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INTRODUCTION

Ihe sympatho-adronal system hus been a much-discussed and studied
wabject in physiclogy. Its popalarity, in part, azy be dus to the
milt1slielty of its actlons and offssts and its wide distribuiion throughe
out the andmal kingdom. lot omly doss 1t modify the mﬁﬂey of gsmooth
mseles bt it also influences the metabolisz of carbohydrates, fals and
sigeeuts, to meotion only a few examples, (1-7) The yols of this syetem
in homcontatic mochanisms waes one of Yaller Carmon's most irportant contrls
bublons. s work and that of others not only lelped to correlate and
unlfy wmuch of ¢ previons knowledge tut have alse given lmpeius to farther
atudy of this systom.

Investigation ia the past ten years with a background of carlier ox-
perimentation has olardfied, almost bevond all doubt, the nature of the
ehenical and wedlators of this system. Ixtemsive studies of the chemlisal
and biological propertiss of thome mediators demonstrate them to be twe
varioties of Necatechol~ethanclaminess(8,9) epinephrine and norepinsphrine.

Though enlngpliring was discovered, isclated and chemlieally characier-
izod over 50 yoars ago, there still remaing today many unanswered questlions
regarding ite hormonal propertiss. Prior o the past ten yoarp most of
the stodics velovant to the rolo of the sympathe-adrenal systom and its
modiators were of a qualitative nature based upon interpretations of
vorions blolopical respomees, In more recest yoars, interest has developed
in the quantliative measuwrenont of these mediaters under normal and altered
eonditions, Tecamuse of this interest, teclnlques for guantitatively estiw
mabing these substances have been developed,
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The classieal definitlen of hormones according to Oscar leehier (10)

stales that *hormones are disersie chenloal mubstances produced in an
organ or tissue, which are dlscharged into the eireulating flalde and

in almte concentrations markedly Influence the functlonm of other organs
or tiseunce®, This definition provides soversl interesting prodlems row-
parding the prosence and fate of epimephring in these "elroulating flzdde”.
The manner in which this hormone is dispersed throughout the flulds, es
well as the relationship of the hormone comoentration to its input and
disappoarance from these fluids and the mochanisms of its removal fromi
clreqlation, are of fundsmental impordance to the understanding of ite
blologlenl sctivity snd funotlon.

Heoter's definition, however, points to » complieating problem,
mmmely that epinephrine, 1ike other lwrmones, is active in mimte quan~
titles. 4z 2 reflegtiom of this, the beet estimatos of nmormal plasms
epinephrine sad norepinerhrine goneantrations ave in the rance of G.0L
%o 0.5 miarograns of hormone por 100 ml. of plasma, IF samples are talken
st normal or even 100 times elevated epingphydine comeentrations, the assay
methods mast bo seneitive te fractions of alcrograss of material ia order
to be useful, Purthermore, there ars seversl other naturally ocowrring
catechol amines end elonely related compounds which have certain biological
and chemical properties sizilar to the madistors of the sympatho-adrenal
systen. Therefore, amy assay method to be ugeful mist also be very wpes-
ifie for epineshrine and noveplnsphrine.

These styingent requirenents for sensitivity and specificlity bhave
linited guantitative study of the problems regarding the mechaniewmy Szlw
flueneing the cireslation snd sxeretion ol epinephring. The development
of a useful assay method and ita applisation to the study of these



problems of the dynamios of epinephrine eciroulation and remal exerebion
under normal and hypertiyrold conditions have been the ohjestives of
this theslis works



REVINY OF THE LITERATURE

The veview of the literatare has boen separated isto two dive
teions. The first pert deals with methods for the quantitative estime
atlon of epinephrine and novepimephrime, In the resaiuing portion the
literstare pertaining to quesiicns regarding *bhu dynamdos of apinephrine
siroulation and ite renal exeretion has been reviewed. In addition,
the relaticn of the sympatbo-adrenal systen and Iypertiyroidism has also
baen discusseds

I. Boine and Nore letlndse
The quantdtalive measurement of axy substance preseat in a biologw
ical sysien emcompasses two ismortant considerations. The first conbe

sideration desls with the isclation of tho substance under study from
the bological syntes i{n a fors gultable for measurement. The seoond
consideration soncerns the quantitative measwrenent of a graded response
of the messuving oysben to certain relatively unigue properties of the
substance under study. Detection procedures have besn discussed first
since, in the case of epimephrine and norepinephrine, they are of primary
importance to the overall methods.

Prossutly there are two groups of technigues availsble for the de-
tection of vpinephring and noveploephrine, namely the biclogloal and ths
chomdcal aspays. Hlsapsays depead upon the graded dlelegical responses
of certaln animgl tissues or aystems to relatively specific properties
of the cssmrod substance. The responses of soveral diffurent syelems
raflecting the blolegical activity of eninephrine and norepinephrine
have beon used ineludiag: blood pressuro alterations in the dog, cab,
and rabhit (A2-1L), Inhibition of gastrointesiinel mebility (1-16),
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response of the niobitating membwane (17-17), conirsstion of uterine
wasole (1718}, aad activity of the lsolated frog's heart (20). o
attompt has been made here Lo swrvay all of these blologleal methodss
rather & procedure curvently popularized by UsS« von Bxler has heen
dsoussed (10,20}, This blo-nessy cxmplifics many of the important
1initations comwon to the other biologlesl mothoda.

Zlor's motiod is applicable to the estimatlon of beth epinephring
and norepine hrine either alone or togobher. The sssay utilisea shanges
in the blood premsure of csts and relavation of the hon's rectal csecm
produced by those compounds, & differsntial emalysis cen b obtained,
sinos mechanisns vegulating the cat's bloed pressure sre five times wore
penaitive to norepinsphrine than to epinephrine, while epinephrine in
sixty times moye active in relaxing the hem's rectal caeoum. Absoclute
cquantitative expressions of the hormone contont of cxtracts of ssuplse
are ohtained by compuring the respomses of these systems to the sxtrasts
and o standard solations of eplnenhrine and norspinephrine. The emaot
mathenatical expressions nsed for the oalelation of hormone concentre~
tions have not boon listed hers but =ay be fownd in several references
{36,20)s Sufflce it to sy, this differential analysis depends upon &b
lsast six separate response mosgurementss the response of the intestinal
wotility and blood preasgure sach to the extract and to the standard solu-
tioms of both apimwphring and noreplnophrine. Bach of these measurementis
probably varies st least £ 102, The relative activitles of the test
systems veary with different preparations and are not oven congtant in o
given preparation, Therefore, the estimaticn of hormoms comcentrations
is mibject Lo several sources of error.



6

The lower Linits of the senmitivity of the ocat's blood pressure
e in the ranps of 0.2 to 0.k micrograme of novepinephrine, whils the
gt is sensitive %o as 1ittle as 0,3 microrams of epinsovhrine. Sach
amounts of Lhose catechol amines can o oblained from comcsutrated e
tracty of larpe volumos of uwrine and certain tissues; bhowever, o liter
or more of nlasma would be required to obtaln encugh material for
analysis by thess bio-assay technicques. Such sample sises are not
poseible in most physiologleal studies, PFurthermore these biologiosl
responses of the test lissues are not entirely spesific for epinepluine
and norepinephrine, Other matarally occurring subwtences like histamine,
sarotonin, and apinepinrine-like compounds ineluding hydrowyiyreming, ny
produce significant responses in certaln cirewwlences (20-22). Theree
fors, the specifieity of those methods beoomos dependent upon the isolation
or axtraction tochnimies. These limitalions are alsc common to the other
bio-assay techmicuess Thus it becomes clear that the applicability of
these bic=-assay welleds o the study of olusws epinephrine and norepine
sphrine becomes diffleudt beeause of their relatively low somelitivity
and spoelficity.

- Ghemical deteotlon metheds are depondent upon the measurement of
cortaln physical or cheuical propertiss of the substances under atudy.
The apecificity of these chemlonl procedures is related to the uniguencss
of the properties of the substance melative to other matsrials present
in the test eyotem. The sensitivity of thoose metheds 4 a funstion of
the relabive magnitude of the physical or chemieal property and the powor
of the secasuwring technlque.

