits  nay d i  ~i u .  d I cec t ly into I lie p;1.”c - ; l ch ) on
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and/or be taken up activel y by spec i.el . i zed epend )’onl c e l ls , the

tanycy tes . These cells send process. -~~; j u~ taposod to the hypothalamic

neurons arid may secrete into the hypothalamo~hypophy :~en1. portal

vessels @7 , 109) . Thus , the latter c ay act as a possible transpor t

channel between the cerebrovent :riclcs and the adenoh ypopitysis .

i~ecent1y it has been sho~-in that when the luteinizing releasing factor

(LRF) is injected into the third vent ricle of the rat , t h e  1utei ni~ ing

hormone (Lii) is released (5, 110) . Furthermore , follow ing the

administration of Na1131 , iH—1131 , 311—corticostcrone or ACTH-1125

into the cerebroventricles , these substances appeal-ed in the median

eminence, infundibular stalk and sing le portal vessels (62, 116) . Thus ,

it is conceivable that CSV cations could be transported to the adeno—

hypophy~;ea1 extrncel lul ax space and affect adenohypo~chysca 1 act ivity.

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

corticotropin releasing factor (CRF) and adrenocorticotropin (ACTh)

are released from in vitro preparations of rat’s hypothalamic (6) and

adenohypophyseal slices (69, 70, 90), respectively, when incubated in

the presence of 30-55 wM K~ and 0.75 mM Ca2’.

In addition to the possible direct effects of CSF cations on C~~

neurons and/or the anterior pituitary, the uon~~~~ines (e.g., nor~pinc-

rhcrine, dopanine and serot on in) which have been located in the

hypothalamus (19, 38, 40, 52 , 77, 331 , 119), could serve as indirect

i~z~diators of CSP cations by the la tter  altering the synthesis , storage ,

rel ease and/or uptake cf these ncurotrajt~-~’itters. The i

serotoni n, when inj ect~ d into fl’e ~i 1t o r  or  1:ypothalatits ol cat ; : : - ~~

t~ni1ko )’:; increases body 1 cP-f . :ra~.urv , u~v’ ~~~~ 1 ‘~fl~ei-ir o t l ~~ Fcidy 
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temperature of those anina l  s causes )~y 1iothalai:ti c rele~ se of scrotonin

(105) . These studies suggest that t h i s  mono amin e affec t s  the heat

gain xeechanisr.i. hvidence of a role for sci-otonin in regulating }i~ A

activity is conflicting. when seroton:in is 1ower ~ d in the rat ’s brain

by a diet deficient in tryptophan or the intrap~ritone~’l administration

of para chiorophenylalanine (pCPA), an inh bitor of tryptophan

hydroxylase, neither the basal nor the acute stress levels of plasma

corticosterone are affected (29, 30); however, others have shown

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

2) serotonin Injected into the hypotha1a~ius of hypothalamic

deafferented guinea pigs is sti.tiulatory (108) ; and 3) pCPA does not

af fect basal cortisol secretory rates of dogs, but does inhibit the

adrenocortical response to hypoxia (88). On the other hand , ~-di~n the

fornix is transected or the animals are pretreated with pCPA , the

serotonin levels in the hippocanipus, which normally parallel plasma

corticosterone levels and thus may be involved in circadian adreno—

cortical variations, de~rease rind a concomitant disrviption of the

circadian corticosterone rhythm occurs (27, 121). ThuS , the evidence

although incomplete indicates that the primary action of serotcain s’ay

be in the r.’aintenance of circadi an adreTiocortical  actix~.ty. Further

dcteriainition of whieth~ r seroton .in is involved in basal ITH A activity

ca nnot be fully .iscertaiuvd with a l i lecker  sp -c~ [ic for serotonin

recep t-~rn; is found. The blockers (e .g. ,  r~ . h~ ~-ev ~~i de , cyprohe2tad I

etc.) ciu rently available havo nany ~. ii ~-c -.ul a c  and veu~~ l e f f ec t s  in

riddit ion to blocking s’.~ i -ox rt~~’cgic re~ ~~ v r~: (31)

Other  i ono:’;~i nes t in ; 1 a t o  ktio~ ii o in 1 u e n e v  v a r  S phy ;  10 1 (~~~ l e e  1 

—-- - -~~~~-.-  —~ - — - -
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functions as well as possibly the c~1: net i i - cn: ;  in clude dopamine and

norep inephrine. When iiorop.tnephrin~ is  i r ij c-ct ed into the lateral

hypothalamus of rats (46) and monkeys (106) drinking and/or feeding

increases, whereas inj ection of this monoamine into the anterior

hypothalam us of these animals decreases bod y temperature (105) .

The administration c-f bis - (1-methy l -4 .-homop iperazinyl-thiocarbonyl) -

disulfide (FLA-63), an inhibitor of dopaiitime hydroxy lase which elevates

brain dopaitcine but depletes norepinephrine levels , elevates basal pias~na

corticosterone levels of rats (89 , 120, 121). Furthermore , intravenous

or cerebroventricular administration of norep ine~phrine into rats (10 ,

39 , 86, 128) and dogs (42 , 129) lower~; plasma il-hydroxycorticosteroid

(ll-OHCS) levels during basal or stress conditions , suggest ing that

the noradrencrg ic system e~crts an inhibitory action en IJI IA activity.

However , the inhibitory acti on of inject ed norepinephrine on plasma

ll—OH CS levels does not indicate whether the endogenous inonoan.Lne

is affecting alpha (ct) and/or beta (
~~ ) 

adrenerg ic receptors during

these two states of I IUA activity. Only limited dat a are available

concerning the type of adrenerg ic receptor involved in the inhibition

of 11—OHCS release. When phentolanine (c-blocker) or propranolol

(~-b1ocker) is injected intravenously or imtravent~ricular 1y into

nonstressed rats, cortic osterono ic-ve in are markedly increased with the

c-blocker but not with the ~-b1ockcr (12)), ~-zhile in laporatoinized (121)

or hypoxic rats (69) the inh ib i to ry  c f f e c ~t of rorepineplirhiie appears to

be r.~ediated by the a- receptors in the foi-~:ei m-~ess and both a— and

~..rcCcptors in the ]a~ ter stress. 1.’h~~t 1!eJ - the  iii1tib~ t ory  action of

norepineplir iat: ; o:i I IA a c t i v i t y ,  ~.L I cli i 
~
. ~ i I ;;1 I y inc-cl a c d  through



and/or ~—r CCeI)t 0rs dun n~ I ;a~~j I aII d st r e sn ft t l  condi t .~ ens  in the rat

is similar in other aciij ; al  v -odc ~l (e.~~. , c a L)  rca ; t I  as to be

ascertained .

The cholirtergic neural system , ubichi  is  involved in the regulation

of numerous physiological fur ict ion~ , l n ~y also he considered in

mediating the effects of altered CSF cations on J1I!A activity. These

may include altering the release and/or uptake of acety ichol ine (59,

107) . Microimplantation of acetyicholine or the cholinosilietic

carb~ :‘~l into the anterior h)pothalaaus of n ankeys increases bod y

te;.peiature , wh ereas when injected into the posterior hypothal asius it

decreases body temperature. This suggests that the anterior hypo-

thalami c choli nerg i c system is concerned with  heat gain , where as the

posterior hypothalamus is involved with heat loss (105) . When ic’ -

doses of acetylcholine or carbacol are injected into the lateral

hypothalamus of the monkey (1.06) or the rat (46) drirking is

increased , while the administration of high doses of carbacol , which

stimulates both the nico~inic(n) and muscarinic (m) rece~~ors , into

the basal hypothalanu s of nonstressod conscious cat s elevates plasna

cortisol leVOIS (74). When high doses of atropin e  which can hloc~

both n— and in—receptors (54) are inje ctud into the sa;:e s:ites , the

excitatory action of the agonist on t h e  JIUA system is blocked (74),

indicating that e ther the n- and/or In--receptors exert a regulatory

action on p iasrna co rt in o i  levels; however , wh ;e~ her c ar h a c o l  a f fec ted

basal }~1JA activity wa s not det e rmin ed  since ~~~~~~ co~- t i . sol ic-vein

were nea~;ured only in atrop inc pies  cc ni ,; ’cei t rt- ;ttcd anj s:a3 s .

