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INTRODUCTION

The existencs of catecholamive ¢ontelning gran~
ules in the adrensl medulla 18 & well establiched fact,
Sfncs independently Blaschks and Welch (1) and Hillarp and
cowonzkars (2) showad that edrenaline and moradreaslinz ars
stored 4a the adrensl medulla within spacific granules, s
iarge nusbar of investigstors have attempted to elucidate
the mechanioms by which the etorage and the relesse of these
aminea ara taking plsecs.

Paspusa of thae hizh concentratica of catacholamines
found {s ths cdrenanl wodulla, Lt hes been amsunpd that they
arxa ratained within the grenwles by some chemicsl wesng Thae
obsarvations eof several groupe of workars that ATP {s aleays
roleasnd concomitantly with catecholzninss led them to assume
that this sucleotida pleys an ioportent role in Zha storage
and the relesss of catecholamines. Huserous evidences have
been presented which sgres with the wasihﬁieﬁi that AZP
conjugates with the catechvlamings te form & stable complex
within ths chrosxffim granule.

The catecholaninas being firmly bound within the
granule, and zoleasad only under zpecific conditicus, it
seemud that & study om the relaase of admmuda axd nszTe

adramaline night shad gome light on the wachanism. There



exiats & grest nusher of substancas, natural ox synthekie,
capable of sxecting & choliasepic action on tha adremal
medulls. The mechanicm of sction of these substsancss ia
direct or indirvect, via hypoglycemia for ecmazmple. Inoulin
balongs to this second growp.

ic was during thaese iavostigations that severasl
groups of workews, imdapendently, showad that thae relesce
of ATP srd of catecholeminas ic also accompanied by the
relosge of protains. The investigations shoding some light
on ona aspsct of the preblem, created & new can: i8 the
cateckolaming containiog granule completely destroyed during
the iiberation of catscholemines, or is ths ghost or grasu-
lar structure retained intact.and reutilized?

Waen this wvork was started, recent investigacions
had shows that ethionine is a direct depletor of tha livez
ATF. It was thought that the problea of storage could be
attacked through that angle, and an attampt wes msds to
aeudy' the effect of ethicaine on 2hs pocsible ralezse of
cateschoianines, visa ATP, in ceveral vat orgaus, |

Since it is poaaidle to obtain radicactive pra-
curnore of high spaeific activity, tie labelling of granulsr
ATP, uceébem&nm and proteins was tried {n order o
weagsure the half-1ife of thase substances in ths granules,snd

sze wether they heve the seme turn-over rate The attempts




with ckhicnine as well 23 with the labelling expsrimsais wore not
succesgful. It wae then Jecided that an indirect approach to ths
problem might lesd to sowms intevosting findings.

The deplezion of catacholemines, ATF and protelims in

chromsffin granules of the adrensl glands froa guinss pige pretreat-

od with carbachol, insulin of ressrpine was etudied. The dapletion
as well as the zeplation of the grasnules from the 2drennl glands
vere carried out in vive

The fate of the catecholamine comtaining graculas was
further investigated by testing the in yitro capability of the
graaules to pick up lkc-«adrcuaum. aftar ths adrensl glands bad
been deplated by s&n in vivo sdministration of aither one of tha
threa drugs cited above.

The results of this work are presented in the next
pages as wsll as a digcussicn of tho experimental evidences

presently available from other groups of workers.




REVIEY OF THE LITRRATURE

PART I, THE CATECHOLAKINE CONTAINIKG GBANULE

The studies partiment ¢o the presence of catschohmine
containing granulas within the adrenal glend have been sxtensive .
Most of the work has besu doue on the ox adrenal medulls, but
pona daza on other epecies are also availadble. In all the speciee
studied, the prasence of catecholamine containing .gmmlaa in thae
adrenal glande has been datacted, The existence of catacholamine
storage granules as npecific cell organelles of tha adremsl gland
in well established (1,3,4,5). A detailed accouat ¢f the cxperimsat-
8l evidences which lad to thaiy idmtincauon'vs.n ba presented
in sacticn A of this part 1. The cecond secticn Bwill be davored
to tha prezentation ¢f the experimental results vhich permitted to

alucidaca the chamisiry of tha granule.

A) Rvidoncas for tha existence of catacholamine coataianing

granules within ths chromaffin cell :
The cells of tha adrenal medulls yileld a chromaffin

raaction, first deserided by Henld, (nl865 (8). It was observed
that in the prosenca of chromatas, the adrenal medullary cells
bsoarg brown o black, Ruserous authora could confirm Henlé's

fintinge using chromate or some other oxidizing agents to stain

tosa vy



the adrenal glands (7,8,9,10).

In 1918, Cramer weported that cells from rat or mouss
adrenal glande, when trasted with osmic acid, showad black isol-
aged epots. . Cramer's obssrvation was the first to indfcate that
the catecholsmines are localized in discraete packaets within the
chrosaffin cells. This author called these packets “adrensline
granules® (11).

The ohsarvation of Cramsx passed lazgely unmoticed
until 1983, when two independent groups of workers, Blaschko and
Welch, in England, (1), and Hillaxrp aad coworkers, in Swadsn, (2)
produced conclusive ovidences for the existense of subcellulsr
granules which contained most of the adrenal medullary hormones:
adrenalinms 2nd noradrensline. Both grosps utilized differential
centrifugation teshnique as developed . by Hogeboon and coworkers
for ths isolation of the cell organslles (12) These two indapen-~
dent reporte openod 2 new erz in the fisld of catecholamines.Thoy
therefore will be discussed in decalls now.

Blaschko and Welch prepared homogenates of bovine sdrenal

medulla {n 0.3 H sucrose They measured the catecholamiae conteat
of the nuclel free homogenate and that of & svediwmsnt obtained by

centrifugation of the nuclei free homogenate at 22,000 x g Zor

30 sinutes. The catecholamine contant of both enrtracts was detex~
mined by a biological method: the pressor activity of these two

extracts was moasured on the stropinized ejisal cac.Tha amount of




adrgnaling recovaeved ia the 22,000 x g sediment averszed sinty
twvo per cent of tha Zotal amount. Ag¢cording to these authors,
in the bovine adremsl medulla, thae bulk of the catecholaminea
is contoingé within cytoplasmie pavticley, the sedizentalion
properties of which rascembled those of mitochoudria (1).

In the work of Eillarp and coworkers, bovime adremal
wsdullos were hompgentzod cither in isotonic nodium chloride, ox
in igctonic potassium chleride, or 4o O 3 M sucrose., Aftar the
razeval of call debriec az 600 = g centvifugetion, the granular
fraceion was collectad cither by & 30 miuute centrifugstion ag
6,800 x g, or by s 1C minsce contrifugation e¢ 24,000 z g, 2o
that 4t was sudmitted o & total centrifugal zraviey of about
200,000 = g. To datermine satecholsmimeas, the authore massuced
tha imgensity of the colox developed during oxidation of the
aminss by fedime (13). 2y this method, Billavp and coworkers
wate able.to. racaver 70% of tha tolsl catecholamines in the
sediment, while tha remaindsr of the catecholaminas was found
in the gsupernatant Im ovdax to azseas 2ho purity of the prep-
aration, the {solated granuiss were dyed with ei:ninc'and o
fuachin, 2 specific dye for the nitochondria. Examinmstion under
the light udesoscope did not show anmy stained gramulss, Thie
chgovation parmitted fAlllerp and his agsociates to coaslude that
in the bovine adrens! medulla, wost of tho catacholemines ave

comtatred within cytoplaamic granules waich are histologicelly



diotinct Zrom mitochoundria (2).

In a later scudy, Blaschko and coworkers veported that
the granular fracticm could be dividsd ifnte two layers, the phys-
ical appesranze of which was not similar Ths layer ecdimenting
at the bottom of the csntrifuga tubs vas browmish and densaly
packed, whezoas tha top layer was yellowish whitae and more flufly
{n appesrance. The exsmination of the catecholamines and of the
respiratory ensyms activity vevesled that the bottom layer com-
prised 8 large amsunt of ths catecholamines, while most of the
succinic dehydrogenase activity wes found im tha upper layer.
Thue the epecific activity of tha catechelamines was high in
the bottom layer, om the contvary the speaific activity of the
suneinic dahydrogenase wes high in thae upper layer. The intra-
wenous injection of the intact granules into the atropinized
cat did not elfcit an iamediate pressor respons: in tha animal
vhich seems to indicage that the catecholsmine contaising granule
st be destroyed befora adrenaline can exert its phyeiological
affect (14).

When ths 11,000 x g sedirsnt was layeved on 1.3 H susrose

solution, a 60 minute centrifugetion at 140,000 x g yielded a
sediment rich in catecholamines; the top of the tubes showed a
small layer which included gbout 102 to 127 of the tetal amives.
The sepavaticn was probably due to a diffarence in the denvities
of the various gramnles which might sot vepregent a houdgsnous
proparation (13)

YT
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This obsarvetion wis confirmad during lovontigations
by susvoss density gradiant contrifugation of the 11,000 » g
eadirenet, The danaicy gradiesnt tuda wan seotisaed ifnto £iva
fractions numbared Srawm ons o five stariing st the Zop of
the cubsg. The cotacholanine vich granules were found matnly {a
the frastion four, shiles mwet ¢f the mitochomdrisl anryzes wexe
racoversd (o the frsction twe, This was the ssufirsation that
the granulos ere distinet oytoplasmic smtities (16,17)

Thus the susroge dangity gradisnt techulque canz be
usod to prepste pure zanplae of catecholaaine cenzainiag gremales ,
frae of mitochondris, of lrooscans asd of walcyosemns (18,19},

Unlar tdentical experiusnial conditions, #Hillarp was
2ble o Tesosev 797 to G447 of the totel catecholamines in layers
which were 2itnated barvoon fractioms thres and five of the
sucrean density gradieat tube (29).

The bicchamical avidezces for the exiktencs of catechol-

S e

zmins conteining zraaules have been camplewnted by nismerous histo-

logical data, Electron microscopls studies ou ¢lices of the advenal |

medella from rat (21), mouse, guines pig, cat (22) and rabbic (23)
ehowed damsaly oamsphilic granules naarly 0.2 « in diewster, These
granules appeated to be surzoumded Ly & liziting wembrane and
wors aasily distlaguiched Ivom othar eell oxganelles, ldentical
slegtron micrescapic evidsuras were cbtaimed with granules izolated
from the ox sdrenal widulla (24).

3’.
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1t has bssan veported that the chrematfin cells could
be diffarentiatad im norvadrenaline and adrenalins calls (23,26,27).
It han alss besn claiwsd that adrensline containing gunuléa could
ba sepavated from noradrensline containing granules (17,28)

B) Chasistry of the catocholsmina contsining granule :

Since the digeovery that most of the catechilamines
of the edrenal glanda ave concentrated withim the granules, the
chemical composition of these grenules has beem thoxocughly ine
veatigated (26,29)

In 1956, Hillarp and his sssociates chowad thst the
granules repressst about 334 of tha wet waight of the chremaffin
celle and 40% 2o 427 of tho total cytoplasmic proteins. The eatschol
mmm contributed 4.3% of ths wat waight, and 192 of r.ho dry
waight of the granuls. Oa & dry waight basis, tha lipids rapreseatad

% of the gramule. The phospholipids wars the major component,but
sholeoterol wes also datected in oignificsat amcune in tha granule.

Thesa date ware gathered on the granulax frastion prepared by dif-

foruntiel) centrifugation. The poasibility that nuseroun coaisminent . |

particies such as mitochondria, lysosomus and microsomes contributed
for & large part to thase regults «wea not eliminated (30). This
induced Hillerp and coworkars to reviee thair technique of isolation
and 1ed to a wore precise determination of the chanmieal cpaposition
of the granals.

In @ lscer study on igolated granuvles, obtained by the

RIS
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sucrese density gradient techniqua, Hillarp publishad the chemi-
csl compoaition of the granulss a3 ouch: water: 68.5%; proteins:
11.5%; catecholamines: 6.7%; adenosine phosphate(s): &.35%; lipids:
7% These deta vepresont the percentages of the varicus coapenents
caleulated oa the dry weight of ths grsnules (20,31). Although they
include the major compovents of the solid content of the granule,
pignificant awounts of megnesium, of caleiwa and of ribonucleic
acid have been chersetarized in tho catecholsmine containing
granules (5,32). The molar ratio of ademosine triphssphate o the
cations has besn found to bs 1.21 (33).

¢f grest interest was the obaesvation wade by Hillaxp
and coworkers that im the ox sdronel rzsdulls ATP Lo found in
vexy large amounts (34). Accovding to these authors, ATP is deo-
tected in the granules vich in catechnlamines im & cencantration
of 500 miliigrams per 100 groms of wat waight tieowe. A elightly
higher valua, 305 milligrass per 100 grems of wet weight tissus

T

i

was mentionsd & little later by the came authsrs (35). It was thought

that &n error by defect dus to tha limitaticns of the methed used
for tha AYP dstazminations might imdicete & lower valus tham that
actuslly present in tha tissus. Purther snalysis demcustrated that
ATP wvas the main phosphate ester in the granule, but grazces ef
sdenosine monophosphate (AMP) and eignificsat smounts of edenssaine
diphoasphats (ADP), up to 20% of ATP wera also detssted. However,
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the poasibility that ADP wus e artefact due to the sode of
prepazation of the grasules was suggested, on ths basia that
8 atgnuthne ATPase activity had bosn noticed $n the granulos
isclated !mmu&dmml ﬁdnlu‘ (20), Later gtudies could
sot confirm the pressnce of the ATPase i{a the isolatsd grenules
from ox adressl medulla (17,36,37). Hore rocsatly, ths presenca
of A_'rl’tj; in the granules of the ox;;dra‘uiy medulls hae bean
ncomurod (38) ey : |

- The anheouuh: distribution 5 AX? {n tha ox adgensl
mduua hu boea aneausaud. ATP 18 mainly conceatrated within
ths «nmm containing granules. Blaschko and ecovorhkers
roticed that their _‘fho:t{lan layer" contsining tha granules xich
in catschuleaioss was also rich in ATP, Some of the nucleotids
uag found as vall in, éha "m laye:” which wan poor in catechel-
eminss. The aolar xatio of mmme to ATP wea equal to 6.7
Eor th- botton layer 2ud to S. 8 for tha top layer {39,40).

 DB'Iorio and Eade wera the fizst to point cut that in
the ubbu the wolar ratio of adrenaline/ATP vats.od from 3.16
0 6.78 with & maan of 3.81 (A1). Subsaqueatly, {n the chicken
sdreasl gland a molsr ratio of catecholanines £y ATP was found .
ko average 4 (42,43,44). In further work, thase findings have
been confirwed {n the ox (43), fowl, geoss, cat ead gost ad-
o sudutiery gassion ).

Euad upon thase £indings, the suggesticn hes beon made
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thne ATP n&ght bo Luvatwod ia :ha rotcucion oi the catecholnatneo
‘vxehln the eh:oua:!iu 3gnnu1n (67) »

2) 5olg§1e groteins
In 1958, nxllarp reaarksd that the lysta oi tha granulas

by hypotoaic aolut(an\lnd tn a raleaaa of pzotcins ftam che 3runu-
165 along uieh the catecholun&nen. Th§ ralaase& protoins coapriscd
abou: 771 cf thu cc:al protcina ot :hn granuloo. clacttophoroata
the protoiu ptepa:atian lppﬁatmd to he honngauaus‘and an ilehltcttlc
point of 4 was found. rux; 1nd¢eacc6 the aaidie nature of :nepmatain.
This unthor utiltzed 501 athanol to praeipitatn :hc eolubla proteins
from the aranuhl (zo.aay. ‘

“ Winklet and couorkctn £aolnted the aolubie prouctns from
thm srnnulaa. thny oap;ratcd tha granules £rom adrenal glands orig-
inating from horse, ox or pig. A starch aloctrophoresis of these
protezna thawed thatttha prcpazution fron eech spaciaa was not
homogenous nince ccveral bgnds could bo obsorved Yet. 1n 411 the
thrca npecie-. thnro was oac aain ccuponent which aistated at the

opaed. On tha hypoekonto :hat thc uolnblc pro:eins nisht be
cs:euttal to :hm !unutionnl 1utasz£ty of :hn 3rmnuleo. theee authoxs
concludcd chat tha waln prozein cea':icucat, coqnon tc tha :hree
apcctca nigh: be thc moa: Luterautiug !escurc ot thair.atudtcs.
This eaaponcnt ai;ht ba diractly 1nvolved Ln thn tuns:ton ot :hn
chroanf!lu a:aanlc @9y, - '

o Blaschkn and Helle precipitated the goluble proteins
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froa ke ox sdrensl medeliery granules and determined tha solecular
walght of tha pajor constitusnt. 1t was feund to ba 25,000 (50,51).
Smith ond Rirshmer purifted furtiur the anluble proteins of tha
chromaffin granules by naseing the preoparation through & Sephadox
44700 colum. They weze abla to detect that the proteia was coa-
pesad of two subunits, having eash & molscular waight of 40,000,
shich give a solscular weight £or the protein of 80,000 (52). This
high molocular weight is eloser to thet comsnicated by. several
sthsr independent worlexs (33,54).

More recently, Strieder and associates have reported
that the soluble proteins of the greuules iselated from the oz,
buxen, kotes aod pig adrens) medsllse exhibit similex zmino

aoié compeaition (3%).

conclvefon of park B -
Thave are definite evidences that the admemal glanda

froa various specias contain laxgs quantities of catecholamines
which ara consantratad within syesific graaules. Thass granules,
which are visible undar the aletcron Anlcuacopc;. ase spacific
entitice diseinae from the mitochoadria. Biochemisally, they

‘have baen shows not to iselude any of the respivatory sasy=as
typical of ‘tha mitoehordris. These catecholamiua contafning .
-granules are »uu‘nund by a‘Mxm apd appeer to hsva & diamster
of abeut 0.2 u.




The catecholaming containing granules can ba obtaineéd
in thaip&eoitromsfifeu'dtrmxtncbﬁaizia. of ‘lysozozss and of micro~
sonmes by sucrose dansity gradient centvifugation,

' tha chomiesl coemposition of tha chromsffis pramules iz
wsll-sstablished, Thie granule iu‘eipeezally zich in eatocholamines
and in adenssins triphosphate, the wolar ratio of the totsl smines
to ATP being around &, Considerablo smounts of lipide and of groteins
have alec besn detected. Bmall but eignificant amouate of talédum,
of magnesium and of ribonucleic acid have alse been determined in
the catecholamine contziming granule,

The varicus attempts to isolate and to purify ths soluble
protains of the granule heve baen partially succecoful. These proteins
comprise a major componeat, tho wolacular waight of which hes been
roported to lie batween 25,000 and £0,000. In the highest value,

&re includsd the melecular weighte of the two subusits which have
been found to constitute the protein. In cna protein preparstion,
the isoelectric point heo been observed to be &, indicating the
acidic nature of the proteis. In verfous spacies, the saino acid
composition of the soludle protein from the grai#lé iz identical.