Seversl chesdoal and physical chemiesl metiods have besn developed
for the guse. ibteiive satimation of eplnopiirine and/cr norepinephrine
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ingludinge differential solubilities, (23) evlorimetric estimation of
conpounds formed by resctions with lodine, (2h,25) arsenomolybdic acid,
(26,27) Pemaphbhonuinone-h-sullonle seld and bezsalkoniua ohlorids, {28),
and soveral fluorimstric methods {27-33)s lMany of these colorimetric
and fiuorimetric techniques are move than 1000 times ss sensitive as the
host bloeasssy procedurs. A somprebensive roview of these ohemiesl
methods has been given by Persiky (21)s The Muorimetrie techniques are
$ha most sensitive of all the proocedurcs avallabla, being powerful eno:ch
to detect the noymel concentration of eninephrine and merepinephrine in
plasma, Presontly thers are two esgentially dliferent flworimetric
pethods whioh are useful. The firet swethod depends upen the fluorescence

of the sompounds formed by the condensation of sthylenediamine with

epineohirine and narvepinaphrine (32,35). These two produsts have different
flaorescent spectra; therefors, a differsntial analyeis can be obialned
by comparine the meagurement of the smsple at the poak fluorescense of
each compound with the moasurements of standard epinephring snd norepine
sohring solutions. This detection Veclmique is sensitive to as Litile

as 2 to 20 slllindarograms of materialy bowever it lacks gpeeificity.
Hamy other catechsl darivetives imeluding hydroxytyramine, dopa, and
eatechol scobic acld also form fluorescing condensation products, Chr.
von Toler obf al have deronstrated that very lsrge quantities of catechol
acatis asld apresy in the urine and therefore make this technique ungalbe
abls for estimeting epinechrine and novrerinsphrine in urins (J9). Reeccntly
Priece ot al (L0) have demonstrated that iris comdemsation teginique im
not galtable for plasma estimations either because of the presence of
slgnificant asounts of interfering catechol derivatives.
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The sscond Clusrimetyic detection techinlque depends upon the Oxis-
dation of enimorhrine and noropinaphrine to adrencobrome and noradrens-
chrome. Thase adremochromeg flusresce strengly in slkalinme golutions
when ifredlated with ultraviclet light, The [lucresconce of oxidised
eploephrine was soted as early as 1918 by Loewl (k1) however, it was
not until the 19h0's thal this fluoressent property was utilised for assay
teshniques. Land (31, L2-ll) was ome of the first to effectively utilise
these fluorepcent propertiss to develop a relatively simple and repld
srocedurs for tho messnwement of these subetances ln plasmi as well as
in other flolds and tlsmie erbracte. IHis mothod ie sensitive to s8
Uttle an 2 %o 200 nilitnlcrograme of aplasphrineg or noreplosphrine.

It is spoeific for Becabechol ebhanclaminos with the structural variations
shown below according to the findings of Lond (bL) whieh are consistent

HO =3
Ho

with theovetica)l considerations (L5). The fluoreseent spectra of these
sllkalinized sdrencohromes are vory similer, with fluorescent maxima in
the raage of 530 te 550 (L3,L6). Differentiation between primary md
secondary saines is possidle because of varyimg rates of oxidstive ring
elogure at different pilts. A present noreplngphrine and eplnephrine
are the only Begatochol ethanolamines which have boen found to oocour
naturally in sammals, with the exception of very small smounte of is0-
propylnovepinenhirine recently reparted %o be present in adrenal extracte
(L7}

i"é..w’ﬁ where R may be hydrogen as in noreplnephrine
. v

o G¥S3 ag in eplpephrine

or Gl as in lsopropylerterencl

z-NH-0
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In brief sumsary, Lund's method for the similtansous deternination
of epinephrine and noreplnepbrine iw as follows, Toth catechol amines
are oxidized to thelr respective adremociwomes with manganose dioxide.
Boineshrine is eosily oxddised ab noutral and acid pli's, while sorepine
ephrine is only ovidised appreciably at meutyal pli's. The adrenochromes
ars converted to the Duorescent advenoluline by the addition of strong
alkali, and farther oxidation is prevented ty the simultaneous addition
of asoorbic aeld. The fluorsseent intensities of two samples oxidimed
at & noutral and an acid pil are measwred. The background fluorescence
is deteralned in similar oxidised samplos in whish ascorbie aeld is
addod sevoral nlmites after allalinizing the adremochromss. In the
absence of sscorble aclid the alkalinized adrenochromes are lrreversitly
oxidised farther to non-fluoveseing compouwds thus leaving omly back-
ground fluorescence in these blanks, The amount of epimephrine and norw
eploethrine in the samples can be determined by comparing thelr fluorw
esoence measured with a photo tubw with standerd golutions of epinephrine
and norepinephrineg,

The fsolution of epineplarine and morepinephrine in suitable gongene
srations for thelir ssaguremont by the detectlon methods has been accon~
slishod in several ways. Ian genaral, nntreated plasma, urine or erude
tisgue ortracts camoet be used direstly in any of the mmr nethods
because of the preseance of many imterforing subatances. Froteln free
extraets Lave boen usedy however, protein preeipilation methods anpess
4o bind irrevareibly aimificant swounts of the cateshsl mmines (3h).

Tn 19350 Shaw introdaced s useful teohnigue for the adscrption of the
catechol anines onto alumimmm hydrexide (h8).s Tumd found that epinephrine
and wmorepinerinrine sould be adserbed onto a colwmm of alumivam oxide ab
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noutral piite, contauinants waghed off with seutral Wuffer and the catew
ghols then revoved dr an spld slutlon {hL). This isolation technique
appears Yo bo quite eveclfic for oateshels and is employed for both
biclogical and chesmical methods (hLi,L9).

71, Litersture Regarding Dynamies of Epimsvhrine Clireulstion and RZemal
Exerstlon in ‘ormel and Typertiyroid Conditions.
fe Dynanics of ¥ninephrine Cireslation

The drnamies of epinephrine clreulstion deal with the foroes and
factors which influence and combrol the presence and sidfis in epilwe
eshrine molooules thwroughoul the elvrevlating flulds. These forces and
factors inolude the conventration of opinephrine, the rates of addition
and the rates and mechanism of removel of eplnepirine from these olre
culating fluldae

Yany groaps have atw the ontimatlon of c¢irculating epineplrine
and norevinephrine under noranl eonditions in a variety of animals
(11,31,34,37)s The normal comcemtrations reported vary greatly depemnding
upen the method of assay employed. The moet rellsble estinates appoay
to be ab the limit of the semsitivities of the methods, The mewer fluori-
motrde chenleal motiods, however, appesr to be reliable for guantitatively
sotingting plasma epinephrine and norepinevhrine at consentrations which
are twe or move times greater than the normal resting level,

Several aspocts regarding the dmenica of cireulation of epinevhrine
snd its removal from civeulation have been studied (3h,51,52). In all
these cases lerpe awunts of expgesvus epinephacine were addsd 1o order
te obbain plasme osncentrations whish could Le datected. The plasma cope
cantrations serdleved were 50 to 1000 times the teet sstimales of resting
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levels, These wore annuestlonably greater than the highest eoncentration
whieh animels can schieve under the wost stressful ccnditions (53).
Anothsr eouplicating feature of these previous studies was that the
apinephrine was introduced ae siagle rapid iniravencua injectlions, Under
moh gonditions the cardlovascular systam of the Vest organigme were
wmdoubtedly in & state of rapid alteration as a vesult of the physiclogical
activity of the injected material. The slimple dynamice of epinsphring
ciroulation may well be sltersd by these rapid changes in the eircalatory
systens

These sariict tochnigues, however, did yield several interesting
obsarvaticna. Coben (52) noted that intravencusly injected epinsphrine
dtsareared from the bloed rapidiy, following a hyperbolic owr've, Peldiarinen
{3h) and Miller and Bilott (51) confirmed these findings, btut the dynamies
of eireulating epinephrine have not bemn carried furtber than these observe
atlonse

Yany stadles have heen carried sut to detevmine the sites at which
epinaphrine ie removed from the cireulation. Psliarines (3L) has reviewed
the 1lterature up te 1940, Thero is manle direet and indirect evidence
that epineshrine is removed from cireulation in the liver, sploen, kidney,
and himd 1isd eiveelation, The mechsniems Ly which this epinenhrine ies
removed ave not clear, rer are the suhsequent metsbolism of the hormoue
complotely understond (50,54,55).

%, Remal Tmeretion of Spinechrine

Erimepheine has been detocted and quantitatively measured by both
biolosieal and chewlcal matiods in the urine from & variety of samals
gubjosted to conditicms of vesh and strosa (22,09,56,57,50,59). Ihe
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resting exeretion rates again vary depending upon the detection methoda
suployeds Towever, the average resting exerotions ef fres hormones
are in the range of 8 to 10 micrograms of epineplirine per 2 hours.
Secording to ¥am (60) free adrensline is more stable in wrine theu in
water even at body {oemperatures and at an alkaling pH. This stablliza-
tion is dependent upon the natural prﬂm of ascordie acid and phosphataes.

Epinephrine appears in the wring nol only as the free aloohol hut
alse chemdeally coubinsd as ethereal sulfatas and glucosides (3h,L7,506,61,
$62,63)s These sonjugsted compounds of epinephrine are neither Bmiogu-
ically sciive nmor can they bo isolated by the aluminum oxlide technique.
Froe hormone cau be obtalned from the oonjuzated forms Yy acid hydrolysis
of the urime (L,56,6k). |

Jnder conditions of comotant intravencus infasions of epinephrine
into hamans 1.5 to 3.37 of the infusion wes recovered quantitstively in
the uwrine as free hormone (65-67). The renul wechaniems by which this
epinsphrine is exoreted have not yet beon elaherated.

