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KINETICS OF ADRENOCORTICOTROPIC HORMONE

INACTIVATION IN THE DOG
ABSTRACT

" Robert A. Everson,. P. Dunlap Smith and Ernest L. Dobson

It is known that ad‘renoc'o'rticotropic hormoné (ACTH) disappears_
very rapidl&r from‘the:circulation. The ré.te of degradation forms an
important determinant in the constancy of the circulating hormone level,
and ‘it is this aspect of ACTH inactivation in the dog to which this study.l

has been directed. In the absence of a direct method of analysis, in-

formation of ACTH activity was limited to the effect of the hormone on

the adrenal output of 11-hydroxycorticosteroids assuming a proportional

: relations_hip.

Cdmparable_levels of circulating ACTH in beagles and mongrels
were infered from plasma 11-OHCS mea-é-urements, and a circadian
periodicity of 11-OHCS concentration similar to that in other diurnally

active animals was observed. High hormone levels occurred at about

. 8:45 AM, énd these declined throughout the day to 1.ow values at about

midnight. Barbiturate anesthesia produced depression of ACTH release,
and while the blocking action was not ovércpme by minor surgery, more
extensive surgical maneuvers elicited near-maximal adrenocortical

responses.
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After hypophysectomy, adrenal ll—OHC‘IS_outputv declined very
rapidly, .indicating an ACTH half-life of‘ 3. 5 minutes and a 95% confi-
dence lirrﬁt range of 2.5-5.5 minutes. After loss of 90% of the ACTH
aétivity, a second, slower c’omponent of degradation was apparent.
This second component, with a;n .ACTH'TI/Z of 45 min_u'tes, was inter-
preted as.\mov_e,ment ofbtvhe't hormc;ne frc;rﬁ the lymph_and extravaécular ,
épacéé of the "outer poél” into the circulation.," A more prolc‘)nged,
two-component pattern for 'diséppearance of ll'—OHCS after hypophys-
'ectomy wa:; élso observed. JTl;xis prpduced 11-OHCS Ty /2 values of 76
minutes aqd 1 70 minutes respectively for the two components.

Graded increases in adrenal Vll-OHCS‘ output in hYpophysectofnized |
dogs were produced FWi_th, graded rates of AC'_I‘H infusion between 0. 05
“and 0. 85 mU/min. The lat.ter evoked maximal aarenal stimulation and
no further steroid >e1e.‘vatio'n was produced with higher ACTH infusion
rates. 11-OHCS overshoot responses were observed with sudden in_—
creases in ACTH stimulation. ACTH infusion fates between 0.0l and
.O."Z rhU/min induc.ed elevatio'n's of 11-OHCS output which apta’eared to be
proportioﬂal .to_ some_thi.ng intermediate \betwveler; the'ACTH dose and vthe
logarithm. of thve ACTﬁ dose.

Adrenal Blood. ﬂowvwas. n'bt. signifiéén:tly .affe'c‘ted by de_.pres‘.sio'n

of circulating ACTH after hypophysectomy.

»



Rapid inactivation of ACTH indicates metabolism of the hormone

in blood or in an organ with a large blood flow. For instance, due to

‘the limitation of blood flow, complete inactivation of ACTH by the

adrenals could not result in a half-life of less than 70 minutes.

Blood is not the primary inactivatér of ACTH, although some
hormone ciegradation is probable. No 1o§s of ACTH activity was noted
with pé.ss;ige of the_.hormbne thl;ough the liver, and the kidne};s did not
eXhiBit détecta.‘ble catabolism of the i)_ituitary peptide. Failure to demon-

strate loss of corticotropic activity in systems most reasonably capable

.of such action leads to the speculation that metabolism of ACTH occurs

in many tissues, each with a low efficiency, “such that significant

arterial-venous hormone differences are not detectable.

iv
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INTRODUCTION

Pituitary effect on adrengl structure and function was reco.gnized _
in"1912, when Ascoli and Leganani observed profound atrophy of the
vinn‘?‘er zones of the adrénal cortex in hypophysectom‘ized dogs (8). Medi-
caiﬂ curiosity in the hypothseal-adrénal relatic;nship was further |
fostered by evi.dent.:.e of adrenal atrophy iﬁ patients with accidental
. pituitary damage.and by récognition of the diametric'effects of pituitary
disqf_de‘rs in the produ'ction of Addison's disease and ‘Cushin.g's sy.ndrom'e'
(8).4_ The hormonal ba..sis of the hypophyseal influence was suggested in
the classic paper qf P. E Smith .inv1930, describiné parapharynvgealv
hypophysectomy in th(% rat and demonstrating that daily anterior pituitary
homotrénsplants restored to normal, or near.f;ormal, adrenal changes
‘produced by hypophyséct;omy (2).

In 1942 aﬁd' 1943 L1 Evans and Sim.pson (99, 100) and Sayers,
White aﬁd Long (1 6;7) independ_enfly described the.'isola‘tion of a highly
purified ho'rmone from sheep and pig pituitaries. The name adreno-
corticotropic hormone (ACTH) was proposed ln ‘l 943 by L1 and Evans
f‘ovz_' t;he active pfinciple of fhe pituitary which promotes rvepair‘of
adz;‘enal atrq.ph'y in hyéopﬁysec#omized ariima‘ls .(98), and the term
corticotropin - was formélly adoptfedv in 1951 for preparatiqns possessing

ACTH activity (1).



With more sophisticated methodology in prcv>rtein chemistry
anélysis, the structures of ACTH in pig, she_ep, cow and man were
elucidated, a singie polyp‘evptide'chain of;39 amino acids béing common
t'o all, wiﬁth some species variation. The amino acid sequenée 1te 24
is ‘identi»cal in corticotropin of the four species. Loss va the _N-#erfnina_l_
. amino acid, _se'rine,' or. gleayage of bonds through amino aéid 19 results
in gompletg 1osvs of biological éctivi_ty, but loss of amino acids 20.
throughf39 produces little or no effect on -bigldgical potency.: Extensive’
reviews and discus‘sionsv of fhé chemistry of'adrenoc’:orticptfopic _horrhone
have been presented by Li (92, 93), Evans, Sparks and Dixon (4),- 
.Hofndan gnd Yajima (85)7 and_Behrens’ and Bromer (11), and vs.ur.veys of
accumulated kqowledge éonéerntmg cérti;qtrdpi’n héve.beeﬁ,publ'ished '
recently by Sayers (165) and ;'by Guillemin (66).

’ r.I’he pituitary releasés ACTH in such small quantities that prior
to the devglopment of peptide concentrating techniqu.e_s, it‘w'_as not pos-
sible t.o_-de.tect .corticovtropic activity by direct e>.ctract‘i_von even in large
_vol.umes of plasma. Concentvrati»on estimates of ACTH in-.plasmva are 1n '
the-range of 0.1 to 1.0 mU/100 ml, with. remarkable specieé,_ similari-v .
ties under a variety of cpnditions. While circadian beriod_icity causes
fluctuations in the circulatipg levels of ACTH,. evidence supports the
concept olf”c‘on‘tinuogs. ra-thér than intermittent release ofl‘the horrﬁone-

(41, 165, 124).



The normally low levels of ACTH release and the regulation of
cohstancy in the lirr;ited physiological range are largely dependent on
negative feed—baék éontrol from 17-hydroxycorticosteroid secretion
by‘t_he adlrenals (40, 208). In view of the concept of a continuous basal

|
se;ifcretion of ACTH, an important aspect in the constancy of a low

!
cilrculating ievel is the inactivation or degradation of the pituité.ry pep-
tide. It i.s this aspect of ACTH iné.ctivation to which this study has
‘been directed.

In 1953, Syndor‘and Sayers found inactivation of endogenous ACTH
in rats to be extremely ‘rapid, ' as‘demonstrated' by an estimated half-
life of 6ne minute (1'81'). In c.ontrast, ‘Sweat and Farre'll., in 1954,
measured ACTH aétiv_ity by ﬂuore.scence of hydi'ocortisone (cmpd F)
énd cor.tic,osteror.ie‘ (cmpd B) in adrenal venous blood of dogs after hypo-
physectomy énd dgs‘cribed a distinct drop in steroid level by 30 minutes
aftér.hypophysec.tom'y‘.(_180). Corticosteroid output then continued to
deé.line to about half the pre-hypophysectomy yalue after 1 l;lour,. and a
low, apparently constant level _‘o.f secretion was éttained after 3 hours.
The de;:lines of cortisol and corticostefoné after hypophysectomy were

: vess._entially parallel. | | |

While consi&erablé effort has been exerted foward the r_esolutic;n

of the proBlem, the mechanism(s) responsible for the rapi'dv inactivation

‘of ACTH and the site(s.)'_of degradation remain ill-defined (41, 57, 96).
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It has been pfoposed that three possible modes of corticotropin inactiva-
tion mé.y exi.st: l ) uti_lizétion by fhe target organs, i.e., the adrenals,
2.) binaing arﬂa degrada;t.ion by -some éther parti(,;ular tissue or by tissues
.in genefal, and 3;) _eigcretion from the body in the sweat, ur';ne or
feces (116). S o o :

On.e_ of ’:'tl.'le major pf_oble'mS».in the quantitation‘of cirVCl.Jlating ACTH _. |
‘has been the lack of a:dii;eét aﬁalytical method for the hormone aésay.
While the devélopment of immu‘no—assay techniques holds greét' promiée
for more precise delineatio‘n of the ACTH value spectr'tim, the proceaureé
as yet éré too ‘compl.'e‘x_bana tirhe consuming to .be practical fgr rapid »
| e.véluation of.a iérge number of samples' (50, 109, 165, 205)._ A variety B
6f indirect methods for quantita‘fiIVe determination QflA.C'TH actiivity.have
been employed: depletioﬁ of adreﬂal a.scorbic"'ac.id ar'1avcrhov1es terol, in

vivo and in vitro adrenal steroidogenesis, adrenal weight change,

e(v)shinopenia,»_ rnela‘no'phofe stimulation, thymicolymphatic invol'p.éion, and
.infracellulaz; ana é‘pidermai.lipid depletion (41, 96, 102;' 165): Of theée,
ACTH-—induced dépletion.of adrenal z;scorbic acid aﬁa'stimqlatiog of
steroidogenesis halve been the ﬁost widely used, ’altho.ugh less reliance
has been piaced '0?1 fhe fprmer Because. of the qncertainfy of the cortico-
tropin-ascorbic ,acid‘v interrélaltionship.” It has beeh rep(S;'te_d that depletion
of adr‘enél ascorbic aé.id is ﬁot a réliable index of ACTH activity (66). In
the present study, in vivo 11-OHCS secretion, as megsuréd'in a<viren.a1_v |

venous blood, was employed_és the index of ACTH activity.

AN



o ACTH has béen considered to be the only stimulus of secretion
» of‘ 17-hydrox;'rcorticosteroids from the adrenal ;:ortex. of hypophysec-
l_:om‘ize'd animals (130). Several groups of investigators, however,
have reported the airect effect of ar;giotensirrlA on fhe secretion of
aljdoste.xforie and 17—0HCS in dogs, with conflictin'g results in rats (5,
26, 59, '1’;1).' 1t ﬂas’ been obServéd that aﬁgiotensin II does not deplete
adrenal ascorbic ac_:id.'}n hypophysectomizéd rats, thgreby raising the -
o question.of a possible vvdifferencge in horfnone action on adrena.is in rats
and dogs (21, 65, 77).. Renin has been shown tq stimulate the release
of aldésterone ‘and corticosteroids from the adrenalé of hypophysec-
tomi'ze‘d and hypophysectqmized-nephfectomized dogs (5, 20, 123).
| In analyses of adrenal cortical secretions of a number of species,
éortiéosterone;predomina‘tés in the rat‘, mouse and rabbit,' corticgj_
sterone and cortisol are about equal in the cox&, ox and ferret, and
cortisol is the d_om‘ipant product in man, mbnkeys, dogs, cats and
| shéép (17, 18, 43, 44, 77, 79, 146, 210). While an adrenal secretion
vratio of compound F to compound B as great as si)c has been reported
in d;)gs (1‘7),_. gré_at_er reliaBility_ has been extended to measu;ements of '
"FtoB rat:ios .c';f 1:1 to 2:1 (43, 44,",'210,'). |
The Matfingly rri_ethod emﬁloyed in this study for analyéié ;)f
pla.sma 1l-hydroxycortiéostefoids does not di_stinguish' betv&eenvcortisol '

and corticosterone (109), and thus, reference to adrenal steroid output



-as.an index of ACTH a’cfivity* w111 inclu.de both of these c‘om‘pounds'.
Aldosterone is also measured by this yte'c;hriiqﬁe althngh- its level of

. se'cretion.is quite small felativ_e té that of .cortisol aﬁd ’(‘:.c)r»t.';costero_ne‘. .
vChromagens-measured by the Nelson and Sarﬁuels méthod of. fi'.e;e cortico-
séeroid ‘aﬁalysis (131), using the Pérter;Silber reaction as an e’ﬁdpo-int
((151),. are referred utci_ as 17—_1.;'y_d‘-rvox§brcort'ic:osteroids'(26, 131), and cém;,
po‘un_d F, §'¥'__cortisol, is the éh-ief compound measured by .thi_s“metho'd

S (131).

Aho_t_her.céncépt to be borne in mind is that althpug}; aér-en_al
11-OHCS o@tput is the réfe_r‘ence of measurefnént throqghou-t ‘:thie;, study,}- :
the main consideration is 'th¢ change in _c.irc'ulating.ACTH- 1¢yels indicatéd '
by the 11-OHCS values during the various .expefirﬁental manipqla'tions. L
Thereforg, emphasis shoul.d not be --coﬁcen‘tfateci on the kine._tiéslof . .
_adrer;;{l sécrefions uniess spec’ifigd, but rather é. shift in thought mu.stfb._e
. maintained withbre.ferenc_e to the kinetics of AC.’.I'H'a.s indica.ted by its

effect on the secretion of adrenal corticosteroids.



EXPERIMENTAL METHODS AND MATERIALS
Anesthesia

Anesthesia in all dogs, with the exception of five, was accom-
plished by_intravenous injection of soaium pe'nt:obarbita.l1 at a dosage
of 30 mg per kg body weight. Periodic supplementary anesthesia was
necessary in all cases in which the experimeﬁt lasted for time periods
greater than about an hour.

Five dogs'wére anesthetized and maintained on a. corhbination of
sédium th_iornylal2 and nrie.t:hoxyflura.vne,3 and in fqture experiments this
Would be the prefer‘red. anesthesia. Atropine was administered as pre-
anesthetic medication to preveqt salivation and exudation of fluids into
the reépiratory tré.ct; al.tho.l.lgh this is reportedly not a problem in ‘the_

use of Metofane (11, 117). Sodium thiarnylai is a rapid, ultra-short

acting barbiturate anesthesia and was administered intravenously at a

dose of 40 mg per lb, or 18.2 mg per kg, about 30 minutes after atro-

pine. Individual sensitivity to Surital was found to be greater than that’

lDiabu‘ta.lz Diamond Laboratories, Inc., Des Moines, Iowa.
" 2Surital: Parke, Davis and Company, Detroit, Michigan.

3Metvofane : Pitman-Moore, Indianapolis, Indiana.



to Diabutal such that compensations in dosage had to be rha_.d_e for the
préper depth of apesthesia-.

With the onset of 1aryt_igea1 paralysis, en’dofracheal intubation was |
performed, and the endotracheal tube was ‘joiﬁed to an auto-inhalatio_n-
&apéa ratus whereby anesthesia could be maintained and contrvfolled’ on an
atmﬁsph¢fe of Metofane and pure oxygén. ‘

' Metdfanfe (2, Z-dichloro—l, l-dviflbuor..oethyl' mefhyl eth’e.r) is a |
rélatively new inhala'..tion'_a’nes'thesia. A brand of methquflurane;
M’et‘ofane isa nc;.rx-e,xplosive anesthétic of low toxicity. A.widefnarg_in.
of safety'exiéts between surgical anesthesia levelsiand toxic levels, and

recovery is of a rélative_ly short duration (11, 117).

-Hypophysectomy

The operative procedure for hypophyse'c_fomy.i_n the dog was essen-
tial}y t.hat of Markowitz' and A'rchib_aldv (107, 108)‘apd ._of McLean ( 1 13).
After induction of anesthesia the dog was placed on a dog board.in a
supine __positioﬁ. A wide d;a-l exposure was presented with a gag device
consisting of two thin metal rods 'sup.pobrted laterally by two ring ’stan.ds.
| The two rods Wére 'positioned behind the carnine teeth-of-the u‘pper,arid
~ -lower jaws such that approp'rv'iate adjustment of the r@ds along the ifing
stand would maintain the heé.d_-'in a horizontalvpo‘sition wlﬁle opening the -

lower jaw for maximal palatal exposure. Heavy surgical Sutur_e was



then passed through the tip of the tongue, the tongue was:' withdrawn, and
the suture was tied tova clamp on the upper horizontal bar. A wet gauzé
péd vs:/_a.'s wrapped around the tongue to prevent drying. Because of the
acute nature éf fhe éxperiments, no antiseptic precautions were neces-
sary.

Palpation of the oral exposure revealed the soft palate and thre
palatine bone. By means of an electro-surgical cauterizing knife, the
soft palate was incised iengthwise caudally from the rostral border of
'thev palatine bone.f.o‘r a distance of 3 to 4 .centimeter‘_s, and a ret_:ractvor
was introduced to expose’the nasbpharyngeal mucopériosteum. Laterallf
the hamuiate processes of the ptevrygoid bones were apparent, and the

‘cevn.ter of an imaginary iline between the processes designates the area
of thé mucoperiosteurﬁ to be cleared by cauterization. Upon ciearin.g.nof
the mucoperiosteum the intersphenoid suture becomes visible, and this ‘
ma.rks thé'ava’s‘cuiar'a.hterior border of th_e; sella turecica. E_vén thbugh
th_is term is applied, it should be borne in mind that in the dog a com-
pl.e_te'-s.vell’av turcica dqes not exist (113). The ostealvincision through the
outer basal plate of the skull and bthe’ cut through the diploe and inner
taib._le v;/_as aVCCO.nf‘lp].iShed by;a "_pear” dental burr 5 mm at the shaﬁk and

3 mm at the r,>ounded’ t1p ..__'I‘he' resulfing tape‘red.kovsteal bére was found
advantageous for better oBservatiop. Because of the close proximity of

the circular sinus latveralllyb é.nd posterior to the sella, it was desirable
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to guide the bore 'more‘ros‘t'rad. With‘ a thin layer of the inner table

still intact, it wz;.s possible 'eo see the exact location of the hypophs}sis '
in relation to fhe circulal; sinus and to compiete the drilling ﬁrocédure
without undue bleeding. It was ’necessary at times to pack thé opening
with bone wax to stop osteal bleeding, but fhe accumulation of bone

.dust usually enhapced clottihg. When the bleeding wasv- light, Oxycell .
was 4desirab1e over bong‘w.ax, since the latte; tenc'vl‘ed to Obstr@ct the
field if small pieces _remained;, The final o_pening’of the inner osseoué
‘table was ‘-enla_rged'by means of a curette. A vacuum aspirator was
necessary at all ti‘me‘s to cle;r !;he field of..bqne 'd'e;bris and blo'§d.

With 6niy the dufa mater encapsulating the v-ﬁypophysbis, an inci-

‘sion was made with a curved dural knife whereﬁpo_n the hypophysis
bulged forth into t_he osseous capal. Unlike previous repbrts., it §vas
found that with suction t»he‘ pituitary may not ~co‘meba\£;ay as a single unit,
bu_t rather in frégfnents,_ thereby leaving some qugstipn‘as to ‘t_he-’corn—.
pletene-ss of the hypophysevc‘tomy. Consequeht‘ly,' ig was found'that lifting
the hypophysis with suction and thenbcutt‘ing _thé stalk with the dural knife
resulted in less fragmentation and more cOns_‘istency in completeness of
the operatic_m than did removal of the hypb-physi.s by suctio.n éloﬁe. Bone

wax was then tamped into the rather spacious cavity. ‘Occasionally the

leycel;‘ Oxidized cellulose, cotton”type: Parke, Davis & Co.,
Detroit, Michigan. ' . .
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venous sinus was broken during the sectioning of the s'talk, and bone

wax had to be quickly applied to prevent undue bleeding.

Cannﬁlation of Blood Vessels

©  Cannulation of the Jugular Vein -

The purpose of cannulating the jugular vein was for ready sampling

of peripheral blood'and for infusion of supplementary anesthesia. Follow-

'ing_ar;esthesia, the dog was placed on the dog board in a supine position

and pressure was a'ppl_lied‘to the jugula;r. veins at the lateral tracheal

" boundaries at the cranial border of the shoulder. The distended jugulars

were then palpated céphalad. The jugular vein was then punctured with

“an Intracath needle,l' the polyethylene tube inserted through the needle

into the vein, the needle withdrawn and the system secured with tape to
the side of the neck. A saline drip bottle was connected to the cannula
by way of a three-way stop-cock, and after each blood sampling or

infusion, both the catheter _arid stop-cock were flushed with saline.

Cannulation of the Cephalic Vein, Saphenous Vein, Portal

Vein, ;aﬁd Hepatic Artery

The pur?ose of cannulati.ng the cephalic, saphenous and portal

vvei‘risvand the hepatic artery was. to provide channels for the constant

1Ir_1tr‘.év.ca.th: Bardicp, CIR., Bard, Inc. Murray Hill, New Jersey.
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infusion of ACTH, ‘salin.e,- bl'oo_é, or chromic phosphate. Ca'nnula'tionb
was accom'pl'ished. By introducing an 18-gauge, thin walled needle into
the distended vein and thréaaing 2 length of P. E. 50 tubing through the
neédle: and into the vein for se\}eral iﬁchés. Th;a nee}dle was then with-
drawn, the tube taped securely in p_lacela,nd, connected with a syringe of
'}vxeparini_zed saline by which the tub"e was flushe& pér-iodicalilyhnti.l

conhected to the infusion pump.

Cannulation of the Lumbo-Adrenal Vein
The lumbo-adrenal vein was cannulated for sampling of blood

directly from the adrenal gland for the determination of'plasrha 11—>OHCVS,

" output. The cannulation of the right lumbo-adrenal vein was based on

the method of Hume and Nelson (88). Following a‘ne‘svthesia fhe d‘;)g wa$
piaced on the do‘g board in a lateral recliningvpos";firon; and'ar; incision
.was madevin-th_e”la.teréil aspect of the. rivght hypochondrié‘c region caudal.
to the thiftée-nﬁh rib“. v_During surgery an'elle_ct:ro—sﬁr.gicalv unit was -
beneficial in reducing blood loss; A retroperitoneal approach to the
adrenal was also used. | |

When the field was ex'po.sed the lumbo-adrenal vein was cleared of
connect.ive tissue and small veips, if present, were ligated. A small
incision was then m‘ade in the lumbo-adrenal vein and a small plastic
éatheter.was introdqced ontp the vein and tied in place. The cannula

was brought to the outside through a stab wound and again tied in place
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(see Figure 1). A bottle of hbeparinized saline solution was connected
to the ca_.nnulaj and a slow drip was maintaineé wheh blood sampling was
not tak‘iﬁg place. |

A "choker" of ‘P. E. 10 tubing was placed around the adrenal vein
between the adre.nal giand 'and.the adrenal vein-inferior vena cava
junctufe. ‘Fach end ‘c.)f fhe ""choker'" loop was threaded through a section
of Infré.cath tub'in_g, two sections of which had been tied together with
wraps of surgif:a_lvsubture to prox‘ric.le a sliding noose. This construction
of a double slide rather than s'ilngle noose was -found advantageous to
prevent twistiﬁg of the '.'choker” and unplann‘ed‘ closure of the vein. The
- ""choker!' and noose were Broughf tc; the oﬁtside through the dorsal end‘
~ of tﬁe opera_ti‘ve wound, ‘vwhich wa; then sutured. With the nQose in a
relaxed pos.ivtion', blood flowed freely“frorri the adrenal gland through the
ad‘r‘ena]_.‘ vein into vt_h‘e‘ ir.l.fel."}'or vena cava. With the noose in a tj.ghtened
position, blood was biocked from flowing through the éd»renal vein and
passed through t.;he cannulated lumbo-adrenal vein into the collecting
: tube; Mob'st samples_wgre collected over a period of one minute, buvt in
~cases whén blood flow was redvu'c'ed, blood Qas collected for two or three

minutes.

Collection and Stora.ge. of Peripheral and Adrenal Venous Blood
Peripheral venous blood was collected as follows: 2-3 ml of blood

was drawn from the jugular vein cannula into a glass syringe previously
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—Choker
Right kidney

Lumboadrenal vein

. Right adrenal gland .
Demarcation of ‘Adrenal vein -
13th rib '

DBL 689-5470

Figure 1. Method of obtaining blood from right lumboadrenal vein.
With choker in relaxed position, adrenal effluent blood flows normally
 through the adrenal vein into the inferior vena cava. With choker in
tightened position, blood flows through the cannulated lumboadrenal
vein into a chilled collecting tube. Based on method of Hume, D.M.

" and D. H. Nelson. Surgical Forum. 5:568, 1954.
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washed with heparinized saline. A sample of 4. 5—5. 5 ml was then
drawn into a second syringe washed with heparinized saline; this
sample was immediately deposited into a graduated conical centrifuge .
tube maintained in a beaker of ice water; and the tube was capped.
Samples in later experirpents.were _coll‘ectec"l in graduated polycarbonate
rafhér than glass tubes. Blood from the first s.yringe was returned to .
the animal. .In most.cas.eé blood removed from the dogs was replaced '
'~ by a comparable volume from a 40nor animal. Hematocrits were |
measdred periodically in Wintrobe herﬁaﬁocrit tubes.

| Adrenal venous safnples were collected as follows: the saline
drip connection was removed, and the adrenal cannula was flushed with -
hepérinized éaline. Afte‘r’ti.ghtening aﬁd clamping the noose around the
adfenal vein, blood was allowed to flow and vclear the cannula for about
15 seconds. The flow ‘fo“r one minute, unless otherwisé specified, ‘was
é.lldwed to droi) freely-into a chilled heparinized centrifuge tube. At
the a.ilqted t.ime, sarﬁplin’g was iﬁterrupted, the tube was capped and
plac‘ed in a container of ice water, and the cannula was fllushed and
rec'qnneC't_ea with the saline dr_ip.

If: was poss-vible tovcol.lect a peripheral blood sample dufing-the

_ int.erval of collection of the adrenal vein sample.
AL blodd samples were r’na;vintained in icé water baths or ina

frozen state at all times except during analyses or during the measurement
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ér;d transfer of plasma. vCentrifuge‘ttion of 's_amples for the éepégration
of plasma was carried out at 3-4° C.

v After centrifugation, 2 ml of pIasma was drawn"from éach pé_ri-
ph'el;al Sétmple.t).y 'meaﬁ_s of a 2 ml vqlumetric 'pipétte.‘l' To.tal minute
blood flbw fronll'adrenal .sample.s was estimated by the graduations of
the centrifuge collecting t'ubés, and theipla'vsma was dréWn and'ﬁeéSured
by means of graduated 1, 2, or 5 ml graduated pipe'ftes, depen(’iir:)g on
the minute blood flow'v'ql-ur"ne. |

'R'epo.rts are conf_licting with regard to the need for r.efri'geratidn_
‘of blood sampl-és 'forh steféid assay, but in this s'.tud;y, ‘to avoid the
possibility of cortiCoi;i metabolism, plasma not ana'lyzed 'oﬁ ’thellc:lAvay of |
- sampling was frozén. vII_: has be:en.-suggested' that lack of rap.id refrigera-
tion of Blood may result iﬁ stex_'oid,v dégradation which wéuld make analys.‘es
as complicated as that in urine in&vhich assay fn_‘e‘asurerrient‘s are dis-
placed in favok of the steroid rrietabélite_s (127). However, fr-om,‘ varia-

tions in time and temperafure of incubation of blood samples, it has been

contended that in vitro metabolism of cortisol in whole bloo‘d is very
unlikely (143). The vsamev authors, with chromatog’ra.phy aﬁd radiograp};y |
of é.dded cortisol, have demon‘stra.ted' that plasma stored at ZSQC for 72
hours producés no steroid metabolites. Plas;iia refrigerated ﬁp to 2

weeks has demonstrated reproducibility of steroid levels (74, 132); and

if samples are kept in the frozen state, the reproducibility of plasma



stéroids has reportedly been maintained for up to 9 weeks (37, 67, 74,
94, 199). .On the other hand,» loss of r‘eprddlicibility in corticoid
analyses from frozen piésma.has also.b.e“en reported (13, 2>6).

It is known that red blood cevlls contain corticosteroids;, but it
has bee.n estimated that 90 percent of the peripheral cort.icovsteroids
are containédiin the pla'sfna. (37). Count differences between whole

- blood and plasma_dichloromethane‘extracts of cortisol-4C14 suggest
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that, in'huma,n-bloéd, 75 to 80 percent of ‘the cortisql"is in the plasma .

fractidr'lu(l.43). It..‘is. po'ésible that upon standing, the red ceils lose .
their differential p.)e.rmeé,-biiity, :thereby allo_wing a greater fraction ofv
the steroids to diffuse iﬁto the: cells (37).

. Replication of _éé:rticdid assay results has beén obtained in both
oxalated a,nd. heparinized uncentrifuged bldod refrigerated overnight
'(1‘;8, 204). ‘Howeve-z.', heparin was used as the anticoagulant in this

;

study, and it reportedly does not intqrfefe with steroid determinations

(37, 67). In the Nelson-Samuels method for corticosteroid analysis,

a hazy solution was obtained in the final reaction when citrate was used

as an anticoagulant (37, | 131). It is possible that some traces of calcium

‘are carried through the solvent system and react with sulfuric acid to

- form calcium sqlfate (37, 131).
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Assay'P‘rocedu're for Plasma 11-OHCS

Most metho.ds for" ti&e determination of free corticb‘ster‘oids in
plasma are derived from the i)focedure' of Nelson and Sémuels. (131,
169), using the Porﬂter-—Si.l'b.e_'r phenylhydrazine color reaction as an end.
point (151). According_ to paper' éhromatogfaphic an’aAl"ysis of tﬁis |
méthod, the éompound measgred was d'ern'ons_trat.ed to move with Wﬁat'
was c_:allevd. 175hy;1rochértisone (cortisol, hydrocortisvovne, Keridail'é.
C'omI-)ound F), 'w'hile. n6 evidence was fo.und'fori the presence of 17;
hydroxy 11—de-hyc‘lro-cc;rtico_stérone_‘ (coftiso'ne,' Kéndall's Compound E)
(132). Though this method 1s specific for measur.emen.t of :17—hydro_xY_
gorticosteroids, l;he -'ér»ocedurv_e is someyvhat Itime _cbnsuming‘ ;an;i1 r-veqﬁirés -
a lar'g'e'volqme of plasmé ."for each analysis. In considéfing the nurﬁber
‘of samples required for each expe‘ri’ment in the p‘r'esent study, fhe, use of
"the Porfer;:Silbér tchrorhagens as an indication of adrenfalr activity was
deér’nedv impracticavl. |

Most flLllqri‘r.netx.'_ic determinations of corticosteroids hé‘ve been
based on _the quanti_tati'\./e ﬂubresceﬁce of cortis'olv (1_1, 17, Zl—trvi_hydroxy;.
pregn-4-ene 3, 20-dione) an&co_r'ticos;erone (11, Zl-dihydfoxy;pregn—4;

_ ene-3, 20-dione) in sulfuric,; acid a'svdescribed bvy Sweat (179). Shortened
proceddres have beer; 'developed.which eliminate the nec'eséity for
chrorhatographic separations (170) and which allow for the -estimation-qf.

free corticosteroids in sma_ll volumes of rat plasma (67, 170, 195, 211).
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~J. van der Vies described a methbd for a water:carbon tetrachloride
phase separation of coriti,vsol and corticosterone (194). - Since the present
’ study_.ils not directly copcérﬁed with the relative amounts and distinction
bet\;veen cortisolzand éo_r#icostérone as ap index of adrenal activity, it
E was not necessary to include a pr_ocedur'é to differentiate between the
two.
The methods ’fof'determinatiovn of 11-OHCS in dog plasma in this
study vwere baéed ‘on tééhnicjues described. by De Moor, Steeno, Raskin,.

B and Hendrikx (26) and an abbreviated version of that method described

by Mattingly (129) with recommendations by Sparks (176). All glassWare B

used in this assay 'wasvwashed thoroughly, soakéd in chromi_c‘ acid cl.ean'—
ing svdlution, rinsed thoroughly in tap waterz-ar‘ld then distilled water, and
tﬁe'n- dried in a dr‘yirvlg‘oven». |

Before th;é assay rﬁétho_a of Mattingly was adopted, plasma samples
fromyI 10 animals'were“analy‘zed b}Ir the methoc‘ivof De Moor et al. (26).
The plasina-frém each blood sample was diluted to 3.5 ml with distilled

" water and combined with 12 ml distilled hexane in a glass.'r-stoppered

centrifuge 'tube, and the combination was shaken vigorously for 30 .sec_ionds.'

E Folllow-ing‘.aspira-tion of the hexane layer, 3 ml of the original was trans-

ferred to another tube and diluted to 5 ml with distilled water. 1 5 ml of -
_ dichlbr_omethane was addéd, and the tu-_be_-w'a's stoppered and inverted 30

 times.



Upon sepa"r-atidn of thé équeous fadd dichlor’ofﬁethéne _éktraction
la'yers, the aqueous 1a?er was alspirated and discarded, and _1‘2A ml of
the extraction ‘la:yer was. tfar’is’ferfed to andthér tube. One r;rll vbf 0.1N
NaOH was added-to each extracted sample, and the combination . was
shaken fdr 15 seconds. Thé agqueous laye.r 'was'agai.n aspira.-téd and -
divscarded;, and 10 ml of the eXtraction soldtion was trans.fverrved to a
clean centrifuge tube.

Concen.tr_at:'edv éulfuric é.cird and ethyl alcohoi in proportiohs Qf 3:1
" by voldme were rnixed: f_fesh’ in an ice bath for each 'bétch of san;1p1e's to
be analyéed. | Thé HZSO4:e'thy1 alcohol mixture .\_;.vas then allowed to
eq'uilibrafe to foorﬁ té.mpgrdt.ure. At two minute i'nterva'.ljsv, 2 ml 'ov'f
the acid mixture was added to each of the dichldrornethane extracts,
and these were shaken vigorously for 15 se‘cq"nds.' Cau't_ion.w‘és‘ main-
' tained to a’void.spatte'r‘ing when the glé.ss stopper was .releaéed folloWing'
s_haking. The"di-chlov_i'omethane layer v;;as then aspirated a;xd discarded.

Five fni»nute.s' after mixing of 't;,he dichlofomethade extfact with
sulfuric aci'd', -fluore;cence of the acid solution was read by means of
an Aminco- Bowman S[‘);actrophojtoﬂ’uo‘r'o'meter with an Aminco Photo-

‘multiplier Mi‘crophotometer a!;tachmenl:.1 A straight—sided 5 ml quartz

1American Instrument Company, 8030 Georgia Ave., Silver _
Springs, Maryland. The use of this instrument was generously provided
by Dr. Norman K. Freeman of Donner Laboratory. '
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cuvette was used. With the exception of one change due to breakage,

,t}ie Lsa..me éuvette was used for the reading of all samples, thus elim-
inating the necessity of seli'ecti_ng matching cuvettes for consistency in
readings. The cuvette was always oriented the same in the spectro-
'phfotbfluor'.ometer as designated by .an etched mark on one of t.he sides.
Follo.wi.ng_each réading'the samp1¢ was discarded, and the cuvette was
rinsed three fimés with distilled water, twice with acetone, and then
dried over a suction tube_v.-

The activation and emiséion"wa\félen-gths for 11-OHCS determina-
tiobn were 475 ja‘nd 512 millimicrpn-;s respectively.