Furthernore , the imp l a n t  at cni of at ~oj ~i n~’ crys t  al s in t Is 

~~~~—.-- - .--
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hypothalamus of rats ci t~. ~wat es  the adrenocortical response to the

surgical stress of iimp lnurt ;t t  ion (49), wherea s the subcutaneous (71)

or intravenous (72) in ject ion of atrop inc into cats a few hours prior

to the circadian rise in p lasma cortisol levels blocks this elevation .

Thus, the central cholinergic neural system may contribute to the

regulation of EThIA activity; however, whether n- and/or n-receptors

affect this system during stressful , circadlian and basal activities

is not readily known .

The gahanerg ic neural system has been investigated as to its

function in the central nervous system (CNS) . The nourotransinitter ,

y-aminobutyric acid (C~BA), of this system inhibits neural activity

presi~~ably by increasing the conductance of the anion C1 (1, 93).

‘Ihis acid which has been located in cerebrocortical and subcort:iceJ

structures (63, 93) has been considered an important regulator)’

factor in cortical pyramidal cell activity (93) . Subcortically GABA

content has been shown ~o decrease in the rat’s lateral hypothalamus

and increase in the ventromedial hypothalamus during hypoglycemia,

while the reverse occu:cs during hyperglycemia (63) . Thus , many

invest igator s have postulated a role for CAM in rcgulatirg appet Ite .

Furthern ~rc , the granular cell layer or the h1 ppocaL~pus has been sho~ n

to contain CM~A (126) ~1lich in tu rn recIuc~~i elcctr cai din chcrges  from

adj acen~ pyramida l. ccii s (17) . Since stimuluti on of tii~ bippo:ru ipun

can decre:ise il— Ofl C S levels (66, 91), the  Thl~iIL! t ()ry eIfc’ct I. ay lic’ Vi

pyramidal non eons wh i ch iii turn could is regul t ccl by CAI~\ ia n cent .  of

the hippocnu pus . Oa thit ; ot h e r  hand , wh en CA1 A :1 JnJ cc ted in to the

j, c d j  an ciminence of cc~~; , p l a s~ a cor ~ I sc-i i c v - i s  inc  is v , n (73) . This

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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suggests that a gabanergic neural system could be act i ng in the hypo-

thalamu s to suppress the action of inhibitory neurons on CRF neurons.

In view of the limited information concerning the function of CABA in

modulating adenocortical activit)r , fur ther  work is required in ord er to

determine the role of this neural system in the regulation of basal IilLk

activity.

The neurotransxaitters discussed above nay act not only on neural

paths to the CRF neurons but also on the CRF neurons themselves.

Support for the latter was recentl y provided by ~urdcn et al . ,  (13) ,

who studied the effects of various neurotransniitterz on the in vitro

release of CRF from rat’s hypothalamic preparations . The)r fcuncl that

acetylcholine and seroton3n ~ncroased the release of CIU , whereas

norepinephrine and. CAM inhibited its release.

Proper function of the 1~1A system is dependent upon the approk niate

action of the control (feedback) center(s) which quantitatively

evaluates incoming excitatory and inhibitory si gnals , and then send

a signal of an exactly determined intensi ty-  to CRF neurons (123)

The control center r~~- site that serves as a common input for variovs

euroc1ier~ical and hormonal st . umlj  co n i d  be si tuat ed  in the ’ CNS :mn~i/ar

the adenohypop hy ; i s  . Ada in  is tr at : i ofl of cort isol  or the synthet ic

g1ucocortico~ d , e c Y n . . ha .oa . -
, in t o t im e c - ‘hr ~c vcntr1c 1 c s  or vas- L a .

subcort 1 cal sT c: (e .g .  , i s - h an c m i  e , c~ c. ) (‘(presses the stress

respuoses and t h .~ c i  j r  ~ ~- 1 - ;
~~ I ~.iss in p~ :ey ~ti Ii — OIICS levi- i (20 ,

61, 130 , J.~1) . Tin , , m i  ~-ci ~ . m j ~ al  or I - . i - .~~i i l  ( I ft C t s  cott id be

m e d i a t e d  ~‘t a a ( f l  c -s ( ( i t r i  C H  r .  l iul l ~~~~~~~~~~~~~ tis cyt p l a . - i c am ~d

ins- i cci- fr a c , e n s  ( 1 y~~~l’~i1 an ‘;, I i  ‘‘1 ~~I Id  ad  ~~~~~~~ ~ rp hy: -cc  I
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cells have a high rmff ini~ y for g lncoccrt icoids  (44, 67, 92, 118), and

the latter is known to depress hypothalamic and hippocaispal neuronal

activities (16, 35) .  This indicates that the pathways to the common

site (s) can originate in various areas of the brain . Although inj ections

of clopainine and serotommin into the third ventricle of rats cause

the release of some trophic hormones, these monoamines have no effect

when injected directly into the adenohypophysis (57). This suggests

that neural mechanisms and their naurotransaitters , whi ch affect

hypothalamo-hypophyseal activity, would act through a common site (s)

in the hypothalamus releasing hypothalamic factors and r.ot directly

on the adenohypophysic- . Finall y, Sa-elik (123) showed that when rats with

hypothalamic d~xaiaethasoae imp lant s ar e subjected to stress , the

adrenocort i cal response is abolisln-d ; however , when a crude CRF

• Preparation 15 injected into dexanathasone implanted rats , the acir eno—

cortical response was normal (i.e., stimulated) for at- least 24 hi’

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 , presumably due to the absence of tonic hypothalamic

influences cii the anterior pituitary (67, 123) .

4 Since changes in brain—CS? c.ati.or!s ca n affect various physiological

a-~tivities, it i.s postulated tha.t those mechianisan s which regulat e the

ionic environment of the lmypntlwlasc -uz and are influenced by

various shr essors  could af fect  IT iIA act .ivit.y e i th e r  dir ect ly amid/ or

through u c -u c o t r r n s m it t c c s .  Thus , the basic prob l em of thii~i r esearch

project is to ;ccr ts -min t h e ’  role(s) of CSP c;m~ uris in r eg i i iaLing l~ih\

activit)-. In or daa  to z i C C C ~mp i lslm lb I ~~~, the  foi]o ’.si a” w i l l  icr tai~cn

~~~~

— •
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under consideration once the conscious na3sal  m odel is validated :

1) whether alterat ions, m-i thun physiolog ical ranges , in the m::ajo r csI:

+ .
~ + +cations (Na , K’, Ca2 , and !ig’~ ) can affect the basal activity of  the 1H!~

system; 2) whether Li” , which is known to affect neurotrausnitter

activIty, can partially replace Na’
~ in CS? ; 3) whether ct- , ~~~

-, n- , in—

aM/or y—recep tors are involved in main~ain i rg  basal Ui -iA activity;

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

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

the actions of CSF cations and neurotransmitter s a e direc~ed to the

feedback site(s).



— ~~~
- — —~~~~~~ 

— -~~~~~~~~~ -~~
-
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II. ~4ATERIALS AN I) MiiTIJO 1)S

General_Preparation s

Seventy--four (254 trials-experiments) male and fenalo adul t cats,

weighing 3.6 ± 0.1 kg, were maintained in separate cages in a constant

teupera ture (25°C) room with a 12L: 121) (lights on 0600 hr) lightin g

sched ule and fed 1~ayne cat food (Allied fills) and water ad libitume .

The cats were anesthetized with Ketan ine h y drochloride (25 mg/kg; Parke ,

Davis and Co.) and a polyvinyl tubi.n~ ( l .D.  = .044 tt ; 0.D . = .065”)

was positioned in time superi or vena cav a—ri ght atrium via the left

external jugular vein . The cat ~s head was placed in a stereotaxic

frame and an incision made along the ski.n of the skull .  The muscles

on the parictal bone i~ere retracted and the skull cleaned with )0~o

hydrogen peroxide (J.T. Baker Chemical Co.) .

The coordinates , 8 man anterior to the carbars and 4 mm lateral to  the

~iid1ine (15), were located on the parietal bone and a hole (2 mvin) was

drilled through the bone. A modified electrode hold er to wh ich was

attached a stainless steel block (l2x12x 12 man) containing a bottom

out let with  a 22C_ l !~” stainless steel cutt ing needle and two side

outlets , one for mon~ tor iug pres~~ re’ and the other f e : -  p :~~~~~~a~ 0. 0~

sal lim e, was lowere’J gr a d L a l  ly in to  th e  bra in .  This y r n e e d u r e  ceirae ’d

a gradual imicre as-: in  l ressurc in t l i .~ p~’rfus ion sys ~e-~ unti l thi~r

lateral ventricic was i -eacle-d .  This  w;a. in d i c a t e d  by a sudden drop in

pressure i-ecord ~-d on Cr a ’a- P01 , r a r ir (i. i~~ 77)i) ~ I a a

1 i i ~sdir - y e  (fod”i 2$)  . ‘II ~
- v~ n 1 ,- ic t i l  a c c o r t lj n a t  ~ ( E : ; - I ~ I - IA ) ~~~~~~~



ic,

recorded and the cu t t i  ~g u~ad~ ( r  
~~. 

m - c -1 . T1i~ 1cm ~ais replaced

with a l~ G (1”) needle ecumnula with  a PolY~’.~flYl sleeve . 1ihule perfusing

Q.O~o saline through the needle to e i im i r . a ie  block age of ~h m e cammu la with

brain tissue, the camiula was 1o~wred into po~Uti0n . The external

jugular cannula , which was brought under the skin of the neck and

connected to another 19G needle, was attached to the top of the skull .

This cannula as well as the lateral ventricubar cannula were

permanently affixed to the skull with acrylic ce;~ent (Pine Precision

Dental Manufacturing Co.). The incision was closed with wound clips

(14 ~ im) and the am miimal injected with one million units Ricillin C—!l

(1’~!yet1i Laboratories, Inc.) .  FoJ 1om~ing the operation time animal was

returned to its cage and ch me~keJ daily for healing of wounds , pat acy

of cannulae and general health. Following the post surgery exp~- .’imen t ,

all cats were allowed to recover for at least seven days prior to

experimentation. I~hen a cat w c s used for r oro than one cxperimen L

• least two days elapsed between experiments.

Validation of the Aninal fodel

In order to determniile time time after surgery when cortisol levels

return to non—stressed levels , blo od srtn2 11~ (4--S ml) were taken from

13 cats i ImmrI!edia tel y fo1]o~dug su cgery W I l  l etwean (~ - O 0 - i O ~ O hr omi

clays 1, 2, 3, 4 and 7 after surgery. These 1)100(1 S~i~~ple~~, as m :e ’l1 as

all subsequent. b]~ crd sanp l es;, ~er c s~ ( acrd in  an iced bath UTi ~ 1 1

c-entr i fmij~cd at 2C~~ rj . . i for 12 nh~. I ~~ ‘ a  was t r an s  ruu. ~ t (I piasi  ic

v ia ls  and stored at  — 20° C u nt i l  ar c’ ly:’c ’ far cort .1 sol f t i ~~r- o ’~-t ~~t (51 1 y

(64).



1~/

In order to determine that t i e  ani mal  (20 t r ial  & on six cats)

modePs adrenal cortex was functionin~ , a large dose (2 0—2 5 units) of

ACT1L (Acthar; Armour Phar~ acemitical Co. or Cortrosyn; Organon, Inc.)

• was injected intravenously (Ii’) into cats at least seven days post--

operatively. Blood samples , which were analyzed for cortisol

concentrations (64), were collected before and 5, 10 and 15—20 mm

after the IV infusion of ACTI L . In addition, ACTh close-response studies

were performed on 22 cats so that the minimum dose of ACTI1 (sensitivi~:y

test) which would cause maximum elevations in cortisol levels could

be ascertained . Basal blood samples were taken before and 15-20 mm
after the IV infusion of 0.5, 5, 25 or 50 units ACTII.