C. Wyperthyrcidisn and the Dynamics of Episephrine Clrealation and

Renal Exereilon

There are many clinfeal and experizental obeervations which saggest
that the aetivity of the sympatho-adronal system and its medlstors and
thyrold hormone activity may be interrelated (60). Many of the melsbolie
and hemodynamic alterations in experimental and spontansous hyperthyroldism
are gimilar tc those asscoiated with an increase in sympatho-adremal zot-
ivity (69). Resently Nrewster et al (70) have observed that the hesodynamic
and metabolic effeots of tiyrotoxicosis in dogs could be abolished 4
roflex reloase of epinephrine and norepimephirine were provented by msang
of total epidural preganglicaic sywpathetie blocks., Furthermere, the
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Paysiclogleal sotivities of parenterally ad=inistered epinephrine were
progressively ingreased by increascs in thyrold hormone aduinletration.
The semialite sonsitivily of lypertiproid humans had suggested sariiesy

hab the destruction of eploophrine méy be desrcased in lyperthyroidiam {71).
Yiewaver, other Iinterpretaticns of these chsorvations would include the
rossibllity of inereased eplnephrine and norepinephirine syathesls and
roloase or & Increased sensitivity of iissacs to the mympatho-adrenal
mdlators. Ragofl and Cortell (72) wore umable o deteot any change in
aplne-hyine output frow the eupraremal glands in hyperthyroid doge come
pared to normal snimals. This obwervation appesrs incompatable with the
thesis of lnoreased opinenhrine production im hypertiyroidiss. Urinary
eatechol aming exeretion inm lyperthyroid humas patlonts have been found
not %o deviabe significantly frowm exoretion in euthyroid humans (73). If
ronal excretion of epinephrine and moreplsephrime is dependent upon blood
concentrations of these hormonew, then thmse sxerstlon observations would
not appesr soopetable wilh elther the thosls of inereased epinephyine pro-
dustion or deareasad rates of epinepiping destruction.

Direct moasurensut of in vive epineplwrin: destruction have not yeb
boan male. Plasna epinenhrine disappearanse studles might be an index
of thege deatrustion rates mnd yield information regarding evinevhrine
activity in pertiyreidiss.
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STATINZNT OF THRSIS PROBLENS AND WIE (QCNERAL EXPERIMENTAL APPROACH

The probleome stadied in this thesls are several in variety though
interrelated in manr ways, A statememt of these problens and the general
experimental approaches ohosen havs been glven in this seetlion,

The first problem was that of the applicadbility of epinephrine
and norepinephrine asssy methods to the direct measurement of these
comounds i3 snall asmples of plasma and urine of snimals under oondle
tions wiieh approached or simalated ohysicloglceal states. Ilund's
flnorimetric mothod was chosen as the basic technique to apply to these
orobleng. |

The sooond problem was the study of the dynanis of epinephrine olme
gulstlion, That ls, the quostions of the interrelationship betwesn the
1ot of eplosphrine into the vasoular gyslen, the plasma eplnephrineg
eoncontration, and the rate of removal or disappenrance of the hormene
from olvelating olagun. ‘iim the endopencus produstion of epineshrine
is small, variable, and ALfflegndlt to mewmire accurately, its utilisation
as the Lupub source was felt to e aneuitable for these studies. OConstant
intravencus infusione of inown amnnts of sxopemous epinerhrine were,
thorgfore, used as the lnput souwroe bocauss of the ease of measuroment
and contyol of such a toohnigee. The oleema epine-hrine eoncentration
was meamred directly during the comstant infugions snd the rate of diew
aprearance nobed after stopping the infaslons. Other related problems
concernin: the relative sotivily for the removal of epinephring from oire
¢ilation of soveral aress of the body imeluding ncscireulating plasma,
and palmonary, hind lisb, liver, and portal clroulstion, were aleo studled
at dirferent rates of eplnephrine infusion.
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The third major problem concsrnsd (b atudy of the sechaniss of
renal ameretion of circulating epinephrioe. Again, in order te obtain
measarable plasma conceabrations of epinephring, the technigue of
congtant intrevencus Inflision was ohwsens The comparisom of the euvrew
tien of eplaspieine to shuilianscus excretions of ereatinise and para
sxxing mmm {PATl) were selected aa the method for studying renal
clizigatlon of eplng-brines

The fourth problen concerned ihe stady of the previously mentioned
parasaters of eplnopiwide elreulation mnd yenal exeretion under oondi-
tiona of induced lypartiyroldiss. %y this study LU was hoped that a
plue t0 the relatienship of the aymatho-adrensl system t¢ thyrotoxivosis
uight be dotected. Specifically it wes wished to deterwine 4f the re-
lation between plaswa epinephrine ccacentrations an? comstant rates of
epinephrine infusion might be allered in Wlyrold-fod animals, leterwine
stions of the rate of diamppearance of epineplwine from eireulation and
the renal gxeretion of epinepbrine were also folt to be important,
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Thls section bas besn divided into two parts, the flret dealing
with the development of the epinanlyrine and norepinephrine asssy pro-
codare and the seecad cuneerning the experinmental preparations and
rolated proceduras.

I Ploorimetyie Vetlod of Ipinephirine Retimation
The provedures for the quantitative estimation of epinephrine and

noropinechrine were designed after the mothods of ALT Lumd {31,l2lili)
which have already beon outlined and reviswed. The basie eormonents of
the final Duerimeter nssembly sre shown ip Flgure 1. The gample
chawbar was irradiated Yy ultraviolet light from a Coneral ilectris

#3190 AL lampe The 369 milltwigron wave length of light was selectively
transmitted into the samnle chawber through a primary filtor (Corning
Color Specificiby # 7-37).Fluoressent light in the yellow-gresn wave
longth was trangnitted out of Yhe chambor tircugh a secondary filter
{Corning h-102) placed at right sngles o the incident light. This
fluoreseent 1ight wes quantitated by means of & multiplier photo tube
{93=')e The high voltage supply clreuit for the phole tude was dealgmed
and ballt at Tale University after a fluorimeter of Heller et al (k6).
Tor the prelininury studles, an ewplifying and measuring elrenit similar
to that doseribed by 'eller was used. TNecause of the instability of
this anolilying systen, 1t was replaced by a Leeds Yoribrup Co. Spesdommx
fevordar. The diagram of the photo cell and sensitivily selootion elreult
conasoting the tube to Lhe recorder was designed and bailt Wy Dy. Agmar
Straunfjord and has heen shown in Figure 1.




Tipare 1

Part I. Fluorimeter Assembly

At “onstant Yoltaoe Transformers B Ultra-
Violet Tallasty 0 Uptieal Syaten and Photo-tuhe
1) Ntra-viola: lawp, 2) Gondensling Lens, 3)
Primary Tilter, L) Sbutter, S) Cuvette Supmort in
3asnle Chasbor, §) Secondary filter, 7) Wultinlier
Motostuby and Moto-tube ireuity Dt Photo-inbe
figh Voltege Supply Cireults =i Sensltivity
Clrealty ¥y loeds Torthrap Snoe lomax Teeordar:

84 Line Veltares be Photoeiude gh voltages o.
Froteo buhe Oudpat; ¢, Titrawriolel lamp Cupoly.

Part TI. Photo-tube and Senaltivity
Selaction Cireuits
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1 moans Jor standardisation of the fluorimoter assembly waa
neoasyary because of "drdft® md other veriation la the slectronie
apparatus. Comaondly used standards euch as {luoreseln, gquinine sulfate,
thiochromes, and {Iuoresoent glass often atilized in less sensitive
fNaorimetors wore not applicalle in this instranent sither becsuse
thely fluorescence was too intense or thalr fluorescent intensitles
were variable with storage and Lrradiation (7). Fading was found %o
be guite appreeisble in the case of quimine sulfwbe which was first
employed for the standardisation. The reference standard chosen was a
Pyrex glass rod 1 em, in dlameter. The pesponse of the apparatus to the
irradiation of this glass was found o be congtant, provided the pheto
tube high voltage supoly was ool altered. An ardbitrary value for this
glass rod was solected and all mepasurements weye then expressed relative
to this standard, |

Various ateps in Lund's precedure ware diffieult o reproduve.
Procision was possible only by carefully contrelling many factors in
the procedure inclading the type of mangmuose dioxide, the pli of oxlda-
tlon, duration of cxidation, filtration of Mnby, order of addition and
ixing of the reagents, @i tims of fluarvecsnce measursaent. The parte
icle size of Molp was found to be fmportant as was its purity. IDnterw
foring precipitates and colored solutions were encountered when using
most preparations of MmDp, Unwaghed Bsker's Amalysed 9L.0Y “angansse
dicxide wan found to gilve the best resulis., Thres minutes of constant
mixing with this M0y were found necesssry for comsistent oxidation of
both spinechrine and worepinechrine, The Fh of oxidation was also found
to be very important, The effect of pH of oxidation on the amount of
fAuorgscsnse of Lthose evnpounds has been Lllwetreated in Figure 2. %ot



*(AREING SYPLASOUC UNTROS DTEBQIP

R 9°C Wiie pogenfpe) &, ud suszazyip 3¢ Souy

EA DOTIVPIND J9JP SUDTIR(08 JuUTatdeudoson
puE sULmceutde Jo £331a710¢ Juecsslonti