Thexs 18, f{o general, good agteenment ca the chemical
composition of tha shromeffin granule. Yat, sue pyint which might
ba of {mpoxtance i3 arill a sedject of controversy. The prasence
of a sagncutuﬁ-acttv:tea ATPase bas bosn rapercad by a few authers,

but others could sot corroborate this findinmg.
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At tha prosent time, tho mode of release of catschol-

aminas frem the grauules 12 still contxovernial. The enperimental

avidencea are not conclusive on whathet tha catecholasinas avras e~

lopsed from tha gremules in the fres form ox whather a complex of

catocholenines -ATP-proteins gs liberatad frow tha granules and
brokan dowe outeide of the granules. The concluaive evidmas abest l
tha prosente or the abeence of ATPass in the gramule muhﬂ: duruy

this pofne. A wore datailsd discussion will be providod in the next

part I of the veview.
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_ ﬁmtous sxperiwtal evidcnces eu avauable ntwwtug.
vthnt tha c:auclwhnim ceatainmg graaulea appear uot te be des-
.';:roynd dux&na cb« atimlauon af. tzho cdrml ghnd. but tbut nwy ;
| remain a8 mty uca wt:hln eha chrm!nn eau (23 56) ‘rha
v““ o.’. :hn chtm!un grnnula uﬁtar u hu captmd M;a mluble
cantmt mm sho cs.rcuuzim u ui.u a ubject ot cm;ttwauy
thu part ot tba :eview e! nha utaratu:w* !1 ba dwoted to the
.csparmnul cvtdances pmtdcd by uwaml sroupa af wrkats in

ordar t:o nlueiénu tha fue ot tha uuehoumam contatn!.ns 3rm-

ulcu. m the u.nc acctm A. tha upetimu.l faeta on tha :olcaoa
of tba gramh conunt: éu:ma uuwuum of the odumsl 31anda ?
uiu bu daccribcd m uccmd uctzou 8 9111 deal with t%w mpnri.am |
| exportmul :caults o ﬁn repluncm of ueec!wmmu in cha |
chmaum gunuleu. fallowtns thc o:i.mlauoa of tha sdreml

glaud by nﬂcuo as«mtu.

) 3hnd csa bo brousht abeue by uvetal mcmw Aaons the uou

2

c.m aatbodo aud are tho Mreet nztuuhuon, the taﬂu o :
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stimuletion and the stimulation by. ke action of radsay:such as
taserpine: Since the nerve éupply to thoe adranal medulla is
cholinergie, substances such as acety lcholine,. ;the‘,nat,u‘ul
wediator,  (57), saxbachol (38), choline ard aicotine (39,060)
can. cause 8 release of catecholawings by the diract stimulation
of the adranal medwlle, The catechelauines san also be _liberated
by reflex stimulation which can be brought about by insulin
via;nypoglyceala (61,02,63). Finally a lavge hsaber of diuge
daplete catscholamines £30m the adremal gland espacially se~.
ssrpina (64). The esact wachanism by which shis depletion 1is
brought about is wot . as yeot alucidaied, DuR BUDEEOUS expet imental

evidences appear to point out.to a damsge of tue smine sLovsge by

P e e

yeserpine . (83).

. the deplation of cetocholauines caused by eithar ciwlias

ecgic druge, or iuselin, of zeserpine . is ususlyy accompenied by
a discharge of the soluble contenk of tha granuls (#6,07,68).°

Ia; 1957, Butkervasth and Hann observed that cepeated. . )

jnjections of scetylcholine to the atropinised cat produced &
severe deplation of cetechnlaaines, mmmt of the advensi -~
gland was. found to ba ducreased by 71% to 84% of ite catachol-
aaines, ceventees housa sfter the last latvavencus. iujestion of
acetylehwlina, A similar . depletion fox doth uoradyosaliine awd
sdvenaling occurved; ne significant diffexonce in the deploiion. of

either of the amiuss could bs datesced. The worsdvsualine as vell
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as the’ cduuum wvare uewand in tha venous efflusnt of the
mmx ;ma (57). o | | |

Duuug tha pcr!uuen c! the ‘eat ‘adronal’ glmdu. Donglaa
snd covorkers observed that p’crfﬁsio‘a'viith pute Locke’s soluticn
give rise to a’ iﬁaudm reléase of catscholamings from tha
perfused gland (69).° ‘When the Locke's soluticn vas Bepplomanted
with ccstylctwliu. n & concoatration of 100 micrograms per
willilites of solution, the 'i'olmc"bf' catecholanines was alvays
intredsed above control level satil it zeached o rate of secre-
tion of about 15 wicrograsa per sinuts per gland. This rate vas
attalnéd during the first two mitutes of porfusion. Thew tha
cate veturaed to that of tha men-stimileted gland. s the sbaence
of calciua ‘lons, thers vas no relesss of cateckolasiines, éven 1n
che prasesce of acstylcholina, Ths essential tequirement of cslciua
{ons for the velsase of catacholeatns was ‘further ‘confirmed (70,71).

Mtﬂ; ‘the etimslition of the adrenal gundi with acetyl-
cholina, br by cphd(:hﬁtc nerve otisulation large amounts of AMP &3
mu as ATP were ‘sxcrated {oto the perfusate (68.12).

' " Banks, using Tytode ‘goluticn as ‘the perfusion medius
studicd the offact of cArbachol perfusion on the faclited ox -
adrensl glands. THis author found that sepested perfusion vith
cirbachel caused & 63% deplation of tha catechilasinda. The amiues
ihus relensod wire ¥ecovered in ‘the pérfusate fluid. The secretosy

respouss &6 well a8 the spotansous relasse of catecholamines wers




dspeadeat upon the presence of csicium fons ta the parfusion
solutien. Tho relesse of ceteckolenines was accoupanied by a
timultancous. ralaase of nuclaotides which were {dentifisd as
4MP, adenosins, ineasine sud hypoxauthine, The presence of ATP
mubout‘u_;‘_cm,i:_md previcus findings by Starjms (76). ALY
vas prageat in the perfusate omly st the peak of ths velsase of
catacholentoss (72,79). e e e

- An facresss in the soluble protein contest of the
portmu was xemarked after urbnehni parfusion, althoygh in
the absence of cardachol there was axspontancous eecretion of
proteina frem the ox adrenal medulla. These proteins were com«
pared with goluble p:otc;;an isolated from the granvies and were
Zfound identical according to &n imwnological maethod. The relesse
of catacholanines from the parfused glandasppesra to bs accompe-
nied by & liberation of soluble protelns (74). This obaervatisn
vas recently confirmed during perfusion of the ox adrenal gland
with acetyleholine (75). ‘

In yivo, the xelsasa of pmtauu vas nloo ebeazved

folloviag atimlation of the splanchnic nerve in the calf. These.
protalas were ideatical to thoss iu the gremales sad ware desis-

uated as “chromegrautos’ (77). Independent gEoups of workers .

identified, after {a yitrg psxfusion of the ox sdresal glend &

msjer pyotein componsnt: “"chromegrsnin A" (78,79,81). The
velease of. chtmgrnm A followad clesaly ia time that of the .
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catecholaminey but thers was a mu hg peuod (7&,79). c-lum
ions were an essential rcquitmnt !a: tha ubcrauon oz ucanbol-
amines -which was aloo tampsratute émmdaa:. A fall o!f 16 ¢ in
tha tesparature of the porfusion liquid breught about a dacrease
of 60% in thc ulma (80).
utohmr m!mud tma !munsa md mluroé r.he

ns&o of catechomm« e:o nhe mmiu m :hn parfusate. 'nu
ramaa wu ealetm dopcndm:. uozmu bc!.ov a8 tmpomtuzc o!
13 c. ne uluu could bc cbcauwd duptn r.he pzcaanca of ucetyl«
ehouno. Ktwbut ulcuutad that tm nsie of thc utuehouamu
to &he yrctam in tho pctzuute avcmgad 1. (61) ’ms ve.lua
ma lwar t.ban thnr. pmm:ly raportad by Sehmidar which. m
Mentiul nxpatmul mdit&oac obumaa a valm o£ 4 8 (80).
m u:oz comyonene ot m ptotatna uolated fm tha porfunata
e fomd. on clactnpborntn. to nignto nt tha wne lpced ac
chat. 'hich un Laahm !m :he utwholmim conanmtng
’mmmlu (m.

_ ; canmn md cmrkeu (61) md !busuy and cmrhnn (62)
(wta th- ﬂrst wrkan u pm,at eut. m 19&. that tmuun can
‘pzodueo a Mple:m o! che eatccholum coatent of che sdrml
51&&0 caum aud hu ucuutu obamoﬁ cbac 1a c!u cat,m:uun
mld mauau thc hure uu. duspm p:cvuua dens:vat.m ot ttm
m:t. 'mu mcrm in :h- m:t uto m aouud at :tu am '
‘ae which the blood gluma lml m bclw mml.\ It adromhcmay
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was pexformed prio¥ to. the. i.mmlm i.njcction no sucn 2 cmpauu
was obseryed, From chis. obﬁawatmn. thc Au:hors cencludad that

bypoglycesia bringe about & aecutmn oe a.dmmlizm £xea am

sdrenal glands (81).

Twmty ycmra lltet, Vcsat ms unab!u m ropen. (hmwo 8

it

ka. whan lnject:mg ‘O. lzrm;in a! lnmxin te eha mts. 'm:. mn
the dosa ot‘ lnaui;n éaa daubhd. thie suth@r cbwwoé ) algni.fi-
canr. rclmc ol utachohaimn !m tm rac cdreanl glandn. Stm
noted ktlult tha d;fletlon o£ adreulm mm hrgor th:m :hac of |
nﬁradnnaltm m thc adrml sland (83),

1: wae not until thn m:k o! ven Rulcr c.nd Luft :ha:
tha ulecnvc action oE Lmuun wes fmauy esublubed ‘rhmm

autharo mjaetcd mto hulthy hmn voluntca:o. mln er !cmh, V

O 1 unlt of mmuu par kLlcgrm of body wlahz. A.t thu donge o

A

ot moulm, ugntﬂ.cant auonnu ot adreuune coul& ba :amer~ ’

cd tn tha usm m adtenaum .ucuted wao mcruud by about:

un lold. wherua tha noradrmum Vs only moéautnly atuc:cd.

R S DS SR

vOn !ul..t cnd Lu!t ahevad de!inuoly tbat mnulin han a ulccuvo

af!ncc ia doplntius tha drmx ghwt o! aduuuno only (&S)

e

‘ 'rhu oburuuon uu cormbound by Duacr 8 wrk on t!u

m mkuvenom mjmtim nt iuauun. 10 unicu pet kilogmn
o.’. body night. cnciud a awozo deylctmn of ad:emum. ‘nurty
f.iva miuam A!tm- the tnjoc:ion, the nupraraml vauouc c!ﬂnent

concaimd adrmunc in u coacentu:wn tcn uma tlm: o! tbe

cieaae
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resting level, while tha moradvensline was unchamged (683). In
s previous work, Duner had shown that;the injection of glucosa
vould seduce the sscration of sdrenaline (85), %0 he claimed
that tha blood glucose lovel wae the factor directly involived

in the adrenal medullacy sacrotion wlicited by jnsulin,

“" simeq the depletica of advenaline dus to insulln {8 =
caused by s weflex stimulation (29,04); the effact of insulin
camot bs investigeted on ths {solsted glznd, but only in glands
in the whole animal. It might explain tha very few dats concsin-
fug the stwdy of tha weélease of catecholamines, ATP - aad proteins
vader ths #fZect of insulin. |

'Yt was vecently vaported that the protein content of the
26,000 x g sediment from rabbit sdrenal glands wis ‘unchangsd after
pratreatmant of the anisdle with insulin (65). This finding verified
previous observatioms in the sheep, whers insulin was found tocous
relazse only catecholaminas and ATP but uot ths soludle proteins
from the greaulss. The depletion of. ATP was datermined directly on
the graaules. The desresus in the ATP coutent of the renule could
not b accountsd ‘for by an increass in ‘the cytoplasmic AT? aor by
su ‘indresse in the cytoplismic or gramuler inovganic phosphate (668).
In tha rabbit, 0o significant change iu the ATP content of the
adronal gland wee obsexved after iusulln trestment, despite the
significsnt dedreise in thé catacholemine ¢dutent of the sdreunal
gland (61), In the chicken, Hagen observed a coacomitant decrease
of catecholamine
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of catacholaulnen and Ar?. uleet inoulin k!ﬂ&tﬂlﬂt 666). uharcun
in ,~uumsan the cxpe:innntal avtdenccs atc noc coaclultve (62).
o 1c La 1acatouttag ao note thae aincc Lnsulln 1» act&as
through s :cflax stlunlntlan, :ho daplacinn ot catecholanines in
tha adrenal gland is in lact bzoush: about by acatylchaline‘ Thus
cua would expect tc cb:ain 1dentlcnl :eaulco. at lwac: quulitativa«
ly with thc two auhcenucca.vbn: thta 10 not tho caua. as can ba
judged whoa tho resulta cb:utnad w!:h thc cholinazgic atiaulncion
and :hone obcuined wttb 1ncu11n ara cosp;ted. thu most attikins
dilfaroneo lc shn: vtth acctylcholian there io & teloaac of the
solubia yrocoins uhtch 1s conceai:&ne uxth zhe ltbnsattcn ef
catacholauxnol ttea the gland (7& 75 77 78.79.81). uhctuna uLth
1uau11n utianlacion thore isa telcnoo oz cn:echolnmxnao wbich is
no& acceaycuicé by :ha telease ef protoinu (65 66) Tha dxucropau~
cy nxght Ea anly apparcne aad 1nhcr¢nt to cha nathada uaed ta:her
chan to a dlt!utcnca bctuton Lnsuliu and cholluerglc affects. In
tha cxpar!ucntn with acntylcheltac, thc telcnna ot thn protetnﬁ
vas deterniuad by acauurius the outtlou o! pratelnt 1n thc par-
tuuta, wh«atba: klu pe:iuuon bo g,g_gy_or .g_g_g_r_g_; ia cha
eapcrtmtnts wlsh iu:uliu ehn pxotatnl waze datexnincd by nnasurlng
thc cnncont oE tha gxanula alter ntlnulntioa of che ndreu&l gland.
Tha attact o£ tttorpinc bal beon ax:unnively otudied. 1t

nppoa:a that reao:pina is a v:ty yocenu ageut La thc daylatien of
catacholaatnon (39.64 87).
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v Cagleson and Hillarp obseresd a cosplete diseppearance
of ¢atecholamines frowm the adrenal glands of rabbits which had-
Neen Hiven a wingle intravencus imjection of 5 willigram of
reserpine per hilogrem of body waight. The complets depletion
wan obaorved ds early e ten Bours efter the trestweat (88).
This finding was confirmed by Nixkis who could tot detect soy-
cavacholanmine {a the rvat advénsl glands ' five days after the
snivals liad Boen injected with reserpine (89). Both adrenalins

aud ‘sovadrenslice ere equally affected {(90). In the zabbic, a

savere deplotion of both amines wae slso réportad by Ludborg (?1).

 The reserpine induced depletion of catécholimines

has baen reported to bo blocked by dimervation (92), while several
groups of vorkers cloiméd that the densrvation of the ‘glend result-

od only in & veduction of the effect of reserpine (93,9). In the

cat; it vas waperted that veverpine elicite & dopletion of the

catecholamines from the fenoxvated gland oaly (95,98), Other
sutbswehave Ghboexved that both innervated and densrvated glawds

are scimalated by vasorpiae - (97,98). In the latter case, the

dosage of reseérpina usad to. asusa the depleticn Mas twice as .
high as that used in ctha forwer raport which sceas to indicete
that tha response depende upon the dose. -~

L In the ¥at, o single injmction of zeserpins was found
to deplate the edvanal gland of 1ts norsdremsline emly. Thie
affact 'was aboliskied by denervatioa (97). Uhen a dose ten times
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s¢ high as the previcas cae was injected into the gat, both -
trnexvezed and denervatad glands were deplated of their catechol-
amined. Yat, ia the demsrvated gland, the deplation was equal te
36% vhereas in the immewyvatad gland Lt was 762, The nuclsotide
phosphates ware aled decressed; the dogres of depleticn ia the
denervited and in the inmervated glands paralleled that of the
catecholanines (100).’ Oeher reports ‘have ‘stipulated’ that tha
sffsct of rekotping ie not affected by the densyvation of the
anfmals pricr to the tweatmemt (89,90,101),

- In’ the intset animsl; reserpinc appeass to briag about
8 concomitant réleass of the catacholamings and of the nvcleotides
(45,102,103) bt thers ave no experimental daka coscarming the
relesso of the soluble proteins fuom the granules. Feithar phospho-
lipid mor cholasterol relestes bavs been obgorved in supavimental
‘conditions whers the catecholemines and ATP weze liberated (79,104,
105). This Cinding iv in favour of the hypothasis that the grane
ule ghosts ara kept within the chrowaffin cell after cstecholamine
rélease ‘tn the extracellular dpacs (33), . i oo

" Although the vesewal 0f the adreual gland is:followed
by ‘an ismediste releads of catechelsmines from the granules, the
Laoleted gramules et 09C avé stabla in sotouic sucross selugion
"(20,108) . The catecholamines ard vapidly released from the dsolated

]
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granales by lowering the tonfcidy of ‘the suspending msdium and
the degroe of release 16 dopendent upon the lonic strength of
the modium (14,20,48,107), ‘

Tha cstecholemines can be relessod from the grasules
either by levaring the pH of the suspeeding wadiun buiov 6, or
by increasing the tespsrature abeve 0% (5,20,80,107,108). Tha
fraecing and thaving ef the isolated granules can cause a rapid
Libexatien of the estecholamines. A humbst of datergents stmcone
ceatrations as low as 10sM can preveke & discharge of eatechol-
amines from the isolated grunules; small amcuats of lyselecithing
and of lecilhinase A heve a similer offect, In this came, it seems
thet there 18 e divect affect on the granule membrass which couses
4 leakage of the granular ~centent (ute the medium (107).

Cagbachol and hcetylcholina wers found o have mo effact
o the lsolated grenules (109). This (s not surprising in view
of the fast that acetylchwling has boea shown to cxert its effect
on tho plasss mmbrenc of ‘tha chromsffin call (110). On the othar
hand, reserpins, pheaylamine and tyranmine wers found to release
the cagochelamines from the ieolated gracales, This velease of |
catacholacines by ressrpine and phanylamine wes zccempanied by
& valesse 'of ATP; ef calelum and of maguesiwm, while tyramice
sslactivaly deplotad the’ grauules of thair citecholemines culy (5).

