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SUMMARY

Tine pt�)s5ibihitV of differemmt iatinng bet weemn chmromaffin vesiches wit in differennt cat.eci nolanmi ire

contents us’rts teste(1 by studying time distributioin of rabbit adrennal dopanmimne $-iiydroxylase

(EC 1 . 14.21) timid catechuolamimnes, arid the buovanmt denmsities of time catecinoiamimme storage
vesicies after isopvcnnic cenmtrifugat.ionm of crude storage vesiche fract.iorms inn sucrose density
gradients. Catecimolamimme storage vesicles were prepared from adrenal glands of unnntreated
rabbits, rabbits uvimicin had received chlorisonudaminne cimloride (10/kg inmtraperit.oneahly) to

biock ganmghionnic tranmsmissionm, and rabbits wimicim imad received both chlorisonndamine cimloride
annd reserpimme (1 mg kg). Adremnal glannds uvere examinred 1 day after treatmenmt usitim cinlorisomn-
danmine and 1 annd S days after combimred treatmemnt. witim cinlorisorndanmimne annd reserpine.

Inntact. storage vesicles obtained from glarmds of urmtreated annimals had a specific gravity of
1.27, uvhuile tine nmembrnnnmes obtained from vesicles lysed inn distilled water mad a specific

gravity of 1.12. Cimlorisonmdaminue had mo effect on tine total dopanmimme /3-hydroxylase anmd

catecinolanninme corntemnt of time adrenal glannds or on time buoyant. denmsity, even tinougin timere

uvas a siigimt. reductiomn of time activities inn segmenmts A and B of the gradienmts. Twenty-four

hours after t.reatnnenmt uvitim chlorisonndamimne plus reserpinne t.imere uvas a niarked decrease inn
time cat.ecimolanminre comntent, rio change inn time dopaminue /3-imydroxylase activity, tumid a sig-
nmificanmt decrease inn tine buoyant density of time storage vesicles; the ratio of dopaminne
j3-inydroxylase to catecimolamines in time purified storage vesicles uvas 2-3 times greater t.hann

those of untreated annd cinlorisondanminme-treated armimals. Eigirt (lays after treatnment. with

reserpimne armd cimhorisonrdamirme time dopaminne �-inydroxylase act ivit ies were t wice t hose of

unrt.reated animais, bunt time catecholanminme cormtemmt us-as oinlv 60-70 � of time control leveis.
At. eight days tine buovanrt dermsitv of tine storage vesicles was still signmificamrtly less t.inan that.

of vesicles obtainmed fronm untreated rabbits, but. not. differenrt from that of cimlorisomndaminme-
treated anrinnals. linese results suggest tinat. recovery of tine catecimolamine conmtennt. fohlouvimmg
reserpinne adminnist.rat.iomn requires synmtinesis of imew storage vesicles, bunt thus nna�v not. be the
srate-linmitinng step inn time recovery. Isopycnic celmtrifuga.tion timrougin sucrose density gradiemnt

provides a nmetinod for (lifferelmtiatiing nnorma.hhy filled, partially filled, annd empty storage

vt’sicles.

This work was simppomted by Gramnt AM 05427 INTRODUCTION

fmommmtine Nat iomnal Institutes of Health.
Secretiorn from time adrenmal niedulla occurs1 Presemut address, i)epartrrremit. of Physiology . .

nnmi(l Biophysics, Umuiversity (If Chile, Santiago, � exocytosis, clunnmg uvhmnch time soluble
Chile. conmteimts of time cat ecimolanninne storage vesi-

2 Imutermnat iomiai Fellow (If I inc Nat iomial Imusti- des are secreted directly to tine exten’ior of

umtes of hermit Ii (lumnimig tine I emnmre of I Imiswork. tine cell (1-8), leaving time vesiche menm-
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brannes witimirn t inc cytoplasm (9) . No iimfor-

nmation Ima.s beenm available to determinne

winetimer those vesicles uvimich respond to time

secretory stimulun� release all or only part of

timeir comntenmt. Time fact timat dopam.ine 13-imy-
droxylase (EC 1.14.21) is a componnenit. of
time soluble conntennt of the storage vesicles

secreted togetimer uvit h catecholamines and
that it is also a componennt. of the membrane
fractionn retained uvitimin the cytoplasm (10-