2 eaudyy




SOUW Yi'm uoljopixo buuunp Hd
8 9 v é

1 1 | 1

g

N
X

xxx, m

x\ / H

auliydauidaloN - X

aulaydauid3 -0 D.Dl _

o]0] w
Q
.
3
®
o

0032 N
~N
Y.
Q
Q
3
Q

00¢



20

only wag there a marked difference in fluorescent sstivity of norepine
ephrine, as Land (31) bas desoribed, Mt a significant varistion in
epinephrine flucresconce with varying pil was slso demomgtrated. This
difference in fluorescence with shange in pi of oxidation was marked
when assaving eploeshrine igolated from sgueous sclutions but less
prominent with hormone recovered from plassa or uring,

gtandard solutions of epinephrine and norepinephrine bitartrate
were prepured by dissolving aceurataly weighed quantiiles of these
materials in B/50 hydrochloric acld and storing under refrigerations
jueh polutions vemalned stable, relative (o the assay nethod, over a
pariod of several months. Several éllutlons of these standard sclutions
were subjeeted to the snalytical procedure 'o obiain standard curves
velating e intenaily of fluorescence o concentration. Those standard
curves are fllustrated in Pipare 3. It 1p apcarent from these ourveas
that the fuoresconcs of nerepinephrine produced vhom oxidised at plf 3.0
19 very small relstive to the fluorescsnce of epinephrine and will not
interfers unless present in relatively large quantities. On the other
hand, both substances fluoresee appreciably when oxidised at & pil of GaSe
Thes by measuring the fluorescenca of samplos &b hoth pH's (3.0 and &.5)
the absolute amount of csch hormons can be determined.

Teuprel? (lsopropylarteremcl lydrvchlorids) a socondary B-cateshol
ethanclanine and an epinephrine analoge, was alao found %o possass very
similar oxidation ami fluoregsent propertics te epinsphrine,

Since the applications of those assay mothods weve malnly relevant
to ihe measuenend of epineplrine, the limits of relative arror of the
chomleal and fluorescence portion of the procsdare have been ealoulated
and ghwaen in Table 1 on the following pages



*{ay ud v eywyseyC

BUIPOS DTFEQID 4 g0 UITM paasyng) U9 ud pue o¢

12 Somy U33A POsIRING LOuR uojnIoe svoenbe uy
SULIUCAUTLBIDT PUB UUTICOUTLE JO BOAND DIVDIVYG

{ sandyd




92 001 /wb7 uoijpijuasuod suliydauidaion

'92001/ wbr uoypiuedu0d auliydauid3y

00l (0} :] 09 ov 02 osg 09 ov (o0 00
T ] | T I T ——F f T | ] T T | T T
Y A.\m \%
0°¢ Hd pazipixo b
/ /
+
-+ 0% \ -
X %
+
+
~w T 00l =
m 8
=
3
Y
o + 06l \w\ . -
+ N ‘¢ Hd pazipixo ¥
i 3 oe pazipt
S
Q +002 -
T 062 N
G'9 Hd pazipixo J
L:dae G'9 Hd pazipixo g
4 os¢ .

auliydeuidaionN

S3IAYND QHVYANVLS

aulaydauid3




22
TARLE L
70 Poreentile Ranges of Estimales of Bplnephrine

Standard Carve and Foreeul Srror of Range Extremes
Oxidiged at pit 3.0

Consentration Average Doest Tineamr S0f Range £ Dryvor of
agme/100 sle W Roading  Cotimate of 1465 Range Extrencs

540 . b 210.6 LeS 005 7.1 5

245 T\ 1.7 11h.2 %28 £2.57

1&3 lﬁ h?ﬁs a-‘f ‘11705 ﬁhg &Qif?f;‘

3'5 h \ 33*.55 309 234.5 ﬁloﬂ tl?.ﬁs

Ded h 1047 1.8 10,7 82,6 29%,3%

Lundts aluainum oxide fsclation techmivas was modified for the
isvlation and purification of the splsephrime from the crude samples.
Lund employed 4 1 go. solumn of alumine for the adsorption of these
hormonss. Following a sugrestion of Poidmrinen (75), 1% was found that
the alumina might be added direstly to a neutrally buffered sample scl-
utions IF this ocoubination was well mived and then centrifuged, the
epinephrine and novepinephrine woald adsorb to the alumina and the sample
supsrnabant could Yo poured off and several soulral was ing of the Ala0y
eculd then be made. Flnally the hormones e¢suld be eluted frem the Alp0s
in the Yest tube with 0,2 ¥ acetic meide

The adsarptlon charasteristics of alumisam oxide was found to be
varisble depending upcn the brand enployed and the wmethod of preparaticst.
Tho bast rosults were obta’nmed vhen uaing aniresled Yoela nonealkaline
aluminm oxide (7). The resovery sharecteristics of this and Merok
slmlsa are illustrsted in Pigare bs

Table 2 on the next page indicstes the percent recovery of epine
ephrine adied to deg plasme for different epinephrine concentrations and
oxddation pfits.
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TAME 2
Pereent Recovery of Added Ppinephrine
From Dog Plagma
Concantration Tadbor of Recovarics at Different
ugm, /100 nl. “ecoverles Ocidatiom pits in &
. plH 3.0 pH 6.5
5«0 3 112,58
2.5 3 100,2¢ 82.9%
1.0 3 B9.3% 7508
0.5 3 102,78 79468
CM‘S 3 904»?’ ?l'hu
% 3 B .

Average ¥ vocovery e TI

fecovories fyom water and urine appeared to be comparabls to
plagns recoverics. Recoverics of norepinephrine were about 0% of
that addeds

- Tb is known thot other catechol aslnse, like hydroxytyramine,
san m‘mmmu-mmmmw’ fowever, it was found
that adrenochwome, formed from oxidised epineptirine, could not be
adeorbed catd the aluminem oxide wnder the previously mentioned eone
ditions, and therefors dld not interfore with the assey of epinepluvine,

The enxact dotails and eteps taken in the flusrescent procedure
have been llsted cemplstely in Sectiom I of the dcpendix,

Te mental tions and Related
Eongral doge, 118 to 2h.1 kg, in welpht were utilised se experi-

montal animala, The blood and urinme samples were oltained under sondl~
tionms of anesthesia. Iptravencus or intraporitonsal nesbatal in the
dose of 30 mga/kgs of dog wolght was ermloyed an the anesthetic agent.
The experimental preparation variad in sevoral waye. The first atadies
were made 1o dogs followling acule purgery necessary for rensl fanstion
studies being carrled on by others in the laboratery., Yost of the sxpere
mantation, inmoluding all of the remal exeretion etudies, were nade using
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tealthy, previcusly untreated animalse

Moed sanples wore oollected elther throcugh ladwelling arterlal
noadles or from plastic ecatheters placed in certalu vencus areas elther
by diveot vision or fuorcssopy. The blood saplos wers contyifuged
ab 2500 repems for 15 to 20 minutes lmmedlately after oclleotion.
Congalation was prevented Yy the addition of two o four dyope of heparin
sobsblion (10 mge/mle)s The plasms wup resoved fron the cella alfter
contydfugation and stored al yoom tersorature. Femomal arterial Ylood
ssaploy wore talen as reresentalive of systenic arterial hlood.

Faule doge wewo usad erclusively for the collectlon of urine
sunples. The wine was collected elther directly in the acute prepar-
alion through a polyotiylene cathoter from the canmalated ureters or
in the chronic preparations through & rudber wrethrel catheter from the
bladder, These urine samples were ccllected and measured in graduated
eylinders and likewise stored at room teuperature until assayed for |
epineplirine or norepinepbrine contant.

The studlge of the dmasiocs of olrculating eplnephrine and renal
axgrotion of eplnephrine wers made in degs infwsed intrevenously at
constant rates with either eplnephrine bitartrate (SuprarenioR, Winthwrop
Stemrne) or adrenaline {Zastman Nodsic Co.) soluiions. These infusions
wore made using elther a Martis-fubbard Comstant Rate Injeetion imra‘ba
or a "palse~Zlow® injectlon asparatus made by Process - Tnstrumenis
{Brooldym, Ma Tede

Hind 1isd bloed and plesma flows wore measured in two diffarent waye.
In Deg D samplen of *loed were ocllected by free flow fiom the dlstal end
of a secticoed fewoval veln. These colleotions were timed and the volumes
noasured. From theee measuremants the hind 1isb blood flows were estlimaled.
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The eut ends of thw femeral vels wore Joined topethor Yy a polyethyiene

tabs ewvepd when making the oollestions. In Dog 1 a tubble flow moter
in serles with the femoral veln was enployed to sotinate hind Livk
blood flow. The Dlow meter was made from a two-foot section of polye
etiylens tubing (ingide diameber 1/0v) inte which a hypodermic needle
was placed for the introdustion of alr, Simultansous hematoerits were
measured in gradusted cemtrifupe tubes in erdar to saleulate plusma
flow, |

The measureronts of renal funotiom im both the ssute and chrenie
animal preparations wers sarried out as follows. Urine flow in ml./umin,
as well as plasma and urine comncentrations of ersatinine, para amino
hippurate (PAIT), and eplnopiwine were messured during periods of control,
intravencus eplueplrine lafusion and recovery. Crestinine ecacentvallons
. wore seasured colorimetrically by the pleric acid methed (77). PAN was
guantitated oolorimelrically by dissotising with My and coupling with
Vel Lenaphyl jotiylencdianing (70}, Sufficient urine flow was achieved
by intravencus pre-infusion of 500 ml. of 1.1% sodium chloride. Adequate
plagwa concentrallone of creatinine end PAY were produced by the lutrae
vonous lajection of a priuing solution contalning 1.? ge. creatinine and
0e3 mle of a 207 solution of Pifly The wrine flow and plasma concentra-
tions of oroatinine snd PAN were waintained by the continocus infusion
of 1,17 saline comtalning 2.0 ml. of PAN golution (207 by weight) and
2.0 gme oreatinine per 500 ml. infused al @ constant rate of about 3.0 wl.
par minute.