With the except;mn. Qf the 10 animals dvescribed: .above,“ all other
plasrha _samp}es wégef*’aésayed fd’r 11-OHCS according to the technique |
of.Malttingly (.109) wi‘th-rec;ommendations ‘by Spé.rks (176). Two milliliter'v,
plésma sampleé_\x}ére uséd for the assay of steroids in peripheral blood,
wilereas plagma.-coliected over the periodv of one minute, and oécasionally
two or three minutes when adrenal blood flow was slow‘, was used in the
assay of adrenal ;veir; 11-OHCS. This volume was u_suall_.y less than 2 ml
and, in ofdér to’ma.ihtain a standard extractioﬁ volume throughoﬁt, was
'diiuted to 2 ml with distilled water when ngc'és sary.

Fifteen 'x.’nillilite'rs of _dic;,hlo.romethane_' was added to each plasm‘é.
‘sample. in glassfstopperéd cenfrifuge tubes. The tubes were then

stoppered tightly and shaken for 10 minutes on an automatic horizontal
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_shaking appa;-atus.- The upper aqueous layer was aspirated and discarded,
and 1'0 ml of the dichloromethane e‘x‘t'récAt from each tube was transferred
to a clean tube. |

It was recommended by Sparks ﬁhat redistilled dichloromethane be
used in the extractién- procedure (176).. Reagent grade di'chlorbmethang,
spectrograde dichloromethane, redistilled reagent grade dichloromethane
a‘nd standard grade dichloromethane were run through a ‘silic‘é gel colﬁmn
and compared by infrared spectrometry. The four groups of dichioro- )
methanel exhibited only slight variations in the infrared spectrogramé and
showed the presence of no alcohols which would afféct the extraction of
11-OHCS:. In a.ddition, spectrophotofluorometry of sulfuric acid:ethanol
'-bfovllowing shakingb wit.h each of the four groups of diclﬂoromethané showed
no detectable differenceé'. It was concluded that reagent grade dichloro-
-methdne fro‘rvn__bthe Mathesdn Company was adequate for extraction of
. 11-OHCS by the Mattingly technique ‘without further redistillation.

Some difference iln background fluorescence was noted, and it
s.eeméd to be related to the batch of sulfuric acid used and the length of
t_ime_after which the container had been opened. No q'ualitative ihvestiga-
tion was attempted in this inS‘taﬁce. | The background fluorescence for

each group of samples was consistent for -that'gfoup as indicated by

_ » IThe Matheson Company, Inc., Norwood, Ohio and East
- Rutherford, New Jersey.
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fluorescence of the reag»ent blank and was subtracted from the fluores—
cence value of each sample.

The e‘:thanol1 recommended by Sparks was the same as had been
used in all previous experiments.

"Sulfuric acid and ethanol in'.'prOpo_rtions' of 3:1 respectively were
mixed fresh for each batch of 'sérnples no longer than one hour prior to .
mixing with the first sample; Both the sulfuric acid and ethanol were
chilled be‘fore being mixed in an ice bat;h.' The mixture was then -
allowed to cool to r'voom tempefature.

At. 2 minute intervals, 5 ml of sulfuric acid:ethanol mixture was
added fo each.of the dichloromethade extracts. The tubes were shaken
vilgorously for 20 .sécdnds,v and, after alloWing for separation, the upper
dichloromethane léyer was vaspirated and discarded. fifteen minutes
after mixing, fl.uvor‘éscen’ce was recorded using 'th.é 5 ml quartz cuvette
and the Aminco-Bowman Spectrophdtoﬂuorbmeter.

For determiné.tidri of plasma ll-OHCS-.vaiues, two sets of three
cortisol stan_'da,rds each were exposed to t_he s‘ame analysig procedure as -
the plasma sa_.mples: a.vlow set of 0. 75 p.g, 0. 50 pg, and 0.25 ug as‘
stdﬁdérds vfo.r periphéljal plasma samples and adrenal sa,m'ples a‘fter

hy'pophys.ect_o‘rhy and during low levels of ACTH infusion, and a higher

-lRossVille Gold Seal, 200 Proof, Commercial Solvents Corp.,"
"Terre Haute, Indiana. . S
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set of standards of 10 pg, 6 pg, and 3’ iig for samples-before hypo-
physectomy and during higher. levels of ACTH in»'fu'éion. |

Thé‘_ spectrophotofluo_rometer was supplied with a photomultiplier
microphotometer unit, which ‘(.:onsists ¢ssentially of a é’ensiti(re photo-
multiplier tube aiid an ampilifi_er which responds to a small current
produced by the photomultiplier\ttibe and registers the amplified current
c_m‘a meter. Pcisitions' of the multiplier selection switch in steps of '
1 -.‘O, 0.3, 0. 1,-. 0.03, 0. Ol, - 0.003, | aind 0. 001 insert precision résistcirs
into the inlput circuit of t}i'e amplifier to change the sensitivity in fixed
steps over a range from 1000 to 1 (2). The relative. intensity of the
light incident on the pho.toi‘nultiplier is then the prod‘licf of the i'neter
reading, ‘the pércentv transmission, and the above multiplicaltion factors.

Compai'ison of fluorescence readingé of cortisol standards demon-
strated some incoﬁéistency of lower steroid levels recorded at different
meter multiplier s.ettings.v From a total of-.114 samples, fac'toi's of |
multiplicatii)n for equa.ting fluorescence re’aditigs ait a meter fnultiplier
of 0.1 with readings at 0. 03 for increasing cortisol levels were: 0.25 pg,
3.2 (range 2. 6-3.7); 045 ng, 3.3 (rangé 3.1-3.4); 0.75 pg, 3.3 (range
3.2-3.4); and 1.0 pg, 3.3 (range 3. 2-3.4).

| Since fluorescence frb_m plasma samplés covering a wide range of

11-OHCS content could not be read at one given meter multiplier setting

and due to inconsistent fluorescence readings at different multipliér
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settings, it was decide.d to read all san.np.les of higher 11-OHCS values
: a:t one mu'ltip'lier setting and the fluorescence of lsower 'll—OHCS ‘content :
~at é.nother, ' With standards recorded t;h1!'oughout the rangeé of the two
multiplier settings... The higher starlldards.apd pre-hypophysectomy
‘samples were read first with the me£er multipliér set af 0.1 and the
activation and emission wavelengths adjusted to maximal fluorescence
readings of 475 a.nd 512 respecti}vely. The lower standards and peri-
: pheral plasma sampies were read at a meter multiplier setting of 0.01 |
énd the same activation, e.mission, and sensitivity as for the higher
cortisbl stand‘ardsva-nd plasrha samples.

A feagent blank of water was run through the same procedure as
thé 's_tandards.apd plasvmvarsa'mples and was read at meter multiplier
Setfings of Both 0 1l and 0.01. T}.1.ese rea‘dirfgé were then subtfactéd
from the apprsprié.te standa'rds and plasma'valu'es as background
f_luoreé'cence.:

| Standarjd graphs weré constructed by plotting the cortisol values
for.éacil set of standards versus the ﬂuorescénce reading 6f eacix minus
the backgro'und reading of the reagent blank. The graphs were. con-
s‘trt.J..cted in terms of micrqgr,aﬁls cortisol vers'us., fluorescence .readings, ’
» ahd:slc:)i)es were 'ca.lcui_at_:ed ,fro.rn the prdportional relat‘ion'ships. ' By
means .‘of thé slopes of.the standard curvés, ' fhe fluoresceqce of the

plasma samples, the volume of each sample,' the collection time of the
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‘adrenal samples and thé. weight of th’é’ animals, 11-OHCS values were
calculated in térms 'of.co.nce‘ntratibn (microg’ra'rris per milliliter plasma)
otr in terms: of. adrenal ll-OHCS'éutput‘_(rni'crograrns per minute per 10
kilograms~bod’y ,wei.ght).' In order to establish a consistent style of
presentation of dat.a;_ thréugho.ﬁt the stuay, all graphs illustratingvch'aﬁges
iﬁ.circulgti,ng 11-OHCS and IA.C_"I‘H, which were frequently exponenfial, |
were constructed on a éerﬁi-lo.garithmic'scale.

When.Of.S, 1. 0, 2.5 or 4.0 rg of cortisol was ac:lded to plasma, -
- the mean recof}ery (;f corticoid using the M;tfingly assay method was
97. 5% with fespectivé values of 100, 103. 2, 94.8 and 91%. After addition
of tritium labeled cortisol to two plasma samples as}sayed by the Matt.inglyl
method, activity re‘ad-ings indicated éOrLiSOl recoveries of 98.9 and
97. 9%.'1 These Qalues are comparable to a mean cortisol recovery of
-98. 2%, r‘énge 93 ‘to 104%, rééérded by Mattingly after addition of ‘0. 5.or
1.0 pg of cortisol to plasma (109). - Recovery of 4-(c14 cortisol, 95.4
and 98.1%, did not differ significantly from the recbvery from distilled
water, 98. 3% .(109).- In add.ition, De Moor et al. reported a_rhean recovery
. of 101.4%, range 96.5 to lO;I. 3%, after addition ofVO.v 125, 0. 25 or O.S p,g

cortisol to plasma (26).

1These data were genei‘ously pfoVided by Miss Barbara A.
Bushnell from analyses conducted at Donner Laboratory.
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ACTH and Inflision Procedures

Corticotropin for constant_in_fusio,nvwa-s, obtained frpm two sources:

| Acfhafl andvpuriﬁed p_brcine ACTH without‘ added gelatin2 ‘('C.)S‘, "137). |

'Both lyophylized powders are readily soluble in water or saline solution,

ana ‘in all studies des;ribed, saline was _usgd as the solvent medium.

) The possibility. of prolongation or reduction of activity With ‘binding

of thé ACTH molecule to gelétin has been reported (156). However,

general"obser.'.vations in this study, although not quantitative, sho.we_c_l no

difference in tl—rle..onset;of activity with the two types of corticotropin,

and communicati_on wifh the Armour Pharmaceutical Company failed to

prévide information onr-._this question (49). .All Acthar solutions were

_a'djusted to a pH.'of 2.3-2.8 to prevent interéction of the hormone with

glass, whilevACTH obbtained from the Hormone Research Laboratoryv

- was’ infu's-ed withoﬁt adju_stfnent 6f pH, as recommended by Papkoff (137).
Twé purﬁpé wéré .Illsed for the infusion of ACTH andrboth operated

at an iﬁfusion rate of 0. 17 ml/min. The pump for saline and ACTH-

" sé.iine infusions ;onsisted of a screw—drive.n,' vertical, double syringe

| .arrangement, such that a rapid switch could be made from the infusion

~of one solution to that of another.

1Acthar, Cortlcotropm In3ect1on Armour Pharmaceut1ca1 Com-
pany, Box 511 Kankakee, Ilhno1s, 60901. '

2Thls ACTH was generously supplied by Dr. Harold Papkoff,
Hormone Research Laboratory, University of California Médical Center,
- San Francisco, California, 94122.
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ACTH—Blooﬁ sélutions were in’fused w‘ith a'single horizontal
syringe pump, equipped wi_t}; a rotating magnétic; mixing bar, which was
found ﬂecessary to prevent settling of red blood cells. lsi'io'r.to the
" infusions, ACTH .was'disso‘lvéd in a fe.w‘ milliliters ofv saline aﬁd at the
-appropriate tim¢ was diluted with bleod from a donor dog.'~ In ‘.switching
from an ACTH—b‘lc’)’od_ solution to an ACTH— saline or s‘alihe solutien, i.t
- was necessary to exchange the entire syringe béf'ore resuming the
infusvion‘.‘.-?Although somewhat awkward with resultant brief interruptions
in the infu_‘si‘onv,v it was considered more cohsistentvto continue the ACTH-
‘saline or saline infusions With the same pump as that»Wif:h'the ACTH-
blood infusi.or‘xs so as to forego discrepancies Which“-n'}ight' ’be:l' preseﬁted a

in the use of a different pump.

Estimation of Liver Blood Flow:

Chromic Phosphate Infusion

The purpose for the,‘infusi’on of labeled colloidal chrc')rn'ic phos-

phé.te, 'CrP3

204, was to detect any chaﬁges in liver blood flow during
the course of fhe experiments, particularly as affected by hyquhys—
ectomy and AC‘ITH, infusion. | |

The usé of coiloidal chromic i)hosphaite has been described as a
tool in the mealsﬁrément of iiver'éirculétion (28-),‘ and collolld-al*dis-

.appearance has been used extensively in the measurement of liver blood

flow (30).
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" A single injection of colloi'dal chrorﬁic phosphate disappears very
rapidiy ‘from the‘ circula‘tion according to a curve that is essentially
exponential (31)" and, :'therefore, the amount of labeled material remo'ved
at aﬁy time is propo'rtio‘nal to the amount present at that time. This is

expressed in the well known exponential equation,

where C, is the concentration at time t, C_ is the concentration at t =0,

and-k fs the colloid disappearance rate constant which is related to the
. I o .
- half-time of peripheral disappearance by the equation,
| . ‘ v .

o . 0.693
N I S V2

A bmvean half-time of 1.4 min, st.andard deviation of 0.3 min, for
. i:h_e initial.}di"sa_ppg.arén(.:e of chromic phosphate in moﬁgrel dogs has
. behen détermineé .(3(-)v)>.v ‘The average Tl‘/2 for b'eagl_es'vwas.; 1. .19 '_’"0. 23
‘min, which v;fas significantly different from that of moqgrels (30).
During constant .infuéion of chromic phosphaté, an équiiibriurri_
conc_entrafibn m the .blood is attained whe»n the rate of infgsion becomes
veqﬁé‘l t‘o the raté of removal, which is prépor.tional to the amo;mt

.p'reseritv.v - This is expressed by the equation,
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where I is the rate of infusion, V the volﬁme of distribution, and kV the
blood flow throughAthe: ofgan of clearancve (29). When the efficiency of
clear‘ance is high as it is in ‘thé liver, kV is proportionél t‘.o fhe Ablood
flow, and any change in liver blood flow establishes a new equilibrium
concentratién of chromic phosphate.

This e'qﬁati'on assumes 100%.c1e.axr'ance if kV is the bloqd' flow, and
while the ‘efficiencyv of C_rP3204 in Fhe dog is 9’5-.97”%, for practicail‘
purpéses, it is considered to be completely removed in a s_ingle’.pas‘s'ag‘e.
of blood through the liver (30, 3*1).' ’fhus_, a.n increase in liver b_lfood‘-'_
flow would be reflec'ted as a decrease in peripheral blood activif);; while .
a decrease in flow would be evidenc‘ed b'y_»an.increase in activity.

Chromic phosphété for these studies was prépared_according to
the meth()d described by f)obson (30, 31). 1 infusi_on of éhromic pho.spha.te"
\;vas carriéd o@t at an activity level of 0.5 p.c/rrﬂ $a1’1ne at é.n in‘fuéion_
rate of 0.17 ml/min. The i,r‘1fusiovn f)ump wé.s vspeéially designed for
consténcy of mixing and'infusidr'l.

iAt p'retvieterminedvtime intbervals, 1 ml peripheral bloo.d sémpleé
Were dra_wn from the jugular vein cannula. These sam'.;)];es were then

plated, dried, and the activity was counted.?

lsome colloidal chromic phosphate was prepared by Miss Barbara
A. Bushnell in Dr. E.L. Dobson's lab at Donner Laboratory and other
preparations were obtained from Dr. Jefferson Davis, Radiocarbon
Laboratory, 1012 Washington St., San Carlos, California.

2Sharp Widebeta Counter, Beckman Instrument Company,
Richmond, California. :



RESULTS AND DISCUSSION

Normal Peripheral 11-OHCS Concentration

I

L 11-GHCS co‘nqéntr.ation was determined in peripheral plas'ma"

from 29 beagles within a 3 minute period immediately prior to admin-
,isfration  0£ anéfst»hesia.‘ All‘samples were obtaikned between 9:00 and |
' 11:00 AM. fhe mean concentration was 0.26 pg/ml, range 0.09-0. 38,.
'SD 0.07. In addition, plasma 11-OHCS concentration was determined

in 6 dogs, mid-;collegtion time at 8:42 AM, és parvt of the demonstra-
: ti6n of circadian pei‘iodicity, and thesg gave én average of 0.31 ‘p.g/ml, '
'I;angéVO'.Z_v’:—O. 38,. SD 0.05. The combined average of these values for

the 35 animals was.O. 26 pg/ml, SD 0. 0_7,‘and thé 24 hour average for
the 6 diurnal sfudy dogs, withéut re»gard. to periodicity, was 0.27 pg/ml,
.;'_'ange 0.18-0. 38, SDO 05. |

Tinese_ cc;rtiqoid val-u.es éfe somewhat higher than the mean 17-

OHCS of vl.l.(.) pg/_ldO ml, SD 3.2, determined by Zukowski and Ney in

'5 mongrel dogs using f_he.Porter-Silber assay mefhod (141, 213).

.Ei-k;Nes and Samuels, using the assay of Nelson and Samuels, found a
: mé_an of 4.0 p.g/}OO ml; range 2-17, in 11 ‘mongrels previously accyustémed" |

to 'venesection (38,'7 131 )

31 .
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In an effort to determine if the discrepancy in values may have -

been attributed to a difference between beagles and rﬁongrels, peri- *
pheral plasma 11-OHCS coﬁcentration was detgrmined in 7 'mong.rels
at 9:15-9:45 AM The fnéan concentration wa:s 0.24 pg/ml, range
"0.17-0. 2"8', SD 0.03, 'a:s.con;lpared with 0.26 pg/ml, determined in the
beagles above, thereby showing né strain differences. |

: The. fa.ct.that the Mattihgliy method of cor‘ticoid‘analy'sis measuvredv
both cortisol and c.orticqsterone may ha'vevbeen a contribu_ting‘fa;ctor to
the higher plas'rﬁa ‘ciort‘icoster’oid values recorded in this study. In
addition, it ha‘sjy.been reportga t}h.ai lower corticoid values have been
obtained in u‘nan'esthe.:tiz_ed do»gs_ trained to frequen'ﬁ ven_ipurictu’r'e (38),
although no compa,rative data were preséhted r-el-ating this with untrained,
‘unanesthetized an-ifnals} In view of the evidence presented in the next
.section Concerhing' the elevation of plasmé; c‘olrt"ic‘oids“ with various forms
of trauma, diff'e'vre_nce's in steroid levels between trained and untrained
animals appear to be a rea‘sonablé possibility. Elevatéd corticosterone
1évé1's ‘in rats have also been attributed to rou'finé.physical handlin’g (67).

The concentration of 'peripheral plasma .cortico_ids"in" humans has

‘b_een‘record'ed by a number of’invéstigators with'él range of valueé as
follows: 4-10 |J.g/rn1' (132), 10.2 pg/ml, SD 1. 7 (121), | 10. 6 |~J;'g/10(_)'m1,' b
SD 2.6 (16), 14.7 pg/100 ml, SD 3.95 (202‘), 12-15 |-Lg/100 ml (12) .and‘
17.4 pg/100 ml, SD 5. i7 (125). Wide individual variations of co‘r'tvico—_

steroids from day to day and from week to week, as well as extreme



differences from one s;ubject to é.nothef, have been emphasized in
‘ both dogs and man (12, 17, 78). Citing ﬁlues for corticosteroid
pfédqction in the dobg from 120 I.tob36(')O pg/gland/hr from several
inves.tigators, Hechter et al. noted. the sa;me rabr;.ge of variation in

17 dogs in their own study (78). Since exogenous ACTH failed to ele-

jvate plasma corticoid levels, the authors concluded that the adrenals -

: Wéré.being maximally stimulated by endogenous ACTH under the con-
difions of stﬁdy. It was postulated that the wide range of cortico-
: !
steroid seqretio'n was a reflection of the variable steroidogenic
Ca;'pacities of the ad_reﬁals rathe;r than an indication of the rate of
.. sié?retion of endogenous ACTH (78).

| .The existence of circadian periodicity must also be taken into
’acc‘ount'_when considefririg the variabil_ity of circulating corticos.teroid
‘le.vv-.elzls_. Pe‘rivphe"ral plasma l_l—bHCS was determined in 6 beagles, 3
male and 3 female, ét 4 hour intervals over a 20 hour period. . The
' vériability of the ‘li-OHCS concentration_s in the individual animals
was such as to obscure any cyclic trend; ho.wever, the averages of the
' respective time groups describe a cyclical pattern as shown m Figure

2.

. The time for blood sampl}i'ng'.for all 6 animals in each collection |

- period was between 19 and 30 minutes, and the time indicated for.each

av'erag'e concentration was the midpoint for each sampling intérval.

33
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Figure 2. Circadian periodicity of peripheral plasma 11-OHCS concen-
tration. Mean values of successive 4 minute periods (6 dogs).
- Vertical bars denote standard errors of the mean. :
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~ The ;hll.ghest 11-OHCS level as  indicated by these. averages oc;urred
at 842AM with a_mea'n ‘_concent'r‘ati;)n of 0.31 pg/ml, SEM 0. 02.
Thé level thep fell p‘rogress.,iirelly' throughout the day with the 1owest
| ndiea.n value_ofl 0.24 pg/ml, SE‘M 0.02, oclc_;urring at 12:05 AM. |
| ‘. ' During the CSIIection periods, particularly at r.ﬂght during hou'ri's
ofﬁznormail' ‘ca‘nin_e inactivity, there was some concern that molveme.nt
of the animals and disturbance by; other animals whiie removing the
dogs froné thé hélding room might interfere with thé cyciic steroid
picture. It isvvapparent that such was not the case and that periddic
disfurbancés - waking, ;novement, disturbance by other animals and
‘ vén:ipu.nc'tgvre - werel r;ot sufficiently ﬁraumatic to el‘evate 11-OHCS
levels so as to obscure the circadian periodicity. That is not to say,
how_ever,,; that the cyclic‘_variation'may not b.e" more prohoﬁﬁced under
conditions of‘greafez_'v_i'sbla_tion and training of the animals.

Eik-Nes and _Samuels observed in gréups of dogs subjected to
vax_‘idus forms of stress that only trained, .unanesfhetized animals
fé.-iledr to show a rise in 17-OHCS .s.ecretic_)n throughout the 6 hour
period following stress (38). Thé 'corticostefoid level in these trained
an‘ij'rnalsr fell from 4 pgiloo' ml, range 2-7, at 8:‘(‘)0-9;0(.) AM to 2 pg/100
rnl,..r”‘an.'ge. 1—3.,' at 1:00-2:Q0- PM. The authors suggested that thié' /
_ dgéline_m_ight- be attributéd fo a circadian cycle, and while the steroid

- depression in these animals appeared to occur more rapidly than those
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described in the preseﬁf study, both showed a déciiﬁe after the high
early morning réadiﬁ_‘gs. 7 B .

Halberg et al. noted that the ~circulating eosinophil level, an
index of corticoste'roibd activity, in dogs at 9:30 AM was only ab'out
three-fourths of that at 6:30 PM (69). Variability of the levels in .
individual animals was not sufficient to reveal a cyc\lic eosinopenia,
but group data demonstrated the existence of a diurnal variation.

Depressionbf eosinophil level occurs concomitantly with élevétién’ :
of circulating corticosteroids, and the-presence' of a.functional >a'drer'1al
cortex appears to be necessabry' fof the manifestation of a cyclic
eosihopenia (70). In both rﬁice and men, authenticated’adrehal insuf-
ficiencies and the failure of the usual eos"ihophil» rhythm occurred
| togethér' (70). -
The existence of a circadian rhythm in both urinary and plasma
" corticoid levels 1r1 man is we_ll documen.ted (12, 27, 133, 144, 1_61, 198, |
199). Peék plasrﬁé. ster-oid ‘lvev_els vc‘)f 13-27 p.bgklO'O ml appear‘l t(; occur |
betw’evebn 6:00 and 10:00 AM, and thesé fell thrbugh_ouit the day'tvo a low
of 3-15 pg/100 ml between 6:00 PM and 2:00 AM. The wide range for - |
both hi_g'hvar;d low corticosteréid vallues.vmay be attribubtve.d to the vari-
.abi.lity in 'tirr'l'es_ at which safnpling occurred.

It has been obser\}ed that the standai-d deviation increased propor—

tionally with mean 17-OHCS values in circadian studies in man (39); o
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that is, in the early morning hours, \yhen the plasma corticoid secretion
is high, the standard deviation of the average of those values is high;
and in the late afternt)on, when the mean corticoid values are low, the
re?spective standard deviations are low.. . While no such direct relation-’
s};ip was noted in the ?resent study on béagles, the wider range.of
standard deviations and standard errors qf the mean did occur in the
.morning hours a.nd the narrower ranée in the evening, with the_excéption .
of that at midhight.

The dé.ily rhythm of plasma 17—OHCS in rhesus monkeys showed
a pattern similar to that in man (118). The eveniﬁg low, however,
occurred soﬁeWhat earlier than in rﬁan, at about 9:00 PM, with a high
at about 6;00 AM. The level feli sha-?ply until about 9:00 AM and .then
‘dec‘vlined sléwly throughout the remainder' of the day. Although no
bsar'hpléisvwe‘re obtained betvween 4:00 aﬁd 8:0v0 AM, dog data in the present
s:tudy indicate that the-‘ll-OHCS level ciecli_ned rather slowly from the
8:00 AM higil until about noon, when a sharper drop ensued. This fall
éontinued until about 4:00 PM with a somewhat less steep reduction until
8:00 PM. The groﬁﬁ mean of fhe 11-OHCS concentrafions indicates a low .
.' at é,bout midnight. - |

The 17-OHCS values in mo‘hkeys, averaging 37 p.g/lOQ ml plasma,
are repoftedly.;:onsiderably'nhvigher than those in the dog, mouée, rat and -

man (118), and the 24-hour corticoid urinary values in monkeys ranged
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. from 21.0 to 56.3 pg/100 ml... While not as high as thatb‘repor't'e'd in
mon_keys, the high'vcorticvo_id' Qailue's rééé.rdéd fof"’béagleé in thi.s study,
0.31 pg/ml, range 0.23-0.38, w’é'ré .highei‘ fhah t.ho'se repdrted above
for dogs and man. THé 24-hour mean lqw, 0.24 vp.g_v/rpll, rénge 0.18-

0. 32, while comparable to that in.monkeyss;_ was still . somewhat higher
than valués reported for maﬂ-and dogs. ’i‘he eosinophillc‘opfnt of -
'moﬁkeys has also been found tov: c'orrespouhd with thé circadian vaﬁriation
of both dogs and man, with a low at about noon .a'nd a high ét 79:(.)_0' PM -
(118). | |

| The'c'yclic variatiop of corticosterone and.'eosinop.hil‘ 1e\}élé in
rats and mice, nocturnally active animals, is the revéfse of thét seen
iri-the dog, monkey and m'a;ri (118, 171, 185). The'highéét c'orficoster_oid
levels and the lowest eosinophil counts in t_ﬂé ‘fc')r‘rnér animals occurred
at 4:00 PM, with a reversal 1n values at 4:0.0 AM It was cqnc'Iuded that |
the magnitude of variation was such as to have a significant bea:,'ring on
the measurement of ''resting'' corticosteroid levels (118).

In man, 70% of the ‘daily basal corticos'tez;oi‘d Secrgtibn occurred
between midnight and 9:00 AM (27). Thus, the major‘_portio.n of the
adréna.l secretion was during sleep and during the early morning hours
invan_apparent "anticipation' of déy-time activify. In thé éifc_adian
rhythm of ll-OHCS in beagles, the steepest rise of ll—OHCS qoﬁcéntrétion,

estimated from the initial 8:00 AM readings, ‘(')ccurred between 4:00 and
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8:00 A:M. From integration of the circ’adia.‘n 11-OHCS curve, ig was
aépr"oxim#téd that 66% of the daily 11-OHCS secretion occurred between
5:00 AM and 2:00 PM.
The cyclic changes in nocturnally active animals, the reverse of

‘th.at 1n the dog, rhonkgy é.nd man, are'cha'r.evl.c-:teri‘zed by the same rise
in ‘vco-rticos_tc_eroid levels prior to periods of acti‘vity. Whether this
period of "anticipation® represents an accumulation of steroids in the
hoursprec.ed;r.lg aétivity (which 'is possible since the half-life of adrenal
- corticoids is rel‘;a.tively SIO\;V), an iﬁcreased production during those
h'burs,‘ or é.ne i‘ncreased..p‘rodu.ction and decreased metabolism of corti-
cc;i'dks, has not been elucidated. It should be noted 1n passing, however,
' ti'xat' variation of adrenal steroid secretion is not limited to the more
commonly recognized diurnal cycles, but has also been observéd'as an
annular periodicvit_:y.- Maéchi and Hechter have demonstra.ted in pe.rfus‘ed
bovine adrenais maxirhally stimulated with ACTH that the mean éortico- '
~ steroid secrétion in the winter, 352 1 21 p.g/giand/hr, was significantly
‘greater than the yearly low of 121 * 30 pg/gland/hr in the summer (103).

. Ney et al. have established in lman, at levasvt, that the dé.ily cyclic
var.iati_o_.n in corticosteroid lévels is the fésuli: of circadian periodic;ity in e
th'ev s‘ecretioln of ACTH (133). ‘Peak 17-OHCS levels at 6:00 AM were
associated with an ACTH:‘plas.m»a ‘concentr’avtion of the order of 0.25
mU./l-OO fnl, while _vthe iow ét. 6:Q0 PM corfesppndgd to an ACTH concén- '

tration of 0.11 mU/100 ml.
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Ungar and Halberg have demonstrated circadian per’iodvic secre-
tions in both adrenals and pituitaries of miice during in vitro ‘étudies
: (1é5, 186).. The magnitude of the adre‘nair‘re-spohse tp adcied ACTH was
greater at 4:00 AM than at 4:00 PM, indicating a time dependency of
adrenal_.s.ensitivity to a given ACTH dose (185). In addition, pituitarieé
removed at intervals o.v'er a 20 hour pefiod produced a significant
rhythmic' increase in.c‘or__ticosterone 'secretiOn when added t"o‘ s-ectionéd
mouse adrenals in vitro (186). The above findihgs of the association vof'
co-rticoid-secfetién and the periodicity of ACTH release (133), and
r.esqlts descriBifng the functioné.l and-pre.dictable’ periodicity of both
: ad‘renal.a.nd pituita.r; secretions (185, 186), infer a ﬁlore co_mple'k con-
trol for synchronization of the two cyclical sYstérﬁé. B
Pituitary—adrenocortical secretory cycles, while. s_irn_ilér' in many
' cases, appear té be species_specific as exemplified. by diametrical
differences in_nocturnally active and diurnally active anivmals. These
~cycles afg reportedly modified only by sup_erimposed changes in fhe
. external environment (27). . _ - : . :
Orth, Island and Liddle noted in humans that alteration of"tl‘1el
inaiv_id-ual's norﬁal sleep schedulé for a single dair _han no effect on the
24—hogf plasma-17-OHCS.cyc':'1e (136). vHowever, alterations in the
corticoid cycles were effected by -introduction of 12—,19-, and 33-hour

sleep-wake cycles for the period of at least a week. The dominant
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pa;ttervn.was one of mihimal }7-OHCS levels during the early }.1c_>..'ur.s of
sléep, a_l rapid, ifregular‘ri;e dl;ring sleep with rﬁ;ximal readings
| a;b,out the time of waking, :a.nd an irregu’iar decline to the cyclic low
a.g‘ain early in thé ‘sleep perio‘ci. Sin;:e this study showed that the plasma
‘c'o:rt'icoi‘d. cycle in man could be shortered to 12 ho_ufs or.lengthcje'nedvto
.33:.ho.urs-by altering the length of the sleep-wake cycle, and since some
individuals on 19-< and 33-hour sleep-\;vake schedules exhibited two |
17-OHCS éycle_s per .sle‘ep-wake period, it was concluded that the
' éituitary-adrenal cyc.;le is not necessarily one of strict 24-hour duratioﬁ
but is also a function of the subject'bs habitual sleep-wake routine (136).
Evidence indicates that the biblogical clock régulating these
éctivities'is located in the iimbic system of the cerebral cortex (57, 69)."
" In additiqn, the peribdicity of ACTH éctivit'y is reported to be absent in
pafients with hypothala%nic and temporal lobe diseaées, and lesions of
’ the .fornix appe;r'to é.l.ter_ adrénocorti_cal rhythmicity (57).
Utiliéing a technique of gros‘sj brain ablation, Galicich et él.
; demoﬁsvtrated corticosterone secretion éycle’s similar to normal in mice
Qvith suprathalamic lesions, thus indicating the dispensability, at'leas‘t
on a short term basis, of the cerebral cortex including the limb.ic system -
as pé.ft _ofvthe control me_chahiérh (55). Su‘prapontine ablva;t»:i‘on,’von the
oth_e_r hand, inclﬁding r-efno&al of the ..fhalamu-s and the hypoth:a.iamus,
 resulted in a re.duction-of :'rh'yt;hm‘i'city of fhé hypophyseall secretion of

ACTH.
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Effect of Anesthesia on Peripheral

11-OHCS Concentration

1

The .effect of Nerﬁb.utal and Surital anesthetics on peripheral
pIasma ll-OHCS concentration was dgtefmined in 28 dc?gs in 29 experi-
ments, one animai being used in two experiments. Thgchmulative
‘data for the effect of anesthesia are shown in Figure 3. For ¢pr;para-
ti.ve purpoée-s, it will be.recalled from the 'previous }section that 11-OHCS .
readings ébt#ingd.pri.or tq é‘n.es‘the‘sia gave a mean concc?ntljatipn of 0.26
pg/ml plasma with a standard deviation of 0.07. '

o All post—anésthesia 1‘1:-OHCS values were recorded pnly under
conditions of anesthesia and do not include sampl'es'o‘b’t\ained during
surgery and during 'the':pe'rformance ‘of other eXperimeﬁtal procedure;.

It \;vill be ﬂoted that é'gfeé.ter number of points occur within 30-36 min-
‘utes follo\%;ing a;nesthesi_a. and that the qumber of points diminish there-
after. Th-is is due to the fact that in mo's)t cases surgery was begun after
that time.

’i‘he only attemiat to tabulate .ll—OHCS levels duririgv surgé-ry ié
dliscussed in the section on th(-;:' effects of hypophysectomy. VIrL all of .
those cases there did occur é. marked rise in pe'riph'ezl'a_l piésma 11-OHCS
concentrationviwith thé institution of surgical trauma, and this remained

at an elevated level throughout the surgical procedure. This elevation .. |
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- and after barbiturate anesthesia (28 dogs).
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with surgery appeared to be of th¢ same order of magnitude as the drop '
in plasma 1l-lOHCS_’co‘ncentration‘w‘ith anesthesia.

Within é véry sﬂort period followiﬁg the administfatién of
a_nesthe-sia,, 1_—3 minutés, 'thé pla”srna ll"-OHCS levei'fell» to the extent
that no cc.)ntinluum‘was appérent be'tweet.l. the pre-anesthetic vaiueé and
_those after anesthesia. -

As will'b¢ ‘a-ppr.ef:iate-d from comparli'son with the decline of plasma -
11-OHCS concentr.atio'n after hypophysectomy (T‘l/z = 76_ minutes), the
Su'ppreséion of 11-OHCS concen’trétio”n with barbiturate anest};lesia
~cannot be explained sole.ly.on the basis of 11-OHCS metabolism after -
blocking of ACTH release. 4 cher factors 'such as fluid shifts from'
extravascular cqmparfmerits may be involved. A depression of
‘hematocrit by about 20% was 'obser‘v‘ed follow_ing anesthesia; however,
this 'o;:éurred over the périod of about an hour. In addition, the concept-
of a fluid S};ift associated with 'anesth'esia‘ is complicated by re-porﬁs of
\ecjual' distfi]sution of both corﬁticbster'ovids and ACTAH betwéén pia s;na
and lymph (177, _196). An ‘eq_ui]:.ibrium distribution of hormones .between
plasfna and other fluids of:the ext‘rax)asculaf compartment p_robably éléo
,holds'true. Plasmé. protein measurements were not conducted in thisv
study.