Perfusion ~~p~~~ atus and Materials

The perfusion apparatus (Fig. 1) consisted of a specially constructed

plastic block (L = 42 man; II 40 mali ; IV 13 m m )  with a bottom outlet

which was connected to the cere-brorcutricular carmnula for perfusion of

normal or experimental CSF (Table I). An outlet on top of the block

was connecte d via a Stathan transducer to a polygraph for monitoring

CSF pressure. The tenpe.rature of the CSF was maintained at 37.5°C

by heating a nicbroae wire surrounding the CSI~ inlet tube with

approximately 70 volts froam a variable tran sform er. The CSF temperature

was monitored with a tite-rm i.stor proh~ (A tkins Technical Inc.). Thc’

perfusion apparatus was needed to introduce norm al  or cxpe:-- irmen tal

GSF, which were ontalncmci in two b ecikec ’ ;  and ag i ta t e d  by wagimet ic

stirrers, in t o  the ccrtbrovcntricles V i a  a mc i cr0 - i m m f t s : ; i c n  J cIePp (falter;

Model Rh 175) at c stctnt Lcmp~ra ~~ (37. 5°C) , pressure (15 en 11 20)

and rate (50 p 1/m it ’) 

—~~~~- -~~~~ • - — -~~~-—-- —~~~-. --~~~~~~-
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‘FABi I~ 1

CSF SOLUti ONS US ED }:O~& PiilU~U Si NC ‘i HE CEI~~~ 0VEN’1’lf CLE~S oi~ CATS

CSV compos ition ( i l ~q/L)~
Na~ K4 Li~ Ca~~ Mg~~ --flCO~ Urea Glucose

Normal 158 2.98 0.00 3.00 1.33 24.6 6.70 3.68

Sodium

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

Potassium
High 152 9.00 0.00 3.00 1.33 24.6 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 6.70 3.68

Low 161 2.98 .0.00 0.00 1.33 24.6 6.70 3.68

Magnesium -

High 155.3 2.98 0.00 3.00 3.99 24.6 6.70 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

aosmolality (314.8 mOsru ) kept constant by vary ing  co n cen t r a t i on s  of

Na4 , u rea or g lucose. The p11 was; adjusted to 7.35 t i  t 5 3 N ~I Cr
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The composi t i on of norma l  5~OCi~ CSF (Tat i ie  I) for cats was for ,nelated

accordi ’~ to [Ui) l islied -repor t s  (2 , 7, 22 , 5 4) .  Since previous

C\ j )e ’Ji~~cf lt S  (83, 84) fr om our laboratory iesve sbom~n that al tering

CSF can markediy affect tha c~ir t isoi  secre-tion of dogs , the

uas rigorously cor Lrollcd at ~~! 7.35 in both normal and

experimental CSF. In a~idition, the osnolality was maintai~sed at

31-4.8 r.mOsm by vary ing i~r i~ arily the urea and glucose content.

Perfusion Procedure

On the morning of exp er irantat iorr , the animals (seven days post-

operative) were l)rouglit into the testing room , a quiet location adjoin ing

the main laboratory, where they were kept for at least one hour prior to

the beg inning of o~perimentation. The perfusion apparatus was locl~ed

into the ventricular cannula (Pig . 3) and the animal p laced in an opan

top box (46x46x46 cm) . P erfusion of cats with normal CSF at SO pu ris m

was then started (15, 22). The CSP pressure was recorded on a Crass

polygraph. Those an imals whose CSF xr cssur e  increased or did not

stabilize at normal CSF pressurc (10-20 cia I1~O) were ini ’.ediatcly

exclu iecl from further perfusion. After 30 pin a control or Ire-per~~
.d

blood sample was collected. Ir ~nediate1y following the collection of

the control blood sample , the pol yviny l, tub e carryiT!~ normal CS!’ ~ aa

replaced with the experimental CSI~ l i , ime end the cerebrovent-r icles were

perfused for an cddit ioaal 60 m m  t ;J ~ blood samp les being tak en ~t 30

and 60 r im . To a.;ccrtain tli c t’axin - 1-espola ; iVefl ~’5:. of t he  adr eec i l

cortex, at the e-nd cif c - cc1 ~ c-~pe r i  a al p~~ ’1~~i! 20-25 mm its J\CTH ~ere

i rrfuscd oi: -r two i ci i - a t  cc ; i is~o the ~~~~ t e. n~ 1 lugu lair v’ n , the ca imn u la

f J  ir~;h. d ~iit1r sal inc ~m s a a a ,1 (.ad s : - ~ 1 e :: a api~ ~~ it -a e ly  20 i c i r m  

—- ---“-- - - ----~~--- • - • ---•——- - —---•--~~~ —~--~~ --~~~ -- -- -.  — .
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later. All blood S~ 5.~p 1C5 were anal yzed for cortisol fluorosmetrically

(64) .

I’er fusioa Ex2erizseiit~

1. Effects of the Perfusion A~~~ r~tu3 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 tolerance of the

cat to this proc edure. Three gr oups of cats were used in this study .

One group of cats (six trials on six cats) did not have the perfusion

apparatus attached to tire 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 time apparatus 
-

attached with normal CSF per fused at SO p1/mm through t h u

ventricles. Blood samples were collected at 30 mm (control or

px-e-period), 60 and 90 smut (30 and 60 mm experimental periods)

and at 110 rain (ACTh period).

Anesthesia ccxperinents micr o also performed in order to deter min e

whether the conscious cat would he a better animal model for

perfusion with CSF and not result in sign i f icant  change s in basal

plasma cortisol levels. Cats were anesthetized m ; i t h  ~od uai p ento--

barbital (2E meg/k g; Abbott Letiora tories)  and per r 1 :;ad vith nax -ai a ‘1

CSF for ~Y) mm with 20 units AC11~ being infused 1V at tlv. cad  of

cxperirsmental I*rI’ (1 tOl l ic flOY ’ 1 (~ F t- : ; sS ; 1;~~r f m1 ~,( ..1 Isi r an z~d~ it  i oa:’

20 n m .

2. CSP Ca t i o ’i  St u d m e ~;

A series of capar flcnt~ t~~’ ~ e de’.i sr ~d to a . a c  a i ii m - h c ~ iser 

~~~ - - - ---~~~~~~~~~~~~~~ ---— — -~~~- —~~~~~~~~~~~~~—
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al t ered CSF cc~t iaa  concentrat  ions l~noc~n to oc-cur dur in g  various

en~ ir onmenta 1 s tmess i o r s , such as hy p o x ia  and hypercapnia (9) , would

affect  the J IHA system . Various concentrations of CSP I~a
+
, )(

~

Ca2+ and ~~~2+ (Table I) ,  within physiological ranges , were perfused

(50 p 1/mm ) through the cerebroventricles of conscious cats_ In

two groups of animals 1.0 and 7.0 nI~ Li+/L were substituted for N~L +
.

Following a 30 mm control l)eriod da:-Lng which the animal was

perfused with norrial CSF , incr eased or decrea sed amounts of the

above mentioned cations (73 t r i a l s on 27 cats) were perfused during

a 60 rain experimental period t ’~ th ACTII infused IV at the end. of this

period .

3. Agonist and Antagonists  Studies

In order to separate the e.- and 0-receptor actions of norepine .—

phreine and the n— and n-receptor acfl cri s of ecctylcholine on IfllA

activity, the ct—adrenergic blocker , phentolamine (Ciba Pharm . Co.) ,

the 0—blocker , propranolol (Sigma Chemical Co.), the n-blocker,

mecanrylainine (Sigma Chemical Co.) and the m-.hlockcr , atrop ine

sulfate (Mallinchrodt Cherlical 1.’orl s) ,  were added to noracm l CSF

and perfused through the cerebrove~itr ic lcs  of conscious c a t s

(71 tr ials  on 33 cats) . ~ l ’ct ion oE doses and p er fu s ion  rates for

the (~ - - and 0 —hI ockers were bnsaa d ou those of Iheise and i~rc ’c: ~c C ~~c~’

(50, 51) , who perfused the vcatl- i(- 1 cc. of dogs wi t:h 30 and 10 lmg/ 1.c in ,

rcsp~ ctc vely.  In addit i on , ti- c ~l oc ;as  m:a ’~ I5O~ii  fR - mi  :i ri ordar  to

avoid overt i ahmam ~.i oc.-s I c ffcc: t ~ech a a vuca I i on , t ‘cc ii c ’; and

ex c i t  al; ~i ii y n-;Iicn cOi1 :;c~~~it(:; (~~i~ ~~ a I~~rf usNi v ’i~h t i me yr I ’t (ac-

blockers. ‘urns , a group of caL s (f o u r  L ri ;;1 CII a cc ; was

---

~ 
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perfused with phenoto lzmminc at 30 pg / mm ari d a secooci group (six

trials on fi~ie cats) with 1.0 pg/m m , whi le  prop rzsmolol was perfused

at 10 pg/mn (four trials on four cats) and 0 .3 pg/nm (nine trials

on seven cats) . Mother group of cats was per fuse~l simultaneously

with phentolaraine (1.0 pg/r~ii im) and propranolol (0.3 pg/rim ) in order

to determine the effect of blocking both a- and 0-receptors on IIft&

activity.

1~1ecamylainine t~as perfused at 0.8 pg/acm (seven trials on six

cats) and 3.0 pg/mm (seven t r ial s  on seven cats) , while atropine

was f irst  perfused at 0.8 pg/r :in (seven trials on five cats) and

then at 3.0 pg/adn (eight trials on six cats) . Perfusion doses and

rates were obtained fro~e Cano~ g (43) who per fused the cerebro— -

ventricles of surgically stressed dogs with atrop ine . These low

doses of atropine were selected since it is known that high doses

affect both n- and me-receptors, whereas low doses affect primarily

the n-receptors (54). Mecariylamine t~ij ether with at rop ine was

perfused (six trials on four cats) at 0.8 pg/lain in another group

-of experimen~s. In order to determine th~ interaction of both

adrenerg ic and choi iimrcrgic receptors on IIIJA activity, phiento lai~iro

(1.0 pg/main) , propranolol (0.3 pg/ra in) , mecanylaruirte (0 .8 in g/mi n) and

atropine (0.8 pg/mm ) ware combined and perfused in six cat s (six

trials) -

4. GABA Studies

The inf luence of the 1!ippc aca ‘pus (44) on ad , rc a ,uLa~’-tica 1.

ac t i v ity  and thcc 1 r -ccsanc’e of C\ f t~ (1 2~ ) i i ;  t i  1 i i  ( S t  i - ia: u

proiapt ’~d the per f i ; : , i c ~n of CAI;\ jo order to ri ~;ccc a the effects
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of t h i s  iit :ur’o treimsicc itt er on J~ !; ; act. i vi L~- . P rc :i t ime perfusion

studies performed on ra ts  by ~ c c~~ ;aci  and Stark (~~~i , the dose and

perfusi on rate of (;A1 A were detera~ i;ed . (~A~ A (Si~ xa Chemical Co.)

~‘;as added to normal CSF and 1erf ;rd (100 p~ /j; m imi) in six cats

(six trials). Picroto d.n . a i-blocker for GABA , was perfused in

order to further delineate the action of GAI~A on IUIA activity. Ti m e

dose and perfusion rate of pi crotoxin (Sigma Cha; cal Co.) was

obtained from the studies of Lee and Yang (80) a~ ‘ I L O , 5  irc1:~m i m ~~r y

experiments in whi ch various doses of the blocher were added to

normal CSF. I~ehaviora1 effect s  were the pr imary factors that

resulted in the selection of 1.0 pg picrotoxin/a in to porfmrse throu~ hi

the ventricles of five cats (five t r ia ls) .  In order to ascertain

the interaction of GAJ3A and pLl crotoxin , the n eurot ransa it t er  and

antagonist were 1,~ rfi sed simul taneously  in four cats (four trials)

at 100 jmg/laifl and 1.0 pg/m ain , respectively. 
-

Another group (seven trials on SCV Cfl Cats) of experiments

included tine s,iLiul-taneous p er fusion of phentolaiftine (1.0 pg/am ),

propranolol (0.3 pg/ mm ) ,  mrcca ~:y lan i i i e  (0.8 pg/miat ) , atropine

(0.8 pg/ra in) and p icrot’oxin (1.0 pg/nm ) in order to ascertain the

effects of the interaction of the adrenerg ic , cho limmerg ic and gaba—

nergic neural systens on plasma cort i sol  levels .

5. Cat ion~~ m~~d 1 r o~~r:~~~~~itt cr Sii ’d y’

In order to asccr t c i i i  w~m et 1ier  I 1~c c Ifec  I of c~ : cat  ior ;s  (c .; , .,

Ca2~ lack)  on I~W\ activi t ) W aS  a d  i cc  ed t ic r icu ~ h i a S I a  l a i n - c I cm;

(e.g., adrenerg ic) , Cn :i c contc ;~ ~~~ lc () r ( ’~~i ;a-~ 1 a m a  (0.1 i ~/ ;2 l)  and a

lack of C.i
2

4 

wa s s c I t u t a d  f c c  1 ; - r J : ; i c c  f t t r i c ’~ c ~~ c ’ ~~~~~~; c~~ ; -~c ; ’~~: 1t U f C 1 ( c ;  

-~~ 
- --- -- --~~—~~ - -~~~~~~~~~~ 
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of t~co cats (five t r i a l s ) .  The perfw;ion rate of norep inepicrine was

obtained front the cerebroventricular pe r fus ion  studies of Van Loon

et al., ( 129).

6. Dexiciethasone Studies

DexaB~ethasone (Sigma Chemical Co.) was added to CSF and perfused

through the ventricles ii~ order to determine whether this synth etic

glucocorticoid was capable of inhibiting the stintulatory effects of

various cations and agormists-antagonists.  To perform these sttidie~

it was first necessary to ascertain the dose-perfusion rate of

dexamethasone which would 1o~-:er, if possible, the basal cortisol

levels in the cat raodel. The dose and perfusion rate was determined

by noting the effects of various rates (2-25 pg/nm ) which caused.

minimal behavioral chauges while still lowering r lascca cortisol

levels. Dexam~thnsone was added to normal CSF and perfused

(25 pg/main) in six cats for 90 miii prior to being injected IV with

!CTFL . Once this dose bad been established , de xanetha~or,e was added

to CSF containing no ~~ and then perfused through the ventricles of

five cats (six trials) for 8C s u n  after first perfusing the

ventricles for 30 n u n  with de~ :c~~~thci sone added to normal CSF .

Sij~ilar cxp erin~Pt~ ia-re pe~~f o ~ r. ”l by adding dexanet iiason’~ to CSF

containing 1) no C.m 2~ (six trials O il five cats); 2) CAI3 A (100 pg /nm ;

six trials oi tin-en cats ) ;  or 3) the five blockers (phc.itolamine at .

3 .0 pg fi ;nin , proprar uol .ol at 0.3 I c~ /c~~a , mn - ca ;  ‘yi c c c J m r e  at 0.8 jcg/m cia ,

atrophic at. 0.8 iig/miu and p ie m -’ a~ i a at 3 .0 2~~ /J~~ n)

7. Cor t~ scl l~n~ a,Tninat rm acid Ca 1 c’n1a ~ j i m  o~ Da t a

All pl ; t : . c
~ -1 ~: m ; 1 1ra; , idi 1 ch had k ’c;c st 0 r i d  c u t  --70 ~C, ~:cc c 