“o 7 Celeiam dons (3) ' and megnesium’ fons ‘(111) Beve béen
ghown to release the catecholamines snd ATP from the isolated

granules,
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A group of oalphydry; reagente has been found to
mnum caucbolauiuu and ATP fvom tha _groucles isolated .
from the ox advens] medulla (112,113). Tais relesse was ac-
cempenied by q‘(g.@&pms rolease of protaeins. Glutathione
and cyataine coald praveat the actien of the salphydryl Feageats
but could not reverse it, indicating chat the chssge in the
granuh mbtane cwsed by the sulphydzyl xoageals was izsever<
stble. In zhc prasence of ATE and 33", glutathicne liberated
catecholamines from the gransles but not the progeins (1i3).
3) Machaniss of sacretlien e
A& is wow wall antablished that ncaty&shnunc acis at
tb@ phm monbrans of the chromaffin call (110). The exact
mechsniss by which the catecholamines ars ralsased froa the.
adrenal gland into the gemeral circslaticn is usknova, even
wore undisclosed i the sctusl function of the catechelouine
canuiuins sxmle.* N S TS U URE S
’ &sot of cha mwuua ¢a the function of the chromaffin
grmulea axe .baged upon exporissntel daia on che secretion of the
advessl glands, Do Robertis and Vaz Fesreirs bave suggested thet
the catacholenines £rom the gronules may do released dirvestly..
iato the extracellular space (22), This suggestion 18 based upon
experimental svidences obtained mainly from the electrom micro-
scoplc lavestigativas. Thess.euthors cbasrved & migzation of tha
sranales nesr the chremeffin call mesbranc in ths stimlated gland,
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gland, while in the nerssl gland the: granules were scattarad
st taudom in the cytoplasm, MNoraover, socme granules lees dense
than the others appsarad uesr the cell mesbrane which suggsoted
thast their centent had boen emptied. However, similar low den-~
sity granulas.wers also obsexved in:the cytoplasm eway from the
cell.membzane, Otber electron microscopic évidsncss ia:tha rat.
adrensl gland heve confirmed this obsservation (114). Scme vecent
biochemical data appear to substantiate  the hypothesis first
proposed by De Robareis (68,79,115,116). According to thie
hypothesias, the stimulation of the edrenal medulla would ree
sult in the eaptying of the granula content dircctly at the
cell meabrane, oueuid-:o&:chngccll;-thia*huplics»ehlﬁ the .
grenule would ba functionally equivalant to a secratory granule,
It slso indicatas that the whole coatont of the granule would
be emptied outside of the chromaffin cell. The fact that asither
ATP nor ismorganic phosphate ere: fouad im. the cytoplasm followiey
the stimuletion of the gland (66) corzeborates tha hypothasis
that the graaular content is discharged outeide of the cheomafiin
aell into the extracellular space. If this kypothesis corresponds
to the actual machanism of secratien, -one would asxpect tha gran-
ula to.be completely destroyed duzing the secretory process and
not used again for the atorsge of c¢atecholaminms. - .-

& second ‘theory first put forward by Blaschko and Welch

in thairx £ivst reporc (1) postulstes that the fumetion of the
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granules ﬁ\t‘o gtere the catecholaminge, Thie second theory e
baeéd upon the important finding thae not #ll the eatecholamine
contant of the zdrenal medulla is found within the granules, but
that significant awounes of the amises are rocovered in the
cﬁm‘plami‘c gap of the chromaffia cell, This might represent an
artefect of the preparation, 'ditiéa' ‘the 'lsolated granules appear
to ba very labile. Bowsvex, ths poseibility cthat an indepeudent
cytoplasmic pool of catecholamine is present in the chromaffin
cell hao 'no’t“bcf;ﬁ oliminited, There are numerous ewperimental
avidences pointing to the esistence of & cytoplasmic catechol-
amine pool (117,118,119), ‘The attractive feature of this theory
te the wimplicity of the explamation provided for the secration
of catecholamines sfter stimslation of the adrennl medulla. It
also explaing elearly ‘the continucus ‘leakage of the amines frem
the restinyg gland (64). According to this theory, the amines
free or loosely bound withit the cytoplesm would bé’ in dynamie
equilibrium with those stored within the grenules. The agents
stimalating the sdrenal medulla would do 80 Yy incressiag the
parmeability of the chromeffin cell membrase allowing large’
quancities of catecholamines to Zlow out 'of the gland. The
process might ba o simple diffusion or an activo tvamaport,
After the ‘equilibrium {m the chromaffin ¢ell ks been upset by
this lowering of the cytoplasmic catecholamine concentratiom, it

would return to normal through'a wechanism which would brimg the
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ralease oz catnc&olamiuaa fxem zhe g:anule tnta thc cytoplaon. N
Thnﬁ the tunctionul role c! the zranulé would ba one of ntetaaé.
This aeeouJ thaoxy doas aot provide a natiu!aetory axplana:lan
for all the expetimau:sl evidences vhich have ahouu thot ahm |
nnluhle ptotoins and A?? are !ound in tha patfusata of the {so-
latcd glaud. !olloutng sacrc:tcn of zhe chrcaat!in cells.

A third theery bal¢4 mainly u;on chs electxon m&cra-
acoplc acudiau suggesso that ths whale intnct grauulo ie as
nuch eactotcd 1ato tha exut;cnllulax epace nnﬁ cnly thaze
ampttel itc content tnto tha extzucallulaz apaco (120 121).

An inpottaat dravbaek of :hin thuoty is the fact that it doss
nat explain th& axpattnnntnl finding th:t neichsr llpid, thn
m&jor componont ot the 3ranu1a uambtanc, not cholesterol can
bo found {a the pet!u:nte du:;ng tho stimula:&on or the adrenal
5ltnd (79 ms). S

| whatcvar thn thcoty con&idaxnd. Lt ta alwayn 1n911ad |
:hat the 3ranulo cxpeln 1ta conttnt. duxins the utlmulation of |
nha adronai medulln. nowcve:, lt 1- aot clo&r whetbar :he calange
ofwcat;;;olaninnl na !toa bascn oecuro lirat; the rest of tha '
stanulc coﬁccnt vculd ehsn ditfu.c fraoly out ot tha damaged
3rauule. Tha al:oruuttvc migh: be chnt eho catecholandnea are
acc:etad ont oz the gtanulea in Py ceaplea !eracd o! catochol-

aminna-kt?—preteins.lt vould bc only cutaide cf the graaulee

that th- cw:plex wou!.d bn dueocutnd to giva the l’rso amnaa... :
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" 8) Steragye of catscholamivas within the catecholaming ;
containing granule ¢ 1)-Re $arion of: catscholamings  folloving

the stiwslation of the adranal gland
The depletion of catucholamines and ATP fsom tho adrenzl

gland after its stimuletzion is a rapid process, But the vepletion
of che adrenal gland 15 & vary alow pieeua.‘ LT

- A8 eazly as 1929, Crowden obsorvad that im the cat ad-
renal gland, catecholamine depletion breught about by ¢old - -
exposuve wag still signif tcant three days after the exposure.
Denazvatiom did not appesr to affect the rate of repletien of
tha glamd (122}, -

 In another serias of sxpariments, ou the atropinized
cat, tha dapletios of catecholamines in the adranal gland waa.
induced by repanted injoctions of acetylcholine. It took six
to sevan days to xeach the aormal valuss of total catacholw . -
anines in the depleted gland, Upen mlyau.ofuondrmum and
of adrensline at the varlous stages of replstion, it was obsexved
that the noradrssalins lavel wes above normal wimreas: the adressl-
ins levsl was much lower them the mormsl valuea. I vequired osa
wonth abgut for ths adzenaline amd the roradrenaline to return
to theiy. normal level (125). - .

~ 1t was . Zound that im the vat adrenal gloud depleted of

catecholaninaes by a simgle infection of i(asulin, the vaplacsment

of edeanaline was completa six days after the imjsction (86,123).
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In tha rabbit, undoxr identical conditions, 50% of the adrensline
dapleced from tha sdrenal glands had resppeared thres daye after
the injectica (124).

. - Vivares ead: coworkere showed thot in the radhit; four
days aftar tha injection ¢f issulinm, the total catecholamine
content of the sdrenal glends had returned to normalj twelve
days after the veserpine trestment, the adrensl gland had not

yat recovered its normel catechelamine content (63). it is wall

koown that uoradrenaline is & dixect precureor of adronalina (136),

and tho fact that the concentration of noxadranaline appears to
vise nhove noymal level during repletion (133,127) indicates that
tha datermination of total catscholamimes in net vary aignificant
a8 ap iadax of replation of edrensline and ¢f noradrenaline in
tha adzenal gland,

The resppearance of noradrenaline ot an eaxlior stage
of repletion than that of sdrepaline hee bean reported by several
gzoups of workers (101,123,127,128), After resszpine treatment,
an excess of noxadrenalime over novoml levol wae obsesved in the
ret adrenal gland ac early as seven daya é{:er: treatmmi (129},
Yet, Branke and Hopsu did not detect such an excess of norad-
repaling in the rat adronsl gland; thay fouad thet ¢he time.
coureas of adrenaline and of voradrannline repletion ware iden-
tical fox the two amines ¢130), Kixrpekar end coworkera. ohasrved

that efter resarpine treatmsat, the noradysnaline xepieliom in . .
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the xat adropal glond was slightliy fester. than ¢that ¢of adrensline.
But they. did not: find en excass. of noradranaline in the gland.
ATP wes found to follow a time ceurse ropletion identical to that
of the totsl catecholaminos which sesched a normal level by the
scventh day afgar the treetment (131).. |

..., Mamy cbaervations sppsar Lo point out. ghag cha ¢atachol-
saine contairing granvle is surzouadsd by a weabrane (1,2,14,22,
23). According (o Xirghner it is s semiparasable mambrane (132},
still othar woxkers claim that it is permsable to exogenows
catecholamines under spacific. experimental condizions (31,133),

In hia first attempk to investigase whethar grasules
isoleted fxom the ox sdvenal medulle could pick uwp catechelsmines,
Rillaxp iacubased the pure granvles. (s s medium supplezsated.
with ?Bw@um.; et 0°C, In these conditioas, aignificant
amounts of redioactivity could be detacted in tha granules,
Yag, this guthor did not censider it .%o b_oﬁog any pbysiological
significuace since the ?E-&dzmuuyum zé:; the incubaticon
was contaminated by about 207 with decesposition products (3l).
in a lager study, this sushor aleims that tho grauules froa
ox adxenal uodulls could pick up adrencline up. to 30%-40% of
tha amount of edzenalinme and noradremaline initislly pyesent .
in ghe gland {134). ATP snd magnosiua have beea found to incrsass




sigatficantly the uptake of catacholamines by the (solated
chresaffin granules (133,136,137).

. Kirshoer further jevestigsted the effsct of the tem-
parature oa tha upkale of: “c-adrmum by the granules isolated
from the ox advesal medulla, The upteke was temperaturs dependent,
At'37°0 the rate of uptake wae tweuty fold that obavreed st 0°C
(135); whoreas it was about fifteen fold at 36°C (136), The
prassnce of ATP? in the (ncubstion sedium caused a three fold
increans in the cpteke. Although maguesium alone had no effect,
when added im the sreswace of ATP it vasulted in a threa to five
fold imcreass of the wptake at 37°C, ac 30°C and at 0°C s well,
Resarpino and ethylene dismine tetrascetic aeid (EDTA) were ine
hibitors. The imhibition by EDYA wae complete but could ba - -
reversed by the sddition of wagnesiwa ions, The inhibit{on due
to vesorpine was adeut 50% and {rroversible evén after diilyais
of the suepsasion (135,136), M'wmud‘f?ogc by Kirshner, the
fact that ATP is & vequiremeat, snd that the uptahe {8 temperatuce
dependent appesrs to imply thst the machanism of wptake iecenergy
dependent. Tha uptake st 0°C would be due mainly to & simple
diffusion, while at 379C an active trausport wmight be imvolved,
The granules ussd by Kivabner were (solated from woreal glsads
and thus can be considoved as functional (135,138).

. A secondsry sffedt of the tesperature whick wmight be

of imporcande in interprecing the results snd inhkoveut to the
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method eppears to ueed soms vesark at this point., The isolated
geavales sven in: uotwi_'c wedien ave not very stable at 37%c
(64,138), Thus an increase ia- the temperature of lacubstion
might lead to s larges destzuction of the granules. The wadioc-
activity feund i the granular fraction might uot de inside of
the granule but logsely bound to damaged gremular wembrasa. The
mu&.«mu ‘of tho granule paxformed by Kirxghase might hava
eliminsted for the groatest past this artefact oz_ tha mathod,
but the poesibility is not completely elimivated, . . -

‘Hore tecently, a group of workers weported that ths
bowogenate from novmsl rabbit adrensl glands can concantrats
ilscqadtmlm;ac,oc’ﬁ:. Tus uptsks by tha homogenate was dependent
upon the concentration of adrenslise. in the incubstion medium,
in tha granules from resaerpianlzed or insulin treated rabbic
ad:mal 3land. the uptaku of éc-adr-mluu vas decreased,

ATP ‘and mmma sthulated :ha uptake (63).

clunthim was fouad £o decxeun the uptako of ’-40-
adnnaline by atanule- uola:cd fm tha ox adraaal mduna. :
A'n' and mmntm umo mu oauuctal tor zlu oftoec oz -
zxumnhtm (ns). S

' o ’tha upl:nkn ccf oaogmus aduunue nigh: ruprnunt
an mc&mn bawun eadcacmuu aud cxnscmus adtmnxwa. A’rP

and ugnosxm hava bao'a fomsd :o iucreau chn talaac ot‘ tha

utcclwlminu !taa :ba uohmd 3ranul¢s og ax adwml glnnd (139 146).




If the uptake of wdrenalime vopresents am exchange, it {s not
impoasible that the addition of ATP and of magnesium to the
medium, by lowering the concontration ¢f the sndogencus aduml-'
ine results in 8 larger uptaks of exogenvus.adrsnaline, The
casrgy dopuoodence of the uptake would da appsrvent oaly. This
problam might ‘be selvaé by a deterainstien of tha rolative
specific adtivitiss of the radicactive adresslins outoide and
{neide of the granule, at the completien of the uptake, The
fact that glutathtene reduces the uptaka of ’mcnaldxauund by
reducing tha ruleass of thie amine from che granule, wmight be
conaidersd a3 an indiract evidence that the upteke, in yitro,
in partially duo to an axchange batwoen the advensline from

the granules end tho advenuline from tho extracellular £luid.

conclu-ig ef ggr‘t‘:‘ ;I _ o . ‘

. ‘rhcr;é u 3 gmul a;remnl: that :ha rnlcane of the
cabocholmiuaa !m che aramlu of the aduul gland is uwoually
ncceawanieﬂ by s éonccattant rcmn of ehc nuclaots.da phoayha:nc.
mis ubetauon bu bm obsoxvcd éurias thc n:mu:ian of the
adteml 315“ m eim 20 vall as in :ha Ln ..3.5..‘.'2. otimuuon of
tha uol.azcd oxapn. and thxe Ln vanous lpociaa. Al&bough ATP

ia n nnjox conuitm: of tha ucre:ed uucleotmea. Ln mubo-

lius hava auo becn tcund m peztmtu. it 45 not as yat knowvm
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vhether the Breskdown of ATP coerrespends to a truly physiclo-
glcal phenemonod inkerant to the catecholemine secration ox
whether it repvesents an artefact of the technlques.

The mechonism of the vrelease of catocholeminas is
still & hypothatical subject, But numerous experimental evidences
appear to favour the phenomemen of exoeytosts as reflecting the
physiological ‘Secrecion of catecholamivas closaly. Rumerous-
discrapancies on'the release of the soluble proteins from the
granules bampar somewhat the theory of exocytosis. HOTeovser,
this thoory dose not sccount for the important experimentsl
evidence that mot all the catecholamines are conecsutrated in
the chramaffin granules, but that a significant amount of the
aniney i vecovered frow the cytoplssmic ssp, ia the sdrensl
glané, From the data available fox asd sgafnst the two main

' theories ~exccytosis and cytoplassic poel - it sppasrs  thet

sach theery complements ths other, The actusl wschaaism of
secration of the catecholsmines might wall bo a comdination
of both ‘hypotheses. ~ - -

The replatien of catacholaminee md of ATF in the
depleted adremal gfmd i a slow progess. Thie is probably due
to ths slov rate of eyntheris of the naurchormones, especially
of adrenalina (141)., This replacement of adrenzlice has bean
reported to bo aceompanied by an imcrease in the uptaks of

radicactive adrenaline by the granules.




o 38 -

The in vitre uptake of radicactive nmines by the
teolated granules ie dependent upon the temperaturs a8c well
a8 upon the presance of ATP and of mapnesium ioas {a the medium,
The eoncaatration of sxogensus adrgnaline sppesrs ¢o influrmce
the amount of radicactive materisl concentrated by ths greaules.

The uptake of radicsckive sdrenaline might roeflsct
an éexchenge bdatween cxcogensus and endopencus adranzling, thus
implying that ths gramulaz membrancz i parmeabla to exogenous
adremnlins, In this caso, the possibility that the gronules
from the stimalated glands can be reutilized after thay have
omptied thair content is net Tvemole. For this reason; saveral
tevian of experiments were uadertaken to check the validigy
ef this hypothesis, The depletion of cstacholaminss from the
guinoa pig advensl glands was brought sboat by cazbachel, (nsulin
er Teserpins, The rapletion and the ia vitro uptike of catachol~
anines wvere investigated together with the repletion of ATPR.

The rezults of this work will be pressnted in the next axper-
fmantal part of chis thasis, - '

oo I Lty
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EXPERIMENTAL RESULYS

PART 1. THR ZPFPRCT OF A SINOLE INTRAPERITOMEAL INJBCTION

OF DUL-ETHIONISE ON THE CONTERT OF CATZCHOLAMINES AMD ATP -

IM_TWY RAT ADRRMAL GLAND < 7

[ BT

1. Muterilals and HMathody

A) Mager als'

811 the enimals used fn these expsriments wera
iprague-Davley rats, of either sex.

DY,-Zthionins was puréhased from Hurritionsl Blo~
chamicals Corporation, 750 milligrams of sthionin® were

di{ssolved into 25 willilitere of distilled watar by adding a

the £ieal eoucentratioa of ethionine was 25%,
dl-adrenzline bitartrate and dl-noradrenaline bi-

tertrate ware obtaimed from Winthrop ub.'ucﬁ of the twe

anines was diseolved into 0,03 ¥ perehloric acid to give &

final cencentration of 1 microgram of the free base per one

milliliter of solution.

Chomicals Co,, was disgolved in 3% trichloroacstic acid (TCA)

fow drops of 1 W HsOH, Yhs £inal pH of tha solution was B.47

Adenosine triphopphats disodium salt, from Siged
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to a gmlqcon@ngm;wﬁa,pt 1 nilligram pew milliliter.
¥irefly lanterns, stock No FFT, were purchased fxom
Sigma Chemicale Co. . Cne hundred milligrams were howogenized
in 10 milliliters of 8 wediun containing ¢ 0.3 M Na8Q4; 0,025 M
NapliAsQs. Tha pH of thia udlm was 7.6 (2)., Ths bomogenate
was then centrifuged ot 600 » g for ten minutes and the super-
nagant was uasd as the sourcs of enayme. ‘
_Disodium ethylene diemins tetraacetate (EDIA) and
sodium metabisulfite waze sbtained from Pilsher 8clontific Co. .
lcotonic sodium chloride contained 0,83 gram of the
selt per 100 millilitsrs of solution. When used for injecting
to the contyol animuls ths pH of the solution was adjusted to B.4.
The following reagents used fox the determination of
catecholenines muﬂ;‘:_rapa:qd» in water which hed been doubly
distilled iu glase, , o :
= Aluminws oxids, from Woslm, Hsutral activity Grade 1,
was fusther purified as described by Anton and Sayrs (Me3).
... .- verahloric as(d (100), wanufactured by Maker sad
Masson, vas used ia two dilutions: 0.6 8 and 0.05 8,
,, = Phosphatoe buffer (0.5 3%, pH 7) vas prepared by
titragioa of a selution of eodiua dibydrogena phosphate with
. = Aestic peld (1.6N) waa prepazed by mixing 0.5 milli- .
litor of glacial scetic acid and 5.0 milliliters of water, This

i
!
H
‘
i
i
|
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solution was prepared just befora wee. - -

= potassium fsrricyanide at a concentration of 0.23%
was propared just bafere use, and was used: within the howr of
its preparatioa,

- agcordic seid, £rom Fiehsr Soientific Co. , was
dissolved in water - 10 milligrams of ascorbic acid-per 0.1 wl -,
The solutics waa mide alkaline by tha addition of 5 millilisere
of 10 ¥ Haok, This solution was used within one heur of ita -
preparation,

B)M ; e

‘In a1} the experiments, the animals weighed batwesn
150 grama and 170 grams.

1) Prepavarion of epimals: . .

- Two groups of animsls ware ¢cxployed in esch aeTies of
sxpariments. The tirst group cousisted of control racs which
racaived a sizpgle intrapsritonssl injaction of isotoaic eodium
chioride "(ph 8.4), tha dossge boing 3 miliiliters par 100 grass
of body weight. Tho savond group included sthionine trsated racs
which recaived 3 milltlicers of hahxeam»-'seintxm-porf,lno grans .
of body woight. All the sniwals wera fasted 17 hours priow to
the tajectica, -~ i

' -Thyeg sarice of ezpariments were performsd. In the first

‘and in the second series, femals rats wove used, They were ducrifi--

ced thres hours and oix hours after recaiving & singls lujactm.