Several speclal renal exoretion gtudies were made after injectious
of 2,4, dialtrophomol and Hydergine® {(equipreportionsl wixture of di-
hydroerjocraline, dihydroergoioynine and dilydeoergoeristing as mnediyle
sulfupates Oud ngs of pach / oo. These compounds were injected slowly
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intravenously inte nembutal anesthetised dogs. 7The remal fumetlon

measurenenis wore made belore and after these injectlons in the samg
way as in the olber renal excrotion axperimenta.

In an attewpt to measure the offect of hypertlyyroidise on the
parameters under invesbipgatlon, TSP thywold extract (79) was adnine
istered in daily oral doses to three logs. The specific doses have
heon 1listed lo the Appendix with the measuroment data. Ouygen cone
gartion weasured by a spivomster (Colline Resvirometer) oonnected
to an endotracheal tube were made in an attenpt to meusure the hyporw
matabolic effects of both thyroid erxtract and intraveacus spinenhring.
Thewe were not corrested to standard conditions beocause such sorrections
did not alter thelr relative relationship.

Intra-arterial blood pressurss were measured and recorded Yy means
of a Lilly Yanometer from an indwelling Couwrnand needle.
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EXPTRYVENTAL RES LY

The regults from the modification of Lund's flucrimetric
mothod have been glven in the section ou wethodolopy. These will
he revicwed in the Diseussion and Conslusion ssction.

Repults of the animal experimentation have been divided imto
several parts, slthough datas for different parts may have beesn
chtained from t.e sane experimental mweparation. These parts in
the order presonted arer a) stability of epinephrine in plagma
and urine stored st room temperatars, 1) the relation of arterlal
plaswa eplaeplirine eoncentration Lo duration of constant infusion,
e} the relation of arterial plagms eplnephrine conseniratlion to
dlfferent rates of sonstant epingphrine infusion, d) the rate of
disappearance of arterial plasma epinephrine after stopping the ine
faglong, o) extraction ratios of epinephiring in the pulmonary, hepatic,
portal and hind lismb eireulations at different arterial plasma cone
centrations, I} the simultanecus messurenont of hind lisb “lood flow
and epine-hirine extractlon ratlcs ab different arterial plasma cone
centrationg, g) renal exerstion of epinevhrine, and k) the influence
of thyroid feeding on the parameoters of epinephrine eirculation and
renal eorebion,

a) Flasma was isolated frowm tlood pamples removed from dogs re-
coiving constant infusions of l-spinsphrine bitartrate at varicus intraw
venous rstes. Hepeal eplaeplring assays were made on these plasma
saples over a period of several hours. The resalie are graphleally
represonted in Figure 5. From thls it is apparent that epinephrine,
assayed Yy ihis method, ls relatively stable at room tempersture
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Stabllity of eninepirine in dog plasea
stored gt roos ftewreraturen,
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in thely epinocheing vontent.

) Pepested samplings of srterial ~lasua were made at various times
alter ot rilng iotravescus ¢pinechrine lnfusion. The infusion rates
wore gonstant for a given experi=ent, slthough waried between sxperinments.
Figure & illuatrates ihe relatiocpship between femoral arterial plasma
epinephrine concentratica and duratlon of the infusion. The rates of
change in epinephrine concentration per unit timo have bean caloulsted
and ‘:gmm in Table 3. 4n application of the sigo teat (00) to the
data indicates that the slopes of the carves ohserved after about §
mimtes of infusien, sre not aignifloantly different from mero at the
95 percentile range of sipgnificance.

¢) On 52 separeto cocasions, feworal arterial plasma sarples were
ohtalned £ or more mimutes after beglnning intravenous ecinephrine
infusions in asesthotised dogs. In 15 dogs sancles were also talkem
before the influsions were started, Uninephrine assays of ths pre-
infusion samles indieatad thelr enimephrine cumient to bhe,in general,
D¢} microgran por 100 ml. or loss. The slevations in plasma concentraw-
tions during different rstes of infusion have been indicated in Figure
Te xn this figare the log of conmcantration has heen plotied against
the rate of infusion. It iz observed that samsloe frem a single dog
made the same dsy follewsd o stralght lime leg funetiom. Although the
varintion was greater for all cbservations in ell the dogs, statistically
they are close 4o a straight log comoentration versus rate of infusion
line, Yor infusion rates less than 2.5 niorograms/kg. the ctserved con-
centrations were clopse to a straight lime, A1) of thess observations
have beon included in Table T of the Appendix,
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TABLE 3

Rate of Change in Epinephrine Councentration
During Congtant Infusion

Animal Epinephrine Concentyation im wga /100 =l at
Time in Himutes after Starting Iafusion oo
bog U TR = TS
: 2% Cp
17 LeS 0 5el 55 k5 0.29
a8 Lab 10 54l 20 10 243
19 1.3 10 135 20 10 0,30
Pl 1.0 12 1.2 20 8 2.5
Ou 1 2.20 1.0 Be5 ﬁisz 20
Qo 1.0 Su5 1.15 15 &.5 23
Pl 1.2 iz 0.9 22 16 245
Du OuT5 13 1k 20 iy Se?
De 20 15 1.3 4o 25 wl ol
He 0«77 10 4 N p 1 L )]
He 2 !fmf 13 19 35 1’% Ei -l -:9
Ba Ou7 13 0465 18 5 wl 2
Be 1.8 13 2,00 12 5 8.5
*

Table L. The epinephrine soncentration of arterisl plases
daring continumous comstant infusion of eplunephrine has heen
listed with the times the sasples wore takon after starting

the infusion of epinephrine. The percent change in concentration
of epingphrine per unlt tise during the nerioed studied has

been represented byt %l x 100 s+ were at repressuts
o
the change in time from 3 to %3 In ninutes.



Figaxe 7

Ths soncentration of epinephring is the
femoral arterial plaswa compared with the rats
of gonglant infusion (aftar alght or wore
mimales of infusion). The eninephrine
goncentration has been plotted om & logaritimic
seale,



Arterial plasma epinephrine concentration 4gm/100 cc.

10.0 +
50+t
30
1.0
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- ® A Dog D same day
03| e O DoglL same day
. e Different dogs,
Fe different day
0.1 | | L | 1
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Rate of epinephrine infusion xgm/kgm/min.
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d) The rete of disayearance of epinsphrine from arterial plasna
was deternined Yy assaying sawples removed shortly after stopping the
infusions. Theso concentrations decreased rapidly following a loge
aritimis ecurve, ene half of the epinephrine having disappeared within
three=fourths of & mimate, Figure J indloates the relation betwesn
the log of the eoncentration and the time the sumple was taken after
stopping the infusicn, ALl of the data of thess disappearance rates
hava boen 1isted in Talle TX of the Appandixz,.

e) Decaase the overall removal or disappesrancs of epinephrine
is & pam of the varicus meshanisme operading, several areas of possible
removal were studied. Tplinephrine concentrations fn arterial plasss
wore measursd and compared with samples obtained from the hepatie vein,
portal veln, femoral vein, asd palsonary artery. These comparisons
were mads by caleulabting the percent extractiocn ratic of epinephrine
by each area dralned or sup lled by the previously montloned vessels.
The extraction ratio is the amount removed divided Yy the amount
brought te the area. If the inflow is equal to the cutflow {net really
trae of Lhe liver or lungs) then the difference in soncentration divided
by the inflow soncentrailon equals the extragtion ratio. These extraction
ratios have been plotted relative to the inflow concentratiosn in Figaves
?lﬁl&g Trom these figares 1t appesrs that after & ninutes of infusion
there ls, on the average, mo spine hrine removed by the lungs, The liver
rexoved on the average about 607 of the inflowing epinephrine, The
portal eireulation alse removes a considersble amount of epinsphrine.
On the baeis of three obgervatlons these portal system extraction ratlos
appeared to decreass with increass in arterisl eploephrise concsntration.
The hind 1lab extrastion ratios varied direotly with changes in arterisl



FPigure 8

The epimephrine conesniration 1n femorsl
arterial plas=a samnlios bas been oospared with
the time of sampling during and after shopping
the intrevencus iafusion of enimephrine. The
epinephrine ooncentrations have bean plotted
on a logarithilie scals. The slope of the
nataral logarithnic lines has been denoted by
=i which ls equal %o lax -ir’_-& where x

- p

rgpreseata Lhe epluaphrine concentration and
t, the time afler stopsing the infusicn. %o
represants lhe goncentralion just before
stopning “he Infasion where te i3 baken as
280 u
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Bpinenlrine extraection ratlos (iu persent)
fyron hind lich and pulmonary ertery cirsalatlona
have been cowpared at varioas arterlsl plussa
eplnepirine congentrations. The extraction ratioc

was ealoulaied a 51.%.&2 100 whers Xy and X,
i

regoresont Lhe epinephrine coneentration in the
plasns flowing inte and out of the arpas,
respeetively,

Figare 10

Eplnophirine extrection ratios frow ithe
hepatic and portal eircenlations al various
eongentrations of enineshrine in fesoral
arterizl plasea. The exiraction ratios have
boen caleulated a2s in Pigpure 9.
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epinephrine concentration, Hind 1lub owiresciica ratics from experie-
montte with fiwe different dogs are ghown in Pigars 9.