12) suggested an experimental approach to
determine uvimetimer secretion froni each yes-

ide occurs inn arm ‘ ‘all-or-none” fashmion. If

time vesicles secrete timeir total soluble coin-
tent, omme uvould expect a decrease inn time

total dopamine �-hydroxylase and catechola-

mmmc comntennts of time adreinal gland, but time
remaininmg storage vesicles, uvhich do hot

participate in time secretory respomnse, simould
have time same properties amid catecimolamine

comitent as vesicles obtaimned from ummstinmu-
hated glamnds ; timeir dopaminne fl-imydroxylase
to catechnolanmine ratio amid buoyant density
simould be the same as timose of control

vesicles. In addit.ionn, after stimulatiomn onne
should fluid a fractionn of particulate dopa-

mimic f3-inydroxvlase corresponding to the
membranes of “emptied” vesicles. On the

otiner hannd, if vesicles release only a portion
of their conntennt, one would expect a decrease
in time total dopaniinie $-inydroxylase con-

tent of tine gland, ann inicrease inn tine dopa-

nninme f3-imvclroxviase to catechmolanninme ratio

of time isolated vesicles, aind a change inn

their buoyant density if time density is
related to tine uresicle conntenit.

Higimly purified nm.drenmal cat echnolanuinne

storage vesicles can be readily obtainned by
centrifugationn tinrougim sucrose dennsity gra-
dients (13-13). Time studies reported mere

describe tine distributionn of dopaminne �3-hy-
droxvlase and catecinolamimues in sucrose

� density gradiennts, annd time buoyant proper-
ties of storage vesicles amid st.orage vesicle

membranes obtained from adrenal glands of

unnntreated animals amid from adrenal glands

of anninmals treated uvithm reserpinne under

conmditions uvhich prevent ineurogenically

evoked secretion but still cause depletion of

time catecimolanninme contenmt umurelated to se-
cretionn. Time results simouv tinat. storage yes-
ides obtained from reserpinue-treated ani-

nials inave a normal dopaminme fi-hydroxylase

conntent, a loss-er catechnolamimne commtent , annd
a lighter buoyammt dennsity. A subsequetit

communicationn uvill describe time effects of
neurogemmic stimulationu omm time properties of

time storage vesicles. A prelinminnary report. of

this uvork has beenm published (16).

METHODS

Treatment (if annuals. All anmimals were a

strain of Neuv Zealand uvhite rabbits arid

uveighed 2-3 kg. Cimlorisondanninme cimioride, a
bug-lasting ganmghionnic blockinng agent, uvas

administered to prevent mmeurogenic stimu-
lat.ionm of time adrenal glanmd as ann indirect.

effect of reserpimme admimmistrationm (12). He-

serpine (1 mg/kg) ss’a.s administered via the
ear veinm ; cimlorisomndamine chloride (10

mg/kg) was innjected intraperitoneahly. Anui-
mals uvhich received both reserpine amid
cimlorisondamine us-crc treated svithm time hatter
1 hr before administratiomn of reserpimne.
Anuimals uvimi cii received onnly cinlorisonda-

mine uvere killed 25 imr after treatment.;

those wimich received reserpinne or reserpinne

plus cimlorisondanuine us-ere killed 15 mimi, 24
hr. or 8 days after reserpine treatment.

Preparation of homogenates for sucrose

den sity centrifu#{231}jation . Time rabbits uvere killed

by a blow omu time base of time skull. Time
adrenal glands uvere removed immediately
annd placed inn ice-cold 0.3 i�n sucrose. Tine
glannds uvere cleanned of fat arid connective

tissue, blotted dry, uveigimed amid homoge-

nized in 20 volumes of ice-cold 0.3 M SU-

crose, using conical all-glass Pot.ter-Elvelm-

jem homogennizers. Time Imomogenate uvas
centrifuged at 800 X #{231}jfor 10 mm. The pel-
let us-as discarded, and time supernatant
fluid us-as centrifuged at 26,000 X q for 20
mm. The 26,000 q pellet. (crude storage
vesicle fraction) us-as gently resuspended inn