~~~~~~~~~ _ _ _ _
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anal y a( tl f i n i m ;  m ecca ’ ri ca ’ I - u a ~- c
~ al - c ( o rd i ,tmg to t i u c  i :c t i ad of

Kitabchi ami d  Yitcim-a l 1 ( ( - )  u.i ~iu t l i e c~ cc~j t  ion t h a t  2. 0 .~l -rather

than 1 .0  Lii f lmmor ~~sccnt i-a ; ul~ l~ t s usad . In ocd to as’,- c r t a  ic ;

~het 1mer the f 1uorom~at r t (  i c e t h m o ’.l was i~ dc~ d u s u m ~~n~ cortisol , it

was compare 1 to a radioii- . unoassay (34) in 5mW) CS O1at a m a d  frc :~ t i m e

/~ TH—dose response study. These data showed that tha ’ir~ basal

periods the cortisol values by t ime rad ioimniaunoassciy t. crc

approximately 75~ of the f 1tu ccroac ~ric me t im o d , Wi~eTC:is z c c t e r  the

administration of ACTJ1 the v~ i ues u~erc- essent ia l ly  ~i; i l c r .  )~ased

upon these results , ti m e more econmua ~ical and less I ~ c a

fluorouj uetric . procedure was selected .

Since Varia t ions  in the pre— pe r icd  (contro) ) i cvc i,s o f p las ica

cortisol were obse:cv ed zumno~ g the cat s , the data from l l~e ~ e r f m ; : i o n

studies ar e report ed as the perce nt (~~~
) chaiu~ c in cortisol levels

for each cat fron ti me pr o-period value . Group means m :n ~ae

calculated from these ~ values arid are expressed in the text as ~

cortisol changes. Statisticai significancc was ascertained by the

independent t-test .

- - -- - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- 
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~‘al~ dat ion of the Animal Nodel

The effect of the surg ical procedure on time p iri smn a cortisol levels

of cats immediately folioi.iuig surgery and on days 1, 2, 3, 4 and 7 is

illustrated in Figure 2 . The smecium cortisol level af ter  surgery was

16.8 ± 1.4 ~g/lOO sul and decreased significantl y (P < 0.05) to

10.2 ± 0.7 and 10.3 ± 1.2 p gf lOO sul on days 1 and 2, respcctivaly.  On

days 3 and 4 the cortisol levels further decreased to 8.3 ± 1. 1 and

8.6 ± 0.8 pg/lOG Till , respectively, and these were si gnificantly ]ower

(P < 0.05) than on the day of sur gary but not from those noted on days

I and 2. The further decrease to 6 .6  0.8 pg/lOU m l  on da y 7 was

sign if icantl y (P < 0.05) lower than the day of surgery as well as on

the first two post-surgical days . Although cortisol l evels decreased

~arked1y after the first day of surgery, in all subsequent experi ments

at least 7 days we-re allowed for basal cortisol levels (72) to be

attained and for the complete recovery of general health (e.g.,

appetite, drinking, etc.).  In addition , sei zure activity that occurred

when cerebroveatr icular perfu sions were performed shortly af ter  surgery

was almost completely eliminated by 7 (lays postsnrgory.

Five main after the rap id injection of 20-25 units ACm , cortisol

levols (15.6 ± L3 pg/l00 sul) increased sign i f icantly (P < 0 .05)  from

those (8.3 :~ 0.6 pg/lOU i’ul) ol ervemi prior to the adminis t ra t ion  (if

ACTH (Fi g. 2 ) .  Fur the r  increases in cort i ol l cvc ’l s  occurred at  10

(16.4 :~ 1.4 pg f]00 r u ) ,  ]5 (20.1 4 1.4 P L / l C U  mcml )  ~nd 20 (i~~.5 :1 1.9

7/
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• Figure 2. Plasma cortisol levels of 13 cats (40 blood samples)

following surgery (A) ; six cats after  time inj ection of

20-25 units ACTI L (B) ; and 22 cats (25 tr ials)  af ter  the

inj ection of various doses of ACTh (C). Bar with

vertical line indicates  t ime mean ± S.E .f l . * den otes

P < 0.05 from ’t day ol surgery (A) , zero tim -cc (1;) or

pro—pe riod (C)
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i g/] 00 mal) ui.n and tbe~ e ~~ c si ~~~ I - am ~t ! 
~ 

(U < 0.05) ~~~~~ those of

their respective pro—i flJ CL ~ J ~~ ] c- r I c~i~ . ( u c :1 : r isons of the curt  isol

levels aucc4ng tha 5, 10 and 2~? in j - d  u.~~- i - :cot si~.a i f l  cant

(P > 0.05); hoc-iever , the ste-r i  ci cc~nc -erm ~ u -al  c ; m at 15 r’iin w~ :•;

significantly (P < 0.05) higher than at 5 m u m  but not significantly

(P > 0.05) di-ffcren~ froum ~ the 10 and  20 I c i f l  pariods. Since the cortisol

level at 15 main . was maximal , blood sai mpl es were withdrawn between

15—20 main after the injectica of ACTI -1 in subsequent experiments.

The cortisol levels observed after the inj ection of various doses

of ACTh arc presented in Figure 2. The injection of 0 .5 unit  AGTII

caused a sigrtificant (P < 0.05) increase in cortisol level over ~ts

prc—per ic .d level , as well as the pre- and post—perio ds of the saline

iimj cicted gi cup . Cortisol levels wore further elevated to 19 .8 ± 1.0

• ~.g/l0O mnl after S units ACTI I , l7 .~ :~ 1.0 pg/ lOG ml af ter  25 uni tc -~ AC h i

and 17.4 ± 1.0 pg/ lOO ml after 50 uni ts  AC’ffl . These cort i so l

concentrations were significantly (P < 0.05) hi gher thaii tlioS~ of t i:tir

respective pre-periods, as well as the pre- and post--periods (I f the

saline group. In subsequent experiments 20-25 units ACTJJ were injected

Iv at the end of the experimental period to determine naxir al s t imu l a t i on

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

ACm, they were not included in the stttd:ies reported herein.