£} "momase the hind lidh epinephrine extraction ratics tended to
inorease with ineressed arterlal consontrations of epinenhrine other
fagtors wileh might be iaflucneing the erxtraction mec
lavestigated.s Sinoce vasmlar smooth musele i very semsitive to epine-
evhrine, hind 1isb blood {lows and arterial and venous epinephrine
conpentrationy were measuved simltansouely In two different animals
dering differont rates of conetant infusion. The chssrvations frem
these proparatlions have been graphically represented in Figures 1la
and 115, From the first figure it was again noted that the epinephrine
extraction ratlc tended tc increase with increased arierial ccacentsa~
ticns, wiile the hind lisb blood flow tended to decrease at infusion
rates greater than the {irst infusion. In the second experiment only
small changes im boih hind liwb plassa flew and extrastion ratio were
noted, although agein the changes were in opposite directions,

g} The mechanigra of remal excretion of epinephrins wers studied
by comparing the elimiastion of this hormonme with the exerstion of Lnown
substances. The exeretion of any snbstance can be quantitatively ex-
pressed by comparing the amount of th's subatanse in the urine %o the
concgntration in the plasmas This expression is the remal slearance

and is oqpual %o urine conoentyation X urine volume. Since oreetinine
P . concentration :

is excreted only by glomerular filtratiom in the dog (81), the creatinime
elearance iz an imdex of glemer:lar ﬁlﬁuﬁi@m PAH, on the other hand,
is both filtered by the glomerulus and actively seoreted bty tubular
eolls {{1). The PAN clearance, at Lhe M%im uged in these




Figares 1la and 1%

The eplnsphrine extraction retlo and hind
1iab hlood fNow (Figure 1la) or plasma Mow
{(Figare 11h) have boen plotted at different
epinephrine concentrations in fewral arterial
plaama .,
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experimenbs, wos an index of reval plasms flow, That rortion of PAN
which was sctively tremsported by tubular cells was cale:lated Yy
subtracting the amoust of PaH filtered at the glomevalus from the
total anount in the raine, The amount Piltered was estimated from
the product of plasma PAN concentratlon and glomerular filtration
rate (crestinine clearanrce). This Pl transport was an expression of
active Subuler seoretion, a wechanism wihieh is dependent upon inteae
csllalar chemioel processes {82).

Creatiaine, PAN, and epinepirine clearances wers messured a total
of 10 different times in siz difforent normol dogs. The results of
these experiments are listed in Tables YIX, TV, ¥V, and 7Y in the
Appendixs In gemoral, tws epdinephrine infusion rates wore studied
each time in cach animal, These infusion perdeds were preceded hy a
vontrol series and follewed by a recovery series of measurements.
Several tilngs were ohserved from theso mpsgurewents. First, the renal
output of spinephrine ineresasd during the constant intravenous in-
fupion of epinephrine, The percent of infusion appearing in the urine
was, on the average, L.6% with a standard error of the mean estinmate
of 0.2%. The percent emcreted did not changs significantly with differ-
ent rates of Infusion. BSecondly, the clesranses oserved for epinephrine
were in all cases grester than the creatinine elearances though lass
than the PA clearances. The average of 21 epinephrine clearances wes
104 timen the magnitude of their corresponding crestinine elearsnce.
“he standard error for the sean of thess raties of the corresponding
clearances was about 0,076, By applying the sign test to the difference
in the corresponding clearances and to their rabio winus 1,1t was shown
that the epinsphyine clesarances were staiistiscally groater then the
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ereatinine clearances at the 99 percentils level of significance.

Tabalar tracsport of eploephrine was also caloulated in sach case
and the estimales have been 1isted in the fppendix. Since 2 h-dini~
trophenol has been used Yo inhibit tabaular transport meshandsma (82,03),
the effest of this chemieal on episesiwrine and P W transport wore '
stadled in two differeont gnesthetired animals, These experiments
have been llsted in Table VY of the Appendix. The clearance and trans-
vort of PAH wers obgerved to decrease very appreciably in these two
dogsj however no decrease ln epinephyine clearance or transport was
noteds lNo significant changes in creatinine clearances were noted
eithor, Simllar measurencnts of epirephrine and PAN transports and
cloaranses were algo made after the infusion of L5 ml, of Nydergine®
(Table VI, Appendix); however, no significsnt changes were noted which
were not folt to be dus to the deorease in arterial blood pressure
also observed.

In Table VII of the Appendix, resulis have beon listed from an acate
experinent in which orealinine, Pall, and epinephrine were measured in
the right renmal vencus plasma as well as in the arterial plasma and arine.
In addition to clearance and trensport information tids data also yieldsd
a more direol measurenent of renal plasma flow (R°F), The smoant of
spinephrine removed by the kidney was calcoulated from these messurements
ef 8FF and the artarial-vencus spineshrine concentration difference. It
was obeerved thet wore epinephrine was ronowved {rom the plasma by the
kidney than was eliminated in the urine,

On four occasions the amount of norepinephrine found in the arine
during the infusion with epinephrine was estimated to be less than 107
of the total catechol-gthanolemine cutput. On two other oceasicna
nrine speginons collseted during epinephrine infusions were hydrolysed
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at a pif of 1,5 in boiling water for 20 mimates. Nowever, thers was no
inoresce in tetal eploophrine exoretion in these cases.

h) Thyroid eatract {USP) was administored in various doses to tiree
different animals. The dynamics of eplnephrine elrculation and rensl
exerstlon ware studled pricr to and during the feeding of thyroid
oxtract to these dogs. The data regarding tlese exparinments have also
heon lasluded in the tables of the Appendix for dogs 7, §, and Cs In
Figare 12 tU» log of the arterial nlasma epinephrine concentration
and the rate of conmtant infaslon have boon plotted. Mo significant
change was ¢ gerved in this relatlonship after the feeding of tiyroid,
The disaspecrancs constants lllwwise were not altered significantly
from the pre~thyrold periods., There was an increase in the PAY clearance
in the control period after foeding thyroid, espesially in dig B. The
average percent ereretion of infused eplnephrine wes zlso significantly
inereased (t ealenlated from data equalled 2,26; ¢ from tablos with 19
defs 2t 954 level of significance equals 2,09 (80)),

The measurements of oxygen conswplion during the comtrol periods
before and during thyrold foeding wers not eignifieantly different,



Pigure 12

The conoentration of epinephbrins in the
fescral artorial plas«a has hean eospared
with the rate of congtant intravencus infusion
of gpinephrine hefore and during thoroid
feeding. The eninephrine concentration has
hean plotded cn a logarith=ic scale.
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DISCUSSION AND CONCLUSICNS

T. Eplsepheios wnd Norepinephwring Asssy Procedure

The data presented m'm findinge of othera {30,31) indlcate
Wit gploovhrine and norepinephrine oan be dquantitatively estimated
in plagea and urine. 3pecilipity of the ostimation wethod employed
was dependent upon three factors. First, the isolation technique with
alunisun oxide ylelded nsinly substances which have properties the
same or similar to 3,h~dihydroxyphencls. In particular, oxidized
epinephrice, presumably adrencohrome, could not be laclated by this
tochnique. Second, specifleity was enhanced by the ease of oxidative
ring clomave of the 3,h~dihpdroxyphenclesthanclamines obtained from
the slumina lgolation techmique. The differentlation of primary (nore

- eplneshring) frem secondary (epinephrime and neisopropylarterencl)

anines waz achioved Mecause of different rates of oxidative ring

elogure varring with pit of oxidation with: ¥nOy., The third factor Lume
parting specificily was the requirement for the presence of the alpha
hrdrogen and the beta aleoholic sroups in the oxidized catechel éz&:ylw
enines. These groups were necessary for the developmant of {luorueseence
of the oxidised compounds in alkaline solutions.