.42 -

In the thizd seriss ¢f emperimpats, male rate were vsed, They
wove sacriftced aig howrs after a single {atreperitoneal (njes~
tion, 1o a1l cases, the enimals wars Rilled by puillotins de-
capitation.. .

;= The adwenal .glonde, liver and brain were vemoved,
wvaphed {n cold ilsotenic salims, blotted oa & filter paper and
waighed, Each tissue was thon immersed in ica-seld 3% tvichlero-
acatic ecid and homogenivad in an ekl glass homogenizer, for
3 ¢o 3 minutes. A 10% houcgenate was peepaved encept for tha
adreaal glands whaze 3 williligera of 54 trichlozoscetic acid
were used per pair of glands., The howogenate was bhen sransier-
ed to a polyethylons cantrifuge tube and cantriluged in 4 Sarvall,
refrigerated centrifuge (Hodal 88+3, zotor SH-20). fox 10 ainutes
at 30,000 x g, The claar supernatant wag. sollacted and dividaed
into tve fractions. These fractioms ware placed ieucdiately in
tha deep-fvesse, pending Zurcher deterninatione,::

3) Datarmination of catecholanines
Oone fracticn vas nueed for tha dnuiémtm.oﬁ catechol-
anines as described by Anton end Sayre (IA3), es modified by
Missala (144) whe istvedused the batch procedure, end luseter-
Prouln (345) whe used woter drivem magastic etirrer instesd of
the muchanical otirzev.. - -
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. 4) pstermimatien OF ATP .

.o - L The second aliqast wes used for ATP detsrmination as
described by Strehler ond Tottexr (142), The following wodiZie
caticns wera mede to adspt this sethod to our experimental
conditions, The sample to bz tested was prapaved in the following
wanoer: 0.3 williliter of ths incubaticn medium was placed in a
cuvorte of 1 centimmtor light paths 0,3 milliliter of the anwyme
extrast vas added, Aftex mixing, 0.2 milliliter of the unkmown
wns added. Readings were tsken exactly 20 secands afler the
addition of the unknown sawple. A blank was mads by zeplaciay
tha unkanows sample by 0.2 wmilliliters of distilled water. The
standard consisted of a solution of ATF treated axact.ly like
the urkngwn sampla, A plot of ATP concentrations { 0.3 misro-
grams to 2 micrograms per ﬂlliltcat) vorevs i(ntensdfy of
light ytelded a straight line, Since our msasuremsuts waza
alvays within that vange of ATP concentrations, the msthkod
was considered to bs suitebla to yisld consistent results.
Digcussion '

The method ussd for catecholamine ée:emaum
permitted to identify noradrenaline and adrenaline., It is a
diffexrential mathed, At pH 2, adrensline alone is messured
vhile at pH 7 both adrenslina end noradrenaline afc detarained.
Ths procaduxe itself, although tedious, is reliabla ss long ac

the axporimsntal conditions are respected and carefully repeaced.




A laxge differenca in the ’rcli.nztva concentratione of both
amines will Ln:rodm a amuﬁ mk oﬂ exror than when the
rohuw conmn:ns&auu m clcu. ‘thu !nc:or maht. ba puny
roapoaublu fox t.iw hiah eumdazd devmctcm valm obulned i.n
soma oz thc ompo:mnn. 'me u the on!.y duwback o£ tha mzbod
Ag ths present Eimg, it u sha mt acmate mthod avuhbla
and 4% 18 rauabh at muntuum u lov as 0.01 m&exogtu

of anine per 2 millilitezs,
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11, Besults

Two a:iu of experiments wers performed in order to
study the ctlact of cthim&ne oo the content o! catecholazines
and ATP in n:ioua organs o! che rat, Ie the utat sories of
exper imente, t!m affect of a nm,gla injection of sthionine wag
studied in some drgmu fxom fenmale xatz, vhila male rats ware
u:llizcd io the. aocond series of cxperiaamto. Vor usch serisge
of experiments, tha tndividual data, their ween valm and the
ntaudard &wuucn from the wmean are given !aw uch _group, Ths
valus of P mrc ‘ lcnutnd by tha Student t tut. ﬂm group

cowparigon k‘:.clwsad ehnrhoue-trutud group vorlua‘ control

group, and élx bour -treated group versus control group.
A) Tha :a!fec: of a single injaction of oehioninn

. an tha utechouw and ATP content of the female rat brain,
V ltver and adveanli ghads

1n zh’is“ntuo of wwrmu. two groups of rats

- wera mployd The untmh of m nr.: gronp wre kulcd threa
hours after thc injecuon, thoac from the second group ware
killed six honru at:ar the injection,

‘ In Table t. tha data vecordsd show the effect of
ethionine on tha ATP conuu: of :he uvcr. 'rhc dnu are express-
ed as nurogtm of A't? per gran o! wat mlght tl.uue. Three
houra a!tax‘ s uusle intnpcricomn injection of ethionine,

thore ({3 a sarked decresse in the ATP contaat of the liver,
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Thie decrease iz still wmore pronounced six bcui‘c afcar the

fadnintetnnou of &tbianm; ’iv!hu'e ‘thxea ‘er‘efter the in-
“jection the level of ATP iu aha ctumé aaiml has £allen to
547 that of tha contzol, it ie only 46% of rhat contrel level
‘;faf_x hours after the mjacum\. xn bath tmasnz! groups, the

‘f'"diﬂermca in atatsaucnny usniftcsat.‘ : j

The reaulcs prezented ln Table 1X show the effact of

athionlne on the M.‘X? and mtcchclmtm content uE the Sowmals

: vmt brain, ‘mam ia no chnago r.lu\ A'EP aud cacnc!mlsmlma
. coneent of the bmtn almaugh em eftcct of cthlomm wvag al-

1mv¢d te pmcecd tor six houre,

in ‘rublos ulaami uu. :iu reaulzu obtained for ths

~ adrenal glands em proamﬂed. In Table zz:a, page 49, the resulte
. i.‘am'cxpmmed as'atcrogrm of oubstence par pair of adranal
shada, while in 'Eable ulb, thay sxe empmmed as mf.cmgrm

~ of gubstance. po!' gtsm of wet. mwm tissun, The echionln@ traat~
" mont has no sffact elther on the ATP lavel or en the catcclwl-

., amina lml o! tlu Ecmlo Tat ndrml glsmh. Six houta after '

 treatnent, cbem is & vaxy uught: decreasa c! tha ATP and of

: the catachclwm conzent of the treated anmlu; homer, this
. diffarence is ndt a:a:s.auuny signif feant, The mt veigh® of

ths adrensl slanda from tha treated and tsém the m:rol aninals

wvere not Mgniﬂcantly differanc, thus tha maulsa w!mn m'.pmned

par grem of wet sm.g,h: ciasm wﬂam the seme finding,

*}’_‘?ﬁ,ﬂ
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B) The affact of a ntgla mgacuon of athioaine an
the catecholam nt t of the ula rat adnml £landa @

l.aca m ehauso in aiehat :he A'SP or a:bm aatachol-

' aaine content of ;;xa ‘Zemale rat adrml gma couldd ba detacted
; after cua:mc‘ of _ﬁxe mww Qzéb éehxoniab; it becams of
interest :oi:nuﬁhgt&r the male ret would exhibit an identical
behuviaar; ma‘ ia:a dbutne& in'thiaf sexiea ;" uyarimum are
given in ‘!'abln 1'0?‘3‘ 52. 'ﬂu tesults axe exproas«i A2 miczo~
i grm of subotmcc pat gram of uat might uuue. or ag aicro-
grm of cubatnnce po: patr of aduul glanea. mmu ig uo
- cbtngc in the cutucholnmina hvel, aix heura: aftar ths adninis-
:nzim of a:hxoam. m su;h: inctuu m the u:ecbeumm
- lcval of tha adreul gumdn tm tba ttaated animlo m Bot
: au:uuulxy lisniﬁcut. | '

I
i
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. -1X%. Disecussicn

. oOur obsesvation that ethionine brings absut a wmarked

. depletion of the liver ATP is in agrecment with tha previous

_findings (1A6,147,148,149). It hse been shown that theze is a

“zapid -fall of the ATP concemtration {m the liver of famala Tato

. uhich f'Ma. been treated vith ethionine. this effact of sthionine

. 18 countarested by the adminissration of methioains. Tas daplation
. .of liver ATP appesrs to oecur bscause of aa acsumalation of B~aden-

:.eayl ethicnine which is snrasccive, Tha ATP is thus blocked, and

. its indirect deplscicn observad (130,131), -

.. %he fact that in the adrenal modulls the seeretion of

. . eatacholamines 13 siways accompanicd by su oquivalent secretion

of ATP (102,103,152): led us to investigats the: effect of sthionine

- . sadainistration on the ATP avd catecholamine coatent of .the adraenal

. gland, Sincs ATP seens to play a rols in the storage of saminen in
the chromsffin gtanules, it would be sxpectad chat the ATP duple-~

:..tien cdused By athionine would Tesult im & 'relesss of the catechol-
i amines frea the granules. A daplesicn of ATP in the edranal glssds
o might slee reduce the cenventraticn of . 3=adenosyl wathionine which
. 48 necessary as & mathyl donor for the syathasis of adeenalive
4o .feem. ite immediste precurscr sovadrenalins. The rate of adrenaline
- synthesis would be docreased and this decrenss would ‘e . reflacted

- - 'of’ the ceatent of ths adrensl gland, Howevew, it waAS beltavad




_that within tha 6ix hout peried of treatment no sigaificans elfust
‘could have been seea oa the rate of syntheslo of advaniling. Tae

_ fatlure of ethicnine o induce the depleticn of ATP 1n the adrsaal
glends could bs explainsd on tha assumption that athisaias casnot
penetrate into the grasulas wheze the lazgest couceatration of ATP?
is found (3). An slteruative axpianation could be thot the AT? of
tho chromeffin szgnulac bag a wary slow rate of tutn.mr. Yany
suthoxs bellever tha: tha ATP of the chramaffin grauules is closely
involved In binding the eacecholamines within the gremules (39,117}.
The rate of tursover of che catecholsminss is very slow (124,151),
thevefoge it 18 tompting to assums that the turuover Zats of AT
might ba compazable to thst of the bicgeuic amines, henca the
fatiuze of ethionine to doplote the AT? frem ths adrenal glaads,

Ia tha brain, the failuzre of athionine to bring about auy
any cheange in the ATP level could be accouated for e¢n the conecept
of the blood-brsin baxriez (153).

The atteapt to use athioniss in order te deplete the ATP
in the adremal glsnds, which la turn wis expected to vesult in the
deplaticn of eatochelsmines hae failed. This failure led us to
sttack the problem undex o differxsnt angle. Sincy the storage of
sdzesaline and of noradrenaline in the granules of tha adrenal
glands is 1linksé appavently to the presence of ATP, it wae thought
that the simultasnscus investigation of the rate of turnover of ATP

and of the vate of tuznover of the granular proteins might throw




PrhREm

- 5% -

some ‘light on the problas. Ths study of the zata of turnover was
wndartaken and use of sadicactive precursors of & high spacific
activity wvas made for this invesgigativa, The results of this

vork arc pressnted in the naxt Part Il of this thesis.
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PART 11, XE

g

L avanleHatersale. aud Neghods

|

o A) Materfals .o i
~ . ALl the animale ysed in these expotu;nnu were male guin
guines pigs from Canadisn Bresding Laboretory, Montrdal. They
é vwaighed betwesn 350 groms and 409 graxa, '
,msnm‘f " wae purchased from the Atomic Kaoegy of Canada.

. . % . DL=3(3,4-dihydroxyphenyl)alanina-2-14¢, (DOPA),specific |
gotivity: 3.2 millicuries per milliwole; L-leuuiuu4,5-38. spacific %
activityt 23.5 curies per uxummmnm-z.ae’;a. spacific acti~ ‘

vitys 3.6 curies.per nillimole, wore bought fryom Nuclear Chicagoe Co.

: “Insulin, pork “protamine awd iletia" by Bli Lilly Co. was

hiodly donstsd by D5, R. L, Singhal of the Department of Pharmaco~

logy. The comosatration.of the selution was 40 uaits of insulinm ;

pay millilicer of splution. . . i . ‘

~w: The secrose solution was 0,3 M, and buffered with 0.1 ¥ j

Teis~HCL, PH 7ob 4 . . . -

-The scintilistion liquid for radicsctivity msasurcwents :

was prepared accovding to Kirsbner et al. (134). Ten millilitera 3
of. m~oemttllnuon liquid wers usad for cash determinetion, }
j ;
L i
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T B) Mathods

In this ssries of expatimne;. the enimals were di-
vided into three msin groupat group 1 for the lobelling of ATP,
group- 2 for tha labelling of protains, and group 3 for the
labolling of catacholamines. All tho animals wers treated with
twe units of fusulin, seventean hours prier to the: infestien’
of the rodissstive pracursor.

Gzoup 11:The animals from shis group were divided into two
subgroups A and B, The snimsls from subgroup A veceived, daily,
2 microcuries of ’zr-nmpanu par guinea pigi thoee from sub-
group B vers injectsd wicth 38-6&0&130, daily, at & dosage of
100 microcuries per snimal, - - ' '
Gooup 23 The gueinea pige of this gEoep vere injeoted with
3K-Icnctu.‘ daily, at & dossge of 100 uicrocuries per animal,
Group 32 The enimale of this group ware injected with 1,37
microcuries of “c»nap. dasly,

Bxcept fer the diffsrance in tha: aolugto‘ne*ia}«tad.thu
anjzale of all ths groups were subaitied to tbo' stoo trestment,
Yor. aight consecutive days, they wers given daily a ciangle intza-
paritensal injaction of the rvadiocactive pracursor. Cn the niath
dsys oo animal of each group was sacvificed, For the following
ning days one animal of Qaeh group was sacrificed dafly., Thus

for ten consecutive days, the fate of the radicactive pracuxssr

e KR

5
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was atudied, . .

. Afger the animal had been sacrificsd, ths advenal

slends were semovad, wushed choroughly in isotonic sodium

chloride and howogsnized per pair in oue milliliter of O3 H ..

‘sucross butfer, pH 7.4, The homoganate was thea centrifuged at
00 x g to remwe ﬂm nuclei and ¢slil debuis, The pellat wea
discarded and the supernatant wed cantrifuged at 11,000.x g .
fox ﬂizusn ninutes, in oxder to sadiment the catecholamine
coutaining frastion. mm:mu: was washed twice with an

a!tﬁuot of wcmsa bufier. mmmg the jsst washing, the

sodimant was sosuspended iu ona miliiliter of 3% trxichlorescutic.

acid, Aftar centrifugacios, the supsrnatsnt was collssted.

_ This method yislded an: extract which m uged for
tadioacts.vity measurerents, sod A ‘P aad catecholamins doter-
minat ions vhan desired. For t.ha measuxsmsat az the protais
tadtmeuvizy. tlu aodimut vas taauspandad in 1 A HsOH gnd
allowed to dissolva overnight at room tupeumra. This solutien
vas used for protain dstsrmivation as woll as for vedicastivity
meaguyeasnts, The protein content was messured by the methed of

Llavey (158).
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. The xadfoactivigy content of the samplas was mesoured
on a 0.2 willilicer aliquot of the axtract using a Nuclear Chicage
Merk 1 liquid seintilletioa countar. Ten milliliters of cold
gointilinzion Liquid ware placed inte a glass scintilletion wial,
To each vial 0.2 miliiliter-of the sample to be counted wvas sdded,
Teo vial was placed in the refrigerated chamber so that tha liquid
could equililyate at the temperature of tha counter befors the
sasourements were made, Zach wisl was counted for ten minutas
and the aumdsr of counts pax' ,u;nuu obtained directly, A correcticn
!ac:or wag mtroduaae for the euiexaacy of the comzex.
i 6) gtggctggg of ;hc sgggg ' '
Tha afficidacy of the counter was msssured by ths mothod
of intermal standexds, The fouwt.ng valuea vare cbtaised:
“P s 92%; - uc t 70%; 33 H 10%.

ALl the other wathods ’fu‘ud in this series of bxperiments
have becn daseribsd in Paxt I of this thesie,

o

T




.~ o+ 15 Besults eaad Discuesion

. The attespts to label in vivo ths ATP, catecholswines
and the proteins of the grasular fractiom of cha adyeual flends
ware wot succeseful. In no case wae it panibh;tddamee any
sigaificant amovat of radieactivity., A sample of the type of

results obzeined. in these auhs of exporiments ie given balow.
2

Thase data were obtsimed for the radicactivity comtent of 3» ?in

the sasplea.

- TABLE V -

" "Daye efter the Radiocactivity in | Radioactivity im |
... .last injecticm | .  tha sample | the nds
o “efmla ’ ‘¢/min
1 Y T | .. 50
2 19 38
4 16 32
6 23 ’ ' 46
S B oW o 30
8 2 A2

1t io sesn that the resadinge are abeue. aqual to the
bachground of the counter (20 c/mim). There is no change in the
values from cne day to the other so that this mathoed could not
ba considersd conaistent in gpite of the sensitivity of the
counter and of tho high specific ectivity of the radicactive

precureors cmployed. Since the adremal glands repressnts a very
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scall percentage of tha total body weight, and since mont of
the fajected compounds would ba also conceatrated by other
orgens, it wag believed that too emsll & fraction of the inject~
ed precurger was penatrating in the adrensl glaad. It had been
previcusly reported that the rate of fncorporation of 32? by the
sdrenal gicada is vory slow (138),

it m at.this point of the proceediugs thet it vas
decided to take an indirsct approach to the pi’okieﬁ. For sowe time
it has been known,that several substances bring about & marked de-
plation of the catecholamines of the adresal glands (29). It vss
decided to make use of such substances snd to iﬁvébtig&m the rete
of replation of the catecholamines togsthar with that of AZP, after
such a depletion. Thres subatsnces were ‘uséd: cerbachol, a synthet-
le choline ester which has & direct actica ca the dapletion of the
catecholamines from the advenal glands, insuline vhich acte via the
kypoglycemic szimulation, and reserpine which {8 a potent depletor
of the catecholominas and of ATP of the adrensl glands, The den-

cription of this work is pressuted dn ths sext Pare I1T of this
thssie, R T e

}
i
]
¢
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PART I11. %w* A@ ATP REPLETION OF IHE GRARVIA

1. Yeteyials.and Methods

A) Materials . N

Caxbachol (carbamylcholine chloride, C,P,) was sbe
taived froam Maam na:mck.mgntoria Inc, . Tha squaous
eolution contaimed 100 micrograms par milliliter,

 Reserpive, from Matienal Biochemicsls Co. wes ,

dissolved in 257 propylene glycol to yvield « firal concantya-
tior of 2 milligraus o7 wazarpice per. mmw.m. .

ALl tha ottw: reagents o.wed in this Part 111 havo
bsan deseribed iu the previous parts of this work (page &3 & f£f,
and page 60).

B) Hethoda

1) Caxbachol treatsent

. 0.3 milliliter of the solutisn of mrbachol {100 nglal)
was iajected into the animal, alther subcutansously _a{t,:in;mpsn-
toseally. It was found that either Touts had the same effect. An

‘avarege of 70% of the tyeated guinsa pige om‘w«a{!”mg treatmant,

. Ths animals wers sacrificed by decapitation 17 _hours after tha. = ..