By 10 minutes afte:r anes,fhesiva,b corticoid concentration fell to

what appeared to be a stable level of secretion, and this was maintained.-
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throughout the remaining period of blood sampling.  The ‘a‘ve.:rage 11-
‘ _OHC_S value between 11 and 60 minuteé was 0.11 pg/ml plasma, SD
0. 04, which was a drop to 43. 6% from the pre-anesthetic mean of
0.26 pg/ml. |

The findings that pentobarbital and thiamylal anesthetics' in dogs
cause a rapid depression of 11-OHCS levels are in contrast to the effects
of anesthesia observed in humans. Franksson et al. (53) found an
elevatio.ﬁ in fhe blood levels 6f corticosteroids follow'ing induc.tion of
spinai and Pentothal ane;fhesia. This rise was attributed by fhe authors-
.' to the stimulating:effect of tevnsion, pre-opgrative pr.epara‘tio_n and
anesthesia.-

Sandberg et al. (161)? ‘however; found that neither the épprehension v
of surgery nof the undérlying clinical conditions had a significant effect
on the elevation of plasma 17-OHCS, The induction éf genera}l aﬁésthesia 'b
with Pentothal, cyclopropane and ethjer did cause a rise in the cortico-
steroid level frofﬁ a mean of 13 pg/100 ml plasma to an average of 19
pg/100 ml. |

Roche, Thorn, and. Hillsv(l 58) noted nb fall‘vin‘ eosinoph.i_l levels
wifh‘ the induction of Pentothal anesthesia‘, .Oﬁe patient sﬁdwea_ a drop |
of 27% following et.herfafn‘eStheSi'a-, gnd the same patient derﬁonstrated a b,
d,é'cline of 75% in the eosin_o.phi.l levél 'after the administr_ation of 2'5-mg

ACTH. It was postulated that anesthesia alone may block fhe normal
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pit’uitary-adrenat.'l. resporise and that a ma#imal'”stre'ssful” éitﬁatién
~may be neces sary to break the‘ inhibition.

Zhukovskii et al. (212) observed a higher level of 17-OHCS in
patients with ether—:oxyge'n anesthesia than in those with induced 'elec’tro-
anesthesia. This they attributed ‘to thé_possibility of fewer disorders in
the binding and inacti%zati'bn of hormones in the livers of patients _;ﬁderQ
: going.’el.'ectroanesthesvia. The fact that 't‘he catecholamine level ‘-

epinephrine, norepineph‘r-ine‘.and doparﬁine of adrenai 'mé'dulla'ry and
neurosynaptic 6rigin - was h‘igher during'eieCtlfoanesthesi'a.'thari with
ethér—ovagen anesthesia suggests a greater activation of the>sy¥npatho-
adrenal response with the former.:
Eil{;Nes and;vSam'uel_s noted an elevation in the 17-OHCS level of

mongrel dogs. jféllbbving induction of péntobarbital anesthesia '(3.8). This
| rise continued frorﬁ a mean of 5 pg/100 rni, range 2-12, fhromigho_ut the
following 6 hours to 12:p.g/100 rﬁl, range 9-15. i{oweyér, their vbllood
samples showing the rise in corticostelroids wenre nqt taken for some
time after anesthesia. It was felt that this progressive ele’vatioh_ of
cortisol level may have been due not to the effects of ane‘sthes'ia;'but
rather to the introduction of an intra-arterial cannula f(;r blood sarnpli.ng.‘
It is of interest as a cémp’arative note, however, that beagles in the ‘
present étudy still showed a depression in circulating 11-OHCS level .

with introduction of a jugular cannula following anesthesia.
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| The finding of the present’ study that barbiturate anesthesia
evokes suppression of Vadre’t;al steroid secretion supports the pento-
barbital-induced depression ofvfx"ee plabsma corticoids in rats reported
byi Rerup andeedner (155). In addition, Sayers has obgerved the
sdppression of corticbtropin relea.se with administration of pentobarbital -
as deterrr;ined by adrenal ascorbic acid ‘cor.1tent in rats (164). Ether, on
the o_ther hand, caused an elevation in vblood ACTH in the latter study,
and Hedner measured a‘2..3 fold 'ir;creaLSe'IO'f p;lasma corticosteroids in'
rats from a control level of 1 7.‘6 kg/100 ml, SEM 1.9, to 41.4 ng/100 ml,:
SEM 2. 5,! 10 minu.tes after ether anesthesia (80). The 17-OHCS level .
ai;tef pentobarbifal‘in'the 1atterlstudy \;vas 16..4 pg/100 ml, SEM 2. 5.:

The:i .p.entjobar.bitﬁalv inducedb block of corticotropin release in Rerup
and Hedner's investiga.-tions ;yas not affected by miné_r surgical procedures
such as skin incision-and tail tip cuts in the rat (.1 55). It will Be recalled |
tlhat cann_ﬁlati!on of vt_he jugular vein of beaglés in the presént study after
administratipﬁ of bav‘rbituric anesthesia was not sufficiently traﬁmatic fo
prqpagate, the elevation of circulating 11-OHCS. Méjor surgical pfo-
c*;edul;es, however, aré éapable of ove_rcorning tl;is biock, as will be
discussed in a later section. |

v'I‘he reasons for’,_tlﬁé discre.pancie:s between the findings of this
study in béagleé and those reported in rats (155) éoncerning adrenal

steroid suppréSSion, i.e., interference with ACTH release, with
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| barbituric an'esthetic:s;', andfthe conv’efse observations of corticoid
elevation in maﬁ are riotirrime'diately aﬁparént.' It is s'ugge.sted that the
17-OHCS, ele‘vations may have been attributable ‘to such féctors as. pre-
operative preparations and surgical procedures, factors cons’idered by '
~the investigators tvhe_rn"selv.es vas possibly promoting hi'gh're'a.diri:gs.‘ In
.auildit:ion-,.'vl_a.ckl of conéiséet.'l‘cy éf other indicesi of ACTH aétix./ity, e. g
no observable fall of e.osi:nophil level with Pentotvhavl in man (158_),
suggests fux_'ther Questioning of barbituric anesthesia provoked adreno-
corticoid elevation. |

"'Dc'>gs anesthel':ized'wi.th barbiturates reportedly respond with a
marked rise in v-col_rti»cos_te'roid_s with the a>d.rninistration.-ovaCTH (78). . -
Thvisv has also been observed i-n.the preéent study évnd is discussed in
a later section. It has been post'ulated that barbituz"ates.'may‘.dépresé
mediators, possibly hypo.thalamic,. Whiéh a.c‘tivate the release. of endo-
genouvs AC..TH_(78).S In rats‘vsubjéctied to ether anestvhe'si'a, howevef,
elevated ACTH levels inaicated endogenous and near mgXi*mal secretion,
for exogenous ACTI—vIYhad little or no effect on further eiévét_i‘on of cortico‘-
steroid levels (166).

Egdahl has .de‘monst_rated :; fall iﬁ adrenal ve_n<.)u's' cort_iskﬂ followi'ng

Nemb.utal anesthesia in previously can.nulated dogs with éerebral
. decortication (36). The mean values for the decline in these animals

were from 10.2 p.g/lOOIml, SEM 0. 8., to 2.1 pg/min, SEM 0. 8. Sciatic
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nerve stimulation elevated the corticoid level to 14. 1 pg/min, and

- intravenous administration of 25 units of ACTH produced a slightly

'
|
i
1

higher a\}erage of 17.8 p.g/min, SEM 2. 2.
" French and .co-workers have demonstrated that thé pri_nc';pa‘l site;
of action 0 £ Nembutal is the reticular formation (54). The suséeptibility
of complex invterneural sysfems has been emphasized, and synaptic .
transrﬁission appéars to be blocked long before fiber conduction is -

affected. The effect of central anesthetics on nerve fiber conduction-

vappears to proceed without reference to the fiber diameter or veldcity

of fibevx_; conduction.
R ‘Slusher and Critchlow have presented evidence in rats that ACTH
release is inhibited by higher centers of the central nervous system

(172). * Gross lesions involiring posterior portions of the midbrain.and o

an area at the level of the rostral pons resulted in elevated cortico-

sterone levels, indicating that these structures nbrmally exert an

inhibitory effeckt on the adrenocortical re.sponse té stress. Lesions of
the.. posteriof diericephalon and th¢ roétral midbrain, on the other hand,
r_esult‘ed' 1n &e.pressidri.p'f cort‘i.co'sterone to ether stress. The authors
con;luded i:haf: certé.in.area‘s of the posterior diencephalon ’and.the roétral '
midb?;in must be'funcbtiqna_l foffhé nérmél corticosteroid response to
"stress. M

Egdahl has demonstr‘ated;’that dogs w.il:h bi'ain ‘removal down to

the pons and With.neurological.ly-isolated pituitaries show a high "basal'
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outpﬁt_-of cort‘icos‘ter,oids and _that nerve stimulation and vena cava
constriction r_'eéul’lc in further eIevétion of steroids (36). Thls \&as
presented as evidenée_ for the existerice of another center in thé‘hind-"
b;'ain involved in the control of ACT‘H release.

According to Egdahl's hy'pothesis, | bo'tv}; the hypdthalamus and 'the.
hindbrain are capablé ~of-releasing neuro‘hui‘no_rai substvan-_cv'es, cortico-
tropin releasing fé,ctor (CRF) and hindb"ra'm factor (HF’ re‘specti\vfely,
w:hich pass into the ciréglation and caus-é the release obf ACTH by the |
i f)i'tuité.r:y. In'th‘eAir>1tact animal, | the 1 7—OH_CS oﬁtpufs are basal because
of the inhibition by the cerebral cortex and. the diencephalon-;mésencephalon' "
" on the -hypothala'mus énd' hindbrain. These inhibito‘ry >in>f1uences can be
overcome by strong afferént stimulation.

Following cerebral decorticafibn, the corticosteroid output was
elevated because of rer'noval. of reticular formation inhibition and; constant
activity of the hypothalamus in the release éf CR.l.T‘ (36). The.‘h’indbrain '
center re'mained inhibited, and'following anes'thesiab‘the _steroia-output
fell because of the’biocking acfion onbthe reticular forﬁiatibn. Féll’owing '
éffereﬁt nerve stimulation, the cdrticosteroid output inv both intact aﬁd
décorticated z.a.ne sthetized aniﬁals rosé ‘becaus\e‘ the ACTH- feleas'ing‘
centers were intact. |

In dogs.with th¢ brvain-x_'emoved down to the pons and with isolated

pituitaries, the 17-OHCS output was elevated because of removal of
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inhibition by the diencephalon-mesencephalon on the hindbrain. ACTH
release mé.y have taken place either because qf the spéntaneous release
of HF or because of tonic afferent impulses. Nem‘butal anesthesia in
Egdahl's animals had no effect on the depression of corticoste:rc_)id lévels
because of its primary action on the reticular formation with little or

no influence on most hindbrain centers or on peripheral nerve fiber.

transmission.

Because of normal nerve response following anesthesia, it is

- unlikely that pentobarbital has a direct effect on the pituitary (36).

In addition, failure to prod.uce depression of post-anesthetic "resting'" |
17-OHCS output levels in dogs with brain removal is.evidence against |

the direct action of Nembutal on the adrenals.

Effect of Hypophysectomy on Peripheral

Plasma ll;OHCS Concentration

The cumulative data for peripheral plasma 11-OHCS concentration
before and after hypophysectomyA are shown in Figure 4. This figure
represents information _ffom 25 dogs, 8 of which contributed only one '

11-OHCS reading (7 during the pre-hypophysectomy period and one post- .~

_hypophysectomy). Only concentration values obtained within 20 minutes -

prior to 'hypophysectomy were included in that »group. ‘Following hypo-

physectomy only those values which were not influenced by further

- surgical ma'nipulations-.arid expérimental techniques were included.
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The mean for fhe 11-OHCS concentfations during the pre-
_hypophyséctomy periéd was 0.21 ;;.g/ml, SD 0..05. These values
represent the’ll—OHC_S pict_u-fe not in the normal "resting' animal
but in the anésthetized staie imr.r.1ed'1ate1y following surgery and closure
of the incision. ' | . ‘ | !

The linear regression -determiné.tion prior to aneéthesia indicates
a declining slope vov.er the 20 miﬁute period. This decline may‘in‘digate |
a ”re(:over}/r"-l or return of the elev"ated 11-OHCS resulting from operé.tive' |
‘trauma levels to a more Ybasal' concentration. .Computation of this
_slo'pel was determi.n’ed. by the me;vthodvof 1inear regr.vession éf distributéd
.po‘i.nts assuming a linear re-lafionship of these pointé with time. Thé'
program fc;r determination of the slope alsoicomputes 11-OHCS values
on the slbpe of best fit for any given time a'sl well as the 95% confidence
limits for location of t};e regression line.

‘From constru‘ctio.r;- of the .regression line, the peripheral‘ 11-OHCS
concentration at 20 minutes pre.—hypophysectomy_\.:vas 0.23 p.g/ml, SEE

limits 0.18-0.28. At the time of hypophy'se_cto'_rny the ll-OIjICS concen-

tration had fallen to 0.19 pg/ml, SEE limits 0.16-0. 24.

1Th‘e units for ‘slopé values in this section are in terms of plasma

11-OHCS concentration per unit time, or ﬁ‘_g-./.in.l. .
_ S min
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The level of: corticot;;opi'n. release and the response o'f'thez adrenal
cor'te:x prior to hypophysectomy, fro_rnvth>e standpoint of elevated
éorticostexloid levels under the‘- (;»onditions 'sjtudied,' rnusf’be ’con’vsidtered
as resultingv from the trauma of surgéry. - 'In the use of untrained animals
many activities may gonstifute a form of f"stress"_ resulting in the output
of cortico'stero'}ds;abové that in the normal “resting" animal. The vterfri
"'stress' applies here to._t:he more specific hy'pophyseal—adr.e‘nal responseé: '
of elevated ACTH and corticq's‘t_eroid 1eveis rather than ''the sum of all
non-spécif_ic changes éaused by function or damage“‘v(];68)'. Shé.rp
‘iﬁcrease in the vfr‘ee corticosteroné c;_f rat plasma has been. nc‘>ted"from
such unsuspected actiVity as movement of the animal cages from one
location to aﬁo‘ther (67).

The observations of fEik—Ne-s and Samu'els_shoﬁld be mentioﬁed
agaih,v however, in that fr_equenf r'éfrioVal of'blooci in trained unanes- -
thetized'dogé over a b hOu.r_'period__did not instigatev changes in’ peripheral
1_7—O'HCS _lévels (38}. The same authors demonstrated increase_d adreﬁo—
cortical activity Qithin 15 minuteg vfollowing arterial cavnnulatvio'“n in )
anesthétizéd animals. Ané.s'tfl-efized dogs in the same st.l.1<.:1y subjected
to arterial _cannqlation? to hea_t_, to cold,. and to in.tz.'avenOus‘iﬁj_ections
of bacterial pblysaccharides éxhibited mea;n.plasr.na 17—-.O‘H:CS'1(.avels of
7, 12, 24, and ?__Svpg/lOO ml rf.as_pecti:.vely as.corn'pared w’itl'; the control

value of 3 ng/100 ml in trained dogs. In man following pentobarbital
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anes-thesié and during surgery, the l'Z-OHCS level was found to rise
gradually to approximately 3 times normal, and it was concluded that
the magnification of the steroid level was i)roportional to both the
duratio.n and to the 's_everity_ of .-surgery (161).v |

Hume and Nelson noted 'elevationé in the corticosteroids in
adrenal venous blood o't‘~ do-és during operative trauma (88). Thé morning
,fbllowing surgery,- the levels dropped, vand‘wbith t;he infusion of ACTH
into the unanesthetized a'himals.,, the l7rOHCS’output rose to the high
' lex}els' obse.rved during surgery. Hilton et al. concluded that the blood
of ﬁon-hyéophyse_ctomiied dogs contained. éufficiently high lévels of
ACTH after surge'ry.tb induce ﬁigh and poASSib.ly maximal corticosteroid
secretion (84). In man a rise from a mean 1_7-OHCS level of 5.6 pg/100
ml befére surAgery _tob31.‘4 pg/100 ml followihg surgery was noted (53)-
Extreme individual vjariations in the m:aximal 'adrenocértical secretion
cgpébilities 1n both dogsv:and 1;nan have been emphasized (12, 17, 78).
Thesé individ;lal differences among dogs appear to ;feflect the adrénal
secfetory capacity rather than the rate of ACTH release (78).

Although the'c‘aus‘al' relationship is unCeréain, the c'ir;ulating
le\}él éf eosinophils in man appears to bg‘ intimateiy i'elated to 'p.itu;‘itary-’
-adrenocoi’tical activity, Whereby’ACTH.Stirﬁ‘Ilaﬁ?n of th e adrenal cortex
vakes a fall in the eosinophﬂ vlev-ell (158). The eosﬂihﬂop‘hil count doubled

within the first half hour following operative incision in man in all cases
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in Whiéh a comi)arison was available and then fell abrupt.l'y to 86 to 100%

that of normal. Thé paittern of eosinophil decline v.v'itia surgery appeared

to be analogous in shape and time to that after injection of AC_TH (158).

It was suggested that this pat_térn w_ith.surgery was vinitiated by incréased
release Qf the patient's own ACTH %/hich in turn influenced the .elevation

of cvor.ticosteroid sec,re‘tion.‘

" In man, dégs and rats the diséppéaré.nce of corticosteroids from
the circulé‘tion fo.llows an éxponential pattern; that is, 17-OHCS are
removed from the circulation at a rate proporfiqnal to thé_ concentratiqd
present (15, 16; 38, 62;; llé; .-152, 208).- " These éﬁs'ervations ha\}e cbrﬁe'
largely from study of thé disapi)earance of intravénou.sly'inj..ected cortico-
steroids. | |

The slopé for 11-OHCS clearance in F;lgure 4 was .computed-frovr‘n
the linear.reg‘réssion. of'poist—hypophy-sect'om'y 11-OHCS values assurﬁing_
- an exponential clearance. The range of maximal and‘vminimal slopes
for the cumulative 11-OHCS values was determin’ed from the 95% confi- |
dence limits for 1ocati§n of the fegression line.

The slope for the 11—:OHCS concentrations between 4 and 60
minutess following .hypophysectomgr was -0.009, which is reprﬁe’sent'ative ‘
of a half-life for 1‘1-OHCS__: of 76 minutes. The 95% c'onfi.de.nc':e..limits'fojr
- location éf the regression line gave a Til/z range of 52-150 minutes. |

The slopes of best fit for-the 11-OHCS values from 60-120 minutes and



57

 120-186 minutes wer_é quite s_im;Llar, -0.0031 and -0.0037 respe'cti.vely,
suggesting a commor-x comp;)nent of corticb}steroid degradation through-
.ouf the 126 minute tim(iev p;eri'odf The sld.pé of best fit for the 11-OHCS
decline between 60 and' 186 minutes was -0. 004, which indicated a Tl[Z
for 11-OHCS of about 170 minutes. ,

The two‘differ‘ent slopes illustrated in Figure 4 indicate rhetabo— -
li§m of 11-OHCS in a tv.vo compartment system: one represented By a
Tl/vz of 76 minuAtes for corticoids in the main circulatory volume and .
the other becoming evid_ent after 60 minutes with a Tl/z‘of 170 minutes.
The latter component probably a».ccvounvts for metabolism of 11—O_HCS. :
migrating from the extravascular and intracellular compartments:. In
conjunction with this (éoncept, Stark et al. noted that the concentrations
of cofﬁicoidg in plasmé from the fe.moral artery and in l'ymph from the
thoracicAdu‘ct were Comparéble in anesthetized dogs, and with the
admini_stratioﬁ of ACTH, the covrticoid rise was paré.llel in the plasma
and lymph (177). Lig?\tidﬁ of th¢ efferent adrenal veins promotéd a
greafer than 8 fold iﬁcfease in lymph cofticoid concentration from a
mean of 15.8 pgv/vIOO ml, SD 10.4, before'vligation to 137.5 pg/100 ml,
SD 83.1, after ligétion. These findings c_levmons'trate thé’t lymph functions
not .only_as a major hormone tfansporf system but also as a vehicl‘e by )
wh1ch the.sev hormones are .‘returned té the circ'ulati.on at a 'rela‘tivgly slow

rate. The kinetics of a two-compartment concept of corticosteroid -



58

»disappearéncé has beeri‘pres’entéd_b.y' Yates a’rid-U'rqulfvxar't and is con-

sidered later in the diéc-u'sSion of adrenal corticoid metabolism (208).
Eik—lNes"and _Samﬁe-ls observed t_h'é diSa{Spea'rz?.nCe of 17-OHCS

in dogs under varying conditions of "stress” following the intravenous

injection of cortisol (38). In conscious .animals accustomed to veni-

puncture the half-life for cortisoi was 150 minutes. The c_ortisdl;

clearance was slower in anesthetized animais s‘ubjected to éanr'xulatvio”n,'_

cold, heat and injected pyrogens. Approximation from these authors'

- data showed the Tl/Z of cortisbl in anes_thetized— cannulated d'ogs was

about 4 hours and 40 minutes.
Sandberg et al. suggested that the ¢ortisol clearance pivétu}re in

animals subjected to severe traumatic situations is com.»para’ble to that

‘seen in dying human patients (160). "It was noted that _elevé.ted 17-OHCS

levels were invariably present in moribund patients ‘within 72 hours of

- expiration, and the same consistency of high levels was also seen in

sufgical patients in which life threatening situations developed, e.g.,
hemorrhage and shock. In less critical svitua'tions, however, the‘
devélopment of elevated corticoéteroid levels appeared to bé de-pendént
én the site_ aqd length of sur_'géry and on the anesthesia (161, 18_4).

In man the mean clearance half—time of labeled cortisol has been
found to range betwee.n‘6.0 and 1.16 minutes (15, 16, 57,. 208). Pete‘rs'on

and Wy_ngaarden found a mean T‘1/2 of 83 minutes, range 62-138, in one
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study (142), while in alqother, Peterson et al. found the mean biological
half-life for hydrocortisore in normal humans to be .1,14 minutgs, range
90-130 minutes (143). . Wi-th the ir.lrfusion of.hydrocortisone in quantitiebs
ranging frolrh 50 to 500 mg, é&eﬁ though plasma levels rose to between
o 70 and 600 pg/100 ml, the clearance half-times fo;' individual‘ subjécts
were eésentially identical (143). This would indicate that the rate of
metaboliém of cortisol is proportional to the concentration 6vef q‘uite :
a wide range of concentration levels.

Plager et al. in observétions in man found half-lives for injected -
cortisol of 72, 114, and 86 minutes reépectively in samples obtained
from the.'femora.l ar£éry, antecubital vein .an_d hepatic vein (150). These
: dif_feréncés with respéct to sampling site, they sugggst, répres-eﬂt
different féctbrs invoivea in the turnover rates of the steroid. Without
further evidence, howevef, this concept is questionable when consider-—.
ing the va,_riability_’for corticoid half-times presented by differer;t investi-
gators, in addition to fhe effect of the time of day in sémplihg_. '

While the rﬁetaboiism of corticosteroids forms an irfnportéﬁt area
in the considéx_’ation of adrenal steroid decline following hypqphysectbmy,
>thi's_ is not, as such,. a part of the -»probiem u;lder consideration. Theré—,
fore, a discussiqpbf this aspect has been deferred and is included in

the Appendices.
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. Effect of Hypophysectomy on Adrenal Venous 11-OHCS |

Adrenal 11-OHCS Concentration

" Concentration values for adrenal vepous plasma ll—QHCS before
and after.' hypophysectomy were obtained from Zf} dogs, of \&hich 4
contributed only pre-hYpophys_ectomy readings. Figure 5 shows a
single'experirﬁent as a repz"e's'eﬁtative example of.thé e’ff’ecvt Qf;h_ypof.
physectomy on pefiphefal and adfenal venous plasrﬁa.ll—OHCS ‘c‘oncen—‘
tration. - |

The periéhe.z;al llI—OHCIS. concentration was abogt 0'.'106 pg/ml

,at"t'h'e time of hypophyse’cl_tdm-y_ and fell to 0.074 pg/ml after 3_6 minuteé.
This decline was sorﬁewhat' faster than that seen in mo;st othgr .in.di.vidual
;ases-and in the cumulative-picture discussed later. The fall of 11-
OHCS éfter 30 minutés became less steep and reached a level of about.
0.035 pé/ml at 5 hours.,

The pre~hypo§hysectomy adrenal plasma 11-OHCS reading was
3.06 ug/ml at -9 minutes. Shortly after hypéphysectomy, 3-5 ‘minutes,
the ll-OHCSv level fell dramaticaliy, to 0. 21 pg/ml by 21 "rninutes.. The
decline of adrenal corticoids after hypophysectomy is knowq to ’r;)'e
exponeﬁtial (38, 67), and in this case, the 11-OHCS céncentration’
va.vppeared to fall logarithmically betweken '9 and 18 minutes. In addition,

the fall of corticoids in the blood of hypophysectomized dogs with the
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interrubtion of ACTH 'infusiop approximates_ ia first—drder exponential
decay (161).

The linear regi‘ession line of best fit for adrenal steroid valuers :
between 9 and 18 min‘ut_esvgave a slopel of -0.198 and a Tl/é for ACTH
of 3. Svminuters with 95% confidence limits of 3.2 g.nd 3.8 r.nivnu-te.s.v Tﬁe
half-life of ACTH as determined from the de;line of adrenal'%{e'nous
plaan.a ll»—'OHCS concentratilon is slightly inf—luen;ed by r'eaciin_gs.of_ _

recirculating adrenal steroids. When the p_erip'ﬁeral 11-OHCS con.cén—v

t

tration values wer.e subtracted from the aarenal values and"g‘qli_nevar

regression line was determined, a slope of -0.228 was oBtait;led with a

T, for ACTH of 3.0 minutes. When the adrenal blood flow was

stable, as it wé.s in this case, subtraction of peripher‘al 11-OHCS values

from adrenai readings de.t_ermi‘neci the adrenal 11-OHCS output.
_Fluoregcence kof‘l..plasma sarﬁplels obta_ined after 3 to 4 vhours post-

hypophysectomy was probabiy the result of several faétors: 1). Adrenal

corticoid secretipn resulting.-froﬁ minute amounts of residual ACTH in

the blood and ACTH diffusing from the extravascular "outer pool, "

2). 11-OHCS s‘ti.ll resident in the circulation (11-OHCS Ty/2 =76 min)

and ll;_OHCS diffusing from the extravascular Youter pool, " 3). 11-OHCS

pg 11-OHCS/ml plasma )

1 The units for slopes in this section are
' ’ minute
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from adrenal "leakage, ' and 4). fluorescence of non—stefoid or?gin
as reportea by others, ‘which is rep'ortedly a linear function with the
amount of plasma used (26, 51, 80). Variable amounts of non—speéiﬁc
fluorogens equivale'nt to. 0.03 pg/ml have been reported (110), and
residual fluére_scent material which produced readings up to O.>07
pg/ml has. been found in plasfna of adrenal_éctomized and hypophysecto-
mized animals (14). |
Based on.the fluorescence of'c‘ortisgl‘as 10'0%,v'Ruvdd and Black:
~recently >repor‘ted 0-6% fluorescence with equivalent amoﬁnts of preg-
nanetriol and pregnanetriolone i.n low _concentlrations'and fluorescence
_of 62% and 15% for th‘e two compounds respectively but at higher 1evels"
(159). While tvhese_sté,roidb by-products are present only in ve.ry- small
amounts in body fluids under normal condifions, baciggr_oiind _fiuore»s—
cence might be ‘conside’rably influenéed’ by'cbmbined fliorescence from
the .product_s of steroid metabolism.

Fluorescence inherent 1n readings of adrenal 11-OHCS concen-

i
i

trations after 240 mihutes, as shown in Figu;re 5, was estimated to be

: equivalent t_é 0.06 p.vg/ml_lfrom values. As deter;'nined from periphgré.l
llQOHCS values, this fluorescenée would be é_quivalent to é.bout 0. 04
pg/ml. When the higher backgrouﬂd value was subtrgcted from a‘drena_t.l ‘
| 11-0HCS_ readings, a sioée of -0. 218 wés deterrﬁined bétween 9 and 18

|

minutes giving an ACTH half-life of 3.2 minutes, see Figure 6. The
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second, shallo_wer. componeﬁt of the cuse, b¢tween 21 and 66 minutes,
determined a 'Tl/Z of 45 minﬁges .from a §10pe of —0.‘014.1.

The second .c‘(;mdpone‘,.nt of tﬁe curve in Figure 6 representing a
slower metabolism of AC.J'TH isvprobably the result of diffusion of the
-pituifarjr hormone into the circulation from the extravascular '"outer
pool. ' While the existing data do not warrant extensive specﬁlé.tién,

A . .
this extravascular content of ACTH at a relatively low concentration may
in actuality represent a rather large amodnt of physiologically active. o
ACTH distributed thfoughoutv the tiss.ues of the body.

' It will be noted in Figure 5 that while the adrenal 11-OHCS éon-
c.e&ntrationvafter hypophysectomy approached that of the peripheral
concentration, comparable values were qbt attained even after 5 hours.
Similar findirigs were nqted in other exp'e.riments, and in no cas'_e did
t.he levéls l.oe.co.me e.q.u§,1.r The slopes forthe-édren‘al and peripheral '
11-OHCS re_:adi&r;gs between 18A6 ana 306 fnin‘utes were -0.003 aﬂd -0.002
-res'pectively‘. The conclrzventration‘ differet;ce b'et\%/een adrvenal.and peripheral
11-OHCS levevl.s at 180v-minutes was 0.03 p.g/ml and that at 360 minutes
was 0.02 pg/ml. The adrenal ll-OHCS.level; while slowly approaching
that of tﬂe peripheral concent?ation, waé significantly higher throughout
theva—}.lou_r interval as dve.terrri‘in‘edvby thé respec_:tive standard errors of
estimation. It is suggested ‘that thé higher adrénal 11-OHCS values were

due to low level adrenal stimulation from ACTH diffusing from the "outer
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. podl, " co.rt.icoéteroid '"leakage'' from the aarenal,‘ and wéak ad‘reno-
c‘ortical sfifnulatio_n frofn non;hypophyseal sources.

The simi1a£1ty of an ACTH half-life deriyed from ii-OHcs levels
in adfenal venous whole blood to the T1/2 de_terr.xllined in plasma is
illustraféd 1n Figure 7. The 'prev—hypophysecr:vtorr.;y ll—OHCS'Vaiue at
-3 mi.nutes was 5.3 pug/ml. The linear regr.e.ssion line fo>r ‘}alues |
between 4»ana 14 minutes gave a half-life fér'ACTH of 3. 4.minutes With
a 95% confidence limit range oi 3.0 to 3..‘8 minutes.

The cum'u.lativé davta of adrenal vénous. plasma 11-OHCS concen—.
tration before-and‘after'» hypophysectofnf in 24 dogs are shqwn in Figure '
8. The ‘meanvpre—-}.lylpopb_h‘?sject‘qmy -ll-OHCS concentration Befweén —20. .
minutes and thev'time' of _hypophyseétomy was 6.11 'y.‘g/ml', SD 2. 38.

The slope of the initial 11-OHCS decline after hypophysectomy was
-0.138 which inc%icated a'»Tl/Zv for ACTH of 5 minutés, '95%vconfﬁidence
limit ra_nge-'o_f 3. ‘6.té~ 7.6 minutes. A slope of -0. 601 aetermiﬁed for
plasma steroidvvalueSbetween 35>and .90 minutes gave a TI/Z of 5.4
hours.

Concentration valiues based én the fegréssion line of best fit':. for
the recirculating periphéral plasrha ll-OHCS (see,.Fi'gvure 4) were sub-
‘tracted from those of the adrenal concentration between 4 and 20 minutes.
The resulting siope was -0.158 Qith concentrations of 4 43' pg/rﬁl at 4
minutes and 0. 35 pg/ml at 20 minutes post-hypoﬁhySectomy. This slope

is indicative of an ACTH half-life of 4.4 minutes.
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Due to the wide distribution of stgr_oid concentrations after
hypophysectomy, the individual experiments were re-examined, and
it was concluded that thése cQuld be gro'upé'd according to two general
criteria: I) those animals which-deménstrafed an initiial rapid fall in
_ 11-0HCS'001;1ce'ntra;tion within a s'hort“p(.eriod of time, 3 - 7 minutes,
after.hypophysectomy; and II) those which showed a decline after a
more '.'prolonged“' pe.ri'od, 8? 15 minutes';: following hypophysectomy.
Eight animals were included in group I ana fiv.e iﬂ group II. Excluded
from these groups were animals :which contributed only pre-hypophys-
ectomy values, those which did not contfibute to the v_cu.m_.ulative 'slope
: de;termination between 4 and 20 minutes, and those which showed .
irr’egulari’tieé during the pre-’—or'post-hyp'c;physectomy periods.

Figure 9A sho§vs the  11-OHCS concentration values for _ani-mé.ls
in group I vﬁth a fall in 11-OHCS ”‘shortlyv" after hypophysectomy:. -
| 'Thg slope of -0 i83 for. 11-OHCS values between 4 and 15 minutes in
.Figure 9A was representative .of a halfalife for ACTH of 3.8 @inutes- |
with a raﬁge- of 2.8 to 5. 5 minutes as 'determ;ned from 95%‘ con_fide’nce
for iocation of the regression line. ‘A slower rate qf 11-OHCS deciine_ :
was 'iﬁdicated 'a-t about 1'5 rhinutes at which time the 'll-OI;ICS concentra-
| bt1on had dropped approx1mate1y 939, from thal: at the time of hypophys-
ectomy By 25 mmutes the 11- OHCS level had fallen to about O 2 p,g/

min. ‘When the regression line for the 11-OHCS values of adrenal plasma
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minus peripheral plasma concentrations was determined, a slope pf
-0.21 and a T} /2 for ACTH of 3.3 minutes were obtained.

Adre.nal plasma concentration values for animals in group II,
which showed a fall of 11-OHCS after a latent period following hypo-.
physectomy, are presénted in Figure .9B. The mean va the 20 minute
pre-hypophysectomy values was 6.39 pg/ml, SD 1.88. The regreséion_ |
line between 10 and 27 minut.es‘-aft;er hypéphysectomy gave a slof)e of
-0.129 with a half-life 'fbr ACTH of 5. -5: minutes and a 95% confidence
iimit range 9_f:3. 3 to .1'5' minutes.. With subtraction of peripheral plésma
concentration values befween_ 10 and 27 minutes, a slope of -0.143 Was
obtained indicating a Tvl'/z for ACTH of 4.8 minutes.

The reason for the dis.crepency between values in gro‘ups Iand
II for the time of fall of .ll-OHCS conce_ntr’at‘io‘n after hypophysectomy
is not immediately apparent. Both exhibited rapid"Tl/Z Vall;les for
ACTH, 3.3 and 4. 75 minutevs respectively. However, the wide 95%,
confidence iimit réhge of group II, the greater number of values
reprgsgnted in the ll—QHCS d.ec'lir.le and‘the narrower range of distfi-
bution in group I tend to place _a’greater relia‘nce on"th:e determinat_idn
of 3 3 minut:es in fgroup»_I‘ as the ﬁdre neérly accurate estimation of ‘tl"1e
-hé.lf-life of ACTH. Both groups demdn.strated low li-OHCS'levels
following th;e rapid ‘expovnen_tial decline, indicating tl.le'é.b.s_ence of’

" endogenous. ACTH (53, 88, 158). It is possible that the latent period
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before 11-OHCS dec-liné for animals. in, groﬁi)'II.may b'e. the res-ult pf
time for high ACTH ievel's to fall belév& thos'é:' prbducing vmax‘imal
B ad‘renocort'iCé.I stimuié.tion_f

The slopes of the linear r'egres‘sion 1ineé, fhe eqﬁivalent»}_;ial-f—
lives for ACTH énd the 95% éonfideﬁce li-rnif raﬁges for the e'ffect.o.f
- hypophysectomy on adrenal ;rerious plalsma 11-OHCS concentrat'i.on in
f:his section'afe 1isted‘in Table I. - The Tl/Z values f.o1.-.‘ACTH. deter-
rvninedvirvz the vgroﬁps listed fall within a rbelatiylely narrowltir_ne .interval
0 £ 3..2 to 5.5 miﬁutes. 'Whiie each détefmiriation ’conbtribut»ed‘ to a furthér.
élarification of the cortiéotropin deg.rad.afion pé.fter’n, .emphas.is éhoﬁld
be pléced 6n the Tl)Z of 3. 3,miﬁutes as most represen’tative of ACTH'

inactivation, from the discussion above.