0.8 ml of 0.3 M sucrose. An ahiquot uvas

removed for measurement of total dopamine

$-hydroxylase anmd catecimolamines in time
storage vesicle fraction, and 0.5 ml of t.he
remainder was layered over the sucrose den-
sity gradients described below. To prepare
lysed vesicles, tine 26,000 X g sediment was

rehomogenized in 10 ml of ice-cold distilled
water and centrifuged at 26,000 X g for 20

mm. The pellet was resuspended in 0.S ml

of 0.3 3f sucrose, and 0.5 ml was layered

over the sucrose gradients.
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SUCI’O&? (le it sit?, (/1W! ie ,i ts. Approxinnately
linear sucros” density gradienmts of t svo dif-

fereint cOmiCemitrtItiOni ranmges ss’en.e used in
these stundies #{149}imeavy sucrose dennsitv gradi-
emits ranmgimng inn conmcenntn’ationn from 2.25 to

1.0 M, arid light demisity gradieimt� ralmginng

ill eomncemntratiorm from 1.5 to 0.3 .um. Tire

gradiemmts uvere prepared inn a. standard mix-

inng apparatus (11). Time miximmg cinammnber
comitainned 2.3 ml of time dennser sucrose solu-

tionn. amid tine reservoir containned 2.3 ml of
time liginter sucrose solution. A cushmionm of
0.3 nil of 2.25 M sucrose us-as added to time

ceintrifuge tunbes for tine Spinnco SW 50

rotor before fon’minng tine gradieirt. Each of

time sucrose solutions conmtainned 300 units of
catalase (Sigma, beef liver, twice crystal-

lized) per nmihhiliter. Tine crude storage yes-
ide preparation (0.5 ml inn 0.3 �si sucrose)

uvas layered oven’ time gradiennt anmd cermtri-
fuged at 48,000 n’pnn for 3 hr at 5#{176}.Timis uvas
sufficient. timmie for time vesicles to equilibrate
at their buoyant deinsities (11). Time bottoms
of time tubes ss’ere punctured, and 19-21
fractious conmtainninng 12 drops each us-crc col-

lect.e(I and assayed for dopamirne f3-imy-
droxylase amid catecimoianminres. Tire specific

gravities of time fractious svere determined

by measuirimng tine refractive mmdcx inn an
Abb#{233} refractonneter. Catecinolami lies ammd
dopaminne f3-hydroxylase svere assayed as
previously described (9). Monoamine oxi-

dase uvas assayed as described by Ladui’onn

arid Belpaire (15), usinng 3H-tyraminme as

substrate.
�iIaterials. Heserpi me (Serpasil) arid cii ho-

risonndanmmimne cimioride (Su 3088) uvere ob-
tamed fronm Ciba Phmarnuaceutical Conmi�amnv.

Chmlorisonnda.nuinne uvas prepared for injection

by suspenrdinrg 10 mg/ml inn 0.9 � XaCl.

3H-Tyraminne was obtainmed from Xeuv Enmg-

laud N unclean’ Corporation annd uvas purified
before use by adsorption onm a columni (0.3 X

3 cm) of 1)owex 30-H�, follosved by ehutionn
uvitim 0.5 N HC1.

RESULTS

.JfJects oJ eliloi’ iSOfl(iO.11l ‘joe and chior isoiida-
in inc plus reserpine on storaqe tesicles. The
crude storage vesicle fractiorms obtainned from

adrenral glainds of conrtrol annd drug-treated
rabbits uvere resunspemnded mm 0.3 M sucrose

annd cenntr’ifuged timrough heavy sucrose den-

Fm 0 . 1 . Dist rib (I t ion. of (Japan! inc �3 -h )J(/roxylase

(DBO) an(leateeholamines ((‘�1) aftei’ cenirifugation.

of (‘rUde storage reside fraction throngh “ heavy”

5 ucrose (lensitiJ gra(lie’nts

sity gra.diennts. l’ractionns ssere collected and

assayed for catecinolanninmes anmd dopanninne
f3-inydroxylase as described inn METHODS.