-saxdaghol injacticn,

SN




2) nsu&&n trgg&m&nz

The guiaaa pigs eraa;eﬁ uith insulin were @aarad
cvernigh& Thay ware thﬁn g&ven &ubru@aa@aualv tuo umica of
Lnauliu Thay undarn@at suac& wiﬁh&n ehrea to four heure fol-
low an the Lnjecahon. Thay reaovcxed dovan to eaght houta after
rha ‘ajccc o Thc aurv;val was abou: 60« to 70% af cha anxmnla.
1 this 3roup, ‘the suinc; pige were Killed twenty four hnurl

attmr th@ aaulin An}cuc on."

3) Renerpiua eteatment

0 5 millxlitcr of the :caerpine solution (¢ mg/ml) were
injected 1nco tha enimals vin the 1utrapcr1toaaa1 rauta. The ani-

mala uere naerlficed twenty four houra aftcr tha treatment.

4) Sucroea dansity hrsdicna acthod for thu xaolatian of
the catecholamine ccataining vaa;clea o .

o Aftar cha animal’ had becn killed by dacapxtaticn, tha
adrun&l 3landa wexe tapidly :omoved, claaned fton tha aurrcundin&
fnt:y tistue. and vaahcd in phyeiotogical nallnc. Attcr thoit |
uelght had baan date:mincd. :ho glandn vcre hnmaganised io the
suc:nuc buf!er - fiva uLliLlitcrc o in #n all alaea hosogenizer.
The honoaenace vas chen transfezcé 1ato a twclve nlllilztaz poly«
a:hylena centrsfuga tube and centrifuged toz £;ve niuutou at 600::3
1n oxdcr ta remova tha nuclex and ccll debric. he supetnatan: :hua

o

obtaineé vag canttlfuged at 11 000 x g fe: 20 mlnuzes. The pollet

vhlch wag obtained nfta: chLa centr:tugetion was uaed fot furthet

RO 55



xnvasstgat&on. whila tha aupernatanc vas digcavded, The pallet
wae gently honoganized in 0 3 m&llxlitcr o! aucrcnn buffaer and
the peatla of thn homasanlzer uns wunhed with 0 5 nillilxzat of
tha same aolut&on. ) " v \

| The reauspeaded pelle: wag guutly layered cvat a liun :
unr aucraaa danaity 3radtnnt contained in a cantr&tuaa eubu Tha‘
daualey gradlant vnricd tron 2 0 n cucronc at tha boe:oa ma!lBMi
nucroae at the top of tha tube. Tha euhe was :hen losded na
prccoelad swinaiés buckct ro:or 8“-39. and unn c.ntrl!uged in a
relrkgarated preparat!ve Spincc ccnzrlfuge, Hadel L. for thtrty
mzuutes at 100 000 » s. At chs end oz the centrifugaeion. the |
tube vne gently lifeed out trom che totot.

‘ ?onr 1nyera conld be obaerved 1n the tnba. Tho fx:a:
layaz. labclled ttaccxan I. vas on tha top el thn :u&e. 1t ¥ag
apaqua. yontainiua lipid lihe mntcrial. The neconﬂ 1nyar, £rac~
tion n. wal d«mse coumtnmg gtanular uka mterial. ﬂm ehix‘é
layct. £ructi¢n 111. had the same danaa appc;:anca und vaa vety
thick. There vas a suall nedincnt at tbe bcctua ot che :ube whieh
was laballaﬁ frac:ion IV. : | «: ) o .

B Each Eracticn wau catctully :auavcd. by louuriug the
tip ot a Panteu: ptpatte &n thc traction and auckiag vcty gen-~
tly Eseh f:action waa thcn ttansfotad into 1udrv£dua1 precoclcd
polyazhylcne tubeu whieh coatained 51 ttich&otoacetic actd‘ From

chts nn:ract. a l nilliliter altquot waa :euovcd tor thcuaeinatiaa

e e arrnir bl T
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of catecholsaine and ATP content. . o f
7) Pragusson of tho 11,000 A uudlaeug 3
| After the adremal glands had been quickly ’iﬂ’”‘?"“'
trqg}‘ the guines pig, they were vashed i ,ulr‘sfa‘e, blotted on
8 £11tar papsr and uaighed, The gleads were thun howogonized
tn sucrone buffer. After five minute centrifugation at 600 x g
to Temove the cell debris asd the muclel, the supernatant was e
ceu:r;fuged for !}.ﬁ_g:;es‘n minutes at 11,000 = g. The psllet thus
! obuu@d. iobelied 11,000 x g sedimant, was digsolved into five
| millilitars of 3% trichlovoacatic acid, aftar kaving baen waghed
oaco in sucrose buffer. The clear supermatant was collected by
censrifugetion of tho trichlorcacetic acid extract and wis labele
led jranular £rsction extrack, One milliliter aliquot was used

for the catecholamine determination, while the remaiaing four ‘

millilitere ware used for ATP messurements,
Since it had boen found that ths 11,000 x g sediment
reprosented approximately the fraction III obtained by the gu~ i

cevose density gradient technique, it was wsad for woet of the

experimenta, The sucrose demoity gradient techniquo is a time~
consuming technique, and iu the case of the catecholamine con~
taining granules, thia factor s of impovrRance. The granulee

from the gland of treated animale are more fragile than those

; from the gland of mormal animals, The leaksgs of the varxious

substances from the granules might de s.gnificantly increased
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by manipulaticns, It vag found, by sxperionce, that ths data
obtained when using the sucross density gradieant mathed wers
affacted by tha long etending of the gremszles in mon-phyaiologe
ical madia. ~For this rasson, afcer we had bacm able to. shovw
that ¢he 11,000 = g sediment 1 a good approximation of the

| granulay fraction obiained by the deasity gradimmt method, wa

i shifted te that technique of prertrativn £o diminish the ziek '

( of enporimental ecrwors. .
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$I. ‘Rasaltd -

Thres sexries oﬁ _onperiments were performed. In the
fixet sovias, the depletion of catecholuminas was studied on
tha whole adrensl glands, cweing either carbagchol, iasulin, er -
tmtpmo ‘a8 thae dapleting agent, In the sccond series of
expor iments, the dapletica of ATP and cuatecholamines was studi-
ed on the granules which hada besm isolated from the adrenal
giande. . 1o tho third serias of expaviments, -the repletion of
cateackelaningg end ATP following the deplation by qither one
of the ageunts cited above 'was investigated, FPor all of thess
sxperiments, ladividusl experimeutal results azo givea. The
totil catecholsming valuzs have besn csloulated by ssking ths
sun of individual noradrenaline and sdrenaline values, The -
zesn and standard deviation from the mwoan, as well as the P

valyos resalting from @& group comparison test (Studeat t test)

ave ‘progented undor the expavinental data. -

ingulin oy reserpiue to male guinea ptg s - - i

Tha offect of carbachol on ¢he adrenaliine and nor~
sdrapaline content of the adrenal glands was agudied, The
rasules of thepa euparimsats sre given ia Table Via, page 69,

The resuits ara »v_«punnd ‘a# wicrograus of substances per gram

i T
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of wet wolight tissue. The woights of the glands wers zimilsr in

both the treated and z!:bm control anm:la. Swmtem houre after

'Y llngle subcutaneous 1nje¢tiou ot carbnchai. thera in & deczease

in ‘the total mteubolamme content of tha adrenal ghmdi. Thisa
dcereaae, of abcnt 251. 19 slgmtmanu (? £Q, 05} in ehc carbe~
chol treated suiaea p s tMre m a 20% incrum in tha uomd-
un&lism content of tiué adrensl zland and thia i ctctuticnuj
8lgn£flcant {p L0, 05) on the ntber haud. thare. ia s 371
deerauc in the ad:enalxa cmuuc wmch 1s alen: cigulfic&ut
(PZ_O.GS). Thua cu‘bachol does affect the release of catechob
aumea zrom the adreu&l glmdn. ’ _

In Tablo vm, page 70; ate prnmtod the msuln
of :he attect of tnnuun on the catacholmine contant of :ho
guim pig adrenal guwdu. The rosulta are expuuod an uicro-
grana of »ubstanccs pcr gtan o! uot wni;ht einuue. fvvnty four
houra dgct & nag).a uubcuum“ ing}aatiou al tmmun. thare
is a 23% dncruu in the total catecholamine content o( tbe
adunal gland. whs.ch is manlnmu (P 4—0.05). Both thl uor-
adx‘emllna and the adrmline mtmu are dcereaud; c!u
deplctlon of adrmline (22%) is latget ‘than that of noxod:ml-
ma (127.) Normer. the c!unge !.n tha noudrmlmo content
of the sdrenal 31&114‘ from trentcd auimla 15 mt nututlcal-
ly signiftcant (P >9.05). This might be due to tha very larga

variations between individual data as probably reflected
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Fig‘.ute

‘ ?ha depletion of catecholemimes in the sdrenal glende of trested guinsz pige

.

 §
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in the high value of the standard deviation, for this group
5? '.ﬂ,m‘ln-,,‘~ | . .

Table 'J‘n:.. PRgT 71. ahws thq catecbol.amina contanz:
af tha adrenal ghmdl izom norml cnd rasa:piatnad animls.
‘mn tenults sre axp:asnd a8 mtctosrm of subamcos per_gram
of wet wciaht cium. 'ﬂm dapletmn of t:o:ai. catuahoumnas
in the adreasl glands of the guiusa pigs t;e}a:adt with reser-

pine is largs, about 477, tweaty four houre after a singls

‘ipuapa‘rucunl{ injection of Taserpine, The difference bsivacn

controls and t:na:ad aniula ie siautiicme (Pé 0.05} The

deczaue of the no:‘adtmune :onunx (bé%) 1a lc:gaz tmm

that at :ha adreaaliae cnntenz (532) xn sth 3roup of nusmala.
Ihe P valuao are Low tn apttu of 1ar;a atandnrd devtatiama,
which 1ndica:ec aha: tha :eaerpina :reataea: hna profauad of -
fect in depleting the catacholamines of the adggu!. alands.
WVTbouc findlngn a:;/auwma;;lqd_in_?igutq'l,_paga 73.
Ikn valuas oi noradrcnaline, cdzennltnn aud catacholanina
,tound Ln the ad:onsl 31:&4: ot eha coutrola cto chosen a8
100%. The values Lrom carbachol, insulin, and reserpius
treated &ﬁigalﬁ‘hsve been gglpu}nteé a8 chg.pptccntlgo“gf,
the coatrol valusn. Ths noradronultnn conteat of thc ndtansl
‘glaadp La dttfcten:ly alfeeted by zke :hrca asant-. Ia tha
carbachol crcaccd gxanp, the aoradranaline coatant is anrcaaed

(120%), while in both the Lumun and the reserpine treated
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groups there fs a decresse of the noradreusling content (88%
sad 487 of the control valus respectively). O the other hand,
qualitatively the effoct of either of the three drugs on the
content of adrensline in the adrenal glande is siailar, The
moat marked depletion ia brought about by tha acclon of re=
serpine (537). The fotal catecholamine contant of the adreval
§londs (e decressed by the three druge, but gince, in the
carbachol treated gioup, the noradrenaline content 1§ Increased,
thic drug sppesrs to have 3 smeller sffect on the depletios.

"'B) The protein, ATP and catecholsmine content of

the granular fract {on of tlig adrennl giands"fkrma‘noml,

1) The protein cégeﬂ’ nt

" The effect of sither of the three drugs om the pro-
tein content of the adrensl glands ate praseated in Tsbles
VIla, VIib, VIlc and V1Id, The wot weight of the adranal glands
fn milligrams per pair bas been given as a gample of the weight
of the glande o thi gulmapig. The variutions from one animal
to the other sre small. = |

For the protein content, the results axe axpressed

ss @illigeans of protein per fredtion, A6 vao meatlonnsd {n
mathods, four fractiocns wore {solated by the sucrose denaity

gradicit method. Io Table VIla, psge 76, the distribution of

NG

BONONY .8 53



the p:ocaina in the four fractioas is given for the comtrol
atoup. amcunt of proteins variaes t:aa one ltaction to the
other, fractlion XXX h&vins'the‘hlghcat co&cgntematon of pros
telns. In the nest Tablo Vi, pige 77, the dats obtained with
chn carbacliol treated snimals axe given, Tha pro:clu digiribu-

tion in ‘the foux E:actions is ideatical to :haz ebsazvad in

the controls. Tuers i® uo diffaranaa in tha protein eonteat

of ﬁack fraction whcn ceaparad to that ax the sane fraction
in the control stﬂug.'ln Yable Viic, pege 78, the data obe
zniﬁéd Qith ihu insulin treated 3uia§a pige are presented,

AB Ebccd prawluuaiy for the cardachol treated group, both ths
diatributton and the iuaivldual p:otatn contcnt of each frace
tloh e similar to th&t ot tha controls, In Tabla ¥iid, page
19, tha resulis obtalnad with veserpine treated gutne& pigs
are 3&?@3. There 12 0o cbanga in either the diserkbutiau or
thn content of protain in gach fracticn whan comparad te the
co#t}c!s. o o ‘
. " & cosprehsnaive 3&aﬁ$t§.o£ thsse ﬁ:ﬁatimaatal Zind-
ingé‘ia ptavhéedpln figure 2, pageyﬁc. This figure duumarizes
:he‘élfnct of carbcchnl. tnsuitn ot :eaozbina dn éh# dlokridbuw
:ion of provaing in che Eouz £tnc*ioas nbtained by the sucrose
denaity method. ?hn percan:aac or euvh ftaction 18 calculated

ralatzvaly go tha zotai content of tho four fractlons choasen

as 1004, The élntrzbutiou of proteina i8 wot affactad by either
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of the three (rugs, The small differences cbaezved are dus
probably to the Imprecision 6f ths wathod used Zor the colw
lection of che various fractions.

2) The eagagholasine content

The contedt of moradrenaline in ths four fractions
of the contzol, carbechole, insuliue, ov resarpine-tzested
groupe 10 given im Tabies VIIIs, VIIIb, VIiIIe ard VIIid, The
concentration of the measured amines is exprassed o8 @icxos
gramp per £raction.

‘I Table VIIYa, page 83, tha distribution and the
soutent of adrenaling snd norddressline in the four £ractious
ave gives for the control group, Thare is a large amount of
both sminas concentrated in the frsction IIY, There iz aled
a significant amount of both amines present I fraction IV,

The distribucion and the coateat of movadrenaling
snd sdrenaline fn the four fvactions of the carbachol treated
group axe presemted im Table VIIIb, page 84, Tha distributien
of adrensline aod norsdvensline is slumilar to that obaerved

in ths controlw; Thete is o large amount of both aminés fn

feaction III aad & émall smount of both amines {8 fosnd in
fraction IV, Both fraction? I snd 1I contain negligibla
ameunts of catecholamines. Tha actual sacuats of adronal-

tze and of moradrenaline are low (m both fractions
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11 and IV of the carbachkol ttactad gtoup as conpa:cd to that
of t&e control grouy. Thie dcctoaea in eha ¢auc¢natatton of
both amines L8 pignif icant (P,ALO 05) Eor aé:analina only,
| : Tabls VIXIXc, page 85, lbaus tho rcsultc cbtained
with thc tnsulin trestment. The concantration of adrenaline
in !racgieae X111 and IV ta @acrgsqag.,gq pzev;oqply anted for
tha carbachol treated grmp. o |
.:'_ In Table VIIId. p&ae &6. tha datﬂ obw ined for tha

zoucrptaa treated group nta ptatnntnd. Ihcwe to ao change in
the dtar.ributima of m&dzmalme and nérmlina in the four
fractsons In fraction 11X, oaly cht dcereaaa in the concentra-
:ion of advonsline ia atnttsuically nigaificaut as comparad
to !hat of the ccattol 'roup (P‘ﬁ-0.0S). This dectcaae. howe
cver, 18 not logger chaa :hau bcuught ahout hy insulin, and
nuah smallar than thaz brousht about by csrbachax. The dacrosse
in :ha adzanaliua content of :ha !ractton v 1& also statis~
tit&lly nignit&cnnt (¥A410.05).

E The data p:aaauecd abovc ave nuanartzad in ?lsnrae
3 adi 4. In Figure 3, paa: 8z, kho efrect of the thres daplet-
i8g ageutu on the éiecttbatlon of catecholamines in the four
fractlcnl is ghown,’ ?or anch graction, the coacantrdtxoa of
cateeholemines (3 axpraocad as the percentage ot tha toral

concentration of the four fractioms. In the conttol group as

PSRN oy i g
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well 22 1o the carbachol=, insuline; and ressrpinsetreated
groups, the pattern of the distribution of catesholaminer in
the various fracticns is the seme, There is betwesn 72% and’
75% of ‘the total catecholamines in the fraction 11, while
in fractions 1,511, snd IV the percentage is low.’

‘In Pigure &, page 88.1 the conteat of catacholamines
in each of the fractions &8 affected by the three drugs 1is
shown. Tha results obtainéd for each of the four fractions
(n the control group ave taken ae 100%, For the three trested
groups, the results for sach of tha four fracticas aTe expressed
28 the percentage of the corresponding one of the control group.
Although we hive presented the values for all the fractioms,
ths experimental date obtsined for fractiems I end I ava too
low to be of any signiffcance. In fraction I1I, the effect of
caxbachol is very profound, the catacholamine coatent of thie
fraction beiang 8% that of tho ceatrol, Insulin and reserpine’
appesr to affect the catecholamine ‘coutan‘tl in a gimilar mannor,”
the decrease baing 211 and 33% reopectively. The ssme pattern
is observed in fraction IV, s finding which 1s not imconsise-
tent with the possibility that thie fractioa rapressuts 8
cluster of granules,

CLU00%) The ATP content B
' * The ATP content could be measured ouly in fracticn

a8

B
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111, in the other fractions it was rot detectable with the

‘ mchod used, The experimental rezults obtaired with the normal

and trested groups are glvea ia 'ta.&le 1%, page 91. The vesules
#r& e¥prosuad as WICTORTANS ia\t ﬁl’ pex ‘zra'céion. The content
o!;A‘rP in fraction I11 ia decreased after tha troatment of
zalnaa pigs with eitm of ths thvse dvugs. The decresss is
uﬁt&sticnlly nigatu;aae for all the three groups whea com~
patad to the conttol gx'oup (?-é— 0.03), 0a the eehar hand, the
eztonz of the deplctmu doen not diffar frem one creaccd group
to the other, |

The vesults :pumted in this caction B show that tha
catechohminu £né ATP are found (a large amounts i the fxac-
tion 111 which cmuias the audwxanzm mumtns vesicles,
For thia Teagon, zhc expormeaul naulu nbtaineé tram frace
tlon I1I have been m:wuuc as micrograms of aubotmwa per
muligtam of pmuhu (Tables X2 and Xb),

in 'Eabln n. pase 92. the effgct of wbacbol, ingu~
lin m :eu:pim trutmnt ca the deplgtion of eaucholmtnw
ia !uet;oa II{ u showe, ?ot mch 3r:eup. the p:ctam aud
uuchowame ccaunea el the fractien 1XI ere ngaa (col~
ms X and 2). It is from thase dats that the cmentraum
of cauchnlnnmes m BiCIQgEaAsS par nnu;xaa c! protcins was
aicuumﬂ (:olm 3). The concontratica of catecholemings in
the contzol group is significantly higher thaa that of

any of each traated growp (P £ 0.05). When exprasged
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under this form, it {s feund ehat the catecholamine contant for
tha‘carbaéhvx‘nxentad'gréup’!a~5é;61.f!ér'§héfinsalzn treated
zroup 66.4% and for the reserpine treated group 539.8% that of
the eoREYO) QUOMp, « . . o0 boraoooooe

Ao G the basis. of per milligvam of ‘proteins, the da-
pletion of ATP is identiesl for all tha trested groups (Tabla
Kb, page 23), In the carbechol trsated prowp the ATP cstteat
i 30.8%, in the {naulin treated group it i 34,83, and in'
the resarpine treated grovp it ie 37.1% chat of ths contvol
LRoup.