.-Adrenal l’l-OHCS‘O.utput.

| In this. study the adrendc.ortica'lll1>'—OHCS output is éxpre's_égd as
measu‘rbed from a single gland vin units of microgran-ls 11-OHCS/
minute/10 kilograms body weight. Te:n kilograms was chosen as a
convenient reference comparison since most‘.idogs used were of ébout '
that _weighvt.- Cortiqosteroids measured from adrenal effluent bléod in VA
va variety of avnimals have been variably_expréss.ed as mic1.°ograms/
minute {55, 61, 88, 187, 201), as‘micrg.)'grams/lo minutes, microf

grams/hour, micrograms/kilogram/24 hours (18, 52, 115), as .



TABLE I

ACTH HALF-LIFE VALUES DERIVED FROM THE
DECLINE OF ADRENAL PLASMA 11-OHCS
CONCENTRATION AFTER
HYPOPHYSECTOMY
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11-OHCS Values Included

Slope ACTH Tj/»

95% Confidence
Limit Range

11-OHCS

in the Determination (minutes) for Ty /2
' ' (minutes)’
Total cumulative adrenal . :
11-OHCS concentration -0.138 5.0 3.6 - 7.6
Cumulative adrenal 11-OHCS'
minus peripheral 11-OHCS - -0.158 4.4
" Group I: 11-OHCS decline _
within 3-7 minutes -0.183 3.8 2.8 - 5.5
Group I minus bei‘ipheral : :
ll—OHCSv ' ' -0.209 3.3
~ Group II: 11-OHCS decline | -
* within 8-15 minutes -0.129 5.5 3.3 - 15
Group II minus peripheral
11-OHCS ‘ ' -0.143 4.8
D-192: Rep'resentative'e'x— o _ v
periment (minus background) -0.218 3.2 2.9 - 3.5
D-196: Whole blood .
-0.205 3.4 3.0 - 3.8
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rﬁicrog'ram-s/rﬁinute/loo grams (62, 192), as micrograms/hour/gland
(78) and as micrografvmsv/adfena.l/holu_r/kiiogram body weight (87).

The cumulativé daté fo.r'_‘t_he reff.ect of hypothSectomy on adrenal
11-OHCS output are shown in Figure 10. AThe_se valhes_ were obtained
from the same 24 aﬁimals as in the previous Sectiqn. The avVera'g.e of
the pre-hypophysectomy readings between -'ZQ and éer_o minutes s&as -
9,62 p“gv/min‘/lO kg, SD 3.»52. A linea"r"r?egreésion cietefrnination gave
only a slightly ascending slopel of 0. 006 with an intercept -a_t the time
of hypoth’seCtémy of 9. 69 }’;g/min/‘l‘O'k‘g, SEE lirhits._ 13.21 - 6'.."1_7.

' 'Thé'\%riae distribution of points following hypophysectomy,rﬁakes
énaly.sis of the results vjery'-difﬁéult. It was apparent by 3 to 5 min- |
utes after hypophysectorhy that .ll-OHCS dutpui: had begun to fall very
sharply and Fha.t. by 15 minutes some (;f the values had i‘eached'lo.w
points between' 0.1 a‘nvde..Z pg/min/10 kg. It is equally apparent, hoW—
ever; that in somé ca.ses the éteroia ovutputwas maiptaiﬁed at the
surgical, pre-hypophysectomy level uvp to 10—15 minutes following
hypophyse.cto.rny'_and that the favl‘l‘ in outpht did not ’becom‘e obvious until
aftér i5 minutes. |

It was vfound that the'.dafa from Figure 10 éould be separatedv' :

according' to dogs which exhibited an ll—QHCS output decline between

1 The units for slopes in this section are pg/minz/lo kg.
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3and 7 rhinuteé after hypophyséc'tomy,_ group IA, and those in which '
the output did not begin to.fail until 8 to 15 minutes. The curﬁulative
data fqr fhe respective groups are shown in Figu;‘es llA and 11B.

The mean pre-hyppphysectomy 11-OHCS output between -20
minutes and thé time of’hypophysectomy .f_Orv group IA, Fig-u;’é 11A,

) §vas 9.05 p,g‘/v.min/‘lo kg, SD 3-.’00.-'VBetWeer'1 3 and 6 fﬁinqtes after
hypophysectomy 11-OHCS .o.uvtput Began 'vto—'fall pfecipitoﬁﬂy and con-
tinuéd to decline unt11 about 15 minutes. bAft.er. that time the.fall bécame
less steep and bv'y 25 to-éO minutes had reached a leQel o£ ébout;, 0. 2
mg/min/10 kg. The 'line'al" regression calculation for fhe ou‘t.pﬁt values
between 3 and 15 mindtes gave a slope of -0.‘204‘, which is representa— :
tive of an ACTH halfftime' of 3.5 minutes with a. 95% 'con'fid_ence.range ,
of 2.5 to 5.5 minutes. "

Figur_e '11C shows the adrena.l-.'l.l-O'I-vICS' output fqr.animals'in
gréup IA in terms of mean \'ra_lue‘s .o‘f successive time intervals. The
estinriated‘ Ty /p for AC-’I‘H from the steepest corticoid decline between
about 8 and 15 mir.lutevs was 2..5 minutes. 11-OHCS read;mgs f»ro.m one
dog with a low irﬁtia.l po_st—hypophysectomy output level were not
included in the mean determinations beca»use of absence of pre-
hypophysectomy ll;OHCS values. V‘T.he'esﬂtimat_éd ACTH half-‘li_fe for
that animal waé 3.7 minutes.

The mean pre-ﬁypéphysectomy 11-OHCS output for animalsﬂ in

. group IIB, Figure 11B, was 9.91 g/ min/10 kg, SD 3.06, and after



20 T T T T . ( T T T T T
A . B
o __8___ 1 ) 1/ — /ﬂ °

o wp 2 o o @\9 1 / °° %o .

3 C o s . — ° o LINEAR H°
£ C o ° \ dF — \ REGRESSION LINE —|
3 L o—f— — o HFr 0 o © 5 [ -
wE 5 LINEAR Y - ' ° o © -
Oo | REGRESSION LINE . ~
I o (<] . °

S3  | ° o 4k .
=3 o ACTH Ty, = 6.6 min.

® _8 2 4 — 85% confidence limits, '4
E = : 3.8 min.- ®

&2 STANDARD ERROR -] v .
Ao OF ESTIMATION /)\ ° 4
@< 10 =l STANDARD ERROR

3 o _ 3 — OF ESTIMATION \ o 4
SE o \- © ar 2
2D o5l ACTH T, = 3.5 min, Jr \ <
© 2 = 95% confidence fimits, 8 \ °o° o 4L ° -
T 2.5-5.5 min. ‘ o

! L 8 L o |
<

) oV ° . .
02k : 0 JOLE Y= |
. HYPOPHYSECTOMY v - HYPOPHYSECTOMY
. o :
(o] .
o1l - J i - 1 | ! i | )
-20 -10 0. 10 20 30-20 -10 o 10 20 - 30 40 50

Minutes
DBL 6810-5515

Figure 1_1. C'_umulat'ive, adrenal 11-OHCS output before and after
hypophysectomy. A. 11-OHCS decline 3-7 minutes after hypo-
- physectomy. B. 11-OHCS decline 8-15 minutes after hypophysectomy.
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hypophysectomy the. Widely distributed outpﬁt Vaiue's remained high
' f_or. about 20 minutes. .Thé linear 'regfessiop line Qf the 11-OHCS
values between 21 and 34 minutes gave a relatively broad slope of
-0.103 and a T1/2 fé)r_AC'I‘H of 6.6 minutes, 95% confidence limit |
fange between 3..75 mingtes .a:ind‘ infinity.

It was noted that, after hypophysectomy,- three of the -énimqls
of thisv.gxfo_u'p, iexhibited"a}n inérease in-adrenal_ blood flow by as much
as 25-.30%._ In .those c‘a"_s'esv-the slopes of be’s-tAﬁt determined from
- 11-OHCS concentfétioh (Fig. 9B).and frOmrllb‘-OHCS outputf(Fig.‘ 1 le)
‘might not show the paral_iei relationship they would if the ﬂov;/ rates -

wvézl'é't:ons”t'ant. |

Obviously, w1th suéh a confidence range, 3. 75 minutes to ihfinity,

little credence car;..be placed on the half-life of ACTH as determined
from.’t‘hose outpuf va_lueé_. In addition, since the 11-OHCS output did
ﬁo_t drop to fhe lows noted f_ovr dogs in group IA, the pogéibility of
incomplete hypophyseétomy ‘exists. The fact that the Tl/2 of 6.6
minutes deter.rnined fo.r ‘gro.up IIA lies well Qutside the 95% éonfidéng:_e
limit range of that.f;)r 'g.rkoup.IA, , 2_.,2 to 55 minutes, adds fu»rther |
"question to the validity of thesé data. |

It is Suggeste'd"from ébservations in this study that the character-
g -iétics of the disappea‘ranée of ACTH from the circulation of be‘agl.es as

determ'i‘néd‘by'adrenal_ 11-OHCS output include the following: (1) the



80

initial drop.in adrenal 11-OHCS output' resulting from tﬁe int_erfupted
influence of endogenoqs 'ACTH begaﬁ w.i.thin a short time aftef excision
of the pituitary; (2) thv‘e‘ dis'.api)e-aran'c.e of ACTH from the cifcﬁlation
follows an ‘exponential pattern lwhich exhibited a half-life of 3.5 min-
utés, determined from va_.d'renai' plésm.av‘ 11_—OHCS_’output; with a
confidence limit range b‘etvs‘;e‘en 2.5 an(i 5. 5’minutves, and" (3) after 15
" minutes;’ .the fall in ACITHlle{rel bécame less steep ahd»by' 25 minutes |
had ‘rea'ché.d a 1evei-to prodace an adrenal 11-OHCS vo‘utput. of 0 2 ;.Lg/
min/10 kg. . o | |

It should be em.'pha’si_zed that inspection of .the -s‘élla turcica in‘
hypophysectomized dogs for deterfninatifon of résidual pvituitary"t:‘issué
' Wabs not attempted. | Rather, c.ornpl.-eteness of h}.rpophys..ectdmy thrdugh-
' out this study'was ‘ba’sed on low adrenai plasma 11-OHCS mea‘éurements
"a'ftei‘ h‘_ypop'hy.séct'omy'. 'T’h‘is’ basis‘vwas derived ffom 'finding's of Ganong
and ‘Hume (58) and Hume and Néison (88) that adrenal 17§OHCS output
in hypophysvect‘or_nized dogs was usually near zefo b;lt‘ alwéys less thanv )
'o'nv:_e }Lg/min, from recording.sr of adrenal 17-OHCS output of'Q. 2 pg/zﬁin
in vhypophyséctlomized dovgs by Wise é_t al. (201), and from f.indiv'ngis of
vUrquha.rt et al. tha-t.an' adreﬂa‘l cortisol siec‘re-tion rate of :0.124_ 0.6 |
pg/miﬁ_ denbte_s abéénce of endogeﬁéus-ACTH (191).

It.vwas at firsf thdﬁght that an appropriate.-cx;iter'ion for hypo-

physectomy wvouvld be the exponential fall of 11-OHCS within 3-7 fn.inutes
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as observed for the arﬁmals in groups I a;nd IA. However, one dog
included in groups II an'd» IIA, which showed a steroid decline -after

a 'mo‘re "prolonged' period, d_'emonstra'te.d a very fast half-.tirne for
ACTH and a very low 11-OHCS measuremeht after ‘the "exponential
drop. .

As shown in Figure 12 for this d(_)é, both the drop in adrenal

. venous plasma 11-OHCS concentration and 11-OHCS output gave a Ty/2
for ACTH of about 3.3 minutes. The lowest 11-OHCS readings were

at 63 minutes: 0.21 pg/ml for the concentration and 0.26 pg/min/10 kg

for the output, after which a definite decline in 11-OHCS was still
apparent.

'Even though the fall of ACTH and the low 11-OHCS values for

_ the dog in Figure 12 were more in fitting with animals with complete

hypophysectomy, ‘the time interval between hypophysectomy and the

decline of 11-CGHCS was considerably longer in the former case. In

view of this evidence, the characteristics of ACTH kinetics after

hypophysectomy cannot include the restriétion of a 3 to 7 minute time

interval before detectable depression of the hormone activity. It is

.pos-éible that the extended latent period may have been the result of

tempdi‘ary incomplete hYpophysectbmy’ and the ’timé for removal of
residual fragments and/or the result of unusually high levels of cortico-

tropin release due to mechanical trauma to the pituitary just prior to
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hypophyséctomy. The basis _f;)r this latent period would appear to be
of considerable interest and of'possibl'e,-sighificance, but further specu-
lation would require moré than the data .presented.

A sampling of adrenal corticoid output values in dogs from the
literature as well as those from this study is listed in Table II.

Measurement of adrenal 17-OHCS secretion and adrenal asco‘rbic
acidvdépletion determinations have shown that ACTH has a very short
biological half-life.. Fqllowing intravenous “injection of ACTH into
int'act rats, Gréenspan, L1 andv E-va.ns noted with the ascorbic acid
depletion rhethoci éhat ACTH disap'pe‘ared in‘a logarithmic fashion with
a"half—life of 55 minutes. (64). From adrenal weigﬁt changes in para-
,biotic .rats, a technique cited as quantvita'tively questionablé (181), Vén
Dyke’ et al. determined the average half-life of'_ACTH to be appro#i-
mately 17 minutes (196). The ”adrenocorti(‘:oktropic hormone space'
‘of those animals was determined to be 4.3 percent of the Body weight
with cpncentrafion of the hormone essentiaily equal between the plasma
and lymph.. Syndor and Séyers found the half-life éf endogenous ACTH
following hypophysect'_omy‘ in previously adrenalectomized rats to be
abou,t. 1 minute as indicated by thé ascorbié acid depietion méthod
(175, 181):1 0. 95 minutes vx}as ”determined» in one experiment aﬁd 1.25 ».
"~ in another (lél). .‘Seventy-five pefcent of the activity disappeared Within‘.

3 minutes. In the same expefiment no loss of .biological activity of ACTH



TABLE II

LISTED ADRENAL CORTICOID OUTPUT VALUES IN DOGS"

Authors & _
Reference No. .

Wi_se,' Brunt

& Ganong (201)

‘.Corti‘coid Output

10. 8 pg/min, SD 2.0~
B Wts 7.5 - 16.8 kg

Conditions of Measurement ™

Pentobarbital anesthesia,

adrenal cannulation and cra-

niotomy control (dura opening
only) ' '

Hume & Nelson
(88)

12.7 pg/min, range 9-'.22.‘2
B Wts 14 - 26 kg

Et'h'e'r anesthesia and surgery

Gandng'& Hume

7.2 pg/min, SEM 0.8

Ether anesthesia and su‘rgery'

SD 3.5

(57, 58) | | |
- 7.2 pg/min, SEM 0.2 1 : nooon 1"
5.9 pg/miri,, SEM-0.8 1 " 1" 1"
B Wts 10 - 15 kg
‘This Study 9.6 pg 11-OHCS/min/10 kg, Barbiturate anesthesia and

- surgery -

¥8
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was noted wirxe'n blood was incubated in vitro'at 37°C for one miﬁute,
suggesting the.t the ;af)id inaetivation did not occur directly in whole
blood.

Urquhert cited a time coﬁsltant of 5 to 7 minutee for ACTH in
the blood of acutely hypol-)‘h}isec’tomized dogs, as determined from the'
infusion of ACTH (189). Although the mgthodology was admittedly
imprecise, a dist»ribution space for ACTH comparable with that of the
plasrne volume was proposed. -The determination of an ACTH‘ half-life
of 3.5 minutes in' the present.stqdy indicates a faster. rate of hormone |
inactivation in dogs than has been -pfeviously'estimated.

Eerlvy estimations using the ascorbic acid depletion technique
gave a hal'f-life for porcine ACTH in man of 5 to 15 minutes (41). A
later study of Meakin et al. using the hypophysectomized dog assay
: niethed, éave a comparab_le range of 4 to 18 minutes'for the disappearance
of cofﬂmerciel ACTH in me.n (114). When the 1ogarithm of ACTH activityv
was. pletted_against time in Meakin's study, it appeared that there were
two rates of ACTH ;iecline, a rapid initiel rate and a slower second
component. This two cefnponent concept of ACTH inactivation is in
keeping with ﬁnd_iri_g{sfofr equal distribution of ACTﬁ between bloed a‘nd‘ _ '
: lyx’;np‘hvi(lv‘)(;) and with evidence in'the preseﬁt.study of a 1I'Iapid; and then a |
slower :r'ate of cor.ticotvr.olpin. d.isappeararice é.ft_er_- hypophysectomy.. |

As described previoﬁ»sly, Iew ce'r.tic_oid- values in the ra.nge of

0.1 to 0.24 pg/min are cphsidered as indications of complete
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| hyébil.)iij}seé‘tbmy.. and 'ab_sén‘c.e 'é_fléndégerﬁqug A"C-’I"‘H'(Sé,‘v:88, ~1§1, 201)7 ‘
'.,Cbmll)l'e'tg rémbvai bofv’ the pltmtaryand of ﬁy?oéhyse-al ffagmenfs is '
necessary t.'of:.thé-: 1nsurance '-_(:)_f:_(vie.pvré-sséd YIHY-OH;CS to th;)s'e. low values. |
vZuv}‘;owski énd Ne‘y:c“(.)fnp‘zla,:re.d 'tvhe‘ 17—OHCS output 'va,',‘luvesAof both peri-
B phérai and;‘ adriené.lb v'enojus" blc;g;d'gf cdntxjoi a_ndb-fp.’ituit':avry sfagl.k;sectionéd‘
‘dogs. and found t'l;l‘er'h to be s1m11ar(213) V’jI‘herve vvlas 1.'e;:o.'c_>'.1'fe_dl'y no
's'i‘gnific'an_t‘vdif»f.ere;lv_c'é"i'.i.flﬂ:.'t.ﬂeb'elséva._‘ti':oin of17-OHCS in the two g‘roqps_ -
ai;_l;'_er.exogenou_s ACTH,_a}.d"rrii;'rii'_‘s:trvétion.' | |

.Invth.ose animals thepltultarystalkWas 'sectioned jli"s't‘vbe‘low ‘the
. dlaphragm ‘»se_lla'e and asheet éf.a'lu-rhi:n‘d.rinnfo.ii was placedka‘c.__zi‘o_ss the »
area of tra‘ns_.c‘:_ctior.l-_to p"'rev‘v‘e\ht r'e'génex.'af:i;;)'ri 6f portal ve;ssel.s.-(213).. |
Most stalk'-se'c';ti(.)ri.ed._d'og“'s. Qespbndedf&-’ith:'elé'_vatedv 17-OHCS output in .
res_ponSe when 's.u.b.jve‘cte,.dxltv'é_:la_.i)a-fb'fo_rnvy_,'_‘.tfa"c.ti.(.)ri..c.).'n the séiatic n_erve- .
and adfr}.i_nis't.f.a'.tiovn of’b'.rne‘tj;rgpone (mét'opiréng), _ah»inl'.lvi'b'i'tor of .c‘o‘r,ti,coidb
- biosynthes 1s ’}'T\hfo 's;‘e', a_f‘li,n'_ia’lzs’ no't."x;es_porllid‘i:'ng:_t_c')‘ fﬁefyfapone ‘showed.
n:o‘rr”nal-i-e_svp‘dnsiv_e"nebé-s, ?Q ACTH, ‘indica.ti.ng sfuff.icient basei__in.e ACTH
to rnz.iix_i'f;ain‘n(v);malv adfef_n;)édi.iical'%e'sp_(')n»s.'.e,':" bU.t deplétion Qf'pituitary'
ACTH-"rese;‘vé“ as a.’yeéult o‘f; stalk .éec’tibn. The rnec.h.a'nisin of ..
elevated AC;I‘H.r_,e.sponsevt'-o tf.;;-urﬁa.in thosé conditions is .ur_x_ce.rtain, bgt'
a systemic gif.c‘ulatory c.()jrirl'ectiOn trans_?orting 'Cor.ticot.ropin— releasing
factors from the'hypothalé.'rﬁl:ls was_‘ postulated'alo_ng wifh _the sug‘vgeévtion

of an independent influence <.)f‘hypo_tha1amic regulation.



Further evidenc_e‘has been presented by Jackson, Egdahl and
Hume that even after pro{loﬁged p¢riods of time, pituitary stalk
svection- does not abolish bthe release of ACTH iﬁ response to specific
trauma (90). While pituitary stalk section leads to reduced adrenal
respohsiveﬁess to ACTH, defi-nitiye elevation of 17-OHCS output in
chronically (1—'_8 months_) _stélk-sectioned dogs was observed after
éciatic nerve stimu_latidn, aorf_ic- constriction and‘A.CTH‘administra—
- tion. The c_-orficoid_ ou;put' att.ained; howévér, remained intermediate

_. between normal basal output and that after normal maximal ACTH

" "administration.

'.In bi'r'ds, .pil_:u'ital_'}.r. stalk transéCtion or .autofransplantation of
the adenohypophysis- caﬁse_d- complete and permanenf gonadal atrophy
But 0;‘113_7 mild depression in the synthesis and>r<.e_lease of TSH and
ACTH (126). .It has been proposed that, in chickens, there may exist
aﬁ extra-hirpophysegl :s._o'u,rce of ACTH.or ACTH-like substance ._which
is .cat_pable of .st.imulating adrenal secréti‘on of corticosterone for up to
5_.0 days .folléwing '.hypophys'éctqfny (126).

As _efnphas.ized by Harrié,- ”Few prbcedurés have given such
discérdant rresuyl_t_s és fl’{ose 'iflvolying pituitary stalk sectionv in st_uc.i'ies

of ant'eriolr pituitary fgncti_dn" (71). Investigators cited above have

87

shown evidence for continuance of a certain degree of pituitary function

after stalk section, Whi_le Harris has pointed to posterior pituitary
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atrophy and indéfinite cess.ajti’on of'glaﬁdular a"étivity'w'.ith ;severengie

of .thé ne.ural supply (71). There may be some signjficaﬁce in this
reference to pp'sterio'r 'pvituit‘ary'ati'oph.yiA only. -R’eports of hypophyseal

fun‘ction‘fbllowmg 'sl:a_lk‘section have been é.ttribﬁted by Harri_'s Ito répid
regeneration of hYPOthalaﬁic portal ’ve.s‘sels vacr.oss' the si!.te.'of‘t'r.an-‘

section (71'); It is difficult to (_:orrelate-i:h'is with evidence.of pit'gita;-y—

" adrenal funcﬁon, though so_rhe_what reduéed,' in stalk-sectioned dogs iﬁ :
whi\ch portal"vess‘el ‘regeneration_\}vas blocked (213).

Hérfris has 'stéted> ﬁha_.t "a»lsealfch of the literature :has:f'ail'e_d ‘to
reveal’any reliable data indicating normal secretion of A.FC; T. H. .

‘ 'undesf basal or stress c':o'ndi.tions‘-in the absvenc‘e of hYpophyseal’ portal
"V’es‘se.l‘s connecting ’the r‘ne,dian> eminence and antérior pituita:r}.rvgilarid”
(72). Yet Zukowski and Neys' st/é.lk—sectiéned dogs upbn micrqscopic
examination showed no portal vessel regeneration while exhibiting
reduced pituitary activity (213). ‘Variab'le degrees -of necrotic anterior
pituita-ry tissue were seén, but vie;ble tissue was also present. In
addition, Thomson and_v'Zlic'ker‘man have re.poz_‘ted that with pituitary
stalk séction and.abs.ence of portal vessel regeneration, férrets still
showéd'-ligh't—indlicedestrou.s response (183). This ﬁifuitary-gonadal .
ciépendence wvasv based on the conclusion that \;essels- of thé p.ituitary
stalk férm part of a n'e‘.urovh_umor-al. reflex pathway .between the‘retinal

receptors and the anterior pituitary.
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‘In view of the cdnﬂicting evidence, and considering reports
of ACTH secretion from pituitary tis‘sut‘ev transplanted at sites remote
from the sella turcicé. and otﬁer .repolrts of abolished secretion under
similar conditions (71, :72, 126),‘ it is ‘:painfully clear that a définitive
céncept reiating thé pituitary stalk to h};pophyseal secretion awaits
further evidence and insight. |

With graded hypoph‘ysect'omy_. in dorgs, i. e., 'inc_:reasingljr complete | j
pituitary removal, Ganong and i—Iurrie h#ye demonstrated thét’vthe
sequence of loss 'of.endocr'me function is gonad - thyroid - adrenal
| (58). | ﬁerﬁoval of up to three-quarters of the ‘a."nteriof pituitary resulted;.' ‘V
in no detectable effect on en‘docrine fu'nctio.n, _-xwvhile 97-99 percent |
hypophysectomy r~¢su1ted' in complete atrophy of all three target tissues.
Wifil the retention of é.s little as 5-25 pércent of the anterior 1§be,
gonadal a_nd some gonad—fhyroid insufficiencies were apparent, but
isolated thyroid aﬁd adrenal insu.fficiencies were not observed. Véry
" small remnants of énterior pituitary tissué are capable of .stimulating
the .adrena'l to some degree of fgnction in.'s’pi,te of a considerable atrophy
of tﬁe 1at.ter.l This has been evidenced by increasea contralateral
4 adré_nal weight after unilateral adren‘alevc'tomy,' increaSed vperipheral
17-OHCS level dufing i_mrﬁobilizatipn stress,I and adrenal corticoid output
levels above those following h-ypophys,ecto.p'ny‘ (58).
- In studies of gradéd hyp(b)phy.rsectomyvin patients with metastatic

cancer, Van Buren and Bergenstal observed marked depression of the
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urinary gonadotropin lévél despite résurgenge of ‘thyroid and adrenal
function in an instance in which appro‘xir‘natevly é_9% of t‘h'e pituitai‘y
-remained (193). Witﬁ 10% o;-: 1eé_s .of the pi.tu”itar-y remaining, thcla,
,-pafients were pe'rman.e'n.‘tly cortiéosteroid dependent and wé_re judged
to have complete hyp'op.hysectvorh.ie‘s by ;'endoc‘.ririolojgical evaluation.'"
It is c"f.interest that after hypdphyseétomy residu'al_ fragmevnts did not
' degene_brate despite loss of blood supply from the pituitary stalk,’
suggesting a sufficient blood supély to the pituitary from the du'r;l

.c-overing (193).

Effect of Hypophysectomy on Adrenal Blood Flow

Throughout this study, the procedures were periodicav.lylyvr p.lé.gued,
and the 'interi);‘etation of results often compliééted, by ‘u‘nexp.ected and
uriexplained debcreases" and even c‘ofnplete interruptio‘n of adrenal blood
: flon. Adrenal blood flow as affected by hypophysector.ny waé recorded |

in the 12 dogs for Whi'ch_ACTH half—l'ives were detevrmined, and the
.dat'a are presented in F.ig.ur.e' 13. . Flow was rvneasu’red from th.e‘.volume.
per minute adfenal effluent of'é single gié.nd,. aﬁd each v,avlue. in thc_é
graph represents the meé.n of samples collected'during successive 5-
minute periods.

The m:ean. values shovs} a surgical a.drenal blood f_low of 3.3 ml/

min, SEM 0.4, for a single gland between 15 and 20 minutes before
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Figure 13. " Adrenal blood flow before and after hypophysectomy.
Vertical bars denote standard error of the mean, and numbers at
the apices indicate the number of samples included.
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hyp_ophysgzctqmy. The'mean flow then _showed a si.gnifica_,nt decline
_ from 5 minutes before until ab"ogt:‘vvlo mi;iutes following hypophysectomy,
é.fter_ which the flow 1'evei'-r0se to Between 2. 6 and 2.8 ml/min. " How-
ever, this decline in adrena.i ﬂqw was probably not the result of
'ﬁypothsectomy a‘s judged by the 4loyw levels prior to pituitary e);cis-ion.‘
It is pobssible that the depres si\on'ma'yj-'ha‘.'v.e béeh 'i_ndhced’by. .f:fauma" or o
mechanicai stimulationvdq‘ringﬁilumboadre‘na‘l vein cannulation.. vIT}‘le

data presented here indicate that adrenal blood flow is n'otv's'ijgn.if'icantlyv '
affe.cted by ‘hypothseétofny.

. - These findings are i'nvkveepinglwith those of Monos, Koltay- and
Kovach,. who demonstrated that in spite of a decrease in ferﬁgral _
arteri:al pr.éssurgs after hypop’hy.sectom? in dogs," adrenal Bloo& flow

was un(:hémged’and in some cases increased (122). After 6'0 ’mi'nutes,
vt}.xe’ fembral'va'rferial pressdre had de’c're"ais"ed‘a..h e'stimated 30%, While.

no significant change was recorded in rﬁea_n blood flow of the abdorﬁinal ‘
aorta. A 15-20% greater g.iecre.aseﬁ.in adre‘ﬂal vascular resistance t.han
that in t‘he ?baominal'organs and th¢ posterior part of .the bédy was v
Vrecbfded: |

Adrenal blood flo_Qv in ddgs has been fneés_ured by Hartman,

Brownell anvd‘Liu who found no défiﬂite rvelat‘ionship between flow and
animal weight (73;). This was. true of animals within a giv.en. weight
.grm’]p, but significaint'differences occurred,bevtwe‘eri the mean flox.x;s of

animais in 5-10 kg and 10-15 kg groups, fh_e latter flow rates being lower.



- That aarenal cdrticosteroid output ‘rema.ins stable over a wide.
range of ‘var'iation in va,dvrena.l blood flow ha;,s been suggested by a
number‘of inveStigatbrs. Nelson and HQn;e, in their description of
ACTH assay in hypdphyéectomized dogé', stated that widé wvariations
‘in blood flow can o.ccurv-with.out avppreciably affecting the assay (130).
Similar :_rela.tionshipsvw.e.re observed in their surgical shock studies

(88). This is in agreement with the find.in_gs of Hilton and co-workers,

that in perfused dog adrenals in situ, the rate of hydrocortisone

secretion did not appear to be related to changes in adrenal blood
kﬂow (84). He&hter et al. wefe'unarble to determine an apparent rela- v
tic;nship-”’t.)etWeen the rates of total or individual steroid secretion and
the rate of adrenal venous 'flowbin anestheti'zed dogs (78). '

Frank et al. measured adrenal blood flow andifco'rticos-teroid

output in'dogs prior to stress of hemorrhagic shock, during shock, and

in response to ACTH given during shock (52). At adrenal flow rates
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above 17% of pre-shock values, the corticosteroid secretion rates were

60-100% that of the pre-shock levels. At lower flow rates, below 17%
of control, a sharp decline in corticoid secretion to 40% or less of

control rates was observed.

When hemorrhagic shock was superimposed on operative trauma,

adrenal blood,flow in dogs was ma_rkedly ,réduced, but the minute output.

of corticoids increased as witnessed by the considerable rise in steroid
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concentration in the blood (89). With blood .re'p'lac‘efm"evnt, lcorticoid =
secretion returned to t_he pre-rs'hock le{réls' or belon.' While this
resbons’e' might be expected in-intact animals, the same pﬁenomenon
was defnionstrated in hypophysectomized dogs bled du;ri.ng constént
infu;si'on of ACTH.

In addition, it has been"o‘bserved that infusion of oxyto‘éin in-
creased adrenavl blood flow withoﬁt changing ’c'o'rticos_fgrc;id secretion
in both intact:and hypophysectomized dogs, ind’icating‘:lack of i'nfluehcé
of change iﬁ the Oneb 'pav'ra.rneter on that of f_hé pfher (9];);-

IrMa‘cchi and .Héchter found no éorrelation betweeh_ adrenal blood

flow and corticosteroid output in perfused, isolated co/w adréhals (103),
and McDona.id’ aﬁd Reich observed no influenc‘e-fof.intrévénods inj'eétion
of ACTH on flow in transplanted sheep adr.erials.' (111).

" On t};e other hand, Walker é.nd- co-workers have 'e.n'qphlaéizéd the
importance of adrenal .blood flow on total 1'III-O;HCS outfmt in‘dogs (197).
The influence of'ardrenalAﬂow on corticoste:i';o'id 'sec.retion in réts has
also been der’noﬁstrated by Porter and Klaiber' (153). D.uring' constant
infusion of ACTH into hypophysectomized rats 1n the former study,
collection of ;)lood and .c'hange in adrenal blood flow was performed: by a .
"'withdrawal! pumpvconn’ectéd to the adrenal vein. With an increasé in

flow, i.e., greater withdrawal, adrenal corticoid secretion increased

from 1.1 to 7.2 pg/5 min, with apparent maximal adrenal corticoid

1



output at a.-flow of 0. 03_4vm1/min. -Whiie theirIVery method of sampling
and measurement of flow was obviously. questionable, the authors
suggested that a possibie explanation for many discrepancies relating
adr.enal flow and corticoid secretion in rats has been failure .to ligate
the inferior phrenic vein and other tributary vessels emptying into the
" adrenal vein (153, 162). Without ligation, change in flow of adrenal
effluent blood repo.:.rtedly migilt nbt. indicate a éhange of blood flow
thiéugh the adrenal, but rath‘ev’r through thg tributary vessels alone
(153, 162). However, barring any change in secretion level, calcula-
tion c;f adrenal corticoid outpuf would be the same in spite of dilution
frc;m tributary vessels.

Adrenal blood flow in rats was measured‘ by Sapirstein and
Goldman by a ca fdia_c fractionatién techniqvqe employiﬁg both Rb86 and
iodqénﬁpyrine (1131) (162). With this methc‘>d=,v'adre1.r1a1 bl.ovod ﬂow was
0.14% of the cardiac output, which is equivalent to 0. 078 ml/mih or
1.9 ml/gfn adrenal/min. This is somewhat lower than 5. 05 ¥ 0:_ 3

ml/gm adrénal/min measured in dogs (73). With the administration of
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lafge ACTH doses in rats, adrenal blood flow_increaéed 114% and with

the 1vigation of one common Carétid artery the increase was 80% (162). |
Ho.wever, '_éurgical trauma had only minor ‘e_.ffects‘ on the estimatevdv
adrenal blood flow in those _animéls.

Further §b86;studies indicated that ‘while' adrenal medulla'ry

perfusion per weight.of tissue was greater than adrenal cortical
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perfusion, 'i‘ncrease of r'néduliéry blood flow and cortical flow in
response to stress of unilateral carotid ligation were of t'he same order
of magnitude. Howeve_r; since the cortex comprises 85-95%. of the
fotal gland weight, the.i'ncrease_ in flow to the ;o'rtex predominates (92)‘_
This evidence was interpreted to indicate that increase in flovs./ tothe
cortex does not occur .a;t':the. eXéense of 'diVers'ién from the médullary |
vessels and does not support t'}-1ei concept of a éortico—medullgry portal
pathway (‘;2-).‘ |

In dealing With_the 'ad_l‘enals of rats in a structural, cellular-
vascular relationship, Lever concluded that three basic mecha'hismvs:
c‘ontrol blood flow through the suprarenal gl.arnds': direct action of
éorticotropin_on the .bloo'd vessels, nervous control of cortical |
arteries, and a slower controi system th.ro'ugh' the degree of vasocom- |
p;ress'}on of cells in the‘lq'c;id zone (thg.zoﬁa infe‘rmedia. and outer
fascicular zone) (93)'.':;‘ The cell size and lipiid contenf: of cells in th‘e
lattef system appear to be related to anterior pituitary activity.

Recently, Maier and Staeheli"n-suggested» that ACTH may influence
. increased adrenal blood flow via the release of imSafurated .fatt'y.acids
from cleavage ofvvcholevsterol ester‘s during corticoidogenesis ('106)_.
The adrenals are 'particulalrlyv rich in tetraenoic acids, and theSé can
be easily converted'to prosfagla;ndins. While a reduced form of Ithes.e

""essential'' fatty acid products increases blood pressure in'dogs, the



97
typical effect of prostaiglandin compounds is vasodilation of t'hé small :
p..eriphe'ral arteries (9).