Figure 1 and Table 1 present. time data

obtained. Because of small differennces inn time
size of time drops from different gradiemnts,

tire total mmumber of fractionms collected

varied from 19 to 21. Time volume of each

fraction uvas appn’oxinmately 0.25 ml. 1”or

analysis tire data uvere grouped into five

segmenmts of the gradient. Segmeunt E conm-

sisted of time tuvo uppermost fractionns and

uvas equivalennt to time volume of material
placed on tine gradient. Segnnennt. D corn-
tainned the next timree fractionns. Time four

fractious below I imis s�ere grouped in seg-

meunt C, and colnsisted of tine loss- plateau of
activity inmternnediate betuveenu time tuvo niajor
peaks of dopaminne �-imydroxylase activity.
Time remairminmg 1 0-1 2 fractiorns. us’imiclm dorm-

tinned time i)urified storage vesicles, uvere
divided equally into segnments A and B. To

define time positions of tine denser peaks of
dopamine �-inydr’oxylase annd cat ecirolaminnes

in time gradiernts, time number of fractions
from the peaks of dopannimne �-imydroxylase

arid of catecirolaminmes to tire top of time
gradient uvas divided by time total rrumber of

fractions in time gradient. Timis is desig-

nated R�. and is a relative measure of the
buoyant. equilibrium posit ions.



MECHANISM OF ADRENAL MEDULLARY 5ECRETnON. VI 437

Treat menut uvitiu cinlorisondamine alonne

had rio effect. onu total dopamine (3-my-

droxyla.se and catecinola.mines or on time

positions of tine peaks. Tuvent.y-four hours

after trea.t nnenmt. svitl’n cimlorisondamine plus

reserpimne there was mo dimanrge in total dopa-

mine fl-lmydroxvlase (9) , but there uvas a
decrease inn time catecholamine content arid a
significanit simift. of the dopaminne f3-imydrox-
vla.se and catecholaminme peaks to a less

dense positionm inn time gradient compared
us’ithm tine peaks obtained eitimer from unn-

treated animals or from anmimals treated omily

witim chlorisommdaminne. Tins uvas also simouvn
by a decrease inn time dopamine (3-imydroxylase
inn segment A, nio cimange in segment B, annd
increases iii segments D and E. Threse

changes reflect time appearance of vesicles of
lighter dennsity, amid of empty vesicle mem-

branes, in segment D. Tine catecinolaminne

levels in all segments of tine gradieints svere

signnificanntly belosv time control values, re-
suIting in a marked elevationm of time dopa-

mime (3-imydroxylase to catecinolaminme ratios.

Tine data. mu Fig. 1 are from a sinngle ex-
pem’imenit. Time adrenals of reserpine-treated

annimals were amomng those apparenntly least
depleted, and mad tI t ot al catechmolannine

contermt arid tot �nl dopanminme /3-inydroxylase
activity of 33 jng,/glammd pair anid 11.1 nmnnoles/

lmr/glannd pair, respectively, compared to time

louvest values shnousnn by commtrol animals,

uvhicim mud a catecimolamine contennt of 32
pg/glanmd pair anid dopaminne /3-hydroxvlase

activity of 9. 1 nmoles/imr/glannd pair.
Eigimt days after treatmenmt uvitin clmlorison-

daminne plus reserpinme tine dopamine j3-iny-

droxylase activity was approximately tuvice

thmat of eitlmer time unmlreated anminnals or tinose

treated us-it.h cinlorisonndaminmc, but time date-

cholaminre content had still mmot recovered to

time levels of time anuinials treated only uvitim

chlorisonndanuine. Time buoyant equilibrium

positions of the catecimolamine arid dopamine

(3-hydroxylase peaks at 8 days us-crc still

displaced upuvard imu the gradienmt compared

to those of time unntreatcd anmimals, but were

not significantly displaced froni timose of time

chlorisonmdanninue-t reat ed animals. Time dopa-

mimic �3-imydroxylase activity in segmcnmt A

was us’ithinn countrol levels, but time enzyme

activities mm all time oilier segments us’ere

2-3 times greater timan tine conntrols. At. time

same time time catechoiaminme levels inn all

but segment B were still beloss’ umormal
levels. Timis combinationn of evennts also

resulted inn marked inmcreases in tine dopa-
nninne j3-imydroxvlase to cat ecinolanninme ratios
in all segmemnts of time gradiennt.