These findings are susmariied in Pigure 'S, page %,

whare they sre exprassed as micrownles of substances pex milli-
srax of protalns, When presented under thin form,; the results

ghow that the depletion of catecholanives is closely related

'to the deplecion of ATP, The valués of tha wolaxr vatios CAJATP

are for all groups sitested around 3, ‘except for ths insalin
group which hag the value equal to 5.6, - v -

- ¢) The ¥epletion of cataeholamines ‘and AP B
adrensl glands of ma
tasulin, or reserpine &

U iep ghese geries of sxperiments; the determinations -

of catechslemines end ATP ware made on the 11,000 x g sediment

since it hos been found that it closely veseemblas the fraction
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111 obcatned by sucrose demslty gradient techaigue. From then
on, wa shall refer to this 11,000 » § sediment as the granular

fraction of the adreaal glands,

1) The zeplation of catecholamines and ATP following
tho depletion of thess substaances bz' a_singla injection of

carbachol to the male guings pips
The content of cataocholaninas and ATP in the gran«

ular fraction of the adrensl glands from animals pretreated:
with carbiachol wig determined two days, four days and aight
days after a siagle injection of carbachol. Thess cesulgs
ara exprossed as nicrograms of substences pet zram of wet
weight tissue (Tables Xla aad XIh),

Two days after the injection of carbachol, there
18 an Luérmaa. {25%) in the noradremaline content of the
aranulay fxactiom (7sble Xia, page 93). On the other hand,
the adrennline. content is warkedly decrsascd (42%). Zoth the
increase in the moradrenaline and the decrease im the adren-
aline contents ave statistically ulgntﬂ.cant.‘ Yhan tha two
valuss arve combingd to yiald the total catecholemine comtent
of the granular fzaction, the change is sot significant .
(P = 0.05). The ATP content of tha granulag fraction is also
significantly dacreased.

four days afvar the injoction of carbachol, the -

§
P
i
I
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nogadrearlive conbent ia ﬁtillAﬁish,(@&ble 31&, page 99, but

ook a8 bigh oo taat found twn é&ya;mftﬁz the injecsion. The
uér&uﬂiiua crmtsnt has not &b i ad ond fbhe totsl catechwle
aﬁ;&a cantoay i9 siga£§£¢aatly‘&asﬁgu3&ﬁ uhaa,cewyarmﬁ to that
o£§th@ coutywle, T}u:z§?? 1@#@&, t&augﬁvlewer fﬂ&u‘iﬂ the

centrel ls lacreased shove the lovel vesched gwo Jays after

Light éiys aﬁt@s the iz sjeshien, ibe coatgal oi ror-
sfvenaline iz peill ah@@a‘asrﬁal 1a#ai (Taélm Klb, paaa 53),
bﬁt deezessas cuzmpsrad to LL&& ¢f the fourth day. the sdeen~
aline bas nev yet fagdhed,ﬁt?‘uammal ?alum but'is Increanad
whaon coupared ko chot of tue foustd day. Tin 5"? leval bas
coturned to ith costul vale S

| Sl adrd &amparlaau cut caA,éoaawa& éu@ carhaahol
tféatéﬁ LORPE O aae nand, ana Spituwned LR #aaieuu ixehaad
5téup$ en the utnc:(haad Lap baes computed in Table Xic,
pags PR AN o |

Wren the carbachol ercazed **étﬁa‘égﬁ”campared to
aﬁs conexel group, (b i@ Owﬁﬁfi‘d thsc :ns &szewance xa tha
catccue-amtau iﬁeul in RigﬂLLAvﬁuu wly ¢n the !curth day fole-
lnwing tke znjeucica. fve days afrer thsa 1njautinn. tha high
lgvel of mwra@rsn&aan& nacaa £ aec:e&ma ia the «ﬁﬁannline,

while on tho ecughth duy, she Bigh teval of aﬁrwa&iine asks

t
i
1
H
i
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_tha change lﬁ tha aorndrgnaling. Thé lcyci a!»ATé 18 signif-
kicaath lower on the ngeoud and fourth dayi,»&uz h@s taturned
to nopmal on the aighth day. | | |

The ATP is significautly increased between the sacond
and tho fourth days, and betwnci :ha-!éuz:h and tha eighth days.
For tha catacbnlaninas, tha dacrca-c 1n the noradtcnalina cone
tont is significant batween the unaond and the feuxth dayu
only, vhile the increase of both ad:eaaline and totnl caeechnl-
an&nn lovels is significant b«twtan thae fourth and the eighth
days only, o

In Figuve 6, page,lOl,_ﬁho replation of catecholamines
and ATP has baen expressed on 8 nhlnt baoii.vpar gram of wot
weight tissue, The resules chu; azpresqed nhow ih&t the eyn-
thosis of ATF follows closely the syashesis of adrenaline, but
does not seem o be linked to :ﬁo synthesla of aerudren@line.

2) 7he repletion ggkeatccbolauinas and AIP following

@ depletion oz h 1] ubu ‘cea 5 .8 ;in lc'l Joc 1:  ‘£
lin go male in 2 i ‘ {“ ' 4 :

In rableo X1la and xlxb, ure praoauted :ha enpcri-
kaantal data osptassad as nierogt;aa cﬂ lubatanaun par gram of
wet waight tigsue, obtained uLth in-ultn tzou:cd aniuals.

Two dtyn af:er :ha injsction, thers s a elight in~-

crease in the woradrenalina level which (s net oigniticant

i
i
H
y
]
¥
1

s
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{Teble X1le, page 104). But the ?9?“‘9‘ in ad;cnaiinc is
laxge €0 that the total éc:a§§§i;§i;;f9§nzenﬁ‘in aignifl-
cently decreased (P20, 05). The lavel of AT? {s 44% lower
than thet of the control.

Four days after the Injlttina. the neradreualina
£;V81 is still well above notmal (Table xllb. page 105);

laval of cdranalino 13 seill. belov aornﬂl. but Ltn tacroase

from the second dny fs such that :ha :o:al ca:echolnmina val-

ue has roturned to its normal valus, Thc ATP lavel i{s atill
buow woraal, |

Eight daya cﬂter thu injection, the levoln of nor-
adreaallne. nﬂranalluc and ATP hlva rccatued to thalx normal
vnluas (Tabla X1Ib, pcge 105). The -lxght 1ncreane in the
ATP and adrenalina lzvaln is not ltgaificaut.;.t :

The P valual obtainad ‘with tha 8cud¢ut t tact are
ptaaented ia rablo XIIc. page 106. ) N

' Two duyn after the cua:um. the ad:mune. ATP

agﬂ céeal catacholemine conten:n are aigniticantly dccrqaaed
(P L 0.95). ?éur daye fol}owtﬁgf:hqi:;:a;nansltﬁh -érenélina
ai; ATP levels are alzuificaﬁfi&léiércaieﬂ (éQﬁf0.0é), the
uétadreaaline level is aignificently iﬁézﬁmipg (g}ch.OS).

vhile the total c@techolaaina“lcvbl‘tc not aiadgficantly

changed (P :;0;05); There ip no etatistical difference iocuecn

the treated group and the contrel group, eight days after the

R
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DAYS AFTER INSULIN TREATMENT

Figumwrze 7

The 7P and catecholemime repletien in the graaclar fraction of the sdresel glands of
insulin zrested gutazs plge
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treatmeat with insalin (P.0.03). o
_There is no sigaificant differsnce betvasn group 2
(two days after the injsctics) and group 4 (Zour daye after
the injection), excapt for tha total catecholamine content
which 1s incrsased in the latter group. Oa the othar hand,
batwsen group & and group. 8 (aight daye sfter the injecticn)

the levels of ATP and adrsnaline avre both sigaif icaatly ifau~

creased. The level of naradremaline is eignificantly decreasad.

(P~ 0.05). Bacauae of the iuverse veriaticas. in the adrxenal~
ing. and. norsdrenaline levels, ths total catacholamine level
doss not-exhibit Anyltsnutémt.echmsa batween the fourth
and the eighth days (P X 0.03). -

The molar conceutratiesn of the catachelamine and
ATP {in wicromeles of substamces per grea of wat weight tis~
sus) have besa calculated and ths results. oht@ ined are pre-
sented in Figure 7, paga 107. As wee previcusly.ebserved for
the carbachol treated group, tha synthasis of noradrenaling
doas rot appear to be related.to she synthasie of ATR which
ts closely linked to thaes of sdremaline. .The valvas of the
solar ratio CA/ATP returns to normii only when the adrenal-
{ne level has reached: its normel value. MoTscvexn, &n Qvar-
chooting of edrenaline syatheais is clossly perallalad by

an warshoéun's of ATP syathesis (group 8)..
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'S) The_repletion of catecholsmines and ATP following

the depletion of these substances by a single injection of

gogerpine to the mala guiungs pigs @
The expscimental data obtained with the reserpinized

guines pigs sxe presemted fa Tablos XIlis sod XIlib. The veeults

‘are expragsed in micrvograms of substances per gram of wet

weight tipsue.

Two days after reserpine trostmaat, theve is s marked

decrease in tha novadrenaline, adrensiine end ATP comtants of

ths grenvlar fracticn (Teble XIXIa, page 1l11). The total cate
scholemine content 1# aleo significantly decroased.

Four daye after the trestment, there is a furcher
decrense in both the ATF and the adrenalins levels (Table
X11Ib, page 112). But, slthough the noradrensline lewel le
seill below normal, it in incresased when compavred to that
of the sacond day. The total catecholamine content has not
changad, '

Oa the eighth day, all values are balow the uormal
values, but the adrenaline and ATP levals are much highar
than they wers cu the fourth day (Table XI1ib, page 112,

The statistical treatment of thagse data is suae

- mavizoed in Table XIlic, pagse 113.

In 21l the treatad groups, even aight days after

the treatment with raseipino, thera is a significant docrecse

i
H
i
:
H
¥
i
!

A



4

‘uxz

“Mmmmgg

- L1 -

in the adrenalins, total ca:echolsuiues aud ATP levels ac

‘compared to the comtrels(P‘g:O 08), The aotadzanalsne conteat,

ot the othor hand ig a0t significaatly changsd oa the eighth
d#y after reserpine treatwent (P=.0.05),

¥hile the dacroaéé;iﬁ’bbih the adrenaline and the
noradzenﬁline levels ie aignlftcaac bctunan ths oecond snd
*he fouth daya follcuiug :hn treatzent, tho totel catechol-
naine ap well ag th& ATPF contents havae not ztgnificantly chang-
cd during thesa two daya., the other hund, the anreaso in
the adrenaline, total cateeholanina and ATP is nignificsnt
be:wun ths fourth day apd cha eighth day Eollwmg the io-
jection of reaerpina. thu aotudrcnalzna lavcl has not changsd
clgngticancly during that par&od.

The mwolaz concantratioau o£ all theoa aubs:ancee.
as affected by tbn zeaarpiue tteubnent. ere preaaaecd {n
Ftaure 8, page lllo. 'fha :eae:pma trmmm dmcrenea :he
totnl catacholamine ccntlne by ducrnacina bﬁth the adxannl-
ine and the naradtenalina congaents., The zepletion oi be h
anmnec ig slow and - ou: o! phaaa. Nkile thn replntiog of BO¥
adranaltna atarte banaaa tho uocond and the Eoutth days
Agter the treatment, that of adrenaline ;gvéolayed;gntil tho
fourth day, The synthasis of ATP L& alao;é;iayad uagil ;ha
fourth day a!car/the treatment, Dzcause the syn;haiia of

adransline as well ap that of ATP ava delayed, the molar

Ten
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ratlo’ CAJATP io incroased and does vot roack normal welue aven
en the eighth day afeer the traatmant,’

the tima courece offect of carbachol, insulin and
zaserpine on ths content of ths catecholemineo and ATP is
given in Pigure 9, page 115, The rxesults ere exprogsed in
Iniﬁxmgtam‘ of substances per gram of wei weight tissue ee
& function of the poricd of ireatmont. Each point of the
curves represents the mean value of the euperimeatal date,

in the carbachol trested greup, the neradrensline
firat {ncreases, reaches a waxioum avound the sacond day then
dacreased to. veach aluvet nysmal values ia tho eighth day.
The sdrenallne and catacholamine concanttatioaﬁ decrasce.
to teach & minilmun at the fourth day then riges Lo subnor-
wal values oo the sighth day. The 1wve1.cﬁ AT? posaes through
a min{eum on the second dsy then incrasses o reach nsrmal
valuce on the sighth day.

In the insulin treatad group, the level of morad-
ranaline iocreases to atteln & maxiwuam on the fourth day,
it then deczaases to norsal level on the sighth day. Tre ad-
renslina, catecholawiue and ATP levels pase through a ninisums
aro&nﬁ the aecond day then veachss sorwal veluas oo the eighth
day.

in the veserpiue tsestsd group, for slil the aub-

otancep there ie f£iret & decresse with a miniwum batueen the
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sscond and tha lﬁuﬁtﬁ d#ﬁi. #ithcuah tho lsvals of tha sub- é
staaceu tiaq, thay nover raach nermal values even on the %

} | ‘ nll oz the thtna gtoups the rate of dislppeﬂt°
;‘anee of adtenallne il :alu:od to that of AT?. The asgacrwe ;
lclepcuot tha cu:vnu are apprexﬂnattvsly idcnticsl. In the %
§ carbachol treatcd gxeup. tho tata o! appesrance of arp is %
% ‘ clooely xclated to zhat ot adran;ltne, 28 choun by aw apparent é
i’identicsl nlopo !or tha aacandins pa:t oE ehc curves. Thare %
\<1srpo,sgch_tp;atiopsh;p betwesn the rates in eithar of ths |

sther two grovps. |

; i
i
i
E
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131, Discuesion

Siuce the chromaif n granulaes have baen identif ad

as the catscholamiue containing granules, mumerous experimental

.evidences heve baen presented on the release of the catechola-

mine comtent of the granules during the stimulatism of the

~adrenal glend (29,64). Conclusive cvidence has shoun that ATP

is veleased together with the catecholamines. The smount of
released nucleotides and catecholanines is in a molar rattlo of

1 te 4, identical to tha ratio :ouugl in the gtcnule;. This Lod

to suppose that ATP puyoia. role in the storage of the catachol~
amines within the granules (34,39,47). At gha_qng}na_;ipe_; electron
microscopic evideacas l;qu_bqgg‘puun:od,omm; that the gxagulo
appears Lo emply §:s cqngae dqx*ag the nt;mléuon 93 thq adrenal

gland, leaving f'ghoqt” g:gn;slqn in the call (23,114).Thie finding

\ is in contradiction with ths qbyaervqt;on,that_ :th_a'giq‘pxe‘ziqn_oe‘ , g

: the adrenal gland i vivo is uot accompanied by any chamge inthe 1
protein content of the ‘,shrw.ftsn,sumlu (66, 157). Recently, & ‘
saries of independent chservations have pointed Cowardsa relesse |
of the laoh}bl@ proteins @l:‘r\__mxgg,_‘ ,gnbb;: or cat ‘aQu:m,l, ;1.‘“; par- ?
fused vith & solution containing & }d‘p;“?n}s“”” such &g carbachol
or aeatylclwhm. L el .

In view of :huc tacant. £ Lad!.nae, it vae ghpggbt that

\ Burtlur anuugnuou of th- znca of :hc chrmffm gunulc after !

T
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the in vive depletion of the adrenal glends might be of iuterest.
S{ace no attempt had been made to atudy the rapletion of the
chromsffin granules from the sdrenal glands of animsls which bhad
been pretrested with ‘acatylchol (ne ‘Like agents, it vas believed
that this approach to ths problem might shed some light oa the
conteovarsial subject of ‘the fate of tha catecholamine containing
granules. R o "

" For miny years, it has been known that thera exist sev-
ecal ‘dgénts capabla of inducing the ralesse of catecholamines from

the adrenal glamds, in vivo (138). Among thase agena‘l}‘,‘ the most

choline induces the relwase of catecholamines from the adranal
medulla by (ncreasing the permeadility of the plasma wombrans to
calcivm fons (159,160,161), The rapid (nactivaticn of acetylcholine
in the animal, by the action of acatylcholinesterase, requires that
the animal be given vepeated injections ‘of acetylcholine to produce
a significant stimulation of the adrenal gland. Under these exper-
|mental conditions the animals have to be traated with atropine and
this introductes a new variable in the systea. . .Mcantly. {t has been
obsarved that carbachol tan successfully Teplace scetylcholine as

s stisulating agent for the ‘depletion of catacholaatnes from the
adrénal glands (38). This eynthetic cholfne aster which easeatially
bakiaves like acatylcholine iomthydrolymd by "a'édfiri'chdﬂﬁééfe’rue

which makas it 4 long lasting stimulsting agent (162).
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. Regerplus ie¢ 2 depletor of the cataecholsmines in all
the tigauss. Its mode of action has not as yet been elucidated
c@leuly“(ﬂ).

Insulin hes besa shown by Cannon and coworkers (81)

and tmdependently by Houssay and coworkers (62) to have & very
peofound affact on tue sacretion Of tha adreval glanda indivectly
via hypoglycsaia, Further ‘mvestigations by voa Euler end Luft (04)
showed that tha hypoglycomic stimulation of tha sdremal glande has
@ sclective effoct upon the medullery secxetion in that adrenalins

slone Le sacreted. The mechaniem of the secratory effaeck of losu-

lin is not fully undexrstoed but appoaws to be & reflex stimmlation
of the adrenal gland (39,6%).

 These thres agsnte which bring sbout & deplotion of the

catacholamines of the advenal glando sppesr ko act accerding to

diffezent mechanmisme and for this rassca were chosen &g geols to

study the £ate of the catecholamine ccataiming granules.

A) The depletica ef catscholanimas in the adyensl zland

gagerpine to the male guimes pig ¢ - -
A single injection of carbashol produces a smaried de-

crease in the gotal catecholamines of ths vhole adrenal gisunds.
The decteass is ia faat brought about on edrensline since the

noradrenaline content of the whole gland ia incressed. Alghough

- ths 4ats have not basa veported here, .pnuatmry.upurimté have




shown that oithex one, four ox vight hours after a single ia-
Joction of carbzchol to tha animal, the catecholamine content
of eﬁn adrasal gland remains unchanged. For this resson, Shu.
saventasn hour poricd was chossn &8 the optimum time &t which
sarbschel onevts ite affeck, A comperison with othar wozks wes
limiked since the effect of carbachol bad baecn studiaed ouly
during porfusion of tho glands, In thess comditions, the effact
of caxbachol was obsarved five to ten minutes afser ths stast

of the perfasion (72,73). Thils laZent poriod would probably be
greatly cnhsaced in the 5n ¥ivo saparimeats. $imce the affeck
of carbachol i3 obsesved after seventeen hours, the finding that
the noradreadline contest 16 not decreased might imply that the
choline estar has & salective offect by bzingimg about ths de-
plation of adremaline oaly. Ia this vespect, carbachel would
not ack exastly like acatylcholline which 18 kaown, aa showa by
Butterworth and Nema, to xeleasa both adresaline sud noradrenal-~
iaa of the cat adrounal glands (37,123). Since the cat adreaal
glands contain large amount of noradrenalina (163), this difference
aight reflact a spacies diffsrance only. ’

. Twenty four hours after a atngle injeccion cf insuliam,
the concentration of adrenaline  ia the whole sdrenal gland has
dscreancd by about 25T of its normel value. lt_;ppcatﬂ that the
pask of lnsulin effect occurs between three amd @ight bhouss after

tke injaation pariod during which the animals ,appear to suffer.