The sensitivity of the estimatieon on procedure was sufficient to
detect 0.2 micrograms of epinephrizme per 100 ml. of -mpia. The per
cent error of the extromes of the 90 pereentile range for tho estimales
at 1.0 ugn./100 ml, was of the order of &10%,



I, The Dynamics of Zpinepheine Clreulation and Nenal Nxeretion in

Hormal snd Tiypold Fed Animals,
3, Aoplication of the Upinephrine Assay Procedurs to Plasma and

Trine Janples

The pubstances measured in the plasaa, urine, and infusion
samples were becatechol-ethanslamine according ¢ the speeificity
conditicns discussed above. In geperal, the amalysis was made for
seoondary anines only. These satimates of segondary emines were
ssgumed to bo epinephrine entirely, because of the negligibls amounts
of other secondsry amines in plasma and urins (L7)« Conjugated epine
ephirine was probably not estimated beosuse such chondoad combination
provents the isclatlon b the procedure (L19). Irreversibls binding
of the assmyed endsephrine with other plasma or urine conptituents
aspears unlilely since all of the ohemically active groups {awine,
alechol, and phenols) in this meleculs are reguired for the estimation
procodure, Furthermors, the recoverissz of epinephrine added 4o Plasma,
urine, and wster were comparable and inm the erder of 1008, It there-
fore appoars unlikely that the added eplsephrine was bound irreversibly
to guch plasma constituonts ns proteins This is nobt in support of the
hypothesis that epinerhrise is carried by plasma proteins (8L),

By Dynamics of Epinephrine Cireulation

1, Dxporimental Conditions: The studies of the dymanies of epln-
ephirine clreul. tion wore made by infusing epinephrine at a constant
rate inte a gyotemic vein of a dog. Hat matlion of the epinephring cone
cantraticn of nlasua sam-les wore made [row varicus vessels of the
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eireulatory systan. Rolationships betwsan the epinephrine concentra~
tione and infusions were noted as given in the Results section.

2+ Bquilibrium: The concentration of epinephrine in femoral
arterial plasme was cbeserved to increase rapidly immediately after
starting intrevenous infusion of epinsphrine. ¥ith eight or more
minates of Infusiocs these concentyations remained relatively constant
with conbimed infusiens These otservallons sugpest that there was
a ve-clroulation of infused evineshrine. Farther, it appears that all
factors influeneling epinephrine concentration in arterisl plas-w ware
in a state of dynanle amilibrium, That is, fuctors which tended to
insresse the conceniration woere equally offset by fuctors whioch tended
to lover the consentratlon. The simlest fastors wiich may operate
o oatablish puch an oqailibrine includar {he rate of infusion, the
rate of resoval, and the volume of epingphrine distridution. This
volume of distribution is defined as the volume of fluid inte whieh
the epinephrine is dispersed at an unifora comeentration equal to that
of the femoral arterial plagun.

rssuning this simple case and definition of volume of distribution,
the concentration of epinephrine in srterdal plasma appeared to be &
funotion of the infusion rato, the rale of removal or diseppearance,
and the volume of distridutlion. Nathematleally thls relation can be
exwosacd an

(1) X = £(I,0,7)

whers ¥ oquals the epineshrine concentrations f { ) represents a |
function; I, the lafusion rateg D, the disappoarance rate) an! ¥V, the
volose of dlateritution. T the volume of distribution of epinephrine
was asoawd to ba constant after egullibrium was resched, the rste of
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of Infusion mist have Just egualled the rate of disappearsnce at
equilibrius, Mathematleslly tihis can be rvepresented as

vhere the suhserist ve” danotes egaililtrium conditions.

3s The Relationshilp of Upingphrine Concentration o Infusion
fabe at Dguilibedums At infusion rates less than about 3.0 ugm./kg./min,
the concentration of epineplrhine in femoral arterisgl plassa was line
sarly propovticnal te the vate of infusion as a fired approximation,
4t higher infusion rates the logarithm of the concentratios appeared
to be more elosely correlated with a limear change in infusion rates
The logarithmic relationshlp at higher infusion rates say heve bheen
due olther to & relatively decreased rate of removal or to a decreased
volume of epluephrine distridution, At equilibrium with the lower in-
fusions therefore, itlw rate of dlssappearance appeared %o be directly
rolated Yo the eplnepbrine concentration sines the disappearanse at
egallilrim aqualled the rate of infusion, These relations may be
reprosonted syabolically as

| L &
(3} Zg = o, and (k) 4. Dy =Oex,

wher C is & proportionalily constaast and in the case of equation )
representes the slope of the infusionwgoneentration line,

Le Zotimation of Ipimephrine Dissppearance Rates: Evinephrine
coneentraticn of femoral arterial plasma wore ostimated during epinw
ephrine infugions at equilibrium and at intervais imeediately after
stopping the infusion. Those concentrations diminished exponentially
with the time after stﬁmina the infusion. suoh disappsarance gurves
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are tynical of mechanisme in which the mate of disappearance at any
moment ls preporiiona) to the concentratiocn ab that moment, The
differcntial eguation expressing this relationshis is

53 8 . a2
(g»-}:x

whore dX 1o tho rate of change in epimsphrine concentration with time
and k fm procoréionality constant. Vhen this equation is integrated
the squation of the dissppoerance lines in Figurs 0 are obtained {also
sos Table II in the Aopendin.). The integrated formula of squation 5 is

6 wE) -

whore I, reprosents the eplnephrine contentration in the festral artery
just sp the epinephrine infuslicon was stopred and X represents e con-
centration at time ¢ after stepping the infusion. From tuls sgustion
and the ddsappenrance ghudies, the preportionality constants k ean be
estimatad for each separete experiment, |

Se Yolume of Boiwaphrine Distrubationmt The total rate of epiae
ephrine digappearance immediately after the cessation of the infusion
was aqual to the consentration of epinenhrine times its volume of distri-
bution, The eguation of this velationship is

(1 » #V%

¥rom eguation S'gxtww shown equal to kX3 therefore combining 5 and
7 the fullowing ls oblaineds

() D = ¥(«iX) or D = kW

I the volume of dlstribetion at equilibrlis iz aswumed ©o be squal
to the wolume Lorwmdlataly after cesgation of the infusion, equation 8



LG
ugy be conbined with equation 2 to ocbialn

(9) Io = <ileXq or (10) VY, -%

Tquation 10 ia the simplost approximation of the funotionsl intere
relationship of the rate of infusion, rate of dlsappearance, and
volune of dislribution in the observed experimental animals at
squilibriom, The volume of distribution at equilibrium can thwre=
fore bo estimatad slnce the other factors in equation 10 were oither
sslimated directly or ealeilated from the disappearance data., The
volumes of epinephrine ddstribution have been caloulated from forme
wla 10 and the data from 73 dfferent experimnts and have been
1isted 1n Table II of the Appendix, |

The average volume of distridution, measured 13 times in normal
anssthetised doge, was 107 ml./kp, with a standard error of the mean
equal to Bu6 ml,/kg. Flasma gpace in doge has beon estimeted as
about b0 to 50 wl./kg. It 4s rosscnable to sssume that the average
plasms volume in the doge studied with spilaenining was not greater
than 00 sl./leg, evon though the animal hed received as muoch &8 500 ml.
of 1.1% saline inmtravenously during the experinent, From the sxpori-
mental data 1t was found that the average spinephrine space was state
istloally greater than 80 ml,/lg. at the 75 percentile lovel of sige-
nificance. (The ¢ from table for 12 d.f. with error of 0,05 equals
2,10 wiile the ¢ caloulated from the data was 3.2.) Purthersere, the
concentretion of epinevhrine in venous plasma was foand to Yo signife-
jcantly lower tham im arterial plasms, Therefore, the actusl fluid
volume with which the infused epimephrime eguilibrated must have beem
greater than this theoreotlical volums of distribution whieh was caloulated.
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Tlenoe, 1% is concluded that the volumo of f£l:id with which the exogenous
opinonhrine emallibrates under conditions of comstant intravenous in-
fusios included and wes larger than the total intravaspeular volume,
“hat is, the eslnephrine appeared Lo pass reversibly from the vascular
sysben inte other fluids, This agein would indloate that the clreulo-~
ting epinephrine assayed was not bound %o plasna constituents.

é. Yechanisms of Hemovals It is spparemt fvom ths preoceding
digousaion that the rate limiting mechanism regulsting epinephrine dis-
appearance was one in which the rate of disappearance was preportional
to the comoentration. Such rates are typical of first order reastions
in which the rates are directly proportional to the concentratien of
the rescting substance (05). The overall dissppesrance rate, howgver,
apnears to have beon a reflectiocn of geveral different mechaniams ab
varicus sites of the cirouletion. The concentration of epinephrine
wag not altersd appreclably by passing through the lungss however,
nassage through the liver, kiduey, gat, and hind lixh ropulted in pubw
stantizl leocreasus in the srterial epineplivine consantration. The
kidnoy rewmsved n portiern of the epinopiarine Y eworetion threugh mashe
anlsms #hish will be discussed. Tt is suggested that the rete limiting
mochanisn operating in the other sites of disappearance may have beon
sovenent of epinephrine isto the cell. s would be a first order
reaction if the ooncentration with in the cell were very smll ccmpared
to that in the extrecellular fluids.

& slignificent inerease in the spinachrine extraction ratio of
the hind 1isd with lnereased infusion rates was ¢bmerved ss mentlomed
in the section on Resulis. These Inersases in sxiraction ratlsc appeared
%o ba sorrelated with o proporticnel decroase in hind 1imh blood fluw.