Tsvo ammimals ss’ere examimred in a similar
mannier 13 mini after trealmemrt uvitim reser-
pinme to determinme uvhetimer reserpinne itself
caused a decrease inn buoyannt density of time
storage vesicles. At timis time time uptake of

catecinolan-ninmes by the isolnuted vesiches is

completely blocked, but there are nno chmanmges

iii time dopaminme f3-imydroxylase amid cate-
cimolaminue cont emnt s ( 1 2) . TI�he dist ribut ion

pat t ernns of st orage vesicles obt aimned fronm

these aninnals us-crc nmot different jfl anmy

mannnmer from I inose of tine cotmtrols.

I) istr ibution o/ menu bra,ne-bound (la/main 1OC

/3-hydro.rylase in sucrose qradien ts. To obtain
additional innfornnat.ion on I inc source of

dopamimne (3-inydroxylase un segmenit I), time
storage vesicles obt ained by centrifugal iou
of adremmal inomogemmates at 26,000 X j svere

lysed by suspennsiomm in distilled uvater. Tine

particulate fractioni uvas sedimenmted by cemm-

trifugationm, washed onmcc svitin (hisliihed uvater,
resuspenmdcd inn 0.3 M sucrose , annd cemmtri-

fuged timrougin a heavy sucrose density

gradient. All time dopamine (3-imydroxylase

uvas foummd inn a uvell-defined fraction (l”ig. 2)

usimicii equilibrated at. tire same specific
gravity as fractionn D. Wimeni purified dopa-

mine /3-hydroxylase, or the soluble dopa-
mine 13-hydroxyla.se present in a 100,000 X q

supernatant. fraction of lysed storage yes-
ides, us’as centrifuged througim time sucrose

density gradiemmts, all tine activity us.as re-

covered inn time two unppermost fractions

(segment E). Poisner ci al. (17) founnd in-
creased amounts of pirospinolipid in port ions

of sucrose density gradients hess denise thann
the storage vesicles after stimulation of
isolated bovine adrennal glanmds us-it.im acetyl-

cholinue, arid attributed timis to time presence

of storage vesicle membranes.

Monoamine oxidase activity in sucrose den-

sity grad ients. Inn sonic experimennts in wimicim

the crude vesicle fractions us-crc cenntrifunged

through lmeavy sucrose dennsit y gradients,
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Fia. 2. Distiibution of dopamine �3-hydroxylase

and monoamine oxidase p resent in ‘water-insoluble

residue of lyse(l c,’ude storage vesicle fraction after

isopycn ic cent rif a gation in “heavy” sic rose density

gradients

#{149}---S, dopannimue �-hmydroxylase; 0--- 0,

nu)m’uoamilie oxidase.

2 4 6 8 10 12 4 16 18 20 22

Fraction Number

Fru. 3. Distribution, of monoamine oxidase

(111.10) and catecholamines (CA) after isopycn ic

cenirifugalion of crude storage vesicle fi’actio’ns

th i’ough ‘‘heal’!,’’ S UI iose (lens it!J gi’adients

an aliquot of eacim fraction uvas assayed for

monnoannine oxidase to determine tine effi-
cacy wntir uvimicim tine gradients separated

storage vesicles from mitochonudria and to
rule out. tine possibility tinat monoamine oxi-

dase migirt Imave inmtcrfered uvith time deter-
minmat.ionn of dopa.miune (3-imydroxylase. Two

peaks of activity uvere found (Fig. 3). One

peak equilibrated betus’een the two major
peaks of dopamirue (3-hydroxylase activity,
and the peak of ligimter dennsity corresponded
with fraction D. Whemn time crude vesicle
fraction uvas lvsed and uvasimed in distilled

water before applicatiomu to time sucrose
a, all time activity was recovered in a