" Intra-arterial ;r;quion of ACTH, 1"60, mU ACTH/hr, in sheep
with ’cavrotid-jugular édrenal .tfansplants failed to pfodqce‘avn increase
in blood flgw, even though a cons‘iderable'incr'ease in cortisol and o
corticosterone and a s_l.ight rise iﬁ aldosteroﬁe output were recorded
(203 ).; When administered intravenouély’, however, doses between
1-25 U/hr elevated biood flow iﬁ all caées,l éven by 200%, and stervo.id
outputs were raised upwards of 50% above that during the intra-arterial
inquions. ~Beaven, Espiner and.Hart' recorded a significant elevation
in ad‘renal'Blood flow in transplanted sheep é,drenals with largé doses
of ACTH (1000 mU), less significanvt rises with injections of 20 and
50 mU,: and no detectable_.differeric_e with _doses- of 5 mU or less (6).

Following decverebration aﬁd hypophyséctomy-, adrenal blo’oci
flow in calves droppéd from 10-20 ml/min to 5 ml/min by the end of
the fi’rst hour (4). Intravenous infusion of small amounts of ACTH
causeci a temporary rise in aci;'enal flow in animals older than .10-40
days of age, but. flow changevwas' small or absent in animals less than
8 c.ia'ys old.

. The rubidiﬁrﬁ method for measurement of adrenal blood flow
with ACTH yielded the same results in dogs-as those of Sapirstein in

rats, i.e., increase in adrenal flow with large ACTH doses (178). As
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measured by heated théi‘mocouplés, the same'investigators recorded
an increase in adrenal flow within one minute of ACTH administration
in both anesthetized and conscious dogs.

" After administi‘ation of a large ACTH dose; 5 units, to hypo-
physectomized dogs;' Monos, Koltay and Kovach observed the "expected'
~e1e§/la'tion' of corticoid output but only a slight increase in adrenal blood
flo{gv (122). The' lack of a. greater response was attributed to ﬁearly-‘
c¢fnpie§e dilation éf the “ACTH—"sve'n‘siti_ve"’ Vas'CLilar—~bed .O'f the a.'dréhal
after hypophysectomy:.

Within 2-5 minutes after injection of 25 units of ACTH into the
peripheral circulation of dogs, Nicols and Riché.rdson recofdea a
marked increase in';d-renél blood flow which attained a maximumlof
260-400% of éontrol within 8—15.minutés (134). Pré—ACTH flow rates
were restored after another 5;10» minut‘es;"g‘iving a total rea-étion time
of 15-30 minutes. |

.The ins.egticidé DDD, 2,2-bis(parachlorophenyl)-1, l-dichloroét_hane,
is an iso‘rner of DDT (dichloro’diphenyltrichloroethé.ne), which along with
another Aisovn'v1er, o, i)' DDD, in low déées, produces 1;eversib1e_ 'depression
of adrenal '17—OHCS secretion and caus.es the édrenalsto ‘beéomve
"refractoryvté ACTH stimulavfién (8, 128). With larger doses of DDD,
necrosis and atrophy of ‘the zona feticularis and fasciculata of the adrenal

corv't-ex _weré seen (8). Following ACTH administration to DDD treated
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' dogs,. the "’uéual" ihcf_éase in adrenal blood flow was obsérygd, while
,ste.roid secI:retion remained low (134). ':These data were interpreted
to indicate that the vasqdilating fa.ctor of co;ﬁmercial ACTH is separate
from the 'corfi'costeroid releasi'ﬁg faCtoi;, and the vasodilating effect
' may possibly be ‘ex'er‘ted via thé medullafy or extracapsular vasculature.
While the vasodilatory effects of the relatively impure clinical
ACTH and the use of gfossly phar?nacologic doses were considered as '
possible explanations for the iﬁcreased édrenal .blood flow in DDD
tr_eated dogé, these possibilities. were ‘overruled (1_34). >In a similar
" vein, Hartmén, Brown and Liu have expressed the likelihood that E
inc:reasev in a'drenal.blood f_lo.w in dogs with"injgcﬁibn of ACTH could be .
A'a.ccovuntved. for by contamination of the cortiéo):ropin preparation with
posterior lobe preSS'ér.,substahces, ‘these evoking an increase in
pressﬁre similar to that with Pitressin (73). _

' v Beca}use of .thé incr_eas.e in adrenal flo\x} and lack of corticosteroid .
elevation w1th ACTH in D]SD'tre'ate‘d dogs, _.Nbichols énd Richa..rdson‘
concluded that the vasopressor activity of commercial ACTH is
separate frém the ép’rticoid_forrriing and/or releasing faétpr (134). It
was suggested that the site.of Vascular résponse qf ACTH activity might'
‘resvide in the vessels ,(.)f the medulla or in the extracapsular vessels.

Hoizbauer and Vovgt similarly concludéd that increase in adrenal

flow caused by administration of ACTH in rats is not linked with its
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synthetic action on the‘co'rtica'l tissue (8.6).' This increase iﬁ flow
occurred in spite of a décrease in feméral arte’rial'pressure.

Adrenal blood flow thréugh perfué'ed dog adrenals has been
demonstrated by U"rquha.rt to be a significant pérame‘ter in the response
of the glands to ACTH, vand. the éteady state of steroid secretion by the
adrenals is report.edly a -reliable.-\index of corticotropin release if the
‘rate of adrenal flow does not vary (1.87', "1-8"8).'7 The effect "Qn' flow was
ob'sez.'_ved t‘c.> be greatest at ACT‘H conéentrations between l-30va/min
but waé considerably reduced or absent at higher peptide co'nceritrétions

or in the absence of ACTH. In addition, adrenal blood flow was approx-

imately linear to perfusion pressure, i e. s artérial presvsure in vivo
‘ (;87, 188). |

‘When the blopd concentration .of-A'CTH was held constant in the
perfused adrenals, and the adrenal blood flow was apéroximately
doubled, there occurred a 2-5 fold increase in the steady state secretion
of corticoids (187). It was noted that at the concentrations of ACTH
employed, an increment increasé in flow rate at a fixed ACTH concen-
tration always evqked a greater adrenal response than did a comparable
increment prdduiced by in.creasibng the ACTH concéntration at a fixed
flow rate. Tﬂus, the rate of presenta.tion of corticotropin to the adrenal
Vgllands was better correlated with the steady state of corticoid output

than was the blood concentration of ACTH.
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Tbhe varied reports of the effect of ACTH on adreﬁﬁl blood fléw
apﬁear quite confused épd conflicting. However, it will be noted that
'thosé cases repo‘rtingv increase in flow Qith ACTH stimulation were
effected by pharmacological doses. This is exemplified by Wfight's
findipgs of velevat_ed flow with vhigh ACTH infusion rateé, but little
_effecf at'normal plasma ACTH levels and even at circulatiﬁg ACTH
ieVels fouﬁd in patients with Addison's di:sease (194). The findings of
the present 'study coincide with this concept in that hypophysectomy’ '
produced Kno change in bl_ood flow that could j:bé '-attfibuted to the rapid .

diminu‘tion of circulating ACTH.

' Effeét of Constant Infusi.onv of ACTH In

» Hypophysectomized Dogs

Gfaded Rates of A'CTH Infusion‘,: Overshoot Response

The drop in ACTH level folléwing hypo.physectomy, as previously
described,’ is indicated by the decline of 11-OHCS from a high of 6-9
png/min/10 kg to a low of 0.1-0.2 pg/min/10 kg. This drop denotes a
30 to 90 fold decline Bet_weén the. sﬁrgic-al steroid output and the post-.
hypéphy_sec.tomy lobw values. In order to arrive at a reasonabie estimate
oé the adi'enoc'orticotropi; activity réspbnsible for this range of steroid
secrétion, porcine ACTH was 'c':.o_‘nstantly i'nfu"s.ed in graded 'concentrations

into hypophysectomized, édrenal?cannulated dogs.
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D_at'_é oﬁ the effeét of gra'aed ACTH infusion wére collected from
5 animals. Because of \.rariabili'ties throughout.the experiments, it
_was considered reasonable to discuss the data in terms of individual
‘a-nirnals.‘ T,ﬁe adrenal ll-OH'CSfoutpa»t' rﬁeasurements at given rates
"of ACTH infusiop s_hdw'ed'sorne variation between individué;l animals.
However, rates of ACTH infusion sufficient to produce rnini‘rnabl increa{s'es :
in-11-OHCS ¢ut§ut'from baée levels and to evoke max:im.al ac'_lrenal.
stimulation were comparable in all' cases. '

Fi’guréj14 shows a'fepfe_sentativ'e expe'.riﬁlent_ illustrat;ng the
effect of graded ACTH infusion on 11-OHCS oﬂu;tput.-' The ’pre;-h.'y"po'phys-.
eétom}; s-'am.ple‘s- gave a mean 11-OHCS output c;f 8. lZ'[iJ.g/fnin/l'O kg,
SD 0. 3.7.‘ In thié particuiar experirrient,b ac.i‘r‘etial blood was hotfsampied
_.durihg the fall of ACTH imﬁied’iat-eiy aftér hypoph'ysecto’rny, aﬁd the
three samples between 110 and 130 minutes indicgted that the 11-'O_HCS :
level had declined to about 0. 22. pg/min/10 kg. |

At 137 minutes after hypophysectomy, ACTH infusion was begun
at a concentfation of 0.1 mU/mi, which at the pump. speed of 0.17
ml/min produced an infusion ?ﬁte of 0.017 rﬁU/min. | Within 2 to 3~ '
’minutes a sharp rise in 11-OHCS output was notled, and this. reached
a p'lateéu Q‘f 0.56 pg/m-irvl'/lo:'kg after .aboﬁt 30 minutes of infdsibﬁ.

At 172 -minutes post-hypophysectomy the infusion rate was .

switched to 0.051 mU/min, and within 2 minutes a sharp rise of ll_—OHCS; '

i
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output was observed, this reaching a péak output of about 1. 75 g/ min/
10 kg within 10 minutes. After the next 2‘4 minutes, the adre.nal output
appearedb to stabilize at about 1. 5—1. SS_pg/min/lo kg.

The third ACTH infusion at. .O. 17 mU/miﬁ produced a pronounced
"o.v.evrs'-hoot” following the rapid rise. ‘c;f 11-OHCS. A peak/vout_put'of |
apéroximately 5.4 ng/min/10 .kg,was reache‘d a.t'éb'(.)ut‘ 16"minutes after. '
thé initial pulsé of.the new infusion.’ |

A v'er'y.dra’maticvellevbation qf 11-OHCS output was aléb ‘observed
"with the Iinquion Qf 'co‘.l‘tilcdtropin at 0.51 mU/min. Thé péak output
of 9. 6"#g/min/10 kg was reached in about 21 minutes, aﬁd an overshoot ‘
and decling in the 11-OHCS ou‘tpﬁt, while conéiderab’ly subdued, were
vsugg.ested. Thirty-five minutes after the beginning of 'vthi’s infusfmn the:
output level was about 8 6 p.g/mm/lO kg.

‘With ACTH 1nfu51ons at 0.85 mU/min (5 mU/ml) and 1.7 mU/mm
(10 'mU./ml), no furth‘er elevation of CQrticoid output was observed from
the previous peak of 1nfus1on at 0.51 mU/mm (3 mU/ml) While a
slightly rounded output profile can be imagined du1"1ng the 0. 85 mU/mln:
infusion, adr_enal output remained steady at about 9.4 pg/min/lO kg
thrdughout the VO. 85 mU/min aﬁd the 1. 7 mU/min infusions.

The effect of constant i_nf>usion of graded concentrations of porcvine
ACTH into the venous circulation of hypophysecfomized dogs is a s-tepf.' ‘

wise increase in adrenocorticosteroid output. The levels of corticotropin ’
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infused in _thi_s'. s_tudy irvlaic'ated_a range 'of ACTH activity for detectable
changes in adfenal- 11-0HCS _outpn.ﬁ: up tp an ACTH infusion rate of
abo‘l‘J..t O...85 mU/kmir‘l. At that.];ev.el,' the..'adrena.ls appeared to be maxi-
mally stifqul_ated such that in_cx!-géase of .the infusion t>o 1.7 mU/min did
not elic\it bfurt_he,r increb_ase in aarené.l steroid §.e:c’retvion.  This is not to
say? ho_weirer', that otﬁer phy_s.iological functions influenced either =
directly or indirectly by ACTH s.ecretion‘were also affected to the ‘sar:ne
degree, but only tha£ ‘t_he adrenal '.lvl-OHC‘S- secretory capacity was méx;'
| imally stimulated. . |

It should. be noted thé.t the mean’pr.e-.hypophysectomy adrenal -
oﬁtput of 8.12 pg/min/10 kg .was 6n13} slightly different f--ror_n the average -
" of 9.}4 pg/rﬁinllo-kg atté,inéd with the higher ACTH infusions of 0.85 and
1.7 !mU/r.nin;' ' TAhese dété.;;u'ggest that tl;e‘ade're‘nal glands, at least in
this cas'e,b ‘were functioning at near-maximal se'éretion'from stimulation
by encilogenou:‘é corticotropin durin_g the surgical, pre-—hypophysectomy
period. The high level of ACTH release during that period may have
'beeﬁ responsible for the latent peridd before corticoid. decline following
hypophysectomy. : |
‘ Se.veral aﬁthﬁr_s é.gr.ee_ that the effect Qf operativbve_trauma is
sufficien,tf; to pr.oduce"verir high levé'ls' of adrenal stimulation. ’A(Iimin‘; '
istfafi_on of maximally s.tirﬁula;ting vdoses of ACTH into both intact and

hypophysectomized dogs has evoked secretion of adrenal corticosteroids
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comparable with levels produce.d' during surgery (78, 89). In studies
Qn' perfused adrenals, Hilton.and co—w,c.)r‘kei's' suggested that blood
obtained during sur.ge?ry”from n‘on—hypophysecgtomized dogs contained.
sufficient ACTH to produce high and'poégibly maximal adrenal steroid
secretion (84). _. On the other hand, it has been demonstrated in dogs
‘tha.t_higher.levels of.-l 7-OHCS secretion c‘ouid ‘be produced with maxi-
mally sﬁmulati’ng doses of -ACTH than thosé evokéd- b‘y surgical effects
qf adrenal vein cannulé.tiori and crariiotémy (201). In humans, the v
adrenals are reportedly not maximally stimulated dui‘iné surgery, since
the administration of lavrge dosesv‘(i)f ACTH has been observed to pro-
duc_g additional rises in peripheral co-fticbster_oid levels (133, 161). .

In this stvl'xdy a distinct overshoot in adrenal 11-OHCS output was
observed with the infusion of ACTH at 0.17 mU/min, aﬁd a suggestion
of thé same phenomenon occurred with the iﬁfuéion'.of ACTH at-0. 051
and 0.51 rnU/rnln This overshoot response with step infusions of
ACTH hé.s-. been observed and discussed by Urquhart'andei (.1.90). The
overshqot was not apparent with the ‘infu'sion of ACTH at 0.017 mU/min
nor at 1. 7 mU/min, and possibly did not actually occur at 0. 85 mU/min.
quever, from the trend of rthe outpuf values dﬁring the 0. 85 mU/min
infusion, a broad curve and possibly a. suppressed 'ov‘ershdot can be
imagined.~

From these data it would appear. 't.hat the overshoot phenomenon

~induced by a sudden increase of ACTH is suppressed at levels near both
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minimaliand m_aximal adrenal stimulation levels. Urquhart and Li
al's-.’()’noted little or no overshoot relativé to fhe steady state increment
wlllenl the‘ perfuse’d'gié.ﬁdé were.driveﬁ tio'near maximal rates of corticoid
secretion at ACTH inputs of 30 to 70 pU/ml (190). It is suggested that
in tﬁé physiological range of ACTH secfetion, ‘between 0.05 and 0.17
mU/min observed 1n this study, the inflq:enée of a sudden increase in
ACTH on the adrenal ébr_tex 1s to cause the reiease of corticosteroids:
held in reserve, or the rapid synthesis of corticoids from readily
_ a_vailé.ble precursors in thé fgécicular cells.
| _ With’the.de.pleti_on of glucocortical "reserve' or of available
p'r’ecuvrsors',v a leyel of corticoid odtput would then be es»ta.bli'shed w:hich |
would be ,d"eperident on the ;1|eve1 of 'stimulation by corticotropin and the
a-\.ra.ivlabilv.i'ty of me~tabolite$. At near minimal levels of adrenal stimula-
tién,. vth,e influence of ACTH may be iﬁsufficiént- to cause a sudden -
release of corticoid "reserve' or the rapid 'conv"ersion‘of precursors,
but would be capable_ of a moré,sr‘n'oothly graded, monotonic increase of
- steroid output. At max‘imal and near-maximal levels of corticoid v
secretioq, the 'ladre_na].. ’freserve c.:‘-é;.;avcity”‘and p'recursor level may be
~at the point o‘f near depiﬁtién, such that any..sudden increase in ACTH
s‘tirlnulatilonf would be’ witi;no.ut influénce other than ma:intaining‘the #drenal
- output af that determjlitia.té maximal plane.
’i’wenty minutes after the termination of ACTI—f infusion at 1.7

mU/min in Figure 14, a high:11-OHCS output of 9. 97 ug/min/10 kg was
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étill apparent. Shortlle thereafter, the cvorticqid-,outp'ut began £0'fa_ll

- and produc¢ed readings .‘o'f 1.34 pg/min/10 kg at 40 minutes and 0. 7‘3 !
pg/min/10 kg af 60 rr;inut’(als. ‘In spite of tﬁe lack of a greatef nﬁmb’er
of points during the .c;utput decline, a rough estimation gave a half-life
for exogenous ACTH of -about 4 min‘vutes.' _

The prbvolor_lged shoulder foli'owin_g in.tef)ruptio'n of the last irifhsién
was :'gommén in all casés in which the rate of ACTH infusion was in
exc_eé-s of that to produce maximal‘_adrenal coréicosteroid'secretiOn. IF
must be remembered that the only index of ACTH activity in this study
waé measurement of adrenal venous corticosteroids. T.hus;.in cases
in which the ACTH infusion rate was 1n excess of that sufficient to pro-
duce maXimél corticoid secretion, the kinetics of ACTH a-ct'ivity‘W'erev
obscured. It is Conceivz_lble that prolongation of the latent pveiriod‘ for
corticoid decline following excéssix}e ACTH iﬁﬂuenc.e. mig’ht> resqlt from
extended synthesis and/or release of cofticosteroids as a consequence
of a higher_leirel of ACTH stimulation.

The overshoot phenomenon and step increase with graded ACTI_—I
infusion is also illustrated in the 11-OHCS output data shown in Figure
15 " In this situation hypophysectomy was décidedly' inco'rn'plet.ei, bﬁt
the extent of femaini_ng hypophyseal tissue was not deterrﬁined. .The
two pre—h&pophysectomy a‘dren.al plasma samples gave very widely

separated output readings of 5.21 and 0. 75 p.g/min/lO kg at -14 and -5
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minutes respectively. At the time it was thought that the low level of
the latter was the result of some technical errdr, but it soon became

evident from the low trend of the following corticoid values that some

pituitary damage -had occurred before the estimated time of hyp_ophys-'.

t

ectdmy-, and that,- indeed, hypobhysectomy,was incomplete. The lowest___ _
poét-hypopﬁysectémy level at 12 minutes was q-gickly.follow'edvby a shavrp‘
increase in 11-OHCS output reminiscent‘of that seen with the’ ihfdsibn of
‘exogenous AC'i‘H.

Foilowing infusions of exogenous ACTH at 0. Ol? »rnU/n.;ip, 0. 05
mU/min, 0.17 mU/min, 0.51 .mU/n.qin, and'O.. 85 mU/min, :;1 s.harp rise
in étero‘id output was observed in each case as well as aﬁ ~oversh00t and
decline”ofh the ét'er'éid level. The oyef_shvoot- dvuiji‘ng the infusion of ACTH
at 0. 05 mU/min was somew'hat faster than that seen at the other infusion
rates.and in the experiment presented in Figure. 14. In that case, | after
the rapid rise of» corticoid oﬁtplit with each iﬁfusio_n, the decline was
more gradual and did not produce a steady level of secretion during the
30 minute periods of observation.

It is apparent that the»vpeak output level attained with corticotropin
infusion of 0. 85 rn'U/r_ﬁin did not fise a.b.ox}e that during the 0.51 mU/min
infus‘i_on. These observations are in c.oncelit with those inv Figure 14 with
complete hypOphys‘ecfomy, in which ina.ximal adrenal‘ stimulatioﬁ occurred

at r_ates of ACTH infusioﬁ between 0. 51 mU/min and 0. 85 mU/min.
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Only two adrenal'samples‘were obtained after the termination of
corticofropin infusion. - In spite of the lack of a sufficient number of
‘points to establish a coﬂcitse "decay curve, it is apparent that endogenous
_ corticotropiﬁ from hypophyseal remnants was suffi;ient to ’maintgin
the 11-OHCS output le_\'fkel at a >relative1y high plane.

It was considered that subtr_action‘of the estimated endogeﬁous
ACTH level, i.e., the .resultani; adrenal'steroid output affer partial
hypophysectomy,‘ frorﬁ'the corticoid out'pu_.t during the graded exogenous
infusions might provide useful informatibn comparativév to data from
éompleté hypo'physe,ct;)'my.; After subtrécfion, the peak 11-OHCS outputs
_préduced- by ACTH vinf,usions of 0. 01 7, 0.05 and 0; 17 mU/ml were
'ap'prQXima;tely 0.5, 1.5 and 2 pg/min/10 kg, _hig’her than.'the‘ respective
peak 6utputs at cbmparable infusion rates in‘fhe hypophysectomized dog.
By -su..btrac'tin_g the -'e'nd_og.enous component, the sharpest over‘shoo't .would-
then be produced at the lowest infusion faté of 0.017 mU/ml. If.the |
pi_-emise presented above is assumed to _bé correct, that an overshoot

b ' »
is not produced at low rates of ACTH infusion, thougha monotonic

in!creése in corticoid bﬁtput may be produced, then the existence of a
sharp overshoot at such a low rate of infusion is inconsistent with data
from hypophysectomized dogs. It is suggested from these observations

~ that the dynamics of ACTH activity at low and possibly at high levels,

as determined by 11-OGHCS output, may not be generalized with respect
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to activity nearer the mid-physiolog'i'cal range, but must involve
a.dditional considerations.

Evidence v_fr"om the' preceding expe'x;iments i‘ﬁdicates that ACTH
infused into hypophfsectomized dogs at a dose as low as 0 017 mU/min
(0.1 mU/ml) is éuffici_ent to produce a pverceptib'le elevation in corticoid -
output éqd is eveﬁ sufficient to elevate the corticoid output in partially
hypophysectomized dogs in which the output is as high as ‘1. 4 -.p,g/min/los.kg.
If an analogy cz;n be drawn between thé_infusi‘on rate: of e’xo'géri.ous ACTH,
based on co_r_ficoid outpuf in -hypophysevctoniized dogs-and f:he' ra—fe of
secretion of endogenous corticotropin in partially:hyéophfsectomizeci
dogs, it may b‘ve eétima‘ted that the ACTH secretion rate sufficient to
‘maintain a corticoid outpp.f of 1.4 p.g/min/lO_' kg is in the rar;ge of 0.051
mU/min with a blood'cvo.t;cen'tra'tion of 0.3 mU/ml. Maximal adrenal
Astimul‘ation appears to occur wvith an exogenous A‘CTH infusion rate of-

0. 85 mU/min and an estimatéd blood ACTH conéentration of 5 mU/ml,
this pfoducing.an adrenal 'corvticoid output in the range of 10 pg/min/10 kg.-‘

While' complications were encountered at lower infusion rates of
ACTH illustrated .in Figure 16, near-maximal adrenal. 11-OHCS output
~was produced with an infusion ratve of 0,17 mU/min, and only a slightly‘
grea_fer output was eli’f;it.‘éd with an ACTH infusion rate of 17 mU/min. It
‘ should also be noted fhat with the termination of ACTH infusidn at 17

-mU/min, the 11-OHCSvoutput remained high'and did not begin to fall for
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about 45 minutes. Eveﬁ by 80 r_nin‘ﬁtes,. ‘the usual drop seen after
hypophysectomy had not oécur-red.

| A very rapid fesp’oﬁse of the adrenals to a pulse stimulation of
exogenous ACTH has been observed in a number of specvies. In rats an
increase'in cprticosteréne secrétidn haLé been rvecorded at 4 minutes
(101) and 2 minutes (102) after systemic injection-of ACTH.: The adrenal
response occurred -"momeqtarily earlier'! than-.Z minutes with adr'ninis_tra-
tion of ACTH in a retfograde fashion (102). A note 'Qf'inte;rest in t-he
former ‘study-'wés that aécorbic acid releas_e.ac’lvy into adrenal effluent blood ’
(not to be confused with the adrenal ascorbic acid depletion method of
ACTH assay) preceded that of cortic;aid release-f As the steroid 1_ev§1
rose a decline‘éf a’sc'orb:'ic acid was observed, and in the absence of
measurable ‘c‘orfic,oids no release of ascorbic acid was r'ecordea. The |
ter‘nporal relationship and .éonsistgncy of 4e\//ents' sqggest the need of -
further info?friatibn of the iilAde‘fined role which ascorbic acid may play
in the synthesis a_nd/o'r r‘eleab'se of adrenal corticosteroid in response to
ACTH (iOl)i.

| In sheep.with transplanted adr‘:enails, lalb'vgre single doses of ACTH -

20, 50, and 160 mU - evok,édvrapid, maximal steroid secretion ratés :
of 10-14 p.‘g/min'v by t‘he‘ third minute after injéction (6). In hypophys-
‘ectomized, a.drehal-cannulatea dogs, a waiting period of 3 minutes was

considered satisfactory for adrenal response to intravenously administered
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doses pf 1, 2, 5 aqd 16 mU of ACTH (130). Withi_rliiig perfusion of
the adxl'enal gland of h'}"rIIJophysectomized, dogs, step input of ACTH
evoked,.an incréése in .cc;.rticoid secretion be.twe-en 2-3 minutes (190,
191), énd after single injecti(;ns of AC'I'H, the cortisol output returned
approximately to ith c')-vriginal 1eve1  within 30 minutes.

Perfusion of bovine adfénals with an ACTH concentratién of 0.001
I.U. per liter (0.017 mU/min| at a p_erlfufsion rate of one liter per ho'u.r)
produced a definite incfease‘ in corticosteroid output, and a rnakirhal |
steroid output was aghieved_w.ith a cd‘ncen!:‘ration bof 0.1 I.U. per liter
(1. 7 mU/min) (104)7 E§en though samples were only obtained at 18
fninute 'inéervalé,‘ Mac_:chi'and‘Hech‘ter’asserted thal; maximal adrehal
stimulation did not'dcc‘ur during the first 18 minutes, but maximal
corticoid output ’d:id _‘ocv:'c’ur during the perfusion intervals .o‘f 18-36 min-
utes or 36-54 minutes. During the 54-72 minute intervals, corticosteroid
output declined somewhat (104).

As emphasized by Urquhart and Li, the mbstvstrikin‘gh‘r -ﬁnexpected |
feature re've_aled m ‘their s.tudies of adrevnocortical dynamics was the |
overshoot 1v;-es'pc.n'se to a stepwise inc_re_ase in ACTH perfus'n;n (190).

i

After the s'eci'etory r'esponse,reach_ed its peak, within about 11 minutes,
the cortisol level declined slowly and did not reach a steady state of

output until about 30 minutes. In addition, it was demonstrated that the

_ overshoot response could be evoked in glands already stimulated by ACTH.
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‘Inasmu.c‘h as the 11v-OH_CS'0\vrers'hoc.>t responses were not followed
for m.o're‘ than 30-31 minutes in this study, it was v'dif.ficult- to.‘éohtrast'
time relationéhips with_réspect. to output declination with ‘thoise‘.observed
by UrquharF and L_i».(,lv.9_0)'. _Howéver, wi‘fhvthe institution of greater
inputs of ACTH, oné.peak Qccur.red.'at an earlier time of 8 minutes (Fig.
15, 0.017 mU/;ni:n),. several of the outputs peaked at 10 :t'o_ll minutes -
the time described by Urquhart (Fig. 14, 0.051 mU/min; Fig. 15, q.051_,_ |
0. 17,. ‘and. 0. 51 mU/min; Fig. 16, O 17 mU/min), ‘and'two peaks_.occvurred:
at 13-15 minutes (Fig. 14, 0.17 and 0.51 mU/min). |

Only two overshoot rves'ponse'sw;s'how'-ed the establi’shrnent'of a
corticoid out.;)(it plateau within 30 minutes as described by Ufcjuha.rt and
Li (Fig. 14, 0.051 mU/rﬁl-and .Fig. 15, 0.051 mU/ml) (190). The peak
~ decline in ‘thve”-la'tt‘e'r case occurred more ra‘p’idly' with a steady 11-OHCS
~ secretion by 22-25 minutes. In the other cases, the declination angle
of the 11-OHCS output with the iﬁstitutioh ofbsucce'eding ACTH infusions
- was such as to suggest a stable level of secretion at periods longer than
30 minutes..

Although sufficient evidence is lacking, whei'e the overshoot |
respohse did occu.r., it éiﬁpear-ed that peékiﬁg in ,s‘h_ort.er per'iods"of time
was elici;ed by lower doses of ACTH infusion, while‘ thé peaks at longer
durations .ofccurr.ed in response to hiéher levels of trophic stimulation. <

Urquhart and Li, .in two separate glands, noted a longer time factor in



117

the higher cortico_id peé.k-resi:onses with a single injection of 2, 500
microunitsl of ACTH than th%at _followiﬁg injection of 250 rr;icrounits
(190). In addition, twd» ovfershdot respénses were produced by two
-identical step infusion changes from 0 té 2 pU/ml, 40 minutes separat- '
"ing t}l1e infﬁsion cha:nge_s, wh_ile no overshoot was evbked'in the ';e‘con‘d :
change when the intervéi bet.ween the infusidns was only 5 minutes (190).
'I;h_elo'vershoo.t phenomenon of adrenocorticosteroid secretion iﬁ’response_
to increase of ACTH stimulation appears to be dependent both on the -
extent. of changev of ACTH input and on time (190).

While not :spet:ifivcally e?cpre_ssed as such, an overshoot response’
of adrenal corticosterone oufput to A'CTH infusion in rats was suggested
Afro_m th.e data of Porter and Klaiber (152). 'Ev.en though ACTH infusion
was ‘begun within 30 se;:onds after. hypoﬁhysectomy, and adrenal blood |
samples we1;e. collectéd .dver 15 minute périods; infusions of 26
pU/min and 52 p.U/fréin p;oduced elevated le\”rels' of cofticosterone during
the ﬁrst. 15 fninutes apd sdmew_ha't hig‘he_xu' v‘a.lu'es d‘uring the second 15
minites. L_ovx)er steroid values were recorded ,betv&een 30 and 45 minutés

and stable levels of corticoid secretion were attained between 45 and 60

minutes.

1 The shift in reference from mU to U dilutions of ACTH resulted
from infusions in vivo versus perfusion of isolated adrenals respectively.
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Undershoot-Responsé'

A feature Qbscrved in some cases of incomplete hypophysectomy,
although usually not as'accentu.ate;.i as that in Figure 15 (Fig. 17 example
A), was an I'"undershoof" of adrenal 11-‘OHCS output.

A éortisbl gndershoot-'réspdﬁse to stepwise decrease in ACTH -
concentration has been described by Urquhart and Li in perfused dog
adrenals (190). ‘Theyv expressed the phe'novmenon" as a "svlight tendency
to un@ershoot the steAavdy—sta_-_tev rate of cortisol secretion' to a‘deg‘ree
considerably less thar; t_lrle ov‘ersh‘oovt _vproduc'ed by an increase in AC’i‘H '
input. |

- The undershoot described iﬁ Figure 17, examvple A, is quite 'p'ro_
found 'an(i has been seen in other cases of incofnplete h'ypoph.y’s'ectomy. e
The usual situation, however, is a more subdued:und‘ershoot as‘ shown
in Figuré 17, examplesB and vC-,v with a less dramatic rise to the
steady-state output. - In some cases of in.comp_lete hypophysectomy the
undgrshoot was absent, e.g., Fig.»_ 17 exé.mple D.

It can Ee fmagined that the drop of influencé of endogenous ACTH
vactivityv on adrenal corticoid output with incomplete hypophysectomy
might be similar to a sudden drop in the rate of exogem.)us ACTH infusion’
after hypophy‘sectomy:. the new 1evve1 of ACTH activity in the former
case would be dependent on the extent of remaining pituitary tivssu‘e.

However, further speculation comparing the responses shown in Figure
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17 with the corvtis.ol undershoot of Urquhart and Li (190) would be "

fortuitous in the absence of more conclusive data.

Mechanism of ACTH Stimulation of the Adrenal Cortex

The step,b or steps, by which AC'.I'-H accelerates steroidogenesis.
have as yet been only »impr.ec;’ise_ly’de‘terﬂ;ined. | Sév'eral studies indicate
that the influence of ACTH is ina vs.ingle raite-lindit_ing step befw.een‘
cholesterol and prégnenolone and not -l‘ate'r than the hydroxylatvi.on of
c-117, C-21 and C-118. _Acco‘rdinvg to this e’yidéncé., the Cortico'tvropic*
influven_ce is ‘bel‘iev"ed to act in the» conversion of cholesterol to ! |
20 Ot‘—hydr’oxy,c.hol'es.terol (77).

| On the basis of in.cre.as‘eci intracevllula'r-_qOrticbsteroid'content of'
boviﬁe adrenals, Hayes and Berthet' concluc%ed that ACTH stifnulateé
c'o>rticoid synthesis father than release '(f75v).. From this work it Wasf :
suggested that the effect of ACTH is to increése ph(;sphorylase activity
and to convert ‘glycogenhto glu.cose—_l.—phlospyhate. Glucose-1-phosphate
is fhen rapidly converted to glu_cose‘—vé-phosphate,' which is metabolized
by dehydrogenétion. - In the process, reduced TPN is gen'e_:ré.fed,» which
then stimulates the procesées’ of co_rticoid synthesis.

In a later -study, Hayes, Koritz and Peron observed that adenosine

3, 5'—monophosph.ate, when added to rat adrenal slices in vitro, elicited

an increase in steroid synthesis comparable to, if not greater than, that
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wit_h the additior; of ACTH (76). Addition‘of substar};:es closely related
to 3, 5'-AMP had no effect. |

_Hilton et al., in‘fi'nding that perfu.sion of 3', 5'-AMP iﬁto intact
dog adrenals caused c@ntinued production of corticosteroids in the'
absence of ACTH, reiﬁforéed Haynes, Koritz and Peron's theor.y' of an
»ACT‘H-phosp_horyl‘ase.related mechanisfn (75, 76, 83). The same
aﬁthors (83) noted é.specieeﬁ éifferen’ce in;the sensitivity o.f adrenal
tissue vt‘o’ both 3', 5'-AMP and ACTH Rat adrenals, which responded
with simi'i‘ar corticosterone outi)uts' to compa.r'aiale increments of
3, 5"-AMP 'énd ACTH, exhibited a greater sensitivity than did the
a.drenals.o’f ‘gqinea pigs. Perfuéed dog adrenals appearéd to be the most
sensitive. - It should be pointed olut that Macchi and Hechter observed a-
greé.te’r c‘orﬁéoid 6utput in lacerated venous-cannulated bovine adrenals
than in arterial_ly perfusgd.preparations, and emphasized that, both in |
the preseﬂce and ébsence of AC-TH, cobrtico'stel‘-oid output was ma.,rkedh}
inﬂuénced by the method of preparation qf the adrenal gland (104).