The decrease in bleed flow after the initial infusion rate was
probably a residt of vasoconsiriction produced by higher ccnoentra~
tions of epinephrine. It is sugpested that the inorense in oxtrastion
ratios may have been related to this decrease flow rate., Assuming
the volume of the blood or plasma in the hind liud was relatively
stable, the mean transli time or sverage time blood was in the leg
mlé have increased as the flow rate decroased. If such wero the
Gang in these experimental animals, the sverage time the plasma epin-
ephrine was exposed to the removal mechanisme would elso inerease.
The imerease In exposure time might have led o an increase in the
aaount of epineplnrine extrscted relative %o the emount entering the
iz, Such an intersretation is eonsistent with first order reaction
mochanisnge | _

The ohlel mochanisme remlating bho disarpearance of eninerhrine
from the eirculation appear to lay outelde of the normsl plasma cone
stituente. Thls wes apparent frem the observations that the epimephrine
assayed only slowly disarpeared from plasma stored at room temperatures.

G+ Nenal Bxeretion of Bpipephrine

The clearantes of epinephrine in the animals studied wore calouw
lated from catimates of arine flow and eplnephrine eoncentrations in
plasma and arines Ais previously sentiocned ln the discussion, the re-
coveries of epinerhrine added to urine and plaswa appeared comparatle
and 1n the order of 1005, The epinaphrine concentrations in plasms and
urine immediately bafore and after cessation of the infusion were very
omall relative o tho eonosmtrations during the infusion. Therefore,
epinephring wag not being synthesised from plasma constituents by the
kidnoys and excreted into the urine. Thus, these cleavance values fop
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epinephrine are bolieved o ho valld estisates of epinephrine clearance

by the kidneys. As noted earlier, the epinephring clearancss wore

significantly greater than thelr corresponding eresiinine clearances
in all of the remal experiments. Thersfore, the exoretion of epin-
sohrine eould not have been a resilt of glomerclay filtration alone,

The othar mechanism of renal exeretion of plesms constituents
is active tubwlar secretion. In the experiments the asvarent excration
of epineslwrine by astive tubwlar sceretion was appreciable, in the
order of 0.3 to 0.5 of the totsl amcunt ia the wrine.

Subatances known to be actively seereted by tubular transport
include phemol red, diodrast®, para sminchippurate, peafeillin, and
n-methyl nloatinamide (81). All of these gubstances, except the last,
were foreign to the animal ia wihieh they were iuvesti ated. The tabue
lar trangnort mechanisn requires chenical snergy te operate, spperently
dorived from ATP (02). 2,L-Dinitrophencl (DNP) hay beooms a useful
tool for the study of active tubular sooretisn since it inhibite the
transport of these milstances, prosmably by depletion of the renal
AT? (82)s In the emperiments on epinsphrine seeretion in which DYP
wap adninlstered, no changes were obacrved in epineshrine clearance or
transport. Towover, marked dimimstion of P\ transrort was noted as
sriginally observed by Madge and Taggart (83). The conclugsion that
epinepbrine was not actively transported Y tubslsr mechenisms dependont
upon ATP is not necessarily trae., The awount of epinegphrine transmorted
after DUP was still only about 1/1000 as wuoh as the PA3 transported.
Therefore, though the ATP? may have been deploted to a point where AN
transport was reduced, there msy still have been enough to maintaln
the transport of the fraction of microgrem amownts of spingshrine,



Necause Tydergine® iz known to block many of the biclozieal
effeota of epivephrine (05,07), it wes used in ome of the renal experi-
mente in erder Yo deternine, Lf possible, amy inhibition of epinephrine
transport. Az previcusly mentioned, no significant changes were noted.

It 1s intereating to nete that the amount of epinephrine in the
urine was less than the amount exbracted by the kidney (as eelimated
from ronal plasma flow and arteric-vencus concentration differonces).
This would imileate that part of tho epinephrine extracted by the kidney
wag removed fron ¢lroulstion by mechanlsms other than the previocusly
discuseed awerotion processes. |

0L interest also wag the finding that epinephrine did not appoar
in the wrine in a hydrolysable, conjugated form. Furthermore, the
exerotion of morepinephrine was not slevated during the infusion indie
cating %hat the infused apinephrine was pet avpreciably demethylated
fo the mrimary anmlne. Thoso two obeervations sugprost that demsthylation
to norepineplwrine and sonjuration with subsequent exeretion were not
important mechanisee in the disarpearance of opinephrine during the ine
fasion pericd,

De Nymamies of Zpimephrine Cirenlation and Renal Zveretion afber

Thyrold Faeding

The parameters of epinsphrine sireulation and rensl exeretion
mweviously dlsoussed were estimated in 3 dogs before au during the
feoding of T.S.P. tiyrold extract.

The eatimation of oxygen consumption was originally chosen ms
an index of hypermetabolisa expected to develop with thyrold feeding,
The explanation for failing to note any significant inerease in vaygen



eonsunption may have besn either lnsufficient thyroid trestment or
interference of dup nenbatal anesthesis. The ecnsiderations which

favor the attaloment of a degres of hypertiyroidisnm were: the dose

and duration of treatment, the concomitant welght loss of two dogs

and the incpease in PAN clgarance. Others have observed Iyper-
thyroidise in dogs on sindlar dome schedules {72,08). Suith reported
that PAll clearances have ‘een noted to ineresse wildhi hypertigwoidism (81).

The amount of tho iafuglon exereted in the urine was the only
significant change noted in epinephrine eireulation and sxoretion after
fesding thyroid. This change nay have been due, in part, to an inerease
in renal plosma {low as refleeted by the elevaticn in PAD clearance.

The overall paramoters of the dmamics of epinephrine eirculation
wore nol significantly altered from the pre-tiyroid state., These
findings ave therefore, consistemt with the hypothesis that hyper-
thyroidism ia oot assoolated with an alteration in the release or overall
rate of disaspesrance of epinephrine.

B¢ Oaneral Conelusions

Froo the experimental data and the foresoing dissussion the con~
cluslon is made that the compentration of epinephvrine in arterial plasma
was deternined by at least Lhree factors: the rate of epinephrise imput,
the volume of distridution, and the rale of disappearance.

The inpal rate wos ean%zroihd by congtant intravenous infusions
of exopencus eplnephrine.

The wolmm of dlstribution of eplnashrine was greater than the
intravancular flotd space, indlcating that the arterisl epineririne was
exchanging with extravascular ﬂuidn
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The overall rale of disappearames of arterial epineplrine was
{ the firey order resction variety. The disappearance process wius,
in part, a saemation of various removal mechaniaoms loeated in the
liver, pit, bind 1linb, and kldoeys. It L8 suggested that the common
rale 1imiting process in these areas may be thet of elmple diffusion
of epinephrine into m ecells, The removal of eplnephirine in the
various areas may ho merkedly influenced by the rate of blood flow,
as demonsirated in the hind limh, | '

Bamoval ef eiro:lating epinepluvine by the kidneys was eoffected
by both intraremal destruction and excretion, However, renal exoretion
accounted for only L %o S5¢ of the amoumt of epinephrine infused per
unit time. One mechanism of epimerbrine cxoretion was that of active
tubular secretlion, Zxeretlon by glomeralar filtration was also probable
sinos the epinephrine aseayed was not bound (o plasma constituente
and passed reveraoibly inte the eoxtravassuler fluid space.

Ukough thesw studies of the dymanmics of epinepbrine elreslation
and renal exeretlon were made with infusions of exogenous epinephrine,
they are offered se first approximations of the eirculetion and excre=
tien of endogencus epine dwing.



SUMIARY

i flvorinetiric procodure for tho estimabion of epinsphrine
and norepias)irins has been modifled and applied 4o the guaciitative
detection of these subalances in plasma and wrine,

The dynanics of epluophrine slrenlatien and sxeretios have
been studied by infasing epinephrine intravencusly into normal and
thyrroid-fod doges. These problems were aporoached by estismating
the epinenhrice congentration in the urine and plasma sampled from
various sites of ihe ciremlatory syston during and after the
infusions.

The studiss indicate that tha epineshrine eatimated by the
meihod w8 not hound to plag-e congtituents and thet it pasaed
reversihly indto & fluld space which excesded he asize of the isira~
vasoular volume, The epinephrine disappearzd rapidly from arterial
plagna alter cessstlion of the infusien, belng rewoved, in pari, hy
the liver, gul, kidngy, sad hind lisb, The lungs, however, did not
romove approclable amocunts of the horwong, The rale of disappssrance
of eplusphirine in vhe plasas stored al roon tlmperatare was very
gmall gompared Lo the rate of dlsappearance 1z clreulating plasnma.

Prom & 40 55 of the infaslon por wnit time was excreted in
the urine by the mechanisme of gotive tululer sserotlon and prohable
glomerular filtratisc. A portion of the epirephrine extracked by
the kKidney was also destroyed in the orpan.

Thy dynsmiecs of soinephrine clreulatlon wers not aliered during
the feeding of thyrold exiract. Uowever, the amount of infused
apinepirine exereted in the urine 4id inoresse during the thyvold

faedinre
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