single peak of lighter density, corresponding
to fraction D (Fig. 2). Tuvo peaks of mono-
amine oxidase activity have been reported
inn sucrose density gradient centrifugat.ions
of otimer tissues’ (18-22). The monoamine
oxidase in the denser fraction is associated

uyitim nmitochonmdria. Time monoamine oxidase

inn the less dense fractionms can be separated
fronm time nrorepinmeplmrine storage particles of

sympatiretically inmnnervated tissues, and may
be attributed tI) fragmeimtation of the outer
mitocimondrial membrane (19, 20). It. simould

be inoted timat mounoaminme oxidase uvas as-
saved as described inn METHODS, but uvhen
the ennzyme was inncubat.ed under time condi-

tionns for t ime assay of doparninie 13-imydrox-
ylase ho nnonmoanniime oxidase activity uvas
detectable inn army of time fractionns.

Sedimnentation of intact and lysed storage

resides in light sucrose density gradients. Inn
attempts to resolve further time peaks of

catecinolaminnes, dopamine f3-imydroxylase,

and monmoanminme oxidase, light sucrose den-

sity gradients prepared as described in
METHODS uvere employed. F’igure 4 shous’s the
pattern obtaimned when tine intact, crude
vesicle fractiorn was sedimeiuted tlmrough

these gradients. Vesicles obtained froni con-

trol animals sinouved a sinngle peak of cate-
cinolaminnes amid dopamimme f3�hydroxyla.se,
uvit.lm a pronmounmccd shoulder of dopamine

(3-imydroxylase activity. Inn some inmstances
time simoulder uvas more clearly resolved.
The buoyant. density of time peak of tine
major fractioim 55��5 very similar to t.hat

fournd inn ircavy sucrose deumsity gradients.

Time distribution of catecimolamines closely

FIG. 4. Isopycnic centrifugation of crude storage

vesicle fraction through “ light” sucrose density

gradients

0- - -D, catecholamimies, comitrols; #{149}-----�,

dopanmimie�3-hydroxylase, comitmols; A- - -A, dopa-

mine �3-hydroxylase, vesicles prepared 3 hr after
irmsnmlin treatnmemnt (23) ; 0- _ 0 , momnoamimne oxi-

dase, controls. The data from the insulin-treated

aninmals are imncluded here because the lighter peak
of dopamine �-hydroxylase is more prominent. thamr

that of the comntrols.
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FIG. 5 . lsopycn U ru on ‘ ‘ light ‘ ‘ sri -

crose density gradients, of water-insoluble residue

obtained after lysis of crude storage vesicle fraction

in distilled water

The distributiomi of nmommoamimme oxidase was

very sinmilar to thrit of dopamine i3-hydroxylase.

paralleled time distribution of dopaminc (3-imy-
droxylase. Two peaks of monoamine oxidase

activity us-crc also found, uvhich corresponded

to timose obtainmed in time dense gradients. mu

both hmeavy arid ligimt gradients time positioni
of the peak tube us’as not exactly repro-
ducible inn separate experimenuts, but tine
variation us-as never greater timan omne frac-
tiomm. mt. usas riot. feasible to measure time
specific gravity of each fraction in all cx-

perimenits. Time curve shouving time specific

gravity of botim time light. and dense gradienmts

is time average obtained from several experi-

merits. Inn timesc measurements, time specific

gravity of corresponding fractions from dif-

ferenmt experiments uvas never displaced more

timamm omue fractionn.

Wimenn the particulate fraction obtained
upon lysis of the 26,000 X q sediment us-as
cenntrifuged through time ligimt sucrose den-
sity gradicmmts, all the dopamine (3-hydrox-

ylase activity us’a.s obtainmed inn a single peak

(Ii’ig. 3) uvith a buoyant density corresponnd-
imig to timat of time simoulder of activity ob-
served in Fig. 4, and time same as the buoyant
dennsity of time peak of activity mi segment D

of time heavy sucrose density gradiennts.