§
b5
e
g
Ky
5%
21
£
1Y
&3
&
)
|5
g
o)
o

g T T L s et

i
%
]
e t
%%3
1§

- 122 -

froa a hypeglyceaic coma., Since thay start (o recever gight
houze after the imsulin injection it seems that the éepxe‘:wn;*. B
of sdgenasline starts st this ¢ims., Theas findinmgs are in good
agreemunt with the previons obzarvation of Duner who found the
psakt of insulin effsct to be twenty minutes after the inkras
vesous - injection of insulia to the cat (80).: The vesults prae:
sented in thle thosis afe aled in agresmsnt with the previous
£inding that insulin depletes sclectively adresaline f£rom the
adrensl glacde (B%). -

The depletion brought about Sy reserpine affacts the
noradvenalins as well ss the edresslina comceatrations of the
whole sdrenal gland, The concentrations of both suincs are de«
creassd by about 30% m:yfm bours after ths reserpine
injestion. Tha nogadrxenszline level is lower than that of the

adronaling which 18 mot imconsietent with ths obgervation that .

' tesespine acts pavtly by preventing tha eatrance of dopsmine in -

the edranal gland; dopamine is &n cssentinl precuxser of the

catecholomine aynthesis (133,136). Our findings are in sgrecment

wikh previous in yive atudies which :'sbnod aigo that the deplation

of catacholamines brought about by reserpine im quita largoe and -
af!ecu bokh biogenic animss (65,101,103). -

- The inerease im the noradrenalins content of the whole
adrenal glands aftar cerbachol treatmenat might iwmdicate thag

cazbachol doee not intexfer with the aynthosis of catecholamines
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in tha adresal glend, In tha case of insulim, thore ia & lagge
decyease in ths sdvensliine content but no change in. the wore~ -
adrenaline tonteat, This shous that insulinm has & salective
cffect in dapleting the whole gland of ite sdremaling only} it
is wot ispossible that insulis imdirectly imhibits tha synthesis
of catacholaminse since 5o {acreass in the soradvenilina lavel
is obrorved after inpulin trastment. By brimzing down the gluccse
level insulin dacresases the snergy availablec to thke zoll which
tesulte in a lower mstabolfc vate. Fimally, reserpine affects the
synthesis of catecholamines by lowering the intracellular concen-
tration of dopanime, precurser of noradrenaliine.

Since theva is a significent depletion of the catechole

aninas of the wholae edrenal gland after the treatmant cf guines. .

pige with carbachol, insulin or vsserpina, it became of intevest . .

ag.this point. of the procasdings to imnvestigate chunges in the.
igelated grasules as a vesult of che same treatsant. The ensyas
for the final stap of adrensline synthesis is found im the cyto-

plasmic sap (164,165) snd it might be: expacted that in & period .

of changas’ {n’ the. concentrations of noradrensline snd of adresalime

atpi.tiuut emounts of both auinas might bs found outeide of the

grenulies. It was i'ot thio veason that tha studies to ba discusged
Wl e mRTAE SvL AL b A
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“{psuline, ‘o¥ resexpica-grested male guines pigs 1. -
The sucyoss density gradient separation yialded four

fesctions vhich {s in egreemsnt with previous rasults obtained

with ths ox adrezal glands (16,17,20). These four frections are.
identical to those obsarved by the above citad euthors, fractioml

containing lipid like material, frastion II ccatainimg the mitochon-

drisl fragtion, fractiom II1 the catecholamine comgainisg vesicles
apd €raction IV & sodiment Tieh in catecholamines,

1) The proteis conteap = .

The protein conteat of the four frasticas is concantratad
waloly ‘in the fraction III, vhich 18 in agreepeat with the previous
findings that this fracticn correapends to tha cstecholamine comtain-

‘ ing vemicles (16,17,20). In the sedimant rich in cstaeckolamines, the

‘amount of proteins m nogligidle, while it is relatively high in

- the attochondeial fxaction. ' ..

i The distribution of proteins is mot affected by trastment
‘with carbaahol, imsulin ov resexpina. Qur ;oﬁuwacl.onfmzims the
- data ‘previously reported by Buvack and eoworkers whe could mot

‘detect ‘day chengs in the protein congeat of :tha gvanuvles from the

- 'Sowl ‘adeensl gland after resefpine: treatmant (137). lstm‘.hﬂyo

‘Carluson and coworkers working with tho gramuled of sheep adranal

- glands sould not obsexve avy changa in the granulaz proteinms,after
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tha knimais had been treated vwith inauliw (68). it appears thus
that the hypothestis that the granular mewbdrane is kept intact
aftey the grannle has emptied its coatent is strengthened by our
oboervation. On the other hand, the possibility that thke depletion
results (n a partial mtylns' of the granular contemnt is wot yet
oxcluded, which would mean that the granule being only parcly da-
pleted is atill twtiml.

As mentioned in the introduction of this dlscussion, &
chango im the protein content of the gramules after serfusion of -
the adrensi glands was reported by independent groups of workers.

. Kirsboer and coworkers rvaported chamges ia the protein contead

of the granules following tho perfusion of ox adremal glands with

acetylcholina (78,81,82). The proteins were svsluated by measurieg -

the ensymic sctivity of depu_niud@ ~hydronylsse and {te variations
as 8 function of the acetylehwline porfusion, This method would
detect much smallox changee than the claseical mathod ¢f protein
deternioation used in this thesia, since the enzymic method (s
sos sensitive. These authors claim that tholr technrtque permits
thea to follow chmgu‘_’takt‘as plada im the "'at‘aléuhruarane
oince this ensyme 1s firmly bound to the mezhrene. Their claims
do not appear to be comsisteat with the fact that the unbinding
of »'aopmln-()- hydvoxylass wsp brought about by simple lyais of
the graasles in 1co'-aoli distilled uater, Schneidar presented

evidence on the chinges of the protein conteat of the granules
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from or adranal medulla perfused with carbachol, phenylethylamine.
or sthylena disnine, Tha: changes in a: apecific progain of tho
atuﬁh: wvag messured. by an impunological pathed, which is avery -
songitive mathod of profein measuremant, The total proteips. ii‘:’-

the perfusate were measuted by the microbiuvetcmathod. (80). Tha
author clsims that. thove is an: incTeasas In ths velesss of the
protsins. {n the psrfusats, after stimulation of tha edrensl gland
but does mof present ocmperimemtal dats. A cxitical evaluation of
the finding is hampered by this lack of experimental deta. It ssems
that in.the: {a:vitR0: experiments, the methods used vo wmedsure the
pzotaing of m—.gnaulaq»am;mu.amutu ‘than those used in the
pregant work, Hoxgowss, in tha in vitre experineoes Cha chamge im
gho n’tauurmn'u\:cbnmz ‘»wu-;h)s:.uétly datormined by uweasuring
the.amount of proteins present in the perfusate; io our work the -
change in the proteia coatent of: tha graunle was mﬁsnmd by detor-
aining divestly tha coatant of ngunuln." This might eapiain the
apparent dicorepencies tetwsan in vivo-sud- in yitro results. It was
baliowsd that midcattmuu.ofaem menbrane - during the relsage
of the gragule:ceatant wonld bﬂng&:abut-r«chnigaa in’'tha protein
content which would ba deteatsbls with the lowry sethod. Thus our
fegagivae resuite are not incompatibis vtth-nha:hypoehcqta that the ;
granuise membrana (s not significaatly alterad by tha in vive re- ¥

lease of tha granule:content aftar stimmlation of the adrenal slsﬁd.

Lo
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; “The distribution of the catacholemines im the four !
:uc-um 18 identical to that of the proteins with the peak of ths !
concentration in fraction I1I. The contents of noradrenaline and x
H of adrenaline ave high i this fractiom, the wolar ratio of nore 1
advonaline to sdrenslino avarages 0.13.In the adult guines pig, ;
*: the adremaline conteat of tha adrenal gland is wuch higher than
that of noradrenalies which ohows that in this respect guinea !
‘ pigs and rats can be compsred , wheraae cats and gaimsa piﬁs can
| not bc compared (163). The total cetacholamine contant of fraction
s I¥ {5 high, with tho concontration of novadrenaline slightly supe- E
rior to that of sdrunalin) whan compared to the fracticnm I11 since ,
the vatio noradrenaling/advenaline is 0,15, Thig §6 in agreement - i
with pravious findings of Portier and coworkers who zeported for )
the fractione of on advrenal medulls yespoctive ratiosof 0.37 and |
Q.33 for fzactions 111 and IV, (17). Ia this favastigation the
differenca in: the value of the. ratios avsrage 13%, while these
authors fouod about 30% differemcs ‘in the velues of the ratiocs.
" Cacrbachol, insulin or reserpima do net affact the ‘ i
‘ dietribution of catachelamines in the four fractions. The parcente
age of total catecholaminas concentrated in the fraction IXI s |
: about 74% end that o frection IV 232 - - ¢ ’:
‘ SR ‘O the other hand, the catecholamine comtent of the
granalar friction {9 very much dacreased effey crostmsnt of the
j
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guinea pige with the deplating agents, Surprisingly enough, the
largoat decreass is cbsarved in che granules of the adrenal glend
(toﬁ guinga plgs which have baeen pratreated with caxbachel; 38%
only of the normal catecholamine valua is found in the granules.

On the othor hand, in the chromaffin gracules from animale which
have besn pretreatod with insulin 79% of the normal cagecholemine
valua is found, whereas a value of 672 ie obtaimed for the guinea
pige pretreated with reserpine. The treatment of the guinea pig
vwith carbechol recsults im a dapletion of che stimulated adxenal
glocd which is such more cbvious in the isolated granules than (o -
ths whole glande, This implies that consideradle smounts of the
catesholemines are kept in the cytoplasm after the depletion. This
finding might ba en artafact of the method, Bacause of pretweatment
vith cazbachol, tha granulsr membrame aight be partislly damaged,
which would result in the leakage of the amines from tha gracules.
Hovever, in view of the finding that not such diffareace (e ob-
sarved with m other two druge, cane might sliminats this explanmaticn.
The presence of laxge amounts of f£res o loosely bouad catecholsmines
in the cytoplasmic sap might bs suplained by the action of carbechol
at tha level cf the granuler membzans, whore it would produce the
rolease of AT? aud of catscholamizes within the chromefiin coll, Yet
in view of the woll-established fect that acetylcheline acts ea tha
cuterpsrt ¢f the plssme membyame (110), and sluce carbachol is an
apalogua of acetylcholine, the Liypothesis just outlined doas act
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saem to ba valid. On the other haad, it is sot impossible that
m'dcpheten,woduud by casbachol bringe a large dacresse in .
the catecholemine content of the adremal gland. This dzop inm

the concentraticn of the aminee would iu tuza stimulate Xhe sy~
thesis of the cagacholamines. The novadzeniline and adgamlme :
found  tn the cytoplasmic sup would be zewly synthesized smines.
which had ot yet resched the stersge grawules. Although ths '
immediate precursor of advapaliae. - noradrecaline » is synthesizad
ta the grannlas, it gx;h:,hc.u to bo released ia the cell sap to
be further methylated iuto edrensling, einca the enzyme recponsible
for the methylation, N-methyl transferasa, is found in that pert

of the coll. The emount of noradrenaline found fn:tha cytoplaeam .
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is laxger than that of adrenalize which supports.this hypotheais
and ecufires Hillarp's findings of a eytoplasmic pool of catechol~
amines in the adrenmal glawds (l68). .- -

7+ 3) The AP coatsmt -

v The ATP. couteut of the gPépule is very much deczeassd by
either carbachol, insulin or zesarpine Irestment, sud in & manner
which 18 sluost idemeical o that cbssrved for the total catechol-
amines. The solax ratlo of cateckolamines/ATP has- an avarage value
of 2.7 for the granule fxom tho adrenal glande of morvwal.guines .
pigs. Thia value 48 lowey than: that ususlly reported for othew -
gpscies (39,40,45,46); bowevar it has pravicusly buaes observed
that such & low value might ba found io wive (47). -
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"~ Ia tha carbachol trested animals tha wolar vatioc of
catacholanina/ATP for the grasular fzaction of ths adrenal gland
{8 near pormsl, while it is slightly elaveted in tha granulss of
the sdrensl glund frem veserpine treated guimes pigs. This wolar
patio io very high ia the chremeffin granules from animals which
hive been trestsd with insulin. Tho explamatica for this findimg
night xeside in the fect that the vatic norsdrenaline/adrvenaline
io higher in the granules froa insulin treatsd animsl, than in -
thosa from eithey ressrpine or carbachol treatod animzle. It would
suggest that ths ATP level iz wore asacciated with tho advensline
than with the unoradrenaline level. -

'C) Tha _repletion of catacholeminss and AIP in ths adgenal

glanda of wmale guimea pigs pretrested with caxbachol, imgulisc ov
reserpive 1

* the repletisa of the catocholamines and ATP iu the granu-
lat fractien of the adremal glands fxom carbachol treated guimen
pigs might be comsidored complete &ight daye after the injactioam,
On the eighth day, the levalsof ATP, total cutesholemines and mor-~
adranaling bave rxatuzned. to normal but the mmxm ‘level has not
yat reached the normsl concantratios of the vasting gland, .

~ The weplation etarts as carly &8 two days efter the in<
Jectiva of carbachol as shown by an incressed moradrensline ‘1&«1'.'»,

This {neresce suggests thit the syanthasis of catecholamimas 1o wot

impeived by carbachol.’ The onset of the aynthesid of adyenaling snd .
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! - day. The vatas of rapletion of ATP end of adransline are closely
? “related; on tha other hatd the rate at which the noradrenaline
concsatration veturne to normal 18 slower, fit 1o of interast to
% notice that moradvensline io stozved within the granales before
i  boing used for the synthesis of edvemslive, oince all the dats
? . presented here wors obiained with the granular fraction. Hewever,
z ‘mince the vate of diseppearance of noradrevaline is uwot similar
j ' to the vate of appeavance of adrenaliue; apparantly thire is &
‘significant amount of the wnmethylated amine free in the cyto-
; plasm. The ratic catecholamine/ATP bas ite highest walue two
'days after the treatment, period at which ths concentrativa of
" poradrenaline reaches its maximum, This observation counfiras that
" ATP and adrenaline symthesss are ralated, but that ATP and note~
' sdrennline syutheses are not clogely linked. The high value of
“the ratis is due to & low lavel of ATP bescause oa that second dey,
the smouast of total cstechulsaimos is lower tham motmal. In the
eat, Butterworth snd Mann found that the level of total catechol-
aninss alse reaches its normal value aight days after trestmant of
the snimal with acetylcholins (123). Hovaver, these suthors noted
- that the zaletive amount of the two swines was veversed, mince the
“poxedranalive lavel was well abova its normal value whilse the ed-
renaline lavel was wall below its nozmal value, Since in the vesting
li
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of ATP appears to take place betueen the secend snd the third -

; duy follotiing the treatwent to reach normal values on the efghth
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adrenal gland of the cat, the level of noradrenaline is wuch higher
than that obsurved in the guinsa pig advenal gland, the diffavances
Mww batween tho findings of Butterworth and Msnn and our own
findings might ba dus to apecises differesnce.

The effect of insulin en tha replation of catecholsminas
and ATP in the guinos pig adrenal glands appears. to ba identical to
that of cavbachol since oight days after tha insulin trestment the
ccatent of cstecholamines and ATP in the graoular fraction has re-
turred to aormal. In this case, howsver, a dalay ia the onset of
adrenaline synthesis is obssyrved. The concantration of ncradrenal-
ine reaches its maximuse value only four days after tha treatmant
of tha animal. Thie delsy in ths noradrenaline synthesis s then
veflacted iu the rate of appsarance of adrenaline which 4s not ss
closely related to the rata of AYP synthesis as it is seen for the
granules fromx the adrenal glands of carbachol created guinea pigs.
Gur observation s in contradiction with the cwtngn"a! Vivaeros
and ‘coworkars who stidicd tha effent of insulin administration,

A0 unite per-kilograa of body vweight, in ibd’ rabbit, (63). These
authors observed a ¥eturn to mormal of the catecholamina leval
four days only aftar tha intravensus injection of insulin. Thase
studies wera conducted in the total howogsenate of the adrenal -
glands snd 1f, as according to Rillaxp end cowsykars (167,168,169)
neuly syathesized saiues are kept frea in the cytoplasa, the

diocrepancies batween this obsuzvation and ours is only apparent.
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Ia tho xabbit, Udeafxriend asd his agsocistes obssrved that aight
daye vere required to sbtaio nowmal edrencline level in the ad-
rsaﬁl,glanﬁq_s:iauln:qd‘by fusalin (124), which 18 (n agrecmant
with the results reported herme, .

The long lasting effect of vaserpine is well {llustrated
since even eight days after a siagle injection, the narmal levels.
of catecholeminas and AIFP in the chxomaffin greuuler axe not yat
reached, Ths low level of noradranalima suggests that this delay
{n the xepletion of catecholamines and ATP iy partly dus to the
fact that the precuwsor dopamins, eassntial for the synthesis of
the amines {s not available. In tha xat it haos bean found that
tho repletion of catecholamines requived 21 daye after treatmsnt
with ressrpivns, ome milligram per kilogtam of body weight, daily
for thres days (90). At higher dosage of zoserpine, 10 milligrazms
per kilogrea of body weight, once, the catecholawminas wore found
to hava Taturned to their. normal level, as orrly as wevenm days
after.the treatmagt (131). Ia the rabbit, whatever ths dosage of
reserpine used - one milligram per kilogram body waight, five or
tsa milligrams par kilogram body weight - tha replerion of the
catacholamines in the sdrepal glands eppesrs to be aimost,noup§ntc
eight days aftar the trveatment (63,99). In all the cases and also
obzerved in thie werk, the rcpletion of norvadresaline 18 glightiy
fsater then that of adrensline.

The rates of appesranca of adrenaling, ATP and gotel

Lz OO TP U PP
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catecholamines ss wall a8 tha vate of diseppearance of novadrenal-
ing-arxe linsar. This implies that they do ngg,_,cggaaa,.wu_h tims and
coanm.puvliou‘ ebsexvation (131). .

Ths zepletion of ATP ia the catecholaming conteiming
grauulos is npt complete watil aight dsys after the treatmoat of
the geinss. pigs with either of the dgpleting agents. It thus. seems
that in tha granules the balf~-life of this nucleotids is lov, Our
failure to obtsin labelled ATP following tbe injection of radio-
ACtiVG Precursers is not surprising in view of thin fgxgding. R G
hes been roported that the imcorperation of ?29 in the granule
ATF. 40 very slow (156) apd our obsarvation is in sgrecment with
theso previous f£indings. It also explains why a substaucs auch
&8 othionine uaaot affect the leval of A'SE,,.;g the chromaffin gran-
ulas. Since ethionine deplates. the organ of ite ATP by trapplng
tha fres ATP in S-adeneayl ethiocnine (149), im the granules wﬁa_re_
the turnovor of ATP seems to be very alow, such a cospound ,woa).d
not have any sffeat. ‘

Since the chenges in the protein content of the chromaffin
grauules are not noticesble, labelled amino #cids posseosing a high
specific activity will mot be relisble tools for the msasurements
of the protein chaugee, if any. The cbgervatioa that,upon etimula-
tion of the adrsnal glands, the proteins remain unchanged wheraans
the catecholaminoe and ATP ave released, is not inconsistent with

the hypothosis that tha granules are Keptimtace histologicslly,

RO .
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but damaged biochesically: by this ie meant that the grasules

bave suptésd their ATP and cavecholamine content, but Fetaiued
thely. Ezmtaie;""m empty eacs wmight stay within the chromaffin
cell (23) snd bs slowly destroyed. 1f such a mechanism tekes place,
the approach to the problem taken up till mow will not provide aa
answer to the problem. For this reascn, (a the next series of ex-
periments, va invistigated ﬁw capebility of the granules to pick
up u‘c-ddrmiiaio » afiter they had hon daplated of thair content
by the action of carbachol, fnsulin or reserpiss in the whole animal.
Tha capability of the graaules to pich up adresaline was studied ae
a function of the ¢ime slapsed after ths trestment of the amimals,
S4nce atghf days after ths {njaction of reserpine, ‘tha ‘grasular
fracticn cansot yet bs considered normsl, sn additiomal time period
of eight deys was added so that the uptake of AC-udrenaline by the
grenules was invastigated up to sixteen dsys sfter & simgle inject-
ion of either of the three dyuge to the guines pigs. This subject
will now be discussed in part IV of this thesis. -
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. L Matorials and Methods

A) Magerials «

_ Gl-Adronaline {carbinol —u'c:) dl-bitertrate was bought
from Hucleax &Luap. UeSoho o m spscific activity was 9.6
ui.l.ucutiea pez mllmlo. )

Nagnesium chlorids from Pigher Scientifilc (:o, was of
the resgent grade., g ) ,

Adonosine telphosphete digodium salt was purchased
from Sigma Chemicals Co, . ‘ .