" In addition to '.cons‘id’erable ‘evi‘denc’e fof tile effect of ACTH actihg
via cyclic 3, 5_"-AMP in the felgase of a;irenél corticosteroids, it is
genérally agreed thét an incf-ease in adrenal phosphorylase activity
'fbllo{xzs the infiﬁence of corticotropin (82). According to the'Hay‘rnes énd
Bertvhevt theory 'ofv the meché.nism of AC;I'H activity (75), ACTH acts to

stimulate the formation vof cyclic AMP which in turn converts



122

phquhorylaSé fzforil anA.i'nactive 'state into theéctive enzyme. After
phoéphorylation of glyqo’g.en to glucose-bl—phospha;te apd the .covnversion
tc;bglucose-()-'phosphat.e', metabolifsrn of the latter results in thevpro-.
duction of reduced TPN (TPNI&). '

‘The production of TPNH supplies the necessary cvofac‘t'o.r for
energy ' required in ste'roidogenesis.» Further stepsAin'_the chain of
events remain speculative, but a sclhem-;a_tti-c mechanism derived f"rom_‘-
existing data has been proposéd by Hilf in.'Fig.uré 18 (82). In 'Hi'llf's..
review, :'nicotinamide adenine dinucleotide pHoSphaté' is 'ref.er_réd to‘as
NADP rather than TPN and its reduced form is r.éferred to as NAD.PH '
rather'than‘ TPNH. Fufther detailed discussion of the mechanism of
ACTH stimulation ‘of‘corticost.e_-ro;ld secretion is found in reviews by
Hechter and Halkerstom (77), by Hilf (82), by Yates and Urquhart (208),
and in papers in McKerns (112,. vol. 1).

In conjunction with the existing data implicating ACTH and
31, 5'-AMP in secretion of adrenocorticoids, Urquhart and Li have
demons?r_ated that fh_e elevation in cortisol secretion of the perfused dog‘
adrenal was cdmparable with fhat of a stepwise increase of cyclic AMP
ins the peffusate (19.0). In addition; the extent'of overshoot and the time
course of fhe cortisol reéponse to increases in 3', 5'“AMP did not ‘differ_
from that seen with stepwise infusion of ACTH. In light of prevailing

information, Urquhart and Li have proposed two model systems relating
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ACTH activity to steroidogvenes’is (190). In spite of the possibilities
that complexities of the overshoot phenofner;_on might ultimately ‘:re‘side
in. the interac.:tior.l of cvyclic AMP and choleSterlol ‘hydroxylation; these
authors have concentrated the thesis of their ﬁlodels: on the presumption
that th:é rate parameter f‘orv cholesterol hyd.rO}Acyla-.tion"dvoes. not o;/ershoot.,k
but ?ather ris‘esv monotonically ,With increase in ACTHﬂconcentvr"a‘tic‘)n.
They, therefore, cims'e td"postulaté additional mechanisms-in't}.le’
e_xplana.-tian of*!-the steroidog’enic pathway. .The equé.ti’ons and computa’- -
tAipnrs in the production of these modbe'.l SYStems arer' ekplaine_a,d ‘inv gr-eatef
détail by Urquhart and Li (1 90)-'

In relating ACTH gi'ctivity with adrenal secretion of corticosteroids,
‘ 1t s_v'houlc:ivbe considered that variability between dafa derived from
different animals may -resid¢ at a n-ﬁmb’e‘r of points between the initial
influence of ACTH and the secretion of adrenal steroids. Since the
. i.r_l_terrn_ediatesv in the stefoidogenic scheme, including enzymes, cyclic
3',5'-AMP, and NADPH, are themselves subject to rnetab‘olic.inﬂuences, ‘
it is reasohable thaf déviation.s. in activity functions along thé'sequence
of events woula elicit somewhat different étero_id outpu‘.'t readings .from

individual animals. o | /

11-OHCS Output - ACTH Dose Relationship
Within a 'restricted'range, the output of adrenal corticoids has

_ b_een reported to increase in a linear fashion as a function of the logarithm
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.of the ACTH dose. In normal humans f'ec_eiviné 24 hour ACTH infu.sions,.
Ney aﬁd co-'wc,;'rke_rs found a 1.'veCtilinea‘r relationshié between both plasma(
aﬁd Q'r:itiai'y 17-OHCé and the logarithm of the plasrﬁa ACTH concentra-
tion (133). This relatiOnshiﬁ held as long as plasma corticotropin
concentration did not exﬁeed 3 mU/100 fﬁl, above.whi'ch the adrenals |
appeared to be maximally stimulated. These author's estimated a mean
range of plasma ACTH'-concenvtration of between 0. 25 mU/ml and 0. 11..
mU/IOO ml during the vnormal ciréadian Cycie‘. ‘Single injectionsvo'f ‘

: | ACTH in humans: produced a’rrise »of.v periéh’éral blood 17-OHCS level
which reached a .’pzlea.k in appfoximately one hour and rei.:urnedv fo the pr‘e—
iﬁjection ]:.evel in 3 hours (132). | |

In rats, following single injections of.corticotropic hormone, the
level of !cor'ticost.ex'-onei'began»to rise as early as 2 minutes afte_r
injection 'é.nd reac‘hedva‘ maxinﬁum in 5- 8 minutes (102). With jugula.r.
injection of ACTH, a linear elevation of Compound B was obtained with
log doses of ACTH betwée_n 0.05 and 1.0 mU, while a greater sensit.ivity,
aithough less precise, was obtained with re‘trogravlde adrénal vein _injeé-
tions of log ACTH dose; bétween .0. 005 and 0.5 mU..‘(IOVZ). Guillemin
et ai. de.tev_r,nﬁne'd a.linéal; _resino_nse of 1 7-OHCS secretion in rats to log

 ACTH doses between 0.2 and. 1.. 0 mU (67).\‘ With cons.ta.nt .infusioﬁ vof
cérticotfdpin in ratsv, 'Po.rtc.ar and Klaibexj oBservéa that cortic_osteron.e

_increased linevarl.y‘ as a function of the log dose of ACTH with rates of
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52, 78, and 104 pU/min (152). In that ;-tudy it was 'esti.rnated'that ACTH
secfetiori in rats subjeicvted to .ex.p;e.rime'ntatl- st_réss was between 26 and
52 uU/min. |

During constant ACTH pérfusion 6_f=bovine adrenals, Macchi and . (
Hechter obse;‘ved a‘ linear response Qf c_orti.c'osteroid output with log
doses of ACTH betWéen 0.001 and 0.1 I.'U..per' liter at a rate of one |
- liter per 'hou;.r (104).
‘Th¢ relationship between lineérity of adrenal steroid ‘secretio_n and
_the log dose of ACTH in dogs' for>med the ba;is for zthe bioassay t'ec_hnit.qu.e
for ACVTH proposed by Nelson and Hume (=1L?:>0). - In that studsr,: involving
l(l)vminute adrenal blood samples aft;er single injections lof ACTH, a
linear corticoid response was noted with log ACTH doses b'et;:veen l and
10 milliunits. In perfused dog adrenals, Urquhart, Li and Montgomery
observéd an "approximate' linearity of respo-née with log concentrations
of ACTH in the range between 0 and 3 pU/ml (191). |

In the present study tirxe aeterminati'on of a linear 11-OHCS-log
ACTH relationship was complicatéd by the fact that in many cases:
observations were not exte'nded to thé point of definite sﬁeady states of
11-OHCS output with increasing ACTH levels. In those cases, it was
possible to es.tirna‘te a 'sta;t.)le corticoid outbut after the overshoot, and
those values along with the ‘measured stable outputs were plotted again‘st‘

the log ACTH inputs in Figure 19A. From these data there is an apparent
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Figure 19. Relationship between adrenal 11-OHCS output and rate of
- ACTH infusion. A. 11-OHCS output versus log ACTH dose. - B.
11-OHCS output versus ACTH dose. :
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linearity in theAincre‘ase in corticoid oﬁtput with step increases in the
rate of c.of'ticotrop.in infusion _between ‘0..6'1 mU/min andr 0.2 mU/min.
Although no output valués were "meaéureci. fér A-CTH in'f.usions between
0. 17 and 0. 51 mU/mi_n, it was estimated from the trend of the points.
in Figﬁ're 19A that an ir;fusion_of' ACTH at 0.2 mU/min forms the near-
' upperr limit OfACTH ’inp_uf_ for Vthe prdduction of ai 1in¢ar_sterqid "outp:ut.
11-OHCS oufput was .also plotted agai-nsfinfdsiori rateib‘o‘n’ a linear |
scéle as shown in Fi‘gﬁre. 19B. Bécéﬁse of the small numberl and
proxim‘ity of the points in the.lower range, it 'fni‘ght .be tempting to
sug'gest a direct r'elé‘.t_ionsﬂip between corticoid output and ACTH :infusvién
rate J":‘n‘vtha.t range. -Hovs;‘e'\?er, 1tw111 be gbted that a line drawn with an -
exp'onent.ial-.Fi"erirch curve in Figure.:. 19B, from 'es:t‘imabtion'bby eye,v fits
the'-trend of thev points equa'llf well. T}}us, within a fange of ACTH '
infusion between 0.701 a:nd 0; 5 rnva/min, é.blinear corticoid response may
bé interpreted with either the ACTH dos:e or the iogarithm of the‘AvCTH'
dose. | | |
.A's pointed out above, other vi_nvestvigators have St;g'gestéd that
adrenal steroid output increases in a linear fashion with thé 1oéa.ritlr;n;1
of the ACTH dose. Upoh'calcﬁl'étion of the éirqﬁiating ACTH concentra-

tion the relationship "

Q_ = Klog [ACTH] "
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is der'}ved wheré Q. is the adre_nal vc‘:or'ticoid output, [ACTH:I is the
ACTH conceptration aﬁd Kis a .proport‘ionality constant. Yet, in the
determination of ACTH half-life based on the 'decli‘ne of adrenal
.corticoid output after hypophysectomy, it has been assumed in this and
other studies that an exponential ‘stervoi_d‘ depression reflects a pz;o— »
portional»arop in fhe circulating ACTH'"lev’e'l. Witl.l.these consideratioqs
in min‘d', 'th‘e existenée of a 1i[ﬁeaf log ACTH:corticoid output relationship
might it;dicate‘ a faster ACTﬁ half-life than the 3.5 minutes dete}mined
previously. |

Figure 19C illustrates tthe'es.timatédv circhlating ACTH_concentra-
tion as a function of time after hypophyselzétomy. This conversion was .
a.xccothplished by c:orrelating~ the 11-OHCS output after hypophysectomy, |

described in Figure 11B, with corticoid output produced by graded rates

o v , b . !
of ACTH i‘nfusion, see Figures 19A and 1!9]3. ~Thus, ACTH values were

derived ASsuming both linear ACTH:cortic‘:oid. oﬁtput and log ACTH:corticoid

. relationshiﬁs. 1

It vis apparent from F.igur.e_..lc)C that: neither of the above assump-
t;ions accounvts for'arl_ e_xpénentialdisappealrance of ACTH over an
extended decline of t.h‘e ho;'mone. Assurn,ing a iinear ACTH:ll-OI—I‘ICSY
relationship, an éxéonential décli’ne of A¢T‘H appeared between cir;:u- |
lating concentration 1evels‘éof abbut_ 0.7 aﬁd 3 pU[ml, approximately a
fodr. féld drop. The Tl/é for,AC.:TH fr_ol;n' this décline was _2.‘6 minutes

l

L
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Figure 19C. Estimation of circulating ACTH concentration levels after
hypophysectomy assuming linearity of both ACTH:11-OHCS output and"
log ACTH:11-OHCS output relatlonshlps :
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~ which was within the 95% confidence limit range of 2. 5-5. 5 minutes

determiﬁed vp’reviously"'.' - |

'As.suirning a log A_C'I‘H:ll-—OHCS relatiénship, a sigmoid ACTH
disappearance curve was proddced, which éxhibi.ted an exponential
trend between concentration :1<e:'\'iels of abéut 0.35and 1.5 pU/ml,: again
abo'ut.; four fold decline. . The half-life for ACTH over this range,
assuming an expoﬁeﬁti;l decline, was 1.4 minutes, which was con-' -
' siderably faster than t.hev Tl/z'of 3.5 mir’;utes determin‘ed from the -
‘depressio_n éf adrenal 11‘—OHCé output af;ter hypophy‘se_ctomy. It w#s‘

: ‘ N . _ :

also well outside of the 95% confidence limit range.

It is apparent that the data presented here can neither defend the

. purported log ACTH:corticoid hypoth_esis nor establish a firm contention

“for a linear ACTFH:corticoid relationship. It is possible that the

explanation may lie somewhere between the two considered possibilities, ' v

. - : [
or other factors may be influential. It is suggested, however, that there

. R . I .
is evidence for a-need for further evaluation of the interrelationship
between the level of ACTH stimulation and adrenal corticoid output, the

dynamics of which may vary over a wide range.

Interr‘uption of Ex’ogendus ACTH Ihfusion

“If the effect of exogenoﬁs ACTH is the same as that of endogenous

- ACTH on the stimulation and felease of c\orticosteroids from the ardren>als_,'

it would be expected that the fall of ACTH with interruption of infusion, as
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reflected by the decline of éort'i;:’oid oﬁt.put,:_"v'véul.d be similar to .that_‘ |

| -produced after -hypophy_sectofhy. This,doesi appear to be thé c'aisé as

"shown in Figure 20. The. time 'ifiterval"_BetWeen inte‘rrupti:on" of infusion

and the appearance of 11 -'OHCS-déc‘l'me,:- however, appeared to be longer

* at higher rates ‘of.ACTH infusion. |

| Each set.of data in Figure 20 was 'derivéd'independentl‘y frofn ‘.

éepa_raté anirn'é.ls, ‘and discrep;ncies m peak adrenal IIQbHCS oufpu‘t_

with max%mallyfstiriiula-tingidoses. of ACTH were probably due"to the;

individual sénsitivity‘of the animals. - | |
Following the lowest rate of ACTH‘infusion,' 0. 05 mU/.min; '1_1'-OI:ICS

, o’utplit‘ began. to decline 'aftér-about-é minutes. In 's.pi.‘té of a small numb}ér "

of points for a well defined corticoid de_c'1ine, an AGTH half-life of about

3 minutes was estimated follo.wing'iﬁterruption' of this infusion..

" The infusion of ACTH at the estimated rate of 0.5 to 0. 6 mU/min
was performed .;;vith gelatin-free cqrticdtropin described in the methods
s.ection. When this source of ACTH wa.s olstained,' the stated activivt};
levél wa.s 30 U/mg and‘dilu‘l;i‘oris -throughout several experi‘ments were
made von.that basis. However, Vafter. detecting adrenai 6u_tputs iﬁcém— :
patible with those produced By.estima_ted comparable 'infﬁsions of con.'l—.

.meréial ACTH, it was learned that the gé.latin-'f_ree ACTH ilad actﬁaliy |
not been assayed. An infus;1von: rate of 2 mU/min calcuiated for‘ the

gelatin-free peptide was estimated to be equivalent to approximately
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05 -0.6 m‘U/r_ninv_with the. Armour Corticotro‘_pin.» --This is a level
dete'rrﬁined sufficient to produce submaXimai stimu.lation‘of corfico-
steroid secretion. |

With infusion of ACTH af 0.5-0.6 mU'/ml'an 11—OHCS o'ﬁtput ‘of
~about 13.5 ‘p.g/min/lO >kg was attain’ed,lv'a‘n'd Withiﬁ 3 to..4' rr__.1i>n'utbes"after '
ces s.a'tiovn. ofvir'lfu-sion,' the -_-qorticéid"o'utﬁﬂt drb‘c;ppe»d.:pvreé.ipiﬁtlo't»lsly. gFrorln_
the relatively 1arge‘a_n1‘n_nbe_r. ‘of”steroﬁld-out'.ét;t measureme'n"ts. o‘btavined
. féllv‘owing thié infusio\_n, .it was possible léo determine a }.1alfr;'-.ilifé for ACTH
of 3 *minuﬁes.'

A great similarity in the decline lofil 1-OHCS ._\.N'as' ob‘serv.ed' between
| inte'rruption of infusvion of ACTkH in the: previous examPle and that follow- .
ing infusion ai; 0.48 mU/mln Although diff_ere"r_l‘vt sources é’f cérticotropin
were employed .invthe two cases, the ACTH activity of the two was
estimated to be essentially equivalent. - In addit’ion, with thé' infusidh_at" -
0.48 mU/min, ll-Oi._HCS-Q‘utput was determined in whole blood, thus
.v'showing the similarity of ;esuits frpm mea‘surefnent of corticoias in
plasma ,anc.il blqod. The hig.her output of about 1_7_p.g/miri/10 'kg attained
d'uring t’hev lat‘ter infu.sidrl.,‘ ho_weve‘r, was ‘;Srobabl.y'a_reflection of this
r'r;ethodxof measuremenf. |

' Wifhin 3 to 4 rx;linufeé after ces-sati.on of ACTH infusion at 0. 48
mU/min, ) the' 11-OHCS outpht 1eve1> fell dfaiﬁatically. The estimated
Tl/'2. fc;f ACTH as indicatedvby ll-lOHCS rheasurement in whole blood

was about 1.5 minutes, suggesting an extremely rapid inactivation.
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With the infusion of ACTH at 1.7 mU/min, a substantially maximal
stirﬁulatiné dose, a stable cortiicioid output of about 9.7 pg/min/10 kg
was attained, butvwith_ interruption of iri‘fvl.zsivon, fhé same output w-as
maintained, and a d‘ecl‘ine was not detecged for over-20 minutes.

With intérruptiqn of ACTH ‘input at 17 0 mU/min, ork‘a dose

approximately 20 times greater than that nec'e_ssary- to produce maximal

b .

adrenal stimulation, an extremely prolon.ged corticoid output Was main'-,_
tained. Between 60 and 90 minutes a slév’y decline became apparent‘,v
but the 11-OHCS output fell to only 4.0 pg/min/lo kg by 90 minutes.

Ganong nbted that while’ thg cort.ic‘oid 'respc‘)nsve was not elevate&
- above the“ maximalb output, increas'ing sin'g.le doses of'intravenousl_y

L

injected ACTH in hypophysecto}*nized dogs provoked a more prolonged
output at‘ b'higher ACTH dose levels (56).

»Urquharvt a_nd Li reported an exponei’xtial decline in cortisol output
within 2 'rni';u.itesbof- stepwise decrease of submaximal ACTH in perfused
 dog adrenals (19Q). The half‘-.li‘fe for exc‘)gendus ACTH was estimated

t§ be approxirﬁatelyé. 5 minutes. An exponentiai dec.lirie of corticoid
output wa!s also. “recorded with t'ermination‘o_f AC‘THlinfu»s ion in lacerated
_'co'w"atvii-enal. How.ever’, 1n 't'hat cas;e the} Tl/é,»was estimated at 25

v minutesﬁ '(‘1 05). In the latter experiment the stimulating dose of ACTH vé;as

about 10 times that considered sufficient to produce maximal adrenal

corticoid output.

o
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Prolonged /adré'n.al r,e-sp.onseato ACTH has been observed 1n situ
in dog adrenals '”auto'p'erfug'ed'_' with blood from h’ypo;ﬁhys’ecto‘m_ized
~donors (84). With a supram.a_xi‘mal stimulating dose of 25 U vof-ACFTIv-I
over a period of 10 m_inﬁ.fes, ‘thv‘ev hydroéoftisone level rose immediatély,
and remained at phe e.l'ev.ated. levﬂel foi'."'at least 2 hours." In transpianted :
sheep adrenals eAXt’end’e-drrespor;lses of steroid output were also reported :
with maximél stimulvatving doses of lA(.ZTI—.I - 20, ‘50 and 1000 mU (6..).' .'"-I'he
extended times vbefore' fall in cbrticoia od‘tput'vappeare‘d to be asSociat;ed.
with higher doses of ACTH. .

As pointed out by Urquha.rt and Li (-196), -prolongation of e..levated } |
cortiéosteroid o'utputs, observ‘e’d in th¢ svtudiés with interruption of ACTH
infusion at high stimulating doses, may bear on reports of ACTH bind-ing
by adrenal co?tical cells. - The. same may.Be true in the present study.
Birmingham and Kurlents .demonst}:vrated a slow d_écline in secretion of
corticosteroids from rat.:"adrenal slices with only brief exposure to ACTH -
th). Those inyesfigators sug‘ge_stéd a binding of the peptide and pro-

- longed stimulation of the target tissue comparable with that seen‘ in
the binding of insulin by muscle. The findings of Richards and Sayers
lent somevsupport to thivs posfulate in noting an appreciable content of
ACTH_activity in acirenal t:is‘sue after injection of corticotropin into
.int.act rats .(157')‘-

‘There.appears to be some difference in adrenal corticoid fesponse

between cases of short single pulse stimuli of ACTH to the adrenals, of
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: stepb 'decreasé and total interruption of high ACTH doses, and between

instances of étep dec':r.ea»sve and total interruption of submaximal cortico-

tropin stimulation. Sharp declines in cortisol output were recorded with

‘stepwise d_ecreaSé_,‘s' of ACTH in perfused dog adrenals, whereas with

single injection of corticotropin, even submaximal, cortisol output was

more prolonged with a slower decline (.190). In the present study,

'hypophys'ectomy and interru_ptioh- of ACTH infusion up to maximal stimu-

lating doses of ACTH_:proc'-luced a rapid fall in 11-OHCS 'ouvtp'ut, while

interruption of corticotropin infusion at supramaximal stimulating doses

that the longer _laterit"periodS'_' before -'lvl-OH'CS- output decline with inter-

ruption of'_h:ig.h rate_s_'of'ACTH infusion is the ‘result of prolonged adreno-

' - cortical stimulation. A d'epiféssion of corticoid output in those cases

would not become appérent until the circuiating ACTH level had fallen |

below that which produces maximal adrenal steroid output.

Comments of Adrenal Inactivafion of ACTH

A rea’s_onéble po’ssibility‘ for.lbsé of ACTH z;,étiyity’ m;1ght appear
to bethe result of .stilvrr;vl}'.lation of and .degradation by the target orgav.n.,
the adreha‘.ls.. -Sofné lo.ss ‘of. cor’ti.cotrop.ic activity has be.en rébé_rted with
exposu;‘é ovaCTH t.‘o isoiated f.at -adrenals, and ACTtha‘s been shown

to be‘concentrated td some: extent by rat adrenals (10, 157).. ‘However,
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the pituitary hormone has béen sh'owjn‘t“o‘disya'ppear'w‘ith.'eq‘ual "r'ap‘id‘i_ty.
when injected into bot'h.vintact and adr'ehalectof;lized fétS_'(7‘9).' |

'While blood flow ‘r‘na{y be high_ p’er urit weight of adrénal tissﬁe,
total adrenal blood ﬂbw is insuff'i'cient.l_:.o' aCcorﬁmo’date the "voi-lim'e'of
.blood‘ per 'uﬁit of time to account for thé rapid disvappe'a‘xranvce-'o'f ACTH.
This vca.n be demonstrated by calc_ulatip_g the Tvl/'z for A»CTH assu.'rning
the most. optimal éi:r'cumstances:‘ -100% efficiency of'pepti‘c'le’vremovavl by
the adrenals, ina'cti\}ation by ’twd intac‘t adrenals and maximal ‘adreﬁai
blood flow. *

: A.hbalf—lifé for ACTH resulting f’ror.n?‘_adrenﬁalzinéctivé.tioh ';an be
.calculated from the élas’sic equation for éXpépential decay as discussed
by Dobson and Jones iﬁ 'reféréncé to iiQe'r 'bléod flow measurement (31).

That ,eqdation' is

where C; is the concentration of the reference material at time t and

C, is the concénffation at time zero. The cpqétant k is the disappeafan’ce
cohg'tant, .and if all of Fhe ref‘e.re‘hce mate'r;ial; ACTHvi'n this case, were
removed from the blood duri.rig passage through an organ, the adrenals,
thgn k would be the fraction of the blood‘vblume cifculatihg through the |

organ at any time. The constant k in reference to half-time of disappear-

ance,' T1/2 is
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| 1n2 0.693
172 ¢ Tk

or,

/

: S 0.693
Ty/2 = ,
" adrenal blood flow/total blood volume
- Assuming a total blood volume in dogs of 1000 ml, a high blood
flow of 5 ml/min for each gland and 100% efficiency of ACTH inactivation

by the adrenals only, the most rapid ACTH“half-life possible would be

- 70 minutes. - Under the conditibns studied the mean adrenal blood flow

was 3.25 ml/r_nin, which considering inéctiva_.tion by both adrenals would

giv‘e.-‘_a T1/2 for A..CTH'of 107 minutes. It.is vappareﬁtl, therefore, that

- while the adrenal glands may accumulate and degrade ACTH to some

!

degree, the relatively low total adrenal blood flow is incompatible with
a system capable ‘of inac‘tivatﬂing ACTH at a rate sufficient to produce a '

half-life of 3.5 minutes.

Effect of Incubation of ACTH in Blood

The very rapid inactivation of adrenocorticotropic hormone .
necessitates metabolism of the peptide either in blood or in a s'ystem'

with a large blood f-lo_w.II Considerable iristabil_ity of ACTH in blood has

 been rv'eported (145, 148), aﬁd within 5 minutes after mixing, ‘as much

as 75‘%’i_nactivétiori of incubated ACTH in 80% rat v.plasm‘a has been
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‘(;bserved (‘1 54). On;the (‘)thezi"ha’nd, Ric_'har'ds and Sayers (157),
Geshwind and Li (60), and Syni.ior' Iand Sairers (181) have demonstrated
vthat. incubation of ACTHup to 1 hour in eivthe‘r‘ rat plasma or in whole
blood does not result in appreciable léss of activity.

Pibncus, Hechter and Hopkins ’have'_demonstrated the absence of
ACTH inactivation in bovine whole' bléod and plaéma; but w1;1¢n th¢ same
ACTH preparations were added tc; both blood and plasma frorﬁ hl;mans
and rats, 40-70 percent of the trophic activity was lost within o'né"h()_ur
(147, 148). A heatvljabilie iria‘cti:vatio‘n fa;'ctc;'r was-suggested wheﬂ vr‘at and
human plasma heated to 50°C for 3-5 hou'rs failed to iﬁaqtivate ‘added
‘ACT.H'. Forty to seventy percent inactivation in one hour was égéiri'
observed when ACTH was added‘to a mikture of beef blood (which failedv
to inactivate) and :to heated rat blood (which also failed to inactivate).
The authors vthe.reby 'suggested the ‘existence cl)fv both heat la'.bvile and
heat stable factors in rat and huma.n blood, and the abseri'c.e vo’f the heat
stabié factor .'m bovine 'b_vlood. In further studies, these investigators
clé.imed thé separation. of the heat stable factovr as part_ of thé’total
extraction of certain ACTH preparations which was evidenced by loss
of '50;80% of added ACTH activity when ‘incubated with bovine blood or
plasmé. for one hour. . |

Inactivation of porcihe AC’I‘IH by dog blood, plasma; and _serurﬁ

as well as inactivation of endogenous ACTH by human plasma in vitro
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has been demonstrated by Meakin, Tingey and Nelson (116). The -

adrenal r'espén_se to ACTH incubated in‘whole dog blood derhonstrated
a deéiine of 17—0HCS‘ édtput té‘ the' contfol. Val_ue in about 160 miﬁutes.
From thes‘,e d‘ataba very rough‘ half-life for ACTH of about 30 minufes

was estimated. E#poéufe to plasﬁaa arid serum shdwed inactiva“_tio.n of

ACTH at a somewhat slower rate, the corticoid output reaching.fhe

control value after about 220 .minute_s. 'Human plasma showed a similar

abil'ity to inactivate endogenous ACTH with an estimated half;time df
ébout 190 minvutes, éort_icotropic“ é.ctivit.y déclining steadily é.nd' réaching
undetecta'ble -«levels inv seven hours.A ACTH activitylwas found to be
stable in human plasma in thevf‘rozenv stat.e‘up.’.to 5—6 'rnohths.

‘In a subséqgeiﬁt study, Meakin.and Nelspn demonstrated the

thermal lability of the ACTH-inactivating mechanism by heating dog

‘plasma to 60°C for one hour before incubation with ACTH (115). A

temperature dependency of the rate of inactivation was also suggested

by the more rapid decline of 17-OHCS following incubation at 0°C.

These findingsl. of a thermolabile factor‘an’d relation of temperature to

|

rate of reaction of the ACTH-inactivation factor are in keeping with the

findings of Pincus (147) and suggest an enermatic mechanism of
catabolism.
In view of the evidence for inéctivation'of ACTH in blood and to

determine if inactivation in blood in vivo may be a major factor in the .
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rapid disappearance of the.hormonve, ACTH was incubated i_n‘ blood
and infused altefnately with ACTH.dissolved in plasma. - Blood for
incubation was drawn'_f:rom hypophysectomized dogs and \}olume-for—
volume blood replaqerﬂént’Was_ obtained from intact anesthétized do'norsx.
Gelatin-free ACTH was added to both blodd and saline »j'vu'.st-p»riov-r to the
onset of the respective infusions so as to déte'rmi-ne any progressive
R éffec‘:‘t of the two media on hormone activity. Incﬁbation of ACTH'tl:lfbiigh-
out the periodé of infuéion wa's maintainé:d at room t.ely‘nper‘ature'.v"
Alternéte,ACTI-I:bioo’d and ACTH_:éaline infusions vi;ére c;)nd.ucfé.d
in 4 animals.of which none demonstrated _evi.dencé of ‘rapid inactivation
6f ACTH iﬁ blo§d, Figures 21, 22, and 23 express the -fesults.of
.ACTH—bl'ood and ACTH-saline infusions at rates of 0.6, :0.'5 and 0.4
mU/ml respectively. These infusion rates were estimated from rates
of 2.5, 2, .an‘d‘vl -7 mU /ml respec'tively because of discrepancies in
acti;/;ity found 1n fhe usé of unassayed gelatin-free corticotropin as
described in the previous sectién.v
In Figure 21, with‘the onset of ACTH-blood infusior{ at 026
mU/min the usual rapid rise in ll_-OﬁCS output was observed and this
reached a peak of 5.4 pg/rniﬁ/lo kg after 25 minutes. The buildupv
half—_tifne of ACTH with the institution of infusion was approximately
3 fn'mutes, which is comparable v&ith the 'T1/2. for disappeakrance ‘of

ACTH from the circulation."
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'Figufé 2l. Adrenal 11-OHCS output after hypophysectomy

and durmg alternate ACTH-blood and ACTH-saline
“infusions (Dog, D-223). ' :



During the last few minutes of the ACTH-blood infusion;, the dog - |

encountered fespiratory difficulty, »wheféupon a respirator was con-
nected to the endotracheal tube"and infusion was interrupted. This

accounts for the drop in ll-OHCS,outpdt durihg that inter_val.'"

With the institution of ACTH-saline infusion, the 11-OHCS output. N

rose tQ a peék of 9.4 pg/min/10 kg within 22 miﬁutes; ~The T/, for
ACTH buildup in thié case was a very rapid 2 minutes. |
Thé ll;OHCS output p-eak with ACTH-blood infusion was 'a.pp"rdxi-
mately 40% lower than tl"latlprvodu‘ced. wivt‘h’ the .VAC"I'H—:salir;evinfusionA, and
the plateau levels shc;wed about the same differences. Fforh thgse. |
obse.rvations it Woul'd‘ be tempting to sugge'st that, as expressed by
11-OHCS out'éut, blood plays a fnaj»or: roleé in éhe inactivation of ACTH

in vivo.

Whether .the problems involved vx.zvith‘ the respiratory sysfem might
be influéntial 1n the ACTH-inactivating mechanism cannot be determined
,f.r_om the -data at 'hand', but thié aspect should_ be considered. Adrenal
blood flow showed séme decline, agout 2‘0%, dufing the ACT'H-blood
infusion with a rise to the.previous flow levvel during t};e ACTH-saline

infusion. Although this alteration in flow was apparent, it was not

considered sufficient to affect steroid output as determined bvy reports -

from other investigators and fi'om previous observations.
As determined by the method of constant infusion of labeled

chromic phosphate to be described in the next section, liver blood flow

L]
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showed a steady decli_ne througho_ut the ACTH-blood infusion, the
.'réspi.rato'ry a:ssistbance"phas%e", and:du.ring the ACTH-saline infusion.

| The post-.-'hy'rpophysectorny liver blood flow was about 350 ml/min, but
by the enu 'o-f the.AC‘T.H,-bl‘lood infusion this:had decreased about 58% to
148 ml/min, and to 1197.rhl/fmi'n; a 70% drop, by the end of the ACTH- -
'saTine -i_nfusion-. If the liver{ wer.'e responéible for the rapid inactivation
of ACTH, or if sorne other 'or_ga"n(s_) were the primary inactivator and.
blood ﬂovt; tnere affected, . then .a.decreaée in 'flow should indicate a
reduced catabohsm of ACTH Inv‘this context-" a deciine in blood flow
should be conSLdered as effectmg a reduced rate of dehvery of ACTH
to the o'rgan and not as producmg a_reduced' nutr1t1on, and thereby
impaired -functional efficienoy, of the .or_gan..v As shown in: Figure 21,
the different 11-OHCS output values produced by ACTH blood and
ACTH- salme infusions might not be a reﬂect1on of corticotropin .
inaotivationfin .the blood, buit rather slower metabolism in the orga.ns
af_fected bY‘ the reuuced bloou ﬂouz. :

Flgure 22 shows the effect of ACTH blood and ACTH-saline
infusmns at 0. 5 mU/min. The rapld declme of 11-OHCS output within
6 mmutes after hypophysectomy 1nd1cated an ACTH Ti/2 of about 4. 5
mmute‘s Within a very short time after the onset of ACTH- blood

1nfus1on, the 11 OHCS output rose extremely rapidly to 12.5 p.g/mm/lO kg,

and the ACTH T1/2 from the cort1c01d rise was about 1 minute.
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Figure 22. Adrenal 11-OHCS output after hypophysectomy
and during alternate ACTH-blood and ACTH-saline -
mfusmns (Dog, D 224) :
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’ There was a 6 minute interruption in switching from the ACTH-
blood to the ACTH- saline infus ion, and an ACTH half-life of about 4

minutes was.determiried from the 11-GHCS decline.after the second

infusion was stbpbed_; B
Although the fate of ACTH infusion in this animal was slightly

lower than that shown in Fig'ufe 21, 0.5 mU/min versus 0.6 mU/min;
‘ 1 : v . .

it would appear from the maintenance of a high level of 11-OHCS

output and the absence of a pronounced overshoot that the infusion at

|

0.5 mU/min gave a more nearly maximal adrenal stimulation. This

is probably due to the individual Tsensitiy;ity of the animals. It must
be considered that at high rates of ACTH infusion sufficient to produce

¢

- maximal adrenal stimulation, considerable inactivation o'f_ ACTH might -
take place without bein_g’reflected by such high rates of adrenocortico- -

steroid output. '
\ ;

However, since steroid output during the AéTH-blood infusion

was maintained at a high level essentially comparable with that pro-
. , \ :

duced with the ACTH-saline infus’ion, it must be concluded that at this
level of infusion, incubation of ACTH in blood for the period Qf an hour
does not produce a decrease in physiological activity to account for the

rapid half-life of the hormone.

The‘resu_lts of sequential ACTH-saline and ACTH-blood i_nfusibns,,

at an estimated infusion rate of 0.4 mU/min are shown in Figure 23.