1. 
~ j i9~~~~~~~ ~~~ and P .TIesthes i -, 

-

The eff..~cts of the pc~~ r ;c ov ajp c r at  I I !  and normal (~SF on j - )  asa~

corti ~;ol l eve ls  ar e I)rc nIed in . ~~~ . ;-e~~~~. A giouup o c;mt~ , wimi cli

~erc p1 aca(l iii the opemi re st  ia hi I iig i -ox ~-- i t l i c u  t i c A;~ a u ion

- —-----rn -—--rn —- ---- —- - --- - - - - --—- -- -—
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Figure 3. The pci-cent chances in  plasma cor t i sol fro m the p ro—per iod

in A) conscious cats (12 cats, 12 trials) with and without :  -

the pa r fus ion  appara tus  attcicluod ; I~) conscious c u t  S (ii

cat s, 12 t r ial s )  wi ti m and wi  t i m o i m t  CSF perfu! ; ion ;  and C)

COnSc i ()u- -; arud almost luc t i ~.ed cats (s I x cat s, s x tria ls )

perrmu .~-~ l-~’J~ 1l f l U I . ’~ ~ 
(;~;j :~ } t u r  % I t h  v e r L i c ;m l  1 h u e  h a d  h- a t

the uc: :~ a

- ~~~-— - rn- - - --— •~~~~~~~~~~ - —~~~~~~~ - ~~~~ - p ---~ -~~~~~~~~~~ --~~~~~ - -• ~~~~- ~~~—
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apnaratus a t tached to the VL-ntxicul:u’ can aula , (-xi l Ll ) l ted cor ti  se-I

chan ges dur ing the 30 (—2 7~ ) and 60 (7 ± 2O~) ~in expcr imientn l

periods which here not si gn iC icamt t ly  (P > 0 .05) different from the

control or pro-period value-s.  In anoth er t~i-oup of cats with the

perfusion apparatus attached to tha ventricular camumul a , pla sma

cortisol during the 30 (22 ± 16!i ) and 60 (21 ± 16’L) main periods did

not vary si gnific~ nt1y (I’ > 0.05) from one another or from the

group without the- apparatus attached at comparable periods. In

cats with the apparatus attache I to the ventricular carr .ula and

nornal CSF pe rfusi~d throu~th the ventricles, the cortisol changes

during the 30 and 60 mm period s were 4 ± 14% and 18 ~ 15%,

respec tively , above the pr e—p ar i od .  These values ~:ere not

signifi cantly (P > 0.05) higher than those of the group WIthout the

apparatus attached for the same period or time cats wi th the appar atu s

attached but without perfusing CSF . Figure 3 also shows the %

cortisol changes for the 30 and 60 miii periods of anesthetized

cats perfused with nornmal CSF. These cortisol changes were not

significantly (P > 0.05) different from those of conscious cats

perfused with CSF. Since perfusion of anesthetized cat s with normal

~SF offered no advantages in terms of basal cortisol levels over

the conscious cat m :odel, time latter was selected as being time

noro physiological prepa :cat ion . 
-

2. Cation_Studies

Presem ed in Figure 4 ar e  tIme ~ cortisol chmamc ~ es froii the

pre—p or i odis cau sed by thu p e r r ~~~r on of vcm cieas concent r at ions  oC

Na4, K
4 

and Li ~~
. The- cort:i se-i val u~~; for both the 30 and 60 ~m .i mc

______  -—-— - 
_ -_ - .-

~~—---~~~~~
— - -~~~~~~~~~~~ - • - -  - -  

~~~~~~~~~~~~~
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Figure 4. The percent changes in plasma cortisol from the pre-period

during ccrohroven tr icul  ar perfusion with CSF containing

various concentrations of A) sodium (18 cats, 19 trials);

B) potassium (13 cats , 13 trials); and C) lithium (11 cuts,

11 trials). Bar with vertical line indicates the mean

+ S.E N k denotes P < 0.05 from con t rol group (soiid i~ ! -)

I

_____ _________ __________ ~~~~~ — — . -~~~~-— ~~~- - --~~~—-~~~~~~~~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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p e-r io ls  of the lo~ Na ( 148 L~ /L) group i:er~ not significantl y

~ 0.05) different from the ;c obs~ rv~- t l a t  30 ( I i  2~.) and 60

(10 ±7%) iain in the contro l grou~ uli i cli was perfused wi th uorrival

quanti t ies of Na~ ~~~ i:cEq/ L) . in the hi gh Na~ (168 mii~ /L) group ,

corti sol increased at 3( ‘si n and then decl in ed slight ly at 60 rim .

These small changes in plasma cor t isol were not si gnificantly

(P > 0.05) different from those receiving normal quant i t ies  of Na+ .

In cats perfused with CSI lacking K~ (0 ntq/L) plasma cortisol

increased to 60 ± 14% at 30 mim and 67 ± 26% at 60 i:dn above

control lcveis (Fig. 4 ) .  These ~alue s were not only significantly

(P < 0.05) hi gher than the levels observed during the pro--period

but also rkcdly higher than those of the Cont roi group . On the

other hand, the perfusion of hi gh K~ (9.0 m1~q/L) caused node-st

el eva tions in plasma cortisol which w ere not si~nif:~ cantly

(P > 0.05) different from the control values. The two groups

receiving 1.0 and 2.0 r~i~q Li 4
IL showed % cortisol changes at 30 miii

of 45 ± 22% and IS.± 11%, and at 60 mm of 32 ± 8% and 12 ± 5%,

respectively (Fi g. 4).

The effects of perfusing various concentrat ions of Ca2+ and

on alterations in plasma cortisol are shown in Figure 5. The

perfusion of conscious cats m-iith CSP containing no Cu 2 caused

significant (P < 0.05) increases in plasma coi-tl sol of 80 ± 29% at

30 mm and 137 ±43 % at 60 main . flinircal changes were observed when

cats we-re ~ 
e-rfuse - l ~d th  hi gh N2~ (9.0 iahq/ I )  . C at s perfused wi th

various !~~2+ com~c :~scti ecis (0 , 0. 67) 1.33 and 3.!)!) m~d-~1/J) she-wed

)1lOc1es~ eievat ioas  in plasea CO1~ L: ; Ol  ; l o ~,ever , only the lover

- ~~~~~~~~~ -- -- —,—-
~~~ 
- 

-~~~~~~ -~~ --. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
- - 

-



Figu re 5. The percent changes in plasma cortisol from the pro-period

during cerebroventri cular perfusion wi th  CSF containing

various concenirati ons of A) ca l c i u m  (12 cats, 12 trials);

and B) magnesium (15 cats , 18 t r ia ls) . Bar with vert ical  -

line in dicate -s the mean ± S. P .~1. * denotes  P < 0.05

from control group (sol id be c)

— .-— ~~~~~~~ —-—-- -- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~ — ~~~~~~~~~ 
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concentratio ns of ~~~~~~~~~~ at 60 J;~.~ii caused sign i f i can t  (P < 0.05)

elevations above the control group .

All cats perfu:~ed with various concentrations of monovalent and 
-~

divalent cations e~diibitcd increases of 80% to 11.2% when MTI( was

aduinistered IV at the end of the experimental period ~Table II) .

3. Agonist and Auta~’,oaist Studies

Animals perfused with normal CSF containing the ci—adrenergic

blocker, phentolamine (1.0 ~1g/rlin) showed increase-s (P < 0.05) in

plasma cortisol above the prc--pariod of 49 ± 16% at 30 main and

66 ± 18% at 60 main (F ig .  6). The plasma cortisol of four cat s

perfused with phentolainiri e at 30 pg/nm increased markedly

(P < 0.05) at 30 (83 ± 38%) and 60 (219 ± 54%) n m .  These

experiments had to be aborted 5111C C conscious cats we-re not able to

withstand this dose wi thout exhibiting many behavioral (e.g.,

restlessness, vocalization , etc.) and physiological (e.g .,

defecation, sa1ivat~ion, etc.) changes. The plasma cortisol of cats

perfused wi th normal CSF contain i ng the L~-adre-norgic blocker ,

propranolol (0 .3 pg/iain) , increased though not sign i f ican t ly

(P > 0.05) 31.5 ± 5% at 30 i~in , while at 60 main the 4!) :~ iO %

increase in piasna cortisol i ns  sign i f i can~ ly (P < 0.05) higher

than tiie control gx ou p (Fi g.  6) . Four ca ts  1~~r fuse-d at 10 pg/mm

CXh-ib Lted si~niticeci t (P < 0.05) c n ~te; in cor~ isol love -I s  of

136 :k 49% at ~4O r i i n  and 272 :~. 51% at 60 uin .  /u~dit i on a i  an i~sil::

were not perfused i-;i ~h propran~ilo1 a t:h~ 1!i gll dose l i t c a U s  e of

siT~li1ar l~~lctv ! o r a l  and phy siol  ~~ & ;i l Cl il~~ L~~ t h a i  eccu n-~ d u. ith

time hi 8lt ~~~~ of j i u - a  L o l n r n h m a  1,~~-a c~i~~; i - L ~~ j : ~~fu: ;ed wi  ~ii ~~~~~~ 1 
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PF.RC1~N1 ctIANGI~ FRO~1 p!~~~ - I9d~ 100 iN PLASMA (:ORT1SOL CAUSId) I~Y ACTII
(20 uni~ s) Al~’~l NISTE 1U~I) 1V AT ‘iliti hNIJ  OP TIlE E X PERIMEN TA L PERIOD
IN CATS PEIU :USLD L’iiII CSF C0N !~U N I N ( VP JU OUS C N CENTRA ~i LON 0~:
CAT IONS

Cation Cortisol
nm Eq / L 

_____

Sodium

148 80 ±
158 100 ± 19
168 105 ± 10

Potassium

0 112 ± 19
9.0 104 ± 14

Lithium

1.0 106 ± 16
2.0 111 24

Magnesiur~

0 84 ± 15
0.67 93 ± 15
3.99 112 ± 25

Calcium

0 108 ± 16
9.0 100 ± 16

R Mean :~ . S . U . t.1.

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

during cerebroventricular perfusion with normal CSF

containing A) a—blocker , ph en t o l a m in e  (nine c at c , ten

trials; B) ~--b 1ocker , propran olol  (11 cats , 13 t r i a l s ) ;

and C) both a— and ~--h1o ckers cor i l l i ned (six cats , seven

trials) . Br r w i t h  v e r t i ca l  I m e -  i ( I c !  I c-ate-s t h e  u~ an ± S . U. n .