I)ISCUSSION

It. has been shown previously (9) tlnat.

treat.meint with reserpine after gangliornic
blockade results in depletion of the cate-
cholamine contemnt of the adrenal gland but
causes rio loss of soluble or particulate

dopamine (3-hydroxylase. The present. stud-

ics demonstrate timat this drug treat.mennt

.28 also leads to a significant decrease iii tine

I.24� buoyant dennsitv of time storage vesicles

.20 uvimenn cenmtrifuged timrougim a continuous su-

.16 � crose demisiti1’ gradiemnt.

1.12 � The buovannt density of time storage u-cs-

I.0J idles inn conncenntration gradiennts is depcmrdennt

04 on time intrinsic density of the vesicles
timemselves, on time density of tine solvermt,

arid on tine osmolarity of time externnal
mcdiunn (22, 24). Tine internal osmolarity of

time storage vesicles is close to 250 nuihii-
osmoles (22). Iii glycogen gradients pre-

pared inn us’ater corntainminmg different concen-

trationns of sucrose, time deinsity of time vesi-
des measured at equilibrium varied bet uveen
1.12 g/ml in 0.23 M sucrose t.o 1.23 g/ml mm

1.35 iu suncrose. Time equilibrium density inn

sucrose gradicnnts prepared in H20 us-as 1.23

g/nml, but inn surcrosc gradicnnts prepared inn
D20 tine dcnrsity uvas 1.27 g/ml (22). Linger-
cranntz ci al. (24) obtainned similar results inn
self-gemmeratinrg silicon gradients prepared inn

a.qucouns sokntioums conit aiiminng different corn -

centrationrs of sucrose. Tire increase inn dcii-

sity of time storage vesicles inn i’rypertonnic

solutiomns is attributed to deinydratiomi amid
shmrinmkage as uvehl as to equilibrat ionr uvit in

time dcnnser sucrose solutions.
Time decrease inn buo�-anmt density of tine

storage vesicles after reserpinne treatmeunt.
appears to be related to tine loss of cate-

cimohaminmes arid ATP. Altinougin ATP svas

riot measured iii tinese experiments, otimers

(23, 26) imave demounstrated a loss of botin

ATP arid catecholaminmes aft er reserpinne
treatment. The decrease in density does not
appear to be associated svitim the loss of

soluble proteins (cinromogranninn arid soluble
dopamine (3-imydroxylase act ivity) from tine
storage vesicles. Sinmce tirere uvere rio losses
of dopaminne f3-imydroxylasc (mol w-t 290,000),

it. is urmlikehv tlmat tirere were losses of euro-

mogranmirns (mol uvt 80,000 for cinromogrannini

A, uvhich, inosvcver, hints a inydrodymmamic
radius approaciming tinat. of dopamine @-iry-

droxylase). Time decrease iii buoyant demn-

sity also does riot appear to be due directly

to binding of reserpinme itself; vesicles ob-

taimmed 15 mini after treatmenmt with reser-

pine, uvimen incorporation of exogenous cate-

cholamines by the storage vesicles is maxi-
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mally iniinibited, imad time same density, dopa-

mmmc (3-hydroxylase activity, anmd catecimola-
mine content as vesicles obtained from un-

treated anrimals.

In time experimenits described imere onnly
the 26,000 X (J crude vesicle fraction uvas

analyzed orm time sucrose density gradients.
However, in all groups of animals timis frac-
tion contained 70-80 % of time total cate-
cimolamine and dopamine $-hmydroxylase con-

tent of time adrenal glands.
Dividing time sucrose density gradients

inmto five segments provides a convenient

met.imod for interpreting time results of drug
treatment on the properties of time storage

vesicles. Time purified storage vesicles uvere

present inn segments A amid B anmd conmt aimed

75-80 ‘� of the catecirolamines applied to
time gradient for all grc’rps of animals. These
fractions also conmtairmed 75 � of tine dopa-

nminne (3-imydroxylase froni time control ani-

mnnls anrd 50-65 % of time ennzvme from drug-
treated animals. Segmennt C, time portion of
the gradienmt betsveenm time tuvo peaks o

dopamirne j3-imvdroxylase , contained
6-7 � of botin dopaminne f3-imydroxylase and

catecimolaminnes for tine conntrol anmd cimlorison-

damine-treated groups; for time reserpine-

treated groups thus segmennt conitained 8%
of tine catecimolamines anid 11-14% of the