" Adrenal 11-OHCS output,
- kg/min/10 kg body weight -

148

40 ‘I — T T T I
' — | ' P J | i : : —]
20— l‘w ! 'ACT}-.l«SaIine)| ’ ACTH-Blood ! —
» | Begin ACTH = —1 o : 1
[ o4 mimi | interrapied | ACTH Pump off -
SR PR RN -
5l s T"}. S } : : 9 I _
nE | . /,[ S | | o } —
SR N I N ’
1 | ) " o L )
0= | : ' —
Eo i \1[ | 1 -
0.5 || ’ l ‘ ] l I [) . : _
C S S AN D
: : V lo\._: I \.‘..\ﬂ | o\ . ' []
0.2 '|"Rate estimated from l ' | I ' .\ r?:u—r;
| u.nassayed ACTH | ) v l | | , °
0 I I | - | 1A
01 o . ' 1 2 3 4 5

. -Time, hours
DBL 6811-5520
Figufe 23. Adrenal 11-OHCS output after hypophysectomy

and during alternate ACTH-saline and ACTH-blood -
infusions (Dog, D-235).
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Foilowing hypophysectomy the decline in 11-OHCS "outpu.t' indicated a

T) /2 for ACTH of about 3 ‘minutes, reva'chi.ng an output level of 0.25
! ' :

‘ll'-OHCS Outp'ut: ".rose a;br.vuptly within 3 minutes of'the onset of

the ACTH-saline infusic;n ar_xdv this ’indica'ted'a Tl/é for ACTH dffabouf
i N : : :

2 fninutesf ~ The overshoot producéd a peak of 2: 55 pg/mih/lO kg in
9'minutés, bu.t rather than decli.n‘;mg toa:plla'teau, ‘l;he corticbid output -
co.ntinlIJed‘ to decrease. | . |

‘Following interruption ."of“tllti.e-ACTHé saline infusion and mixing of
ACTH for the ACTH-—biood .infusilo'n, the .d-rive connection Qf thé infusion
pump did not engage, causiﬁg.a lapse of 30 minutes between the two
infusions. During that time the'dé'cline of steroid output charac_tver:lstic
of jn.ter.ru;.)ted infusion beca'ifne‘apparént,_ but this was of short duration
and of small interval due to the low. 11-OHCS c;utput at the time of
intérruéted -infbusion.b :

t
|

. . o o ' ' ,
With the onset of the ACTH-blood infusion, the corticoid output

1

rose abruptly to a peak of 8.5 pg/min/10 kg in about 10 minutes,
approximately 3.5 fold gfeate_r than that produced with the ACTH-saline
. ’ | . .
|

infﬁsion. The T1/2'f°r, the ACTH buildup with the ACTH-blood infusion

was about 1.5 minutes. The corticoid oiitput continued to decline without

~ a plateau throughout this infusion also. After termination of infusion,

the 11-OHCS output fell exponentially, indicating an ACTH half-life of =~
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about 2. 5. minutes. A1;1 adrenal b.looc.l_ sampl'ev'ob’tain'ed 24 hoq‘rs later
registered a plasma 11‘—OHCSvOL‘1tput of 0.15 pg/min/10 kg. |

The phenomena of .the-overshoot.s in Figure 23 - sloWer decline
of corticoid output aﬁd absence of plateaus with both the A‘C_’I‘H>—saline
afnd:ACTH—blood infusions - are peculiar; to-this experiment al;ld to the. |
periphera-l' infusion in Figuré 217. vThe highgi‘ péa’k of Il-OvHCS output.
with the ACTH-blood infusion s-’tr.onglly'iridicates that blood degrac’_lati.on
of ACTH activity is not a major 'ca‘tabolli%: factor, although the reason
for the wide d_ifféréncé in the.pea;-k values caﬁnot Be explained.

The similarity of the l»l -OHCS c.)utput.re‘spons’es during the two
infusio‘ns, with the exception of peak levels, is difﬁcult to int'eréret

! .
from the éxisting information. Adrenal blood flow méasureme.nt's showed
a gradual’decreés'e throughout the two infusion periods, ‘-a’bout'30%’,
which atl}‘hi.gher blood flow levels is‘ not sufficient to affect steroid
seéretion. The constanc‘yb of the peripheral blood activity with the
infusion of CrP3ZO'4 thréﬁghout thve' post-hypophysectomy period, the
two infusion periods, and the iétérvai of interrupted infusién indicates
tha.t liver blood flow and probably blood flow in other tissues was stable
througflout. i |
. The possibility of leakage somewhere in the infusion system was

considered. How.ever, the very close similarity in the two corticoid

responses and failure to establish an e_quilibrium between the rate of
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infusion, rate of inactivation and rate of leakage essentially negate
this prospect: In addition, the existence of an infusion leak would not

evoke a decline in corticoid output suggesting a progressive inactivation

a lower, constant level of ACTH

of ACTH,.'but woulci -i-ather establish
stimulation. It is ;lsc; pos_sible that |plat‘ea.us may have occurred at B
times .béyopd that at: which the infusions took place'; But observations in
both this study and by othér’investigators do not sui:port this speculgtidh.'
.In a review of the procedurei,‘ no differences in the r1;1ethodology frorﬁ
this ,to-other.exvpe“r.iments »could bé found. "’II‘he‘jsimilarity of responses
duriné the .in_f;'isions »_s‘,ugg"ests that thg 'me‘:chanism.ox\% meéhéniérﬁs by
which ACTH acti'xiity w_as. degraded mu;‘,t be .inherer;t 1n the animal
iktsel.f.

It is quite possiBle that-‘ upon stand;in'g in_vwhole.blood ACTH

undergoes degradation of physiological ’act‘ivitir at a slow rate. How-

eve;r, in view of the data presénted i.n_ this study and lack of supportive

i
' !

evidence to the c'oﬁtvv’rafy, it must be consluded that blood cannot be the
primary siystévm by .wh‘ich__‘i.:he adrenocorticotropivc hornﬁone disappears
from the:‘ ci:!irculation witl;1 the rapid half-life of between 2.5 and 5.5
fnin.u.t'es.. | | |

While the-rheché.niém of inactivation of ACTH in a;ny tiss'ue
ye‘r_nains obscure, certain asp‘ects of the degradation process beli_evéd

to take place in blood have bee;i determined. Meakin and Nelson found
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that addition of L-cys.téin.e' to the ACTH :incu,ba.tio'n medium at 37°C
inhibited the corticotro’p;iﬁ—_inactiva'ting system in plasma as evidenced
By a more rapid rate of deci_h;le off'sté_roidogenic activity.in "’ACTH plds
. plasma'’ than .;the decline with “"ACTH plus plasma plus cy's'teine“' (1.15).
. These authors, i“ﬁvnotj‘.ng the_rdecre.atsed _in_hibit{ion'with'L4CYSteine',
considered the p.ossib"i.lity» of a pro'cessi similar to thiol reversible
: inactivafic.m of ACTH by oxidafio_n with-hydrogen peroxide o_r‘,ferr-ic;yanide.'
(25). The' oxidation ‘p'rocess appeafs tq be pH aepende‘nt, being. mofe
: effe_ctivg@n alkaline th_a.ﬁ in vacidic..solutions., whéreas réauction by

thriol's is more effective at acidic.“pH Valuevs..'_‘ Dedman, Farmer and
Morris contended thaf,only fiVe residues of the portion of the ACTH
moleéulés esﬂsen"tia’l_ftl;r bidlogi_cal‘ activity (serine, methionir;e,_ tyrosine,
tr};ﬁtophaﬁ and histidine) are expected to be affected by the reversible
‘ oxida’tion-reducfion phenomenbn_, .but furt-her\iriqu'iry failed to 1o;ali;e
the sitve of inactivation (25).  The inactivation of cdrtiébtropih._by'v
oxidiz"mg ag_e‘nts is furthei‘ complicated by the fa;:t that this peptide con-
.tains no dei:e.ctab‘le disulﬁde 91‘ sulfhydryl group (7)

White and .Gr._oss have shown tha’t‘ porcine AéTH (cort‘i:c‘otropin_—‘:A.)» _.
is splii: by'iq'_cubat.ica.n at 376_C and pH 6. 0-7.75 vwith‘ bovine fibrinolysin
(200). Lys is was _d_e'moh_st.rated after arg.inilne.z in éhe 8 position va‘nd aftér
lysine in pos‘!it'ion 15 withv.a Complete loss of physiological 5¢tivity. The

¢

action of fibrinolysin on corticotropin-A is reportedly similar, but not

|
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idéjnticl:“al, to the proteélytic actior; of ;;'epsin, ‘and it has been suggested
| t}.1a.t. the L;nechanism of Préteolysis with fibrinolysin is responsible for
the inactivé.tion of ACTH by blood in vitro (200). Through personal
’ commuhiication with.: Pi;xcus, Whil_fe and Gross asserted that fhe heat-

labile ACTH-inac.ti'\rat.:ing cofnpb'r;e"n.t of b_1£>od has begn traced to-vblood‘

: ) I
factor III, which contains the precursor form of fibrinolysin.

Inhibition of ACTH in human plasma, as determined by tracer
quantities of 1131 substifé.te, ha‘s been demonstrated by proteolytic
enzyme hydrolysis by Mirsky, Perisutti and Davis (120). - Human blood

contains an inactive proteolytic enzyme related to fibrinolysin,

‘plasminogen, which when activated, possibly by various noxious agents

| C _ .
in vivo, is converted to its active form, plasmin. While no degradation

of insulin was noted in '"native human plasma’ in vitro, in streptokinase-

activated plasma, in st.;re.ptjcjkina:se-activated plasmir;ogen, Or in pufified
human plasmin, é}pprox;métlély'2107o of added ACTH was degraded in about
2 1’10u1.'s>v'i;n the ‘latt'ér thr'eev préparations. 'C‘Jc"r.l'side“rabl'e degradation of
gluca‘gbh and: .sqrjnat‘otvropin was atlvso noted. ’Meakin .and Nelson (1 15)
cont.ended th'a_t” Becausje. only'abqut 16% of Mirsky's ACTH preparation
sho.w.'ed degradatioﬁ m 2 h.Ql.ll;S in plasma alone (120), this type of
inactivation w.as in'qqpsi.stent witin their ob’se‘r'ved loss of éctivity in a
comparable time. Mirsky et al. assei'ted, however, that their results-

were consistent with findings of ACTH inactivation by human plasma in
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. .s_p‘ite of the _r_elati\;ely vl.'o‘w' rate _o.f.peptidg-'d,e'struction' by plasm‘a ‘a.lone'. _
This they attributed: to the f’elafi\;fely large dose of corticotropin added
to a small ,'vol.ume of plasma; approx;irn'ate'ly: 5 units of ACTH incubated
with 0. 5 ml plasma resulted invthé, degradati'ori.of,.ari equivalent of
0.1- 0.2 units in 2 hours (120).

As determined By adrenal achrbic acid d'eialetion of prednisolone -
t_r.eaited,. . nonhypophys_ect’omized rats, inactivation of ACTH in }-m‘rnan
. plasma 'lhas been show‘n’to»:b'e‘..enhanced v;‘ith ihcreé.sing doses é)f added
, st’reptokip:a.se, ‘similar to ereS'ult‘s' observed with caseinolysih (206).
Less st/_rep’tok’inase_ was ri;gcessavr'Y-for full ACTH de"gradation when the
.;eugléﬁuiiﬁ fraction was used instead of whole plaéma, and some .plasmin
.inhibitors reduced the degradati‘on'*of A}'C-‘TH in 'plasma activatvebd: with .
streptokinase. |

The difference in rates and ‘.exvt‘ent_qf inactivation of corticotropin
between the'v slow dégradation ir; '"'native' whole biood or plasma-and
plasma activated With streptokinase is suggestive t'hat»hydrolysis by

plasmin may not be the inactivation mechanism employed with in vivo

"systfer'ns. Iq_additipq,’ it. has been,po'inte"d' out ‘that conversion of
plas.mi'nogve'n,to»plas'min by stréptokinase is .sﬁecific for humaﬁ blood,

- and 'doses.ovf streptokinéée which promot-e this conversion in human
piasma are without effect in o't.herv- species (1’,2.0)‘. In view of the eviden'ce

for a thermally sensitive system of corticotropin inactivation in blood
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~ and the peptid‘e‘ nature of the hormone; a mechanism of hydrolytic
énzyme degra_.d;atiérf s;”ifx.iil‘ar. to the plasminogen-plasmin scheme is
pbssible with’.an :activat‘c;r‘ otl.he'r than -é_treptokinase vinitiating. the .con-
ve.rsion in specie; Q_thér than-,__ a;nd _posSibly including, man.

"Maski.ng of the(bhysioi.ogical' activity of 1A‘CTH by combinéfion
Wi#h another .proteir; mbiéty ha.s;"been sug_‘gested by Fekete, ;;vho
démonstrated inhibition of adr.enal asvc.(.)rll.a.ic. acid depletion with admin-
istration of prota'rﬁiné sullfate.pxrior to ACTH injection in rats (46).
Fl;rthe'r elect;pphOrétic and'.chromatog‘raﬁhic ‘studies, howex)er, showed
that ACTH woula ha;ve to }iaVe:a higheli; molecular w;eight' to form the

predicted protémi,ne'cvomplex or that protamine wﬂ.o.uld,have to exert its

[

~in vivo inhibitib‘n i)y complexing with and hydrolyzing a‘ca'rri‘e.r protein

of ACTH (47).

| v Hepatic Relafio‘nship to ACTH Inactivation

Effect of Hypophysectomy on L;}ver Blood Flow
N Becaus..e 6f the very ré.pid half-time of ACTH and in view of_v the

: ‘ : b :
exclusion of Blodd itself as t:hé primary inactivator, the liver with its
large blood f.léw and high metab?lic acti\;ity would appear a logical site
fof catabolisrﬁ of the pit‘ui_t'ary.!h-ormone. - In beagle.s it has been demon-

. .
strated that colloidal CrP32041ha.s a half-time in the circulation of 1.19

minutes with a standard deviation’ of 0.23, and an average of 97% of the-
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_ c,h?omic phosphate was found in the liver and spleen (30). ‘As determined
by such an efficient clearance of the colloid in a 's'i‘n"gle' pas‘sage’of blood
through th¢ liQer, the hepatic c‘iréulatiqn -would be quite -capable of
delivering ACTH at d rate sufficient to account for a T1/2 of 3. 5 minutes.
It is of interes‘_t_.',:_ in additién’,’ to d'et'er;mine the e.ff‘ect'of vhypOplllys_
ectomy on live.r. blood flow, Siﬁce if thc‘é"f.lo‘w were af,fected;' e. g ,
' réduce_d substantviaily, vt"he' rate of A-CTH'i'nactiva;tioﬁ \‘;v:o‘ul'd be "‘s.lo"w'er'_'
than'that: obse:rved after intérruptibh of eXogenoustCT.H -i.nful'sio.n. As.v
déscrib’éd in the ~-meth'od‘s section, durivn‘g»'c:onstér‘lt infusion of c'rh'rldm'i.c
phosphate an ,équilibriurﬁ concentrationl_is'vestablis'hed in 'tiié' blo’bd when
the ratev of infusion becomes equal to the rate Qlf'rémd"val acc'oi'di’ng' to

1

the éqdation.,

where I is the rate of infusion, V the volume of distribution and k is .
the disappearance constant (29). .With a high efficiency of clearapce

kV is proportional to the blood flow, and any chan-ge in organ blood ﬂoW
establishes a new equilib__z;ium concentration. Thus, a decréase in blood
flo.w w»ould be reflected 1n an increase i’ni_periphe'ral blood activity, and
an ing_rease in flow would préduce a éecréase_ 1n activity.

Liver plasma flow may be éstiméted by the equation,

CEq
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where I is the rate of infusion of c-hror_‘nic phosphate and cEq is the
equilibrium concentration (32, 33).

Liver blood flow as‘indicat.ed by éonstant infusion of chromic

phosphate was mea.‘su_r:éd in'8 dogs,afte;" hypophysectomy. The recorded i

1 .
i 8

values in Figure 24 indicate mean blood flows in successive 10 fninute

'periodé. The mean of the liver blood flow measufrements within the

20 minute period before hypophysectomy was 563 ml/min/10 kg, SEM 20.

This is s;émewhat higher than liver blood flows of 460-508 ml/min/lO kg
calculated from l.ive.r f)laéma flows of Dobson et al. (33) (LPF = 254
ml/min/10 kg) at estimated hefnatocrits of ‘45—_50%._1 Thg latter deter-
.mihatibns, ~however, were not_af_fected by su;gical rﬁanipuiation. .
Within 10 minutes after hypophysécto’my there appeared a éignifi-
cant decrease in lviver bb]“.ood flow;to a mean of 502 ml/min, SEM 17.5,
 but during the next 35 minutes the mean flow levels showed an iﬁcrease.
Between SO‘av..'nd 60 minutes after lhyplcv>phy.sect»mI'ny live‘r blvood flow had

- increased to 666 ml/min, an elevation of about 18%. -

Assuming that the liver is the primary organ of ACTH inactivation,

it is possible to speculate on the effect of an increase in liver blood flow

on the rate of disappeérance-of ACTH based on the equation,

When all of the material is removed from the circulation during a single
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Figure 24. Effect of hypophysectomy on livef blood flow.
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_passa‘ge of blood th"rouéh the live'r,v e. g , essentially 10.0% removal of
chromic ‘phospha-te,' thé aisappeara;nce.constanf k is a measure of the
fraction o;f blood perfusing the ib'.rgan a_f a.ny time (5). However, if the
liver does not éompletély remove é material from the blood during a
_single passage,. hypofhetically ACTH, t_he;l k is the lc‘ornbination 'Lof two

constants, n, the meas'u're of the effiéienc’y and k, the fraction of the

blood volume perfusiﬁg' the -6rga'n at any trim'ev(S). : | e o
Based on thé.hé.lf—time of 1.19 minﬁtes for chromic phosphate in
| be‘agles" (30) .and’the mean T1/2 of 3.5 minutes' for ACTH detvermiined

in this studyi’ the ef.ficienkcy‘ factor, n, would be 0. 34. An increase in
liver blood flow from th; pre-hypophysectomy mear; of .563 m}./mih to

666 ml/min an_vh’our aftér'hypéphys'ectomy wou'ld produce a somewhat
faster half—l‘ifé_ value...of 3 minutes as _compared with a pre-hypbphysectorﬁy
value of 3.6 minqtes. Thus, with the decreases in liver blood flow shortly
after hypophysectomy and the increase over the next hour as shown in

Figure ?4_assuming the liver f_o,be the priméry inactivatof of AC_TH, the
alteration'iﬂ_.t};é ;été of ACTH inactivation would :,not_.b'e significant_, and
the'Tl/Z value_g would fall within thé 9:5% <:.onfide.1'1c¢. 1_'1mits of 2.5-5.5
‘ min'utvé.s. - | |

Whether blood flow through other _organs.is affected by hypophyée

ectomy and inte,vrru.pted inflﬁehce of “en‘dogenogs ACTH is uncertain.

However, Monos, Koltay and Kovach found no substantial alteration of



160

‘blood flow .through the _abdonﬁnal org'ar‘ls‘and -pos‘t‘erior part of the body
of dogs following hypopﬁysectomy (1221)" -

The liver 'Bloo.d flows of two. dogs which died early to r’rﬁd'—way‘
during the experimental procedures afe also shown in Figure 24.
Withip a‘n 1:10ui- a_ftef hypophyéectomy the liver blood ﬂows had falle'ﬁ
to.340 ml/min évm-d .225.m1/min, which were decreases of 25% and 60%
from théir r‘espéét:_ive ‘_pre—hypIOphysectom_y lev.els. Again» assuming the
,li%/er as respc;nsibie for c..orticvotropin‘degrad;;ti_o;q,; decreas‘ed 1i{rér
‘bloo_d‘ floWs to these leVe'ls‘ would' e.:.vol.<e“slowér AVCTH hal_f—'times. of 4. 6
miﬁﬁtes andA 9 minutes respectiVel_»y.. The‘céuseg? c;f de.ath in thése two
aﬁimals were not determined, no‘r was the reas:on for thé concurrent
dro.p 1n liver blo.éd flow deduced. B_iood pressure measurements were.

not recorded.

Portal .Infu.sion of ACTH

To test the extent of inactivation of ACTH by. the 1ive'r._i‘t:1_ vivo,
-ACTH inv;saline was.infused alternately vi'nto the peripherval circulation
ahci into mesenteric trib.utaries of the p.ortal vein in.5' animals. Dgring
‘the infusion of ACTH-saline into one system, saline alone was infused
.‘:iﬁto'Athé alternate system. In none of the.'cases .studie'd was there an
indication of loss of cortiéotropic activity éufﬁqient to produce a.half—

life of 3.5 minutes for ACTH.



161

Fiél;.re 25 shows the effect of alternate portalﬁpevripheral ACTH
infuéion on the output of 11—OVHCS after'hyrpo'thSectoﬁy. Two hours '
after hypophysectorﬁy infusion iﬁt.o the portal system produced a rapid
“increase in 11-OHCS output t§ a p.eak level 'éf about 4.2 pg/min/iO kg.

A transient interruption of ACTH stimulation was indicated by a
c_lrop in 11-OHCS output dufing the switch from the portal to the peri-
pheral’irifusién. This may héve beeﬁ caused by Baéking of blood ;nto | .
the lcanrl.ula while switchiﬁg from the saline to the A‘CTH. infusiérf;. .The :
high corticoid outpuz; during tﬁe peﬁpheral infusion was about 3.8 . | ‘
ng/min/10 kg. Only a gentle rise in outpl;lt to 3.2 pg/min/lO kg was ;
produ.c;ed by 'fhe. second'portal infusion. It was -dete;:rmined that the ' ;
steroid déqline nea'r th_e‘:’_,end of the peripheral infusion and into the next
Iportal infusion was 'probably assolciat'ed with a diminished adrenal blood
- flow, which fell to V.eI;Y'10\7;I, levels during-that time. It wa:S‘appa'rent,
hov?e_ver, tha.t .the 11-OHCS output produc:ed‘with portal and peripheral
ACTH infusions Werev com.para.ble and nc;where suggesti\}e of major

bdvegra'dation of .AC'I_'H_ upon initial pass;ige of the hormone through the

i
i

liver.
Theée findings were _supportc_ed by o_bservations of 11-OHCS out.put...

with alternate'pgriphérél and portal ACTH_Vinfusions‘ shown in Figure 26.

With the onset of p»eripheravlvihfusion the 11-OHCS output ros.e rapidly ‘

from 0.1 pg/min/10 kg to a peak of 2.6 pg/min/10 kg within 16 minutes.’
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This répid_ b‘vuildup described an ACTH Ty /3 value of ;bout'z minutes.
‘The overshoot responsé(?vas q‘uite distincvt and fell to é.n 11-OHCS
plateau of about 1 pg/min/10 kg after 45 miﬁ'utes. When'the ACTH
infusion was switched to the"péx_'ipheral circulation, the ouvtput; level
again rose rapidly to a peak of 2.1 p.g/-min/lo kg,wit.hin '14 minutes.

. After that time the output readings bécame quite errétic, .and’'a corre-
‘sponding irregularity anci extrerﬁe decline in adfenal blood fléw were
observed.

The peak 11-OHCS output valﬁes of 2.6 and 2.1 pg/min/lO i{g
produced with péripheré‘i. and por’tél ACTH infusions were within such
“close proximity to assumer essentié.lly the s’amé magnitude of (_:oftico—

‘- tropin influence on thé adrenals in»the'two cases. Unléss the plateau
after the portal overshoot would have been of a significantly lower level
than that during the-peripherai infusion, and from previous obsérvat‘iops )
this would not be likely, then it must be concluded that ihfusion of

ACTH through the }iver did not resuit in any greater inactivation of the

| pc.>1y“pept“'1de, than did infusion in'tovthe‘ p'é'ripheré.l circulation.

The net obvservat'fi“on from dogs subjectea to altefnate peripheral
and portal ACTH 'm‘fusions was that none demonstrated significantly
more rapid inactivation when ACTH was infused through the portal system
of th'é liver than when infuse& through the peripheral circulation. Some

of these experiments not shown in graphic form were plagued with various
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difﬁcultie‘s,' l:éut the obs'ervatibns w‘ith respect to corticotropin inactiva- -
tion were quite coﬁsistéﬁt. , Pe'riph_:era_l-_porta'l-'-pevripheral ACTH :
infusioﬁs (0. OlS mU/mir;:) in ;ﬁe ar;itﬁal inducéd 11-OHCS oﬁtputs of
approximately 2, 3. Zand 3. 4 }.J.g'/.fnin/IO: kg ‘respectively. ‘One 'df)g

died duriﬁg the latteir‘part-of ‘_the sechd infusioﬁ but registered ;espec_...

- tive corticoid outputs of 2.9 and 2.7 pg/min/10 kg with p'eripheraljand

portal ACTH infusions (0.6 mU/min). Another dog responded'-to‘

peripheral graded rates of ACTH infusion with step increases of lvl-OHCS'_

‘oﬁtpl.:t and produ‘ced O'ufputs 6f 13.5and 10.5 p,g/miln/.lo kg with su‘b'-
maximal adrenal'f.s_timulat.f.ng; doses of ACTH (1.2 mU/min) infused
peripherallyAa:nd p:c;rtally. ‘,T_he ?re-hypophyse,ctom};,"sufgical 11-OHCS
butp'u’.t'i»t"xvthe lattervcasé"'was 14 p.g/min‘/IO_kg." |

. [
The findings' of this 'study, that ACTH was not inactivated _1_r1 viv

: . . . | .
in the liver to an extent sufficient to account for the rapid disappearance

ha.lf-tifn.e of 3; 5 rn‘.inutes,‘ are in kgeping with the findings of Meakin,
Tingey and Nelson (1 1v6). In that s‘tudyvACTH activity was determined by
~adrenal corticéid output of 10 rﬁinute adrenal blood s.amples follo;;ving 5
vmilliu‘nit injectioﬁs of por.cine ACTH. Although animal weights were not
speéiﬁed, it was ‘e_:_stimate'd t1_hat the resultant blood ACTH cohce.ntration
'vaft.er -injéétion of SZFpU of ACTH in Meakikn, Tingey and. Nelson's study
would b¢ e’ss‘entialvly ‘c:omp.ariabl'e_ tlo that during constant portal ACTH

.infusions .in this study. Using the adrenal response to the femoral vein -
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injectioﬂ as 100 percent, the corresponding "zl‘e'sp"on's'ev’af'ter.injection
through the liver was 92%, th;oug-h th.e..le‘g' vid the fémoral artery A87%,
thr.ough the kidney 85%, and through the adrenal gland via the adrenal
artery 84%. The high percéﬁta;ge of acti.vity'a'ndb'th‘é wide range of
standar_'d deViations?in gaCh deterfninatibn indicated that there existed
no preferential binding ?.off"ACITH by these ti'ssué-s'.

Lack of binding of ACTH by liver tissue was alsé demonstrated
by Richards and Sayers (1'5'7). 'Fi,ve minutes after A'a"dminist‘ratioh-o'f |
»exfracted rat ACTH into ‘rats, 40% of the injectgd dose was measﬁred.
in the extracellular'fluia and 2()% in'the 'kianey.‘ Aftef 15‘rhinuteé only
a very small amount was found in the extracellular fluids and '15% in
the kidneys. The liver contained no ‘méasu’l;able ACTH é.jtf.eith'er’ 5 or
15 minutes.  Although not mentioned by the authors, the absence of
measurable ACTH in the liver might also be iln't'e'rp'i'eted to indicate
catabolism of ACTH in that organ. In spite of the large Concentration
of the hormone in the kidneys, no ACTH activitjr_ was demOnstrafed in
the urine of these animals.

Ggshwind and Li fdund marked inactivation of ACTH incubated
with liver and kidney slices, with diapﬂragm,' and with horriogenatés
of lilvér, kidney a.nd adrenalv(.é_O_)} In comparing d’egradatiqn'p‘ropértiesv
of livér and kidney slices; therlatter'showe'd the gre_ét'er éapécifyl - Liver

- homogenates were more effective at reducing ACTH activity than liver
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slices, and, while copéiderably réduced', heating of the liver homo-
genates did not completely abolish the a:_bility of the livgr to inactivate
ACTH.

Inquiring into the nature 'Qf fhe residual inactivation potencies
of heated tiésues_' (”heated” tissues were placed in a boiling wé.te;r bath
for 15 miﬁutes beférevipcubation at 37-.40(;), the same authors found
that aBout 15% of fhé- corticotropic activify_ could be recovered by eluting
heated diaphragrﬁ tissue with s>t;rong alkali or acid (60). Evidence for
a biﬁding-type of inactivation was also pi%es'ented in the. rec'qvery of
corticotro:picva’.ctivvity upon washing of liver homogeqates incubated .with
ACTH.at 38. 1°C"and 6°C. A gi'eater amount of 'aCtiVity was re;covered
after incubation at the lower tempei‘ature.

In view of suggestions‘of both an adsorption or bi.nding mechanism
and a he;t-seﬁsitive‘ ICOmpoﬂent in ACTH inactivation, G‘eschwinc.l and Li
separ-ated the particulate ..fractioﬁs of liver cells by differential centri-
fuga‘tion.(6'0). - The s'upérnatant showed t-he_ gﬂreateét‘ inactivation ability,
with‘ considerable potency residing in the 'mitoéhohdria ana to a 1e»s‘ser
extent in the nuclei and micrésomeé. "Total unheated homogenates from
_ whi‘ch the fractions were prepared aLirhost cbmpietely ina_ct’ivated ACTH,
and no combination of p#rticulate fractions and supernatant was acapablle

of duplicating this degradation capacify.. It was also determined that the

catabolic mechanism involved produced more rapid inactivation of peptide

fractions than of ‘protein.
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From the ,;discﬁs_s'ion above,. it will be noted that grégter degrees.
of,AC_TH inactivétio_n were produced upon '-exposﬁre of the hérmone ‘to
tiséu,e homogenates t‘ha.nAto tissue slices. - In conjunction, ‘Sayers
obéerved that as long as the integrity of the tissue was maintained
during incubation of ACTH w:ith pituitary,..the hormonal-activity was -
not péduced, Jbut when the hy.fpophyseal cells‘ were ‘cr'ush.ed and incubated
with ACTH, hormc“)nﬁ'e aétivit};’ disappeared. =

',v‘Fromv‘the :avaifvlable data it r.nvu'st be concluded that the adrenq—

corticotropic hormone is not rapidly metabolized in the liver in vivo

to a substantial degree in spite of reports of inactivation by liver slices

in vitro and considerable degradation of the hormone by crushed cells

from liver and a variety of other tissues.

Effect of Renal Infusion of ACTH

l._The irhplication of thé kidney in the disappearance of ACTH hés

. been expressed by the work of Richardé and Sayers cited p;‘eviousl.yr
(157). Five rﬁihutes after the administration of ACTH, 20% of the dose
‘was found in the kidneys of ‘ratsv, anci 15% was still resideﬁt aft.er 15
‘minutes. However,“_no corti'cét;'opic activity ‘COl.J.].d be detected in the-
urine of the test animals. Cats, Meyer and Kassenaar injected 31, |

labeled ACTH into rats and measured a considerable concentration of

activity in the kidriey's (24). This activity level did not change in early
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s_amp.lesh;bgut showe_dba décline at 60 and .120 minutes. ~The Bladder
r.égvisbte-re"d’ a gré.duél in'creavse.'in activity as did thyroid tissue to a
lesser .ext.ent. |
The authors. conciuded that 'mo_st of the Il3l—iabe1ed ‘comp{)unds
conc.'ént;ra‘,ted in the_kidhéy weif(‘e‘m‘etaboviize‘d and "excreted" intoé the .
_cir_culétiqn vr»a:.therv_thaﬁbﬂb_eing excréted in the urine (24). Although the

-products‘w'ere not identified, chromatograms showed that both iodide

and 'som_g ;'i131'-t:or'1ta:inir.1g compounds wei;e excreted in the u;‘ine'; Iﬁ
\}i:ew"of'the high ;:_onc'éntration of |$lehalo'g‘ena.se in the“.._kidne'y, ' the. in-
ve's'tigato_‘rs_ s'vp.eculé.ted that the's_ve'.‘compounds wéré p'_‘rébabiy iodotyrosine-
: ' : o P ;

containin‘g'fpep'tid'esr rather than iodotyrosine as such. Comparative
-.chrorhatogram'_s indicated‘tﬁhatﬂ if unchangedv cofticofropih were excreted
in th_e‘ urine the amqﬁnt’ frhlust' have been very small.

. In:"a‘n earlier 'wox;.k '.(Ia'.‘:ts a_ind »KésSenaar de-l;nor}svtrated vtha't the
disappéa.'i‘_a"nce of ac.:tiv:it_.y_from the bléod of fa-ts following a single dose

of 1131 1abeled corticotropin was slower in kidney-ligated than in non-

ligated animals (23). ‘Hormonal ayctivity did not appear to be a deter-

minant in the renal accumulation of 1131, since there were no differences’

in the vliptake of labeled corticotropin, an inactive hypophyseal protein
aund a placental protein (22).
It has been'e'mphas'ized'by Cats and Kassenaar, vhowever, that

"the decrease of radioactivity in the blood during the first period after
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ipjectio’n_ cannot be used as an index for the rate-at whi_chjthe adminis-
tered cort‘icotro‘p.hin'is'_ metabolized in fhe organism'' (23). - The essentiai
problems in drawing conclusions from the use of labeled ACTH are the
questionability of label incérpq.ration in the active.portion of the molecule
and thé extent to whic_h‘ hormonal activity is associated Av.vith accumulatibn
of radioactivit? by an organ. Aé $_tress<ed by Sonenberg in the use of
labeled pituvitazv'y hormones, the cl'.léin.ical character of t'he‘radioactivity

which localizes in different tissues has not been identified and proof of

'

associat.ion’ of detected _fa.'dioactivit'y_wi_th'hormonal a'ctiirity -i's.lack_in‘g
(174). | |
Upon_assay for ACTH in su.rvgically stre.ssed'andv hemorrhaged
~dogs, Cold et al. found the kidneys‘test‘ed fo'contai-n less. than4 - -
mU/kidney (63). The adj‘.usted-P;CTH co_nteri/t for two kidneys was
déte'rmined to be s_ufficient»to produce oﬁly a transient maximal corticoid
output in hypophysectomized dogé.- It was concluded to be unlikely that -
the kidneys posées_s an extra—pituitafy storage c.apability for ACTH to be
releésed into the ci:;'culation in emergency situations. ACTH'conten_t of
the urine was:not deterrn‘ined in thi.'s study. -
In contrast t'Q the above findings Meakin, Tingéy and Nelson
recorded no significant différence ivn_loss of hormone activity between
ACTlH admipistered into the-fem_oral ve.in'and into the reqal artery (116).

In addition, Ganong has shown that the response of the adrenals to ACTH
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dosés of 2, 5, and 10 'mU did not differ between nephrectomized and
kidney- intact hypophysectomigéd dogs -(56).

Figufe 27 shows the eff'ev_ct of ACTH infusion into the renal artefy
of a hypqp‘.h)is,ectomized-beé.gie. Whilé data of adrenal 11-OHCS-ilc>utput
;iuz;ing renavl 'ACTH"_i_rifvuéion 'weré obté.in_éd_ ffom only two animalé,
neithér showed mea'surabié iné.';ctvivati-onv of ACTH by the kidney. The
infusior.; rate of 0.4 -‘O..".S mU/miﬁ in Figuz;e 27 was calculated from a
rate of 1.6 rhU/min for“una‘ssay_ed gelatin-free ACTH as described
previously. - With ‘tvhe onset of infusion -thf;avl 1-OHCS output rose é.bruptly

w:ith_inb 3 minute‘s. aﬁd attained an éversho_ot- peak’ o£ 14.5 pg/.rnin/lo kg
:‘at 34 'min‘utvesv. |

.Upo'r:1 sWiféhing to the rena 1 infusion, the corticoid output again
attainea a p:eak of 14.5 p.g/rniﬁ/lO kg in \19.minutes.'- The second éevri-
pheral AC’fH infﬁsion produced aﬁ output péak of 13.5 pg/min/10 kg .
about 7 rriini.a;tes aftér swit;:hing from the renal infusion.

. : A"sbdemonstrated by the high 11-OHCS output during the .three
‘phas'e"s éf'ACTH iﬁfusibn, the adrenals were..probably secreting cortico-
steroids ;'t a high but svubmaxirn.all rate. 'Frdrﬁ past expefi\en;:e ACTH
infuéion ra_te{s;‘{of this 6rder have. piroduced submaximal adrenal s.‘timula.-_‘
tion. ;Adrehal blood samples were not 'obtained. for periods long enough
to valvlbw 'establish.'ment of §utput piateaus, but from thé trend of thé

~ curves it was estimated that the plateaus for the first peripheral infusion
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. Figure 27. Adrenal 11-OHCS output after hypophysectomy
" and during alternate. perlpheral renal per1phera1 ACTH
infusions.
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and the renal infusion would be about 8 and 6 pg/min/10 kg respectively.

This représents a 25% difference between stable circulating levels of

ACTH, i.ndic_atedz by 11-OHCS output, with the two infusions. Whether

the level produced by renal infusion represents a significant inactivation

of cortiéotropiri by the kidney cannot be specifically stated from these

_datal. It must be considered, howevér, that high rates of adrenal

corticqid output may .not feflect inactivation of large' stirhulating doses |
of ACTH to the same e.xtent as at lowei rates of corticoid secrétion.

| Sup_erifnpositidn demonstrated a're_rnarkable simila r‘ivty between
th’e shapes of the éve'réhoot proﬁles during the first peripheral and .
renal infu;sioris, éven though the former produced a pegk at a relatively
later time. "'I"he earlier peak during the renal ipfusion was probably
produced because of the alyeady high :lev.vez‘l of adrenal corticoid ovutput.