* denotes i’ ~ o.m; frurn -
~~i I t  rol group ( so l i d  b a r )
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CSF corctairwig the lower doses of both ~!te11 t01am ci1ie (1. 0 pg/main)

and propranolol (0.3 pg/m a), p lasc - i r i  cor tisol increased si gnif icantly

(P < 0.05) at both 30 (53 ± 34%) and 60 (89 ± 12 %) iain (Fig. 6).

These cortisol values were h ig her than those not ed when the two

blochers were perfused alone for the seine duration.

Figure 7 i l lustrates the % cortisol changes observed when the

cerebi-al ventricles of cats were perfused with cholinergic

autago1~ists. In animals perfused with mecaiuylrmiine (n-blocker)

at 0.8 pg/main, the changes observed in cortisol at 30 and 60 ma in

were not sign ificantly (P > 0.05) different front the control group.

1~hen the perfusion of cats with rcecamaylamaine was increased to

3.0 p g/main , plasma cortisol levels were neither signif icant ly

> 0. 05) different frost the- pre-period values nor from the control

group . The perfusion of cat~; w :tth atropine (n-blocker) at 0.8 or

3.0 pg/rein did not cause significan t (P > 0.05) alterat ions in

p1asm~c cortisol levels for the 30 or 60 LUll periods. Tn addition ,

cowbining inecamy lamine (0.8 pg/main) and atropine (0 .8 pg/main) in

the perfusion solut ion did not significantly (P > 0. 05) alter

plasma cortisol throughout the experimental period.

The effects of per Fusing CABA (100 itg/rain) on plasma cortisol

are presented in Fi gure 6. A 49 ± 12 % in crease (P < 0.05) from

the pre—period was observed at 30 main wh ich contlitued to rise to

69 A 32 % (1’ < 0.05) at 60 ecin. On the other hand , pcrru s~ on or

cats with the y—bl ock er , picroto x in (1. 0 p g/nm ) , d i d  not alter

steroid level s. ~?hea cHina is were p~ ’- r tc s ed ~-~.lh a conb i imati cin o

GABA (3 00 pg/math) and picrotce : in  (1 • 0 vg/m:’iu) , tire cort i~~O1 v: ‘ nor
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F:iguro 7. The percent changes in  plasma cortisol from the prc--period

during cerebroventricular perFusion with normal CSI :

containing A) the n-blocker , mec amylamin e (13 cats , 14

trials) ; B) in-blocker , atrop ine (11 cats, 15 trial ;); and

C) both n— and n—blockers combined (four ca t~~, si.x trials)

Bar wit h  vertical line indicates t h e  mae-an ± S .U .N.

* denotes P < 0.05 fron , control  group (sol id ha ~

IL — - - - - ~~~~~~~~~~~~~~~~~~~~~~~~ _--_-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---~~~~~ -~~~~~~~~~~~ - - -
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Figure 8. The percent changes in plasma cortisol from the pro--period

during cerebroventricular perfusion with normal CSF

containing A) CABA (six cats, si x trials); B) y-blocker,

picro toxin (five ca ts , five trials ) ; and C) a co’ah i nation

of CAM and the y— bloc k e~ (four cats, four t r i a ls )  1; a -r

wi th vertical I i tie- i m m d i  on t o .  t i m e  m ean :‘ S .E . . k d~ m i ~~

P < 0.05 from th e cot t i -ui  g rot ‘p ( n nI  i d ha r)
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at 30 (4 - t- 4%) and 60 (6 3 
~~~~~) ~~ i t  ~~~~ sinri lay to the pro-period

levels. Furthc-t -i~ore , i t  is ob’. b u s  that  ~~~~~~~~~ si gnifican t ly

< 0.05) inhibited the e~ fect ob served when CAI3A alone ~ :ts

perfused through the cerebral ventricles . CABA plu s picrotoxin

treated cats ~wre not secreting cortisol tiaximally, since ACTIL

inj ected at the c-n d of the experiment caused nodest elevations in

plasma cortisol levels (Table 111).

Figure 9 presents tire % cortisol changes of animals perfused

simultaneously with the low doses of a- (1.0 pg/main) , ~~~
- (0. 3 pg/ main) ,

n- (0.6 pg/main) and ma-. (0.8 pg/main) blockers during the experluental

period. At 30 main plasrua cortisol increased 43 ± 10% (P < 0.05),

and at 60 rein it increased to 71 ± 10% (P < 0.05) above the

prc—period values . These changes were also markedly

(P < 0.05) different from those observed in the control group at

si nilar times. The addition of picrotoXin (1.0 pg/main) to CSF

containing both adrenergic z- - - d cholinergic blockers cau sed

signi-ficant (P ~ 0.0~) alterations of 53 ± 15% at 30 main and

110 ± 38% at 60 main . Comp arisons of the cortisol values , which were

obsexved during the perfusion of the five blockers with those noted

when the four adrenerg ic and cho1~ n~rgic antagorl~sts were perfused ,

did not reveal signi-ficant (P > 0.05) differences. Cats perfuse~i

with antagoni sts alone or in various con~b:inations e’clr ib i tecI

increases of 69% to 233% i-~hen ACTh ‘- - -as adm inis te red  IV at the cud

of the cxperima .~ntal period (Table ITT)

4. Cation and Neurot i . ~~a s - r n t t  or

The effect:;  of per Fu: ;i ,~~ c:r :. ~: i th C~~ ‘u n  t ;r I ocr : e ~ I

ph’ine (0..l i -~/o1) an d a lack Of ( : r ~~~ are ~1u-:~n i in PI L 1t~~’ 30.

_ _ _ _ _ _ _ _ _ _ _ _  - - —~~~~~
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1’AI~1.t~ 111

PI~RCIiNT (:t IAN (;E PROM Pl~P - - PERI 01) 1 ~ I • I A~~.I -\ COR I’I 501 CA’,I~~I) 1~Y /~CT i I
(20 un i ts)  A D MINI S ’II f l uU ) IV AT TI R~ 1~~ I) 01: TI Ili EXPERi1- 1~ N ’1’AL I ’EP.IOl )
IN CATS PERFUSE1) I~1’u1 I CSP CON i’A l NT N~ VARI O h S  A( ;ONIS ’I S AN t )
ANTAGONI STS

Drugs Cortisol
-
—

a-blocker
1.0 119 ± 57

a

3 .0 189 ± 56

s-blocker
0 .3  101 ± 38

10 233 ± 70

~~, ft-blockers 
-

1.0; 0 .3  148 ± 56

y-blocker
1.0 87 ± 17

CAM
100 123 ± 13

y-blocker + CAM -

1.0; 100 69 A 12

n-blocker
0.8 106 ± 13
3.0 6 8 ± 6

in -blocker
0.8 

- 100 ± 10
3.0 69 ± 13

n , nl-1)loci-~ors
0.8; 0 .8  77 ± 14

C, f~, ii , ni-blockers
1.0; 0 .3; 0 .8 ;  0 .8 107 * 33

a, 
~~, 

y, Ii , m—blo cl :c ’rs
1 .0 ;  0 . 3 ; 1 .0 ;  0 .8 ;  0 .8  146 A 87

± S.Ii.?-I .
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Fi gure 9. The percent changes in p lasiia cort isol from the pr o—pe r iod

during cerebrovent r i  cular perfusion with normal CSF

contain ing A) th e cr, (~, n, in— b lockers (six cu t s , six

t r i a l s ;  mi d B) the four blockers wit in the  a d d i t i o n  of the

y—hlo ckc r , tn crotox in  (seven cat  s , severs t r I a I n ;) . Bar

with ve r ti ca l  I i n c  a d i c a t o s  th en nt ’on .1 S.J i .t.I . * deio tcs

P < 0. o: fri r~ t h e  control group (sol 1(1 bar)

- ~~~~~~~~~ - - - - -  -- “-. -~~~~~~~~~~~~~ 
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Pi gnire 10. The percent changes in p lasma cortisol from the pro-period

during cerebroventricular perfusion with normal CSI?

containing norepineplrr ine and a lack of Ca 2+ (tn’;() cats ,

five trials). Bar with vertical line indicates the n -;rn

± S.E.t.I. * denio tes p < ~~~~ fi~o2-;i the contro l group

(solid ba r ) ;  ~~~~ denotes P < 0.05 1 r -o::r the ) ack  of  CSP

Ca 7+ 
group (br oke r i  bar) .
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Norepinephr~ne si g n i f i c a n t l y  (P < 0. 05) inhibited the stinulatory

action of a lack of CSF Ca~~ at 30 (—1 * ~%) and 60 (-3 ± 12%) iein.

5. Dcxaraethasone Studies

The parfusion of cat s with dexir~ethiasone (25 pg/mm )

concomitantly with those enxperiwental CSF solutions ~qh.ich had a

stimaulatory effect on the Hi-IA system are presented in Figure 11.

Cats perfused with dexanethasone contained in normal CSF caused

decreases of -1] ± 5% at 30 main and -8 ± 8% at 60 ma in . Furthermore ,

dexani~thasone sign ificantly (P < 0.05) inhibited the stimulatory

effects of perfusing the cerebral ventricles of cats ~iith CSF

a) without K
4; b) without Ca~

4 ; c) containing CAM ; and

d) containing all five neural rcceptor blockers. In addition ,

all animal s whose increased cortisol levels were inh ibited by

dexarrethasone exhibited increases of 78% to 103% uh2n ACTII was

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



‘-‘5

Figure 11. - The percent chrmgas in plasma cortisol fron i the pro-period

during cerebroven t r icular perFu sion w i t h  dexaiiiethasone

added to A) normal CSF (six cats , six trials); B) CSF

without Y~ (five cats , six t r ia ls) ; C) CSF wi th Out  Ca 24

(five cats , six trials); D) CSP witl i  CAM (three ca t s ,

six trials); and Ii) CSF wi th  the e , f~, y, ii , rn —b l ockers

(five cats , six t r i a l s )  . Bar i - : i t h  v er t i c a l  l ine in d i c a te s

the mean ± ~; ~fl •f l ~ * denotes I> < 0.05 froit i groups

rec oivi rt ~’~ no (ICXW L . t i er sone (so] Id h : r t )
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TABLE 1V 
- 

-

PERCENT Ch ANGE FRON PIl E—P E R 101) IN PLASMA CORTI SOL CAUSED BY ACTII
(20 un i ts)  ADMINIST Ei -~J iD IV AT T!I fl FN J) OF Til E FXPE I~ThIENFA L PER IOD
IN CATS PERPUS EI ) WIT !! CSI~ CONTAIN iNG DEXANETH ASONE (25 pg / nm )
TOGETh ER t~ITIl VAR iOUS CATIONS , AGONI SF S Oil ANTA(;ONISTS

Cortisol

Sodium 
-

158 mfl q/L ~~ ÷

Potassi um
O m Eet/k - 98 ± 28

Calci un -

O mliq/L 103 ± 44

GABA
100 pg/mm 98 ± 24

cc, ~~~, 
y, n , ni-blockers -

1.0; 0.3; 1.0; 0.8; 0 .8  78 ± 12

~
‘l’1ean ± S.I i .M .