: vsomumm;;mﬁu Lor radicactivity seasutemonts
wag p:epuad according to Bray (170). It congained the following. -
substances | maphtalene (6%), PPO (2,3-diphenyloxazole) (0-47),
d1Bathyl-POFOP (1,4-Dis-2+(4-aethyl-S-phanylonasolyl)-beascan) (0.073),
mathyl kydrate (10%), and propylens glycel (23Z), in dioxene.

. Tha incubaticn medivm consisted of two milliliters of
the homgamhn of the adrenal gleods (100 milligrama) fweed of
the seclei and sell debzis by ceatrifugation at 600 x g for ten
ninutes, The glands were bosogenized in buffered isotonic suctose.
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To these two milliliters, ten micromeles of ATP ard 0,043 microe

1%

woles of ° C-adremzline (6 x 103 c/min) wave added to give a final

volume of z.s'us;uugna.

D assets

1) Incubation . ‘

The incubation of the wedium deecrided im Materials was
carried out st 37°C, in a Dubnoff water bathk, for ten minutes, Tha
resction vas stopped by chilling of the tubes into ice and lemediate

cantrifugacion,

2) Preparation of the evorosa density gradient awd deter--
o of tbe cadivackivity coutent he X1}

The mathod of tha sucrose dsnsity gradient was described
in the previcus part 1II, peage 63. At the end of the run, the tube
wao punches at the botlow and ;fnc,tim of Eive drops of liquid.
vere colieqted into & scintilistien vial containing ten wmilliliters
of the Bray solution. The numbei of écintillation vials wsad for
each duneiCy gradient tube avereged twenty four. Tha sadioactivity

content was thea sosaused as previously describad page 39.

. The desesrmination of catacholaninas was carcied out im the
folloving wamnez: the sucress density gradient tubo was puached at
the bottem sod fyactions of five drops wers collacted .into a tuba

centeining 5% trichlorcacatie acid. After centrifugacion, the clear

gepernatant was mede to two williliter volums with 33 trichlowreacatic

e ST

525 DN,



W grd

- 136 o

e2aid, Tha catecholsmines were thea determinzd as pravicusly des-

cribed on page 42.

&) mterms.netgan of the radicactivity content of the

11 OOQ x g_udimnt: "grenular fractiem” -

“The pellez gbtained aftaer cantti!umtion ac 11,000 = g
wan vuhsd tuica m.th buftexeé igotonic sucross., The pellet was.
:hm tmawd wi!:h threa millilitars of 0.05 K pcrchlotm &cid,

utaﬁully suepauded in this acid and centnfugad agam. The clear

aupermtanz mm ‘¢ollected and one” muuzm- aumsot pumw ingo

tlw mciuuuntmn vial cmt&inﬁng cen millﬂtters of tha Bray

solusi«m. The 4etaminatiou of clw xedLoa«:thty o! this sasple !

wag performed 48 praviously deacrihod pazo 59.,«

As wmentioned eaﬂ.ior. :ha sucxou 40:;3}.&:{ gradient mathod

i

um used t.o nccrtaia ehat t!w mdtaautivi.ty emtept of the vampie

i
|
was femnd 8t the eata lwel as Erm.tmn Iu. that: u to eay at ths 3

S B e P R G et T

lwel ef the catachelamine ccnuinmg 5ﬂmhl. Cm:e this had baen
aocermined the method was discontinuad end nim waa mdo of thc
u 0@0 x 5 udimc instead, Tba sucrose gudunt techntquo m |

lpplted to each 02 three normal controls and to one carbachol treat-

P e A n et U W L ot s L

ed animal, In figure 10, page 139, and in figure 11, page 140, ©i

showing the dietribution of the rediozctivity and of the cnu’cvh'ol-
aminss in the sucrose daensity gmdtenr. tuba, it can be feen that

the peak of radioactivity covresponde to that of the catecholaminas

in the fraction IIl. In ah the cases studied, the radicactivity.
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pesk {8 superimpoosd on the peak of catecholsmines which allows
s to zssume that the radicactivity uptake is asscciated with
the catocholanins containg granules. Thase findings peswmitied
us te diccontinue ths sucrose denslty gradient methed and the

11,600 = g sedimant was used a8 such,
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11, Results

Tuwn series of expariments are npatuq ia this parc, In

the first series, the sffect of & simgle’ 1njecuént'\ef carbachol,

u’c-adumnu by the edrenal

insulin or resexrpine on the uptakes of
glands m tested, m ucén! seried of experiments was devoted to
the study of she ei@-cmn of the vptake, after a cinglg""iujoction
of either of the thres drugs, | - |

o A) Tha gggg‘ ot of a st__gg' le injection Qﬁ i‘yéirhchal., insulin
or ricoggjvigg on_the urgukt‘o! Vo gdrenniine by ths sranuler fraction
from the guines plg sdrsnal glands 1 "

" In order to test whather thevs is su effect of carbackol,
{onuiin ér tuorp:mq;on the uptaka of ll_“c-edrmuu by the granular
fraction, a singls injectice of eithﬁr of these éh:aa dzugd wes
gtvqi to male wtmipt‘zs.i The animals treated with carbachol vera
secrificed saventeen houzs after the tnjecticn, while tha ouimsls
ttqat_cd ‘.u"ﬂ.th insulin or with reserpine were killed twenty !our
heu:{nr following m‘mjmtytm. .m-:uglu oﬁut_gad with the graanu~
lar Eraction from the sdreasl glands of treated as well as mormsi
mi@ pigs are pressated in fable X1V, page 143. They are exprassed
as counn per minute per 100 milligram of wet waight tissus,

: Seventean bours after the {njection of ‘carbachol, there
is & decreace in tbo ﬁepulw of uc-nd:mltu by the 3tanuinr

fraction of the edrenal glands. This decrease of about 52% (o
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stetistically oignificant (¥ = 0,05).

_ Ia the insulin kveated guinea pigs, theve is alco a
cignilicant dacraase in the uptake of radicactive edremaline by
tha granular fragtion of the adrsmal glends. Twenty four hours
after the imjectlion, coly 48% of the noxmsl uptake is obsexved in
the ingulin treated growp. . . . - ,

. The valuss obtained. for reserpiniced guinea pigs are
within the sama songe as those exhibited by the twpwvm groups,
Tkeve is & 50% dacyesse in the uptake of WC-udreasliing by tha
gramular fraction of tho i&cmh glands, which is etacistically

| -.In this series of eupariments, tha uptake of *Ceadremalisa

| by the gramulaz fraction of tha advesal glands was imvestigsted two,
four, oight sud sixtecn days after tha treatment of tha enimals,

The exparimental rasulic ave pressnted in Tables XVa, XVb, aad Xic,
axpressed as counts per minute per ;loev:nihiuf'rbm; of wat weight
tisoue, Ths mean and standavd deviazion from the wean as well as
the P valuss obtained by & growp cowparison bstween  comtxol and -
tesated groups are aiso given,

'I‘kwv results chtained with tha adrenal glerds from animsls

uhieb hed heaa pretreated with carbachel are presented in Table XVa,
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cn pags 166, Two days aftor the carbachol imjection, the uptaks
of “cm:euaxm by the gx"anuleu from ihc adt’mlwglinnﬂn ie

docxunad by $0% of ths noml upeake on t.ho fourth day, there
ia a elight increass im the uptake wbich 10 still well below the

mml value., It {8 ealy batwean eight and sinteen days aztat ths

mbnchel traatment th&z the nptakc of uc-udtmune by the ‘chroms=

£ffin 3zm!.es rotm almse to uo Mml value,

In Tabla XVb, ';asa lM. the zesults obuw with the
gnuulu of tha aduul ;!.ands from insulin treated animsls awe
51un. "The tim-oauzu of thn mC-sémualtm uptake ozhtbn:s the
(73,7 vnsuuous P those oburva \vuh tha carbuul t:maad aroup.,
On the smw‘. day alter tha inmun mjaenoa. tthe ia » mrm
dccmu 1n the wpulh; of radicactive sdreneliva by the chzmtfln
graa‘ﬁl.oé.. This éeeruud upuke reache® a minimum on that second
dgy and fros then oa, cha :tpukc of ndrcmum !.ncruuu to reach
u‘l.un wml wl.ue bcmem thc eishth and the amtmth dnyn after
tba mmlm treatment. ‘

‘ In Tabla XVe, page 148, tha results frem the nurpina
grcmp ars presented. Ths mum nptan o! “c-m-cmme by the
grmuur fraceion fo aleo iouad on the ucoml day fouowiu; th.a
t:rogtmnt of tha animale. 0o the sixteenth day after the rcurpiuo
trestaent, the u#tah has not yet reachad ies nom!. vama.iv;rhu
Lowver value howsvar is not satiotically Azguméaii:kr> 0.05).

A plot of the concentrations of ragdwacts.vikty in the
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granular Iraction as & funczion of the timn after the treaiment is
praseated for tha thres treated groups. Each peint of the curves
reprosents the mean of the expsrimental values. The thras curves
obtainad with zhe thres treated groupe are pressnted in Pigure 12,
on page 130, The rate of incresge in the mc«d:mlxu uptaks is
identical for the chromaffin gr'éulu of eithctﬁlbt_ zhe treated
groups. Bxtrapolation to resch wormal valuas Aottth@‘-:upcake ytalde
a tim of twenty four days for :ha: ccupiete :xjétérq’i'to a normal

up:aks. The rate of adressline upuke ‘dbcruéu with time,

R Sl
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11X, Discussion

" Pew ¢xparimsntal avidences heva been prassnted conceraing
the id yitre uptake of radicactive catecholamtnes by the adrenal
slands, whether ths glands b8 {n thoir rastad atate or doplated,
m axact machanisn of the uptaks (s oot elucidated as yet, but
thave ars lucressing experimental evidencas that this enexgy~
dapendent uptske might be an sctive transport of ths exogenous
catecholamines tnto the granules, Such an uptake i3 not observed
at 0°C, and appsers to be tomperaturs dependent (135,136,137),

I¢ the function of tha gramule is sacretory, the mesbrans must
b2 playing an importaat xole in ths sccomplishing of this fuaction,
Tha possibility to brimg indiract evidenmzes,in order to showwhether
the membrane of ths chfemaffin granula {s tntact after catechol-
amine dopletion was investigoted, It was beliavad that 2 knowledge
of the state of tha granulea might indicate whather they sve used
again or digeardsd aftar having emptied thair content. Ths use of
Romdranaline as the factor to tast the permaability of the mesi~
brane presented itself aasily sisce Mré'ulid“u such en {agortant
coustituent of the catscholamine containing graaules in the guines
pig adrenal glands, : e -
Carbachol, the first depletiag sgeat to be teated, brings
about e dacresve in the capsbility of the adrenal gland granules

"

to piek up  Cwadrenalina, as soon as gseventeen hours after the

s
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normal vptake of -G

txeavment of the guinea pige. This capability is further decresced
m;days aftes the treatmeat, and on that day, the adrensiiue
content of the granule ie also very low. The fact that the sptake
is decreased might imply that the granules, if intact, sinca the

protoin coatent is unchanged, ava not functional. The upteke of

‘}écndtemlm ‘than lncreases slowly to reach almost mormal value

oixtesn days after ths treatmaat,

_ When the animals ware pretveated with insulin, twenty
fouz hours after the imjection the granules have retainod only
52% of their capsbility to pick up SC-adrenaline. This ie the
lounst value obssrved aince on the cecond day after the injecticn
ﬁhe, mmiéy of the granules to pick up adrenalime is 62% that
of the normal wptaks. It {s not until tha sixceanth day that the
£all capability of the gramules to corcentrate exogenous adrenaling
has xlmsat mthemml.

Boserpise quite surprinsingly sppears to bave on the

uptake an effect identical to that of carbachol. The capability of
the chromsfiin axan_u,lw from chtpmufo:d snimals to pick wp sadio-

active adromaling is very lov on the ucmdday after the iajection,
to increase and reach almost normal uptske on the siztasnth day,

In the rabbit, Viveros and coworbers absacved that the

1 -adrenaline waa reached four dsys enly after

ingulin injecticn, and aight days after ressrpine inmjection. (65).
However, these suthors measured tho 1 oadrenalice centsnt da the
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total homogamate, asd it is difficult to aseess whather the
resulte presented by the nuchouiethat the sctual uptaks by

tha isolatud gremules. Since several worhers have veported that
significant amounts of catecholsmines are found ocutside of the
chromsffin gramals (1,106), ths findings of Viveroo and coworkera
aight raflect the rate of repletion of adrensline in the vhela

adrasal gland but not that in the granule. The uptake of :B-mr-

adranaline has been veportsd o ba normal two days sflex en ... . -

injaction of vaserpina to the rabbic (171). Ho sxpevimsntal
data were ;ralcutad to support that claim so it io d4iffficuls to
examine why:guth discropsncias between these obsexvations snd
ours enisg, They gecm to point cut that more investigation is
sscessary bafors an hypothesie on the fata of the granule can ba
prasented which is valid for all the spesies, -

The advenal medullary granules from guines pigs which
hava besw pretreated with carbachoel, imsulin or resexpins bshave
in an {dentical memner in yitrg, ia that ¢he vate of uptake of
Woedrensiine ts aimilar (Pigure-12 on page 1350). The mormsl
eptska 2ppasre to be resched osly mcy;toaé'un afeer tha
begisning of the trestwment., This would yield & heif-life of i2
éays for the catecholamine containing granules. Sincs it heo been

obsexved that in the guineca pig adrenal gland, the half-life of

adrenpline io about aight days, it megns chat tha turnover of the

chromaffin granulas hes & slower rate than that of adrensline. In

Qe s« o e o e
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that csse, it is possible that a cortain percantags of tha gran-
ulag is veutilized and this might explain the leg pariod between

the tvo half-livap, Purcther isvestigatisns would bdo of interaust to

clear that peing, It sesms thet 8 concomizant study on ths rata
of vptaise of norvadrenaline might shed some light on the subject,
Bswever, since in yive, zessxpica oaly appears to be able to brimg !

about the doplotion of noradrenaline, and cimca at the came timo
£ gesexpine impaixs the syathssis of moradrenaline by decreasing the
rete of panetraticn of 1te pracursor dopamine, such an invesciga- |
tion might be difftcule. IR |
g The hypothwots thet the uptake of mc«drmxm by the ?
; chroma’fin granules from carbechol, insulin er reserpius treated

mmlﬂ-uprmcnu the uptaks hy'mly formad granules fe ctrengthe

1
{
§
%
|
ezed by the findings thac the granvles from ressrpinissd guines 3
|
pige bebave in the sams manner as thoss from ths two other groupe ;
of treated snimale. 1t io wall sstablishsd that reserpina inhibite i
the otorsgs of catecholsmines in the chromaffin grsnales (136,187). ;
8ince thore i3 wo imhibition of the uptake duriag the vepletion
experimmmts, it impliss that the seasured uptake is taking place in
nevly syathesised granulcs which hava not basen subjected to the

effect ¢f vreserpins:. The kypothesis that esptisd granules are re~

i utilized is chus indireotly eliminstad by this experimsatal finding.
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STMMARY AND COECLUSION -

" The effsct of ethioning, en ATF deplating agent was
studicd in ths adransl glands, braim and liver of tbe fomale ox
male rate., Except for a marked decranse of the liver ATP, athionine
doas not daplote the other organs studied of their ATP.

L The rate of ATP and catecholamine repletion in the

granular fraction of the guinea pig edrenal glands wes studicd

14 following tha depletion of catscholsnins and ATP tn the glands by
i carbachol, lasulin or rveserpine treatment of the animals. Tha -
effect of cardechol is marked end of long duration, It is specific
eince adrenaline only io depleted. Ths depletion of adrenaline ia

SR

accompanied by & similar depletion of ATP. The repletien of the
sdrensl glands has a duratien of about eight days. Both ATP and

e
bl

adrensline rates of sppesrance are closely related, while the

rate of zorsdrensiins disappearance is not dirsctly comparable to

PR (3-‘7;32‘2"‘” A L

that of adrenaline appeerance. It wss concluded from thise fimdimg

that part of tha mewly synthesized noradrensline is Zound 1o the

PPV IO A M)
T

catacholaning containing grasules while some 'ee it might be pressnt
tn the aytoplasaic sap.
The effact of insulin on the depletiecn of ecatecholamines

and of ATP i8 alsc spacific. Only ATP and adramsline concgntrations

f sre lovered sfter a simgle injection of imsulinm to tha auimals. The

effect of insulin appesrs to bs wore vapid and of less duracion than
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that of caxbschol. Tha repletion of catecholamine and of ATP is

cogpqnbh to that of cerbachol treated group. -However, afier the
insulin treatwent, it starts earliar. The normal level of total
catascholamines wae reached withir eight days .aftesr treatment.

Beserpina is not specific simco noradrenaline as well
as adrensline were dapleted i the chromffin granulns of reser-
pinised guines pigs. The level of ATP was alsc markedly decreased.
The repletion of tha granule comtent vas not complate aight days
after reserpine trestwsnt, The lavel of poradrecaline, duriang the
replation paricd vas aevar very high. 1t was concluded that veser~
pina {8 & lesg acting agent which csuses & delay in the repletion
of the content of the granules. The dalay ia psobably dus to two
wain factors. Firvet the long lasting action of reserpine might
mask an sarly replatio‘n; sscondly, an ispsirment in the penatration
of dopanine, precursor of noradrenaline, results in a slow rate
of catscholamine synthests.

The capablility of dapleted granulas o plck up u’c-adav
zenaline was investigated in the ceatecholanine containing grenules
fronm tha adranal glaads of guinea pigs vhich Qnd boen pretragted
with carbachel, insulin or reserpine., It has been found that ehe_

capability of the granules to pick up exogemous adrenalins was

‘Lmtred by any of the treatmants. There waa, howsver, a retura

to normal value which wvas in phase with the repletion of the

granule content. Thewate of the incresse inm the uptake was almsoet

I i s
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identical for the thres treated groups. The increase in the

uptake «f exogenous adranaline by the chromaffin granules was
dependent upon the time following the treatment of the aenimals;

it decroases with time. The half-1life of the granules appoars.to

bo sbout twelve days, Tho uptake of adrensline by the chromaffin
graanules from rcsc?pinihdd‘gniman plges wvas similar to that obssrved
with the two other groups. On this sxperimsntal finding, it was
concluded thet the uptake of adrenaling 18 tsking place iu newly
Zormsd granules 2ince reserpine 1o known to inbibit the storage

of caeacholau;nca within the chromaffin granules. This oxperimente

al evidence would indicats that the veutilization of deplated

SO - 374 el

granules t2 uniikaly,
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