As described in the section on graded rates of ACTH infusion,

the existence of pronounced overshoot responses such as those produced

with periﬁhefal énd renal ACTH infusions in Figure 27 indicates sub-
maximal adrendc_ortical stimulation. As such, the respective peak output
réadings; though poésibly ‘depicting maximal adrenal se_cretioﬁ at théir
é\pi‘ces, ';tvere not fla_tfeﬂed aé'would be the case with absolute maximal

stimulating doses. This evidence implies that infusion of ACTH initiaily

~ through the kidney did not provoke a lower circulating level of the hor--

mone than did infusion into the peripheral circulation.
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. In spite of vrepor.t's'o‘f g.ccumulati‘o:'n ()'f»radioac’ti‘v'i'ty in the kidneys
foiioWing administfatiop of l'abél-edv c'o:rt_icoitropin‘, little is knpwn of the
relationship between é_c‘)nc’ent_ration of iéofope and loss of hofrnoh_e
.activit;r. (.;onsidering‘ this aspect and in view o.f‘ob'se'rvatioris in Figure
27, e_qui.va,‘leﬁt hormone 'a,ctiv.i.ty. with femoral vein and renal artery,ACTH
infusion (116), and Jcom_.para’bbl'e ad‘renal response to ACTH in rvlephre‘c'to'— |
mized and "intact" h?pbphyséctémi_zed dogs (55), it must be_conc'ludea
.that the kidrieys are not of prirna.ry impo?tance in the catabolic _meéhanisrh

of ACTH.



SUMMARY AND CONCLUSIONS

The derivatién of inf.o.rma_tion co‘ﬂc'ernfing the kinetics of adreno-
corticotropic horfﬁ(z)‘;ﬁe’ina'ctivfafion from this study was limited, 'a‘s in
other investigations -i.nvolving AC'I'H, to :the'influerice of the hormone - v
on the I;a’ﬁge of secrétién of adrenal cox.'tico.steroids. As such, .data; '
relating to cortico.tro‘p'i_n act_i..vi'ty vs.;ere deduvce'd>_on1y indirecfiy, a'nd
interpretation of results was co%nplic'a.ted b}.r the effects of anesthesia

.and surgery.

The mean pre—hypophysécitomy plasmé. 11-OHCS concentration
iﬁ iﬁtac}tﬁb‘eai,gles was 0.26 pg/ml, and comparable results werév
recorded for mo;lgrels. v__A_significa’nt factor in the measurement of
ACTH acvt.iivity was thé time of day at which blood samples wére obtained.
Beagles exhibited a pa‘tte.rn of éiréadian periodicity of circulatiﬁg 11-OHCS
s_imilvavrvto th;t reported féf man, .' monkeys'and mongrels,. i.e., diurn'ally '
active animals (120, 182, 190). ‘ Th‘e_. .high mean l_l-OHCS level of 0.31"
pg/ml .plasma occurred atv about 845 AM with the steepest decline between

" noon and early evening. The_iowe_st mean s/te.roid level of 0. 24 p’.g/nﬂ
oc‘c;'ul.'vred at about midnight, éﬁd this _low leve.l continued unt‘il abéuvt 4:00
‘ AM. In réla;ion to the _p.re.sent Stﬁdy it wquld be of interest to investigate
the possibi}ity of a circadian per.iodicit.:y associated with the ACTH
inactiva.tion. mechanism.

'175_'
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Within 10 minutes é'fter administrkétfion of barbiturate anesthesia,
the mean plasma 11-OHCS ‘chor;cebn-tra'.ti-o’n declined from 0.26 pg/ml to
0.11 pg/ml and, in the abéepce éf sui'gical disturbances, maintaineci
1.that level for a,tv:.lea.st ’avr‘l. hour‘. 11-OHCS sUppl;éss‘ion:‘following anes-
thesia was considerably'more rap.id than that after hypop‘hysectorﬁy,
svuggve.sting contributing facv:.tdrs‘ other than anesthetic block of ACTH
release. A. The blocking action of barbiturate anesthesia on ACTH
releaée is not overcome by tr;uma in_d‘uc.edv by rﬁinér surgvery but is
brokeﬁ by more extensive sﬁrgi_cal manéuvg'rs. Intraperitone;dl expo-
sure-and ;umboadrenal’ \}éin cannulation eyoked near-maximal .ad_rena]f
11-OHCS release.:

A twb-component p'a.ttern of 11-OHCS me'tabo'lisrn.a_fter hYpo_
physectomy was demOns';tra.fed with a half—iife of 76 minutes,' 95%

" confidence limit range of 52-150 minates, charact.eristic of the initial
phase. . ?ixfy- vrninut;es after pituitary ablation, a sld@er 11-OHCS.
décline,— T1/2 =170 rﬁinu@es, . suggested tﬁe movement of adrenal »
steroids into the circula‘tion from the lymph and extravascular compart-
ments ovf the ”ou‘ter tJool. "

The high meaﬁ adrenal 11‘~O:HCS outpqg prior to hypophyslectomy,
9. 6 pg/min/10 kg, was attribute'd»' to trauma induced by adrenal vein
cannulation. The pattern of disap’pearancevof ACTH from the circulation

after hypophysectofny was characterized by a very rapid half-life of 3.5



177

minutes, 95% Confideﬁée limit range of 2.5 - 5.5 minutes, and a fall
of adrenal 11-OHCS output to the ;)rder of 0.2 pg/min/10 kg.

;Following therini‘tiél i'ap'i.d disappearance of circulating ACTH
With hypophysectémy, ..Which a'c“counted‘ for about 90% loss of hox;mone
activity, a siiower"cor.np'onent_' of degradation Wéts appareqt. The Tl/Z
for this decline was in the range-of 45 minutes. This component is
also indicative of re-entry of thé'horrhone into the circulation from the
'"outer pool" and would be comparable .to'_a siow, dimipishing'faté'of
corticol;ropin irifusion. Such a :."shift tow;rd a new equilibrium, .even in -
.  cases of normal AC'I‘H suppressibn, ‘may serve physiologicarlly'to assist |
in the maintenance'of a. relat.iv'ely stable ci’r‘c’ulati!ng hormone 1;ve1.

.Whilé adrenal pla_sfna 11-OHCS_ cbncent;ﬁation kreadingvs appfoached
the peripheral valuesv aftef hypophyéeé‘tofny, the two ;did no.t. beconie
equal: The slightly higher édrenal'll—OHCS réadings sugge_sfed adrenal
stimublation from ACTH diffusing from the extraVascular corhpartment,
"leé.kage" of steroids from the adrenals, and minute adrenocortical
stimulation from residual pit.uita.ry cells or from éxtra-ﬁypophyseal
sources. |

ACTH infusioﬁ rates between 0. 01 and 0. 2 mU/minvevokedvin_
creasiﬁé aArenél 11-OHCS oﬁfput patterns WBich were _i.r.tlterl:.)rete'd as
being p’roportiounél tob sofnething intermediate betwee‘n'_the sfimulating

dose of ACTH and the logarithm of the ACTH dose.
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ACTH infusion af 0.05 mU/min 'Wés the lowest rate to pr‘o_ciﬁcé
a dist.inct elevat‘ion-of_adrenal ll—OHCS‘ a'bovve the basal hypophyzsector’ny
level, and maximal adrenal secretion occurred at cofticotfopin infusioﬁ
rates betwé’en 0.5 and 0. 85 mI‘J/rn>in~. ' ll-C'HCS‘ output was not elevated
further with ACTH stimulation Zd times greater than that Suffi¢ierit to
produ.ce maximal 11-OHCS sec"r'etion..

‘Graded rates of ACTH infusion éro’duceé g‘r&ide.d incréases in
11-OHCS output. - While not appé.re‘nt at 10\le le..vels of adrenal secfeﬁiqn,v
a; prominent feature of the 11-OHCS rise with sudden incr’easés in ACTH
stirnula.tion was an overshoot response, thé time factors of Wthh coin-
cided closely with those (.ie'scribed‘ by Urquhart and i_,i (190). As .thé
rates of ACTH infusion approached high levels, the ll—O'HCSV overshéot
profile ‘became broader, p‘r'dgressively subdued and finally flattened at
maximal 1 i‘—OHCS output. In view of the absence of the overshoot"
response at high and low levels of aciren%l stimulation, the factors
initia:ting th‘e phenc;menoh are possibly ACTH-adrenal interdependent
rather than 1.'esidentvin the ACTH kinetics alone and may be related to
rapid corticoidogenesis and/or the rellease of cbrt’icdid'r'éserve.

An uhlde’rshdovt'vof adrenal 11-OHCS output was observed in a few
cases after incomplete .hypophysectorny. This event was similar t;)
the undershoot response produced by vab1>'upt step decreases of ACTH‘

infusion as described by Urquhart and Li (190).

1
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In hdephysectOmized dogs, it was noted that with interrﬁption
of exogenous ACTH infﬁ.sion, the latent period préceding the fall of
adrenal 11-OHCS output .was‘ longer at higher ACTH dose levels.

"Amid a spéétrun.l. of conf.i:ic'ting reports, observations in this
Sthdy shbwed -l.ittlei.or.-r.lc‘) change-»of édrenal bl.ood fldw with decreasev
in'cvirc-ulvatingvACTH léVels after hypophysectomy. A transi\ent drop
ir}'bl'ood flow was_inifiated- prio.rito ablation of the pituitary, but it wasv
' suggested that the suppression of flow mi'gl.it-."have‘ been proi}oked _by.'

'I mechar'1_ica1 trauma dur;lng canndlé.tion of the lumboadrenal vein.

Loévs. of A‘CTH activity and ;ccumulatién of radioaLctivity from
‘labeléd ACTH has béen reported in rat adrenals (Lo, 157). Howevef,- _.
to be considereci as responsible for the  .p_r.imary inactivation of ACTH,
an organ must posséss a large'blbod flow. While the adrenals may
participate té éome extent iﬁ the degradation of the pituitary hormone,
under .o‘ptimél cond.i.tion.s they coﬁld ﬁot produce an ACTH half-time of
less .t'hanj_,70'._ miﬁut'es. |

In viev?_of mair;tenance of corticotro_pic activity during alternate
infusion of ACTH incubat'ed in blood and in saline, it was concluded
- tha_tf blood alone cannot be .responSible for répid inactivation of cortico-

tropin. Reiat‘iveiy slow inact.ivation of ACTH in blood appears to be

quite probable. This has be.en'attributed to enzyme activity sirhil_ar in

action to the hydrolysis of peptides by fibrinolysin (200).
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Because of its extensive iandb var,iéd‘rrietabc_)livc a“c-tiv"ities,' the -
liver seemed a logical jsite_:»" for inactivation of ACTH_.‘ In addition,
the la.rge»- he;:atic blood flow is éuite capable -of‘ﬁi-ésénting the pituitary
hormone to the 'livef at a rate sufficient to é.cc'ount for the short half-

' 1)ife. However, infusion of ACTH i’hto the portal.cir_cula_tion failed to
prpducv‘e depression of adrenal 11-OHCS output below fhat elicited by

L periph_eral '}nfus,ion. .Répor't-s of a'.heat-:s.erisitiv'e, binding—tYpe‘of
ACTH inactivation mech;niSm ex.hi'bited‘by liver, kidney, and diaphram
‘ s_licei.s aﬁd by homogenates of vlive'r, kidney, and adr‘e'nals (60), 'svuggevst
- a slow rate of hepatic AQTH rne/taboli-srn;__.th'at could pof'be detected by
,meth‘(\i')"‘vds in this study.

Concgr_ltra.tion of radioactivity in kidnéys has beén‘reported
following_ad*f.ninistravtiori_ of lébeled corticotropin (22-24); however,
valid conclusions of ACTH inactivation are still od'tsté.nding pending
infdrmation relating cot;centration of radioactivity and loss of hormone
activity. No major inactivation of ACTH by kidneys was detected as
the result of vcorticotropi.n infusion into the renal artery. This conclu-
sion ‘ve.rifies data from other renal i’nfusio:n'sltudies (116) énd observa-
tions of“compa_rable‘ ACTH activity in both nephrectémized and kidney-
intact dogs (56). . | .

It hgé been demonstfatea that adrenocorticotropic hormone is

inactivated in vivo in the dog with a very rapid half-life of 3.5 minutes.
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Under the conditions stgd_ied; major degradation of the hormone did

‘not appear to reside in the liver or the kidneys. It was also concluded

‘that primary inactivation of'AC’I_‘H does not take place in blood or in the -

adrenals.
. l!

Failure to deméﬁstraté loss of corticotropic activity in any of the -

'systems most reaé_onébly.capable of such action leads to the speculation

that p,érh,a‘ps' all, or many tis sues, may contribute in varying degrees to
degradation of the pituitary hormone. Si}nce inactivatidnv has been
demoﬁstrated in a number of tissues, .this concept is quite plausible.

As ex.pr'es_se'd by Ge__s'chv'iz.irid and Li-in noting ACTH degradation in

- several tissues and in considering the widespread distribution of

'cé.thepsin and other proteol_y_tic enzymes, "_it would . . . be.premature

to assume the presence of any S.pe_cific' - fo“r'the inactivation 6f ACTH -
enzvym‘e in any tissue'" (60). - It is thereforevs.ugﬁgésted that loss of ACTH
activity as 1.-epv_re_s.,en‘ted by a half-life of 3.5 rf;inut_és’ is the result of
met#bolic pr’o‘ceﬂs‘s_es occu;ring in many tissues, ea..ch.with a low

efficiency, such that significant arterial-venous hormone differences

are not detectable (42).



'ACKNOWLEDGMENTS

The authors wis_h_ to e.xprlesslt'heir- vaI.)prvevciation |
‘to .Mis.s Ba.r;ba.ra A. Bus}in:e.ll,. 1\_/I‘rs.v Justlne ‘.J. Lynch ‘.
and M;isé "Kare_nb S. Ja..bi'r'e_tig for thei-r éssis'tance a_hd to B
"_E'Drf: John K 'As‘.h'tclm, Pavth_olog'ivé,t., Pera;ltavHos'pi‘ta‘l-,

"Oalgiand; Cé.slviforvnv‘i.a, Who réad tﬂe fnanuscript.‘ Gratl-
V .tudé is é.ls.o -“éxteﬁded to. th-e. perie of the various
support grou‘p's‘, at the ‘Léwren'c—e Rédiati‘on' Labératory,

who gave valuable assistance.

182



. APPENDICES

Metabolism of Corticosteroids

In addition to a number of papers on thé varied aspeéts ofj
adrenal s't'eifo'id rriétabbiis_m, a number :of' surveys and reviews of
ac‘cumulated k'nowledge:‘concer'_nin_g corticosteroid metabblism are -
évai‘laBle of w'hic“h'those cited 'here are’b.ut a few (19, 34, 112 vol. .2,
138, 149, 182, 208). Th‘ebfollow{ng,’ while considerably incomplete
inf.;rnany'f(xa-spécté-.,' is aﬁ'brief presentafion of the pre'_svent conc.ept'ual
status of theAmetabolisrn' of adrenal corticoids.

In both man a.nd vdvo‘g's ‘evidencé 'mdicatés_ that altered clea ranée
of cortivsol during surgery and pridr to death is the result of reduced
hepatic‘.activ'ity (3’8,’ 166, 184). it is probable that the metabolism of. .
-cortisol invol.\'/,es reduction of the étéroid a?xd then conjugation (160).
M'et‘ab.o‘lism of most of the cortisol involves the “reduction of ring A of
t};e cyclopentophenanthreﬁe nucleus By- a speéiﬁc triphosphépyri.dine'
nl;cleo‘ti-de:-linkv;ed' .\enzynﬂle', A4.-hydrogénase, fesulting in the formation
of B-dil';yarqcoftisdll-i- Th.e latfer is further reduced by a second '
specific enzyme, 3 d-'h:ydr.o'vsteroid dehydrogenase, to i:etrahyd:rc‘)co'rti.sol

(5‘7‘,_ 143).
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-'SOme cortisol is.’c'ohvett.ed ‘ii'n the lviver‘ 't:o'co,rtisoné,'_ _whAic'h is
ﬁot 'syntheé.iZed by t:ehe adrenals but :w'hich,is.a"hi'ghly acﬁi‘ve gluco-
co;ticoid and the fi;'st _'t‘o‘be 'commerciallyi prp‘duéed (57). -The tetra-
hy'droglucuronidet‘conjugate.‘s’ of béth cortisol and 'corticosfer,one are
fre,e.ly soluble, entelr the circuiation, ‘and aré excreted in the uriﬁe as
a part “ojf tubular s"ec_:re_ti‘on (57). . |

| In man; cor‘t'ic'ostero'ne_ disa'g.apears:‘r‘riuch more rapidly frérﬁ" the
circulation, Tl/'Z = 36—60 rh'i’nu't'es,' tha_ri doe's_ cortisol (35, 39, 57, 7?3,'
| 84, 129, 139, 208«).7  This evi‘cienée was based lla;fg_el}'r'on't].n:ebfas.-t‘er
.cleavrance of Cl’4_corticosteroné» and the more fap’id appg’aranc"eb of its
glucurogi'des, in cdr‘rﬁ)ai'ison with studies gtil'}zing C14._co-r-t':1501'.'. Even
,,thouéh Coftiéo:ster()ne, is metabolizevd'-rapid}y, a smallef ‘pro‘f)ortion of
its c.onjugated producfs' in the plasma are removed during pa‘bss_'a‘g'é.v
- through the kidneys, ind_ica.tirig a.difference in the way the kidneys havndl_vé '
ébnj‘ugatéd metabolites of the two corltbicos‘tefo'id_‘s (119)T 'I‘h_e low level
of_appeafance of corticosterone metabolites in the ufi‘h'e'ap’pear's. to be
.ass'oci?tedA with an inéreased,se‘cr.etion'through the bile, but t'he'ré is
n-"q significa-nt difference in the 48-hour exc.ifet_i'On of co-rtis'ci)l‘rand cvortiqo'—A
‘s‘ter.one when both b,ili;ry and urinary routes of elvim‘in'a'tionv;we’re con-
: siderea (1;9)-
" Although half-time values were fot stated, Nel'soﬁ ana Harding

noted that the 17-OHCS leﬁels reached a maximum of 50—-206 pg/100 ml
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in‘ blood of dogs- following intravenous injection of c‘ortison¢ (129).
With the completion of iﬁjection the levels then fell- to normal in. about
-6Q minutes.

_ Mefabolism of- I?QOHCS by the liver is apparently govér_ned by
the conceﬁtratioﬁ in the ‘-‘plasma' and on the hepétic enzyme actix}ity '
irréspective o‘f‘the pe%ipheral requirerhénts for the hormoné (143). .

The ati.min.istrati.éh of tevtvrahjrvdroc.o'rtisone to termiﬁal p:‘;tients

_ results 1n the clearaﬁce of 'th.e cérﬁpound cv‘ompa.r‘able,with that in normal
‘ é:ubje_cts indicating thé.’t the conjugation stép is unvimpai‘red (1'6(:)). The
normal rate of ;:leararice .of, infused tetrahydrocortisol in patients with
cirrhosis of the liver alsdlir;di_.cat.e.s'a rllormal.rate ;f.conjugatiqn (140).

- ._Theprc;,ject'ion of a’l'similér ovefall mechanism of corticbsferoid
.vcvataboliém in dogs to that in mép stems from the 'Qork of Axelrod and
Miller, wiao perfused isoiated dog lj.Vers with hydrocortiséne andbi’denti—
ﬁe(i .rr‘1¢tabo.1,ite.s of‘ s'atur#t_e’d 3-hyd¥'o>£y0'ompouﬂds in mi#ed'chromato-
grams (3). - o

.’.‘I'he’ worlksv.of N.ezison'and Hardiﬁg (‘131_); :of Sandberg et al._(lél),

an(i o':f ’i‘yler and cq—WQrkers‘ (.1(_84_) giveiadde_d'%:mpha_sis to thg importance
of the liver iﬁ'the métaBélism ofrcorticoste.roi‘ds. - From BSP tests _ "
(brofn'sulfp‘hthalejin) .f._kcv>r'-live~r 'function, it has been noted that post-:
oPe.fafi\)e iné_feasés in livér 'ré.tenlt.zion of BSP \x}gre highesf in pa;ti.ents

who showed the higher elevatAions of steroid levels (161). The authors
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vcautioned, ‘however, tha{tv the h_efjatjic;_'retention of BSP'presénts oﬁly
"‘vprje.,sutnvptive evidence 'tilat reduced liver 'functiokn' plays a ‘maj‘o“r role in
impaired steroid metabélism und‘e'r‘tvhe'se:: conditions. | |

In l.liver_-fulnétion tests .involving the infusion of coflﬁisoi, "it has
‘bveénxde_monstrated‘.that \&hile norfnai pa‘tiénts a‘n?d patients w1th llver
-.di.seasev-(ci‘rrh.os'is and hepatitis) exhiBitgd vexponer‘lti'al‘ cleAar'afr‘;'ce» 6f
qbrt-isol with time, the mean corticoid diséépearance in ;é;:ients with
: liye'r di‘.‘sease was -signific.:a:ntly slower /tha‘r; in normal :ééfieﬁfs: 244
‘ mir{'utes and' 116 min:thes“resp.ect‘ivel'y (16). In a’dditioﬁ, in cases of
hepatitis the removal of éqrticoids frém the q-ircdiétion béC'éme more
effiC‘i'eﬁt as the. é‘éverity of the disease decreased. F.Pati'ents with live1:‘
diséase excreted less conjugated 17-OHCS in the urine 'thar_l"did nofm‘als,‘
while excreting iarge-r amounts of freevv corticoids (16).

Fedotov and Rynkbva have demonstrated a decrease in the reten-
. tion of 17-OHCS in the livers of irradiated dogs (45);_ They attributed
this to suppressed binding of corticosteroids, depressed enzyméfic
activity, and to a possible greater utilizatio;’l of the hormones by body
tissues.

Plager et al. found that £he volume of distribu_ti_on:of. portisol
approximated closely that of the extracellular fluid (150). ' This suggested
that the time for development of equilibrium between the arterial blood

and the tissue fluids in the arteriolar and capillarylsystems and the
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diffusion time‘. thréﬁéhé’ut the a_vaila.ble:f_is‘s'ue’ space would tend to
1edgt};én..t.he'é1ea1jafpce time. Glenister and Yates determined the
vi;'tual vollur'ne" of diét_ribution of corticosterone in rats to be 45-46
per cent of the total body weight (62).

iv‘ The Aisavppéa%anée'curv_e of cortiéc)»l: Sugg:es'ts a single conélpar‘.t_:
ri_1ent volume of distribution with first oi'der kinetics characteri's.tic_ of
the removal process.(208)b. Nugent, EikI—Nes and Tyler in studies c;f

the suppression ofvé‘drenal sec.retvion. wi.thv‘dexame..thaséne and with inter-
rﬁptiqn of c'ortisolbinvf.usi_i;on noted that thei"f ‘data did not fit the interpre-

tation of a first order kinetics single compé.rt'ment model (135). Such

- a two éompartmént S};stem would be conceivable if the rate of re-entry

of cortisol from the interstitial fluids. into plasma, and from any other

of the .”outer pool, "'wefé slower relative to the removal rate of plasma
;l 7_-0H¢S by the liver (208). In that case,. the re-entry would be
equ‘ivalent to a rather slow, cohtiriuing infusion. .

Peterson etv.'a.l. deterrﬁined a mean vollv1me of distribution of 70 |
liters in'man at the vtime.of estimated complete mixing of intravenousiy :

administéred cortisol (143).. '.I‘h'is is a Volume comparable with that of

"the total body volume and implies that hydrocortisone is concentrated in-

sdme'portions of the body at higher levels than that in the plasma.
_ 'LocaliZétion of cortisol in the red blood cells has been demon-

stratéd. In human " blood , hem__atocrit 40 per cent, it is estimated that = -
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75 to 80 p(.er; v'c:an_t .of the circul'é.ting"hydr’o“c’obr.tisori'e ap.p"e‘airs in the plasfna
with 20 to 25 pér cent in the erythrocytes _'(i43). Seventy'fiVe_»per. cent _6f |
the cortisoi‘present,in the plasma Was‘ébserved bodrid ‘to nori-diffusible‘
elements of the 'plasma' (143).

-~ Holzbauer and Vogt demonstrated a d-istri‘vbu’tion of aldosterone
and glucocor?:icoids bet\%/éen the plasra and cellular corﬁédnents of .
adren;il venou-s blood of 4 mé.rnmélié.n spécies-— dogs,. rats, guinea pigs
, .and rabbits (87.).' In dogs, cortis"c‘Jli was found nearly ’e.qual}y distrik;ut;ed
b.;tweenv the ,bla":s:ma. a-rid'._c‘ell;:fravl.ctions, . while coi-tic‘ostero.n:e.wasv alwéys'
in higher léoncérntrations,, never lower, in the plésrna, thoﬁgh this"
excess.’ was occasionally qliite. smali‘ The rﬁean_'plasma—'céil concentra- '
tion ratio of cortisol ‘and'co'rticostevro_ne fér 15 dogs was 1.16 and 1. 80
respectively, while that for aldosterone was 0. 61-_‘.» IAn'r‘ats, guinea pigs
and rabbits, about"the' same distribution of glucocorticoids was found as
in the dog: about 75% of the corticosterone was in the plasfna, and
c‘értisol was abogt eéually_ distributed between thé plasma and.thé cells..

It was demonstratedv that the distribution of the’.3 steroids, partic-
ularly aldoste};‘one, ~varied independeﬁtl.y from dog to 'dog (87). This _
suggests‘ oﬁe poséible explanation for the'indiyidual var'ie;bility of 17-OHCS
cited eérliér. The association of steroids with bloodl cells was easily
disfupted-by washing of packed cells with saline solution, indicating a

possibie association of the hormones with the cell membranes (87). The

.
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'volum‘e of pla'éma trapped in _the.packedf cells was too small to account
fof the_ co.ncen&t::;'ations; ibn the saline waéhes. Since the‘cell fraction
inciudés rgd ‘cglls; white cells and platgiéts, no conclusions of cell
»typ.els involve_‘d»'in the steroid associatio'n‘were presented, but it.‘Was
su‘ggested-that‘po'ss.iblf all three types 'a;'vevivnvolved.
Radioautographs have demonstratea concentration of topic;'ally :

administered hydr_dcortisoﬁe in the cytopia.sm of fiblv'oblasts of .m'vlceA(35).'
Within 6 hours after administratién, marked granulation ahd increased

epithelioid appearance of the cells occurfedv, and these appeared to be

‘associaté,d with a greater resistance to fibroblastolysis.

While'the functional state of the liver cells appea,rvs to be a primary

defe'rmining factor in the fnet-aboliém of cortisol, the implication of
. Y : . ' :

ch.anvg‘.efs in liver blood flow has .al.ls‘o beg_n éxpr’essed."- T»y'ler and co.-;'-
ﬂ_,‘w'c‘)rk.er.s sugge]sl:ed‘ that both functional damage to liver cells and ibm—‘
paired liver blood flow are accountable for elevated '1_7-OHCS levéls
followipg'sdrgery in man (184). Eik-Nes and Samuels, in noting the
depression of _"c}or‘ti‘sol metal:;olism in col.d—stressed, anesfhetized dogs,
s_u_gge‘stevd' the influence of decreased liver'blood flow, although the effect
of Iowéfed Body tempe}-ature on optimal enzyme activity was also con-
sidere'd- (38). - |

| ‘ ‘Y\;tés é,nd qrquha'rt, however, erﬁphasize that minor c.'hanges in

liver blood flow have no inﬂuenée on alteration of adrenal corticoid
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meta-bolism, and only when fhe change in blood flow is extreme is
" steroid metabolism significaﬁtly altered (208).-‘ Glenister and Yates
maintain that if all c_ofticosteroné were éxtracted in a single passage
of blood through the liver in rats, the diSappeararice would still follow
first order kinetiés even if biood flow, rather than hepatic enzyme
acti{rity, were ra_tte-limiting (62). - This has been demonstrated by the
removal of virtually all of the injected colloidal chromic pho-Sphé.te in
a single passage of blood through the liver of dogs, Ty/2 = 1.2-1.4
min, and the disappear,a_n;:e followed first order kinetics '(30,. 31). The
Tl/z_for corticosterone, '22.‘2 mim_ltes, SEM:1.155, in male rats and
12.7 minutes, SEM 0.83, in females, and data 'fro‘m intact and perfused.
livers iﬁdic‘ate that the liver does not extract all of the hor‘mone in a
single passage. Tihé: ‘authors t’herebf submitted that the half-life of
corticos-te'r.o{ds is independent of liver blood flow éxcept in instances
when the hepatic flow appbroaches:zero {30, 31).

The level of A4—stero'id .dehyd.rogenase activity in the liver appears

to be the main determinant in thé dis_appearance of corticosterone in
rats (62). In addition, reduction of the volume of hepatic tissue by partial.
hepatectomy in rats, i.e., reduction of the amount of available'enzyr.ne;
had demonstrated a d‘irn‘inishe.c‘l _cai:oacitir for hepatic inactivation of adrenal
steroids (192). From evidence in cirrhotic men, Peterson concluded

that although no diminution in the conjugation of tetrahydrocorticoid
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metabolites ofbco‘rtiso]; was seen, hepatic activity of the specific TPNH-
dependélﬁt‘ éﬁzyme catalyziﬁg the reduction of the 4, 5 double bond of
cortis‘o‘l was evident (140).‘ In association with this, there was marked
redu”ctvibc')n in_t};é rate of §ynthesis of cofticosterone and cortisol in»
'cirrhotics; 'V-I._-Iowetv‘e’f?,: tl:ilese' patients were con;idered as "euco;tiépié"
Wit‘}.x_:_respect t'o plasma .1‘7-'OIfI.CS.1eV'¢1s; dﬁe to l!:he diminished ca;taboli‘srn. A
6f-c0£f,i<;osteroids; |

The derrionétrétion ‘of hepatic enzyme activity as a rate—l'irivqiting
factor in' t.he‘ inactivation of '17-._OHCIS has .prompted suggestion that the
hepatiC'enzyme system determines the rate of secretion of ACTH in. '
u'.rndisturbed animals (62,. 209); The basis.for this édncluéion Asten’ns
.from{ tlll’e'rvle.g.atlivev feedback coqtrol of corticésteroid se'cretion by which
a_hi_éh 17-OHCS level pzl'.oduce‘s suppression of the release of ACTH.
-Thi.s "red‘u.vc.:ed vstimu'l‘u.sv to the adrenal cortex éloﬁg with catabolic activifY
of the A4-ster'oid dehydrogenaée system combine to _reduv.ce the cortico-
steroid level and to mé.ihtain th.is within normal reétiﬁg limits. Accord-
ing to tﬁe above lr:1ypothe's"18 ofvcorticotropin control, it would be reason- :
able Fheﬁ f:o assume an influéncé of the thyroid on the release of FACTH,
_ since f_:h?rroid hormones accelerate the remova} of biologically _écfivg
cOrtif:'oste_roids-'f‘rom.the blood of réts (209). " The total capécity’ of the
liver for inacfiyafion’of cortisone by ring A redu‘ctionvis i.ncreabse.d in

~ hyperthyroid rats and reduced in hypothyroid animals.
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"TABLE III

PERIPHERAL PLASMA 11-OHCS CONCENTRATION
AND HEMATOCRIT IN MONGREL DOGS

Weight (kg) ~ Hct (%)  11-OHCS (pg/ml)
23.2 532 0.23
130.0 57.5 0.25
15.5 46.9 0.23 S
21.4 50. 9 N 0.28
22.7 - 46.7 0.25
20.9 5402 0.27
21.8 . 53.8 0.18
Mean = 22.2 51.9 R 0.24

sp 3.8 ' 0.03
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TABLE IV .

PERIPHERAL PLASMA 11-OHCS CONCENTRATION AND
HEMATOCRITS IN SIX BEAGLES OVER A 24 HOUR PERIOD

Time

 8:42am 12:31pm 4:10pm 8:20pm 12:05am 4:03am

Weight pg/ml  pg/ml  ug/ml  pg/ml  pg/ml’  pg/ml
Dog No. (kg) _— _ — L _ —
:  Hct(%) Hct(%) Hct(%) Hct(%) Hct (%) Hct (%)

D-245 10.9  0.32 0.20 0.29  0.26 0.32  0.25

| | 48.4 48.5  48.7  50.0 49.0 4—7._1
' D-244 10.9  0.29 0.35 0.25  0.25 0.18°  0.27
51.7  50.9 14.8  52.7 442 49.3

D-251 9.1  0.38  0.35  0.28  0.26  0.25  0.27
58. 1 5:3  52.6 ] 57. 1 56.8  54.2

D-248 11.8 | 0.26 0.35  0.235  0.28 0.23  0.25
| " s0.2 531 50.5  52.8  52.7  50.0
D-250 15,0 0:36  0.32 0.29  0.21 0.26  0.18
; 5;.—3_ 546 47.7 5?5 52.0  50.5

D-249 8.2 .01.23 ~0.23 0.26 -~ 0.20 0.25
| 5:0 50.0  45.7 4;.—8 4.1 49.0

M_eén, | 1.0 0.31 0.30  0.27 | ‘0; 25 0.24  0.24
SD ~0.05  0.06 0.02  0.01 0.04  0.03
SEM ~ 0.02, 0.03 0.0l 0.0l - 0.02 0.0l

Hct Mean 52,0 52.2 48.3  52.0 50.3  50.0
sb . . 3.1 2.8 2.1 2.9 4.1 2.3
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"TABLE V

ADRENAL BLOOD FLOW BEFORE AND .
AFTER HYPOPHYSECTOMY

. (12 Dogs)
Time (minutes) | Adrenal Blood Flio\;}'(.rril/‘mih/gland‘)
-20 to -16 a 2.7, 2.8, 2.8, 2.6, 3.2, 5.4
11 to <15 . © ::;-,-,‘--_--‘---'----v-
-6to-10 . 2.3,2.3, 2.9, 4.4
0to -5 | 1.4, 2.1, 2.1, 2.3, 2.6, 3.0
Hypophysectémy '
0to5 . . 1.5, 1.5, 1.5, 1.5, 1.8, 1.8, 1.9, 2.1, 2.3, 2.3,
- - 5, 2.7, 4.2 : T .
6 to 10 0.8, 1.1, 1.6, 1..6, 1.6, 1.8, 1.§, 1.9, 2.0, 2.0,
' 2.0, 2.5, 2.6, 2.6, 2.8, 2.9 '
11 to 15 | 0.75, 1.8, 1.9, 2. 6, ‘2..8, 3.0, 3.2, 3.3, 3.4, 3.5
16 to 20 .. 1.7;_1.9, 2.0, 2.3, z.é,. 3.v3, 3.4, 3.7
21 to25 . '2.5,' 1.8, 2.9, 3.4, 3.6 ” |
26 t6 30 | 2.2, 4.1, 2.4, 2.4, 2.5, 2.8, 3.3
31 to 35 2.1, 2.2, 3.4, 3.6
136 to 40 ' el - -
41 to 45 | 2.9, 2.6, 3. 2
46 to 50 T ————— oo
51 to 55 [

56.to 60 1.2, 2.2, 2.4, 2.4, 2.6, 2.7, 3.1
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TABLE VI
LIVER BLOOD FLOW BEFORE AND
AFTER HYPOPHYSECTOMY
v (8 Dogs) _
" LBF = ml/min/10 kg

Time ~ LBF | Time LBF
-20 476 ‘  - B !'16 o 501
17 i»; 5190 - oo23 550
s sz : 28 470
ar 63%_ | - 29 138
0 525, 512 ) 30 ' 592, 520
-6 529 | 35 425
-4 659 39 770, 668
s 634, 585 | 4 646, 529
‘Hypdéhysectomy __ | | ' .. 42 758
2 492.-' o a5 570
3 529 49 751
4 © 544 50 669, 335, 680
5 - 415 51 533 -
8 435, 533  _ﬂ | 56 14l
11 445 ;i - 4

15 641, 659 o 60 738, 592
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