--— -------- - - —  -—-- -- ~~~~~
-- - - -~ - - - --—
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Prior to d et er m i n in g  the effec~~. cil’ perfusing various CS1~ cat ions on

basal h i-IA activity , the ~nintaI rodel and the cerebrov~n tr i cular  p er fusion

procedure were tested. These studies dmnonstratcd that seven days after

surg ically preparing the animal s  with lateral  ventricular and right

a-trial cannulac , they 1) had regained general health , 2) exhibited

mnorning cortisol levels which were normal (72), 3) had adrenal cortices

which responded to exogenous ACTII administration, and 4) did not

exhibit any perceptible changes in basal IIITA activity during cerebro—

ventricular perfusion ~-: i th noriaal rncck CSF. These results indicate

that the animal model was essentially i.n a “normal’ basal state at the

beginning of the cxper inent and that its IEI A system couht respond t:o the

CSF perfusion exper tr -~nt s  with eith~-r a decr~~ise or an increase in

plasma cortisol levels.

The cerebroventr icular perfu~~ ri with CSF containing a lack of K
4

markrd ly elevated plasma torti~o1 levels, whereas perfusion with

elevated [K
+
] was without effect. Since increased extracellu lar  [N 4 )

hypopolari7.es (i.e., membrane potential becomes lesr negative) and

decreased extracella r [I~~] hyperpolari~ es cellular mbranos (53, 59 ,

/5, 107), the excitatory effect of perfus ing mock CSF without K~ on tire

11111 system could not have been due to hyp t p o i a r i z at i o n  wi i c - h even tua l ly

leads to deoplarLrt I on. The lack of c~ c it a t5  ~n of tb: ’ fl~JA s) t e~ by
. + - -

~ncrca~ ed extr  cci] I n c  [K J may h e  a t  ~r i bu t c d  to a e~ Ju t  ion cf ~ ect

~~~iuCe the tuniover i - ;r t i  for c~;i : in i i  c ~ ~~ ~~~~~~ i L  ~ I y 50 pl/n~ n

55
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( 2 2 ) ,  the exogenous ad~~i I ! i st r a L io n  o~ C.~~ t : i t i t  e leva ted  y~ (9.0 nEq/L)

at the same rate would d i l u t e  the  ~~~~~~ ~] CSP by ~~~~~ rendering i t

approximat ely 6.0 i~E q/L . Thus , it i s 11, 1 tha t  the J~ !A systc~.r

requires a subs tan t ial ly  greate r  c-~.t acel  lu1~~r [K
4
] to reach threshold

and then flre. The latter is sub st aj it i at ed  by the in v it ro  studies

of others who demonstrated that the release of CRF (6) and ACTII (69 , 70)

requires 30-55 mM 1(~ for depolarizat ion of the cel ls, and further that

the potential uenibran~ of neural t issue is nore sensitive to decreases

than to increases in the ionic environment (60, 107) . Thus , the latter

could account for hyperpolariza tion of membranes even when one

considers that the cation concentrations of mock CSF solutions lacking

cations would be increased somewhat when nixed with endogenous CSF.

Therefore, the 11111 system appears to have been s t i m u l a t e d  tith louered -

CSF [K
4

) by hypei~~olariz~ n~ neural path(s)  to the CRF neurons , the

CRF neurons themselves and/or tire ante r io r  pi tu i t a ry .  The la t te r

component can be eliminated , since ch an g es in me~Thrnin- potent ia ls  of

adenohypophyseal cells re~ u 1ting from altered [K 4
] have been shown not

to be tightly coupled to the release of ACT~! (69 , 70) . Furthermore , if

CRF neurons were hyp~rpola riz ed, they wou ld undoubtedly secrete less

CRF , yet activation of the JIII A system wa s nc sted wi th  1o~ CSI [K 4
]. Thus ,

low [~~~] appears to have hy1erpolar i .~ cd p r im ar i ly  an i i ihi .b lto ; -y

ncur~ l pathway(s) .

The observed ~tab ii  it y  of the If l IA ~:y s t  e~~m in the pJ - e~.c~ ce c.~ ~l I ‘~b t ly

elevated ( incr e ;r srd 11) nbq/l.) or 1o~ ei-ed (d~- c ‘ ‘asr -d 10 I ; mh q/ !.)

conr. eir t ra t i o ims  of CSF N i’; in rmcco~d m i t im the V e ry  u t  c a ~~-:. not  ed

~ll j i eI~b r a n -~ j~at e n t  ma T . u .-~ 10 m ’ M t~ I .  ci (her  ~ 1d~~d or ie~~~~~d I r c ; ~

-- — — - ~~~~~-~~~~~~~~ - -~~~~~~~~~~~ —--~~~~~~~~ ---- -~~~~----~~~~~~ -~~~~~~~~~--—~ ~~~ -—- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -- -- —.. -~ —-~~~~
-
~~~~~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ext i-aceliular f lu id  of ter- :e: ; (60) . l e r ~. he ceo ~ e , there would be a 50’~

dilution of the hi gh c X ~ n~ep L  .I1 ( SP  [Na 4 
1 and comiy ersei  y an incr ease

in the low CSF [Na
4 ] with e~rdo~~nnous ( 5~V . Iii addition , t1m ~ lack of a

short term effect of either 1.0 or 2 .0  r-d~q L:i F
/L on the I~ L~ syst ;-t may

4
be considered on tin, b a si s  that Li can he sub~ t ituted  fo~ Na without

affecting neural activi ty (60) . Ther&~’or~ , the stabil ity ~ f the me:ibrcn e

potential in the presence of changes in extraccllular (Ua+] is

also valid for Li
4
. On the other hand , the effects of Li+ on momtoamin e

~~tabolis~ must he con~idcrcd . Recent. studies, however, have s1’~-wn that

~-l0 days of Li
i’ 

administration are required, before this cation affects

monoam ine activit y in the brain (65, S5) . Therefore, t h e  perfusion of

Li4 for 60 mm , although consi dercd toxic when plasma levels of 1. 0 mN q/L

are attained, would not be sufficient time for Li4’ to manifest its

effects om~ monoamine metab ol ism. Thus, the experi ments on Li4 
presentel

herein would not reveal a role for monoamines in the regulation of basal

IflfA activity.

The plasma cortisol •lcvels of cats perfused with hi gh concentrations

of the divalent cations , Ca 24 
and ~~g2 1’

, were relatively stable, while a

lack of these divalent cations caused significant elevations in plasma

cortisol levels. Although increased extracellular [Ca~-’~
’) and [Ncr 2~~~ can

suppress neural activity (106, 125) , i t  has been shown that a 5-l0~

CnC12 or MgSO,1 solution is required to  suppress this act ivi ty (12).

increasing these CSF cations only 1. 5 i~~q/J . , correctimm~ for dilu t io n,

above cndogenous ( SF con centrat )of ls  could he cons id ’red  i n su f f i c i e nt  to

affect  neur al act ~v it y  and h e c ~ thu’ I ~ ~\ ‘~.t ( f l I . On the 01 hç’ r kind ,

sli ght l y 1ow~ r in~ ext. m ccl luTe r [Cn 2~ ) .1 h~ n c o ~~i 1.0 i cc e ~~~ ~1Nr t : 1 -u -cia ;

- -~~ ~~~- -~~~ ~~~~~— ~~~- - -  -—-~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ -~~-~~~~ - - . - ~~ -~~~~
.- -
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neural activity (107) and more ii  por t a n t l y  suppress t h e  T ( t~, .:se o f

neurot ransmit ters  ( (0 , 107). This  uncoup l ing of the si inn]  u s - s e c r e t  ~ ci t

could be the m-eclLanisn i l m e r c b y  an in l i lb i  tory input (s) to CRF neurons is

suppressed resul t ing in increased I N A  ac t i vit y .  The action of 10.4

[Ca24] is probably not directly on the hypothalamus (e.g. ,  CRF neurons)

or the anterior pituitary, since it is known that low Ca 2 ” dams not

affect the in vitro release of CRF and ACTII (6 , 69 , 70) . On the other

hand, lowered extracellular [Mg 24
) interfers with the storage of newly

synthesized r.eurotransnitters (8) whi ,ch in turn would docr~:ase the

amount of neurotransmitter released front the vesicles. Thus , the

i~iechanism whereby reduced CSP [Mg 2 4) could affect the PIIA system is

similar to that postulated for decreased CSP [Ca 2
4
).

Activation of the }P~A systcc~ by a lack of CSF }Z~~, Ca~~ and flg 24

could possible ha’~e been mediated by af ;~ecting t ue  synthesis, release

and/or uptake of the adrenerg ic , cholirierg ic and/or gabanerg ic

ncurotransmitters. In order to test this hypothesis, it was f i rs t

necessary to determine whether these neural systems were involved in the

~iaintenance of basal activity of the PHI system. The excitatory effects

of low doses of either the ~~~— or adrener~ ic blockers indicated that

both receptors exert moderate inhibitory effects on basal UUA ac t i v i ty .