dopaminnc (3-imydroxylase, time hat ter cimange
reflect inng a larger proport ion of partially

depleted vesicles or comitaminnat ionn us-ith
vesicle membranes. Segmennt D conmtained
4_�6c; �f time catecimolaminies from all groups
of anmimnnls anmd 11-14� of time dopamine
(3-hydroxylase from time control amid chlori-

somndamirne-treated groups ; in t he rcserpirne-

treated groups thus scgmennt comntaimned 18-

24 � of time enzyme activity. The enzyme
activity in segmennt D represents time activ-
ity associated with storage vesicle mem-

bramnes or membranme fragments, since mem-
branes obtaimned from lvsed vesicles also
equilibrate in timis segment (Fig. 2); the
activity from untreated ammimals earn be
attributed largely to disruption of time stor-

age vesicles durinmg time preparative proce-

dures. Time inncrcased activity in segmenut D
after reserpine treatment, on both an abso-
lute anrd a relative basis, most likely repre-

semit s t inc accumulation of membranes of
vcsicles ss’imicim imad been completely de-

pleted of their contcnnt. The increased activ-
ity iii segment D from reserpine-treated

animals us’as riot due to ann effect of reserpine

on the fragility of tine storage vesicles, since
the crude vesicle fractiomn arid fraction E
comutainmed time same percentage of total
catecholamines arid dopaminie j3-hmydroxylase
in all groups of anninmnnls. Segment E repre-
sents time solubihized catecholamines and

dopannunne (3-imydroxylase applied to the gra-

dienit. Timis segmemmt commtained 7-9 % of the
catecholaminnes nnnrd 8-10 � of the dopamine

f3-hydroxylase for all groups’ of anmimal.s, and
most probably arose from disruption of the
vesicles during time final lmomogenizationn
procedure.

Eight days after treatment uvith chioris-

onndaminme and reserpinne t he dopamine (3-hmy-

droxylase activity of time adrenmal glands

doubled, but the catecinolamine conmtent us’as

onnlv 60�1 of time control levels. The per-
cemntage of total catecinolamines and dopa-
mine (3-irydroxylase in each of time segmenuts

of time gradienmt at � #{128}laysuvas essentially time

same as tinat at 1 day after reserpine, evenn

though tinere uvas a 2-3-fold increase in time

total amounts of catecimolamines and dopa-
mine /3-imvdroxylase. Timis suggests that nnesv
vesicles are synmtincsizcd uvhile time “old”

vesicles are reta.irned. Hosvever, synthesis of
ness- vesicles max’ mrot be the rate-limiting
step in recovery of tine catecimolamine stores.
Doubhinmg of tine dcpamine (3-imydroxylase

activity suggests tinat time miumber of vesicles
initially presennt inn time gland had also

doubled. Timis assumes that each vesicie
conmtains the same amounmt of enzyme activ-
it1s’, timat tire observed inncrease inn activity
was due to time synmtinesis of “ness” enzyme,
amid tinat mo ‘ ‘mmess” enzyme us-as associated
uvith the old vesicles. If these assumptiomns
arc true, time rate-limiting step in recovery
of catecholaminme stores may be the biosymu-

thesis of catecholamimnes, or recovery of the

ability to store timem.
Isopycu ic centrifugation timroughn sucrose

demisity gradients and determination of time

distributionu of catecinolaminmes arid dopaminne

f3-imydroxylase provide a method for differ-
enmtiatimmg niornially filled, partially filled, and
empty storage vesicles or timeir membrane

fragmenits. Tine studies reported here demon-

strate that treatment uvith reserpine after
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gannglionic blockade causes, on the whole, a

uniform loss of catechiolamines from all the

storage vesicles but no loss of dopamine

/3-hydroxylase activity, resulting in an in-

crease in the dopamine (3-hydroxylase to

catecholamine ratios of the storage vesicles

and a decrease in their buoyant densities.

Similar studies of the crude storage vesicle

fraction following neurogenic stimulation of

the adrenal gland are report.ed in a com-

panionu paper (23).
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