The latter was further substantiated by the f ind in g  that  the pe r fu s ion

of both adrenerg ic lulockers s i m u u l t a m i : - o u ; l y  had a m i l d ly  a d d i t iv e  c- f f e~-t

on elevating plasm i cortisol levels. This  indicate: ;  t h a t  both  C ( t f i t ’~~~ iC

receptors arc involved iii the tori ic I u 1 i mmh ~ ibit ion Of the I~ ~A sy~; t t m

of the cat. These f in d i  e~ - . em ’e in aeco,a 1 w i t h  those  de; o i le t  rat in~

tha t  centra l c~—re c ep to~’s in the  rat  Ii c. m l i i  hi 1(1 T y  c r f cct .  on

b asal  UIJA z i c i . i v i t y  amid  comi ~ c i )  to  the s t :~ ~ng t i l t t b . - ~ ; -  cce~ 
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are in a c t i v e  i n the I c e - : . ]  s~ atc (26 , 1 2 1 ) ;  ho: ever ,

Marott a et al  . , (p9) recca t iy  here sl u ;~ i that t i - (~--~-ccc-ptors are

involved in regu lat  ii~~ basal ItH A ac t iv iLy  ol the rat and that both

ce— and ~—rccept ors play a role in the htyp cmr capni c and h)-po;:ic

activiat~on of the PItA sys e-m . Thes, the cat m~d the rat appear to

he similar in relation to adrenerg ic influences on the PitA system.

The perfusion of the cerebroventriclcs with  either high or low

doses of n- or xe- chol inergic blockers , administered in dividual ly or

together, did not appreciably alter plasma ccirtisol levels. Even when

both cholinerg ic blockers were perfused simultaneously with both

adr energic blockers, the observed effect on plasm:i corti~ ul levels ~~~

not significantly cli-f-fcrent from those observed when cats were

perfused with only the adrenerg ic blockers . These deta no -  only

indicate t}’:t both cholinerg ic receptors in-c not involve d in the basal

regulation of lilA activity and thus accty lcholinc does not L-;-~e-rt a

tonic excitatory effect, but also that the adrenergic inhibitory effect

is not inediatc’d indirectly via a cholinerg ic system . If during the

basal state the choliiiergic neurons were excitatory to the adrenergic

syste~i, the- end resul t would be inhibition of the PItA sy stem; however,

the probable decreased release of both ncurotransmnitter s result ing

fromu CSF perfusion i-.J th i-educed [K 4’) ,  [C a 24
1 or wou ld re:iove

both an c:~c ~ ~a ~y c~u 11 nerg i c irtum ~ and an inh ibit o ry  at1r cner~ ic input

to the ciu~ ncur o.~s . 01w t m s i y ,  time latter pr c doninat e s  r ;hcn I lie a r t . : - : ; ]

is in th ’~ ha s:m l ~ ate , since the r.-se~ ~ oII:c cved ~-as act i  val  len ~f th e

PIIA systc;~. l im- ~sc in  v~ ve d :t ii a t e  - so:~. ;~ v t  co ar t  ral-y to  11w in  v i  ~~i - ~

result s ~b~u itmod by 1- ;irde t et ci. , (l~~) sI t u 5lm 1~ :-r 1 t i c i ~ the  i i : i - 1 i t u r y

action ol’ rct r l :p i r I .; i - i n c c: IJ i -  ~- 1  i -  - - -  I r e  i -c ~~ Il ypo~ h m a l a : - - :c_ i s

~~~~~~~~~ 

-
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nediated through the cholinerg ic neural  sy s t e m .  This discrep ancy may

be due net only to r d i f ference  in animal species , but also that an

isolated hypothalamic preparation is devoid of the necessary tonic

neural inputs (i.e., 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 eliiai~ ite the possible excitatory role for

acetylcholine on n— and/or m—receptors in the activation of the PItA

system during stress (43, 49, 122) and the regulation of the

circadian rhythm in piasna cortisol levels (71, 7 2 ) .

When CIBA was perfused through the cerebral ventricles of

conscious cats , plasma cortisol levels we-re markedly elevated . These

data are in agreement with those o~ I~rieger and Kri eger (73) w h o

implanted CIBA in the cat ’s median c-imminence and also with those of

1’lakara and Stark (82) who injected CIBA into the cerc-broventrjcles

of rats. On the other h~imd , although picrotoxin did not affect

the basal activity of the l-~IIA system , it did block the excitatory

effect of CIBA when both were per fused together. Th~sc data suggest

that the gabanerg ic neural system is not involved iii the tonic basal

regulation of LilA activity;  however, this finding do ns not exclude the

possibility that CABA nay ho involved in the lUll response to stress and

circadian activit y by re lax ing  (17) the inh ib i to ry  action of the

lrippocmnp:ts , whiCh it ; r ich in CAI’ A con ~eiit (12 6)  , on t h e  hypotha lamic

release of CItF (66, 91) . Furt l tarn on-e , since th e J m T n ~ i -~a cor t i so l  Ic -vel

which w- -re observed %~ll .- !  1 i crotox 11 ma- c p er fus ed s 1 r .’u l t  aneousl y ni  t im

the choline rg i c and imd m~c : :;~ i c  lii ;‘C ’-J ; : ;  
~

S ( - I - ( rot 5T ~‘!l 11 ic:tntl  >-

— -- —~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
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d ifi ei ent from thto~~ n oted  s-then only ti m e nm d re nergic b~ockcrs wore

administered , this  confiie m:mc not only t ij ~~~ 1: the role of the -drenc;rgic

system on basal lfl- !A activity is predominantly inhibitory, b~ t also that

this system is not functioning through a chain of gahanerg ic and/or

choliriergic paths to CRP neurons.

Since the cholinerg ic and gabanerg ic systems were riot shown to be

involved in the maintenance of basal hm ’HJ~ activity, the question arose

as to whether the action of lowered CSF [Ca2
4) , which uncouples

stimulus-secretion (i.e., decreases norep ine phrine release) and thus

stimulates the PItA system by relaxing an inhibitory neural system , was

mediated via the adrenerg ic system . This involved the perfusion of

the cerebroventricles with 0S1~ containing a lack of Ca2+ and added

norepinephrine. This neurotranssmitt er marked y inhibited the excitatory

effect of reduced CSF Ca 2
~~. Since, as previously stated, lowering this

cation has no effect on time in vitro release of CRP or ACTIT , this 
A

suggests an inhibitory action of reduced CSF [Ca2~ J on inhibitory neural

paths to CRF neurons and not on the CRF neurons themselves or the

anterior pituitary. Purthermore, since it is known that norepinephrine

iixplanted in the hypothalamus and not the anteri or pituitary (27 , 39),

or placed in vitro with hypothalamic preparations (13) inMbits

CItF—ACTII release, it is postulated that th-~ exogenous mmor op inerhr inu

act ing directly oim CRF neurons replaced the neurotr ansmn~ tt  - -  whi ch

was prevented from being released by low Ca~
4’. Thus , the . - st of low

C~ 2 4 
appears to hav .~ bcei m n~diatcd through the adren erg ic :i-~~; that  ~

the :Lnliibitory action of this neural system s-~cs ici- o v e d  by decreased CSI~

[Ca2~ j as a result- of decrei’ sing I he i-cl c-cs- u of mmorc- p ineph r ine.

-- - — --- - - ---~~~~~~~~~~ - -~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~
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Th~ s imi l a r  effect of low CS~ on HIA ac t iv i ty  may be cicia to

a mechanism which is i m  i t ial  ly di ffereim ~ from that of low CSF [Ca 2~ J

The mer~brane potential  cf neurons and other  SCC]c’ tory cells are known

to increase with d ecreased extracol lu lnr  [K + ) (60) . Consequently,

cellular activity would be suppressed. This hyperpolarizaticn effect  on

cellular ine~mbrancs may be the inechanisn whereb y lowered CSP [K + j would

affect the adrenerg ic system. The result of such an action would be to

release less norepinephrinc and thus remove an inhibitory control from

highly active CP~F neurons. Although lowered CSF [Mg2~ J would interfere

with the storage and release of neurotransmit ter(s)  (8) , the effect of

this ion would be similar to th at of lowered and Ca 2~ ; that is,

removal of an inhibitory control over hi ghly discharging CRF neurons.

To determine whether the excitatory effect of reduced CSF cations

and Ca 2 +) ,  CABA and the neural block ers were acting thrcugh the

control (fcedbacl:) center (s), dexarmethasone , which is knrn-m to inhibit

neural activity of the hippocarnpus (95 )  and hypothalamus (18), was

pa~ fused with each of the previously mentioned cations , agonists or

antagonists. The results illustrate that these excitatory actions s-ere

completely inhibited by dexamethasone. This inhibitory action on the

excitatory effects of reduced extracellular CSF cations suggests that

the activities of these cations could he directed eitlu~r to a site

(feedback) in the C~S and/or the pi tui tary ; however , the CNS appears to

be the s-ore likely location sinc-c 1) tiei~iuuethasone treated animals ire

i~axiw~a1ly responsive to a-n inj ected C[W preparation for at least 24 hr

(123) ; 2) the injt-ction of ror ; i : ~~h -incr  in to  tha adenoh ypophysis ~ioes

not affect the re:T ease of t r oph iic 1~a~ m :mo ~i s  ( S I )  ; and 3) a lack of C~ 5

cat ions should hma v~ u i -ovId ud the ~- am ’-~- c xci a r- r ~ e f fec t on the

- - — , - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~t 
—
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pit t i i~~try vh( n per fuse d alon e or in co;~b i  Lt:ioa wi th ncirc- p L~ep ~’~- ine .

Thus , time effects of reciuce~l CSI c:~t i o u s  are probab ly r~ediated via a

relaxation of the adrenorgic syster:! and in turn the inhibitory

activity of this syster~ is not rn ed iatc -d through the cholinerg ic and/or

gabanergic systems. These data suggest that the adr~nevgic systei t acts

either directly on the feedback site(s) (e.g., hypothalanus) or

through some pathway which terminates on this site.

In conclusion, the data presented herein ind icate that basal

activity in the conscious cat is achieved prir~arily by the inl~ibit .ory

action of the adrc-n~rgic system on spontaneously discharg ing CRF neurons.

Although the latter has been shown nat to be the result of tonic

excitatory cholinergic or gabanergic. systems, this does not preclude the

possibility that other neural systems (e.g. ,  serotonerg ic, hist~~ illorg ic ,

etc.) may tonically excite CRP neurons. Furthermore, the inhibitory

action of the adrenerg ic system requires no less than normal

extracellular [K~j, [Ca
2
~ ] and [Mg2~ ). It is postulated that slight

decreases in the concentrations of these cations as observcrl in various

environ~menta l stressors such as hypoxia, hypocapnia, hyperthermia , etc.

~ay activate the }~IA system by relaxing the inhibitory effect of the

adrenergic system . 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - - 
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