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REVIEW OF LITERATURE

A, Geperal Introduction:

The setivity of the sympatho-adrenal system at times of emergency
has been well ssteblished. W. B, Cennon and his collaborators (1,2) have
shown that the adrenal medullary sesretion is inereased in fear, rage and
pain, These findings have been confirmed by & mumber of other investi-
gators. It has beean shown that the adrensl medulls is stimmlated by a2
number of conditions which are severely streseful to the organism. These
stimuli inclu:duba.lp}qﬂa (3-9), severs hemorrhage and hypotension (10,11},
hypothermia (12), and insulin hypoglycemia (13-15). These conditions
are rather severe and would be infrequently encountersd under normal
circoumstances., Because of inaﬁaqmim of method there have been too
fow gtudies of unanesthetized, untraumatized animales subjected to ﬁild
stress, e.g. hypoxia, mild muscular exercise, and less drastic changss
in blood volums and blood sugar.

Walter Camnon concluded that the sympatho-adrensl system was not
active in the normal animal under normal conditions because of his inabile
ity to dmﬂs%mte epinephrine secretion from the adrenal glands (16).
Furthermore, animals which had been adrenal demedullated and sympathec-
tomized did relatively well provided they lived in a sheltered environ-
ment (17). More recently ths "resting” secretien of the adrenal medulls
has been estimated by several inmvestigetors (15,18). These studies wers
done on anesthetised animsls so the resulis are open to question.
inesthetic agents have been shown to have a variable effect on secretion
of epinephrine and norepinephrine (19). Wada, Sec, and ibe wers able to

demonstrate resting secretion in specimens of adrenal venous blood from



unanesthetized dogs iﬁ which the veins were exteriorized (12), The
physiologle significance of the minute quantities secreted under these
conditions has been questioned by von Buler (20)., However, recently
it has been demonstrated thet a positive arterio-venous difference for
epinephrine exists in the peripheral plasma teken from resting subjects
{21,22)., 7This further suggesis that there is scme physiclogic signifi~
cance for the resting adremal secretion. Thus, there has been some
question whether the adrenal medulls end the sympatheitie nervous system
is functional in the normel animal under the ordinary stresses of life.

Evidence of ﬁlterud sympatho-adrenal function has been sought in
the adrenal medulla and adrenergic nerves, the adrenal vein effluent; the
peripheral blood, and the urine. Of these only the peripheral blood and
urine are relatively accessible in the intact snimal, Klmadjian et al (23)
reported that 0.5-1% of the infused epinephrine and 3.0-5.0% of infused
norepinephrine appesred unaltered in the urine., The proportion exereted
remained constant unless the infusion rate became excessive. These
values are in agreement with the earlier studies of von Buler et &l
(24,25) and more recently those of R, T. Jones (26). Thus, it has been
demonstrated that a constant proportion of infused epinephrine and nor-
epinephrine, and presumably endegenous catecholamines also, is exoreted
wmechanged in the urine,

It has been stated thatin urine epinephrine and norepinephrine ccour
in the vatlo of epproximately 1i5. won Huler (20) has stated that the
major source of norepinephrine is the adremergic nerves and that the
adrenal glend is responsible for the epinephrinme in urine. Ia supporyiof
this he cites experiments in which they studied the urinary exsretlion
of epinephrine and norepinephrine in l4 patients before and after bi~

lateral adrenslectomy (27)., There wus no significant change in



norepinephrine sxoretion but the epinephrine exsretion fell to sbout
one~-fifth of the original amount. The astual mugnibude of change was
from 5.5 to 1.0 pgne/2s hrs.

B, Hegardine Sympatho-adrenel Aetivity in ¥ild Stress and in Soms
Abnornel States:

Recently studies have been dome %o evaluate sympatho-adrensl sciivi-
ty in mild stress, e.g. moderate exercise, slight cold, and emotional
excitement .

von Bulér et sl {28) and Sundin (29) were able Lo demonsirate
inereased amounts of norepinephrine and epinsephrine in the urine when
subjects were tilted to 75° en a tilit-table. Inereased excretion in
the urine has besn observed in severse muscular exersiss. won Buler and
Hellner (30) observed increzses up to ten times the resting level with
gsevere exercise but were umable to show any changes with moderate work.
Karki (31) obbtained similar results in a larger series of subjects.

More recently Oray snd Beethsm (32) have demonstrated elevations of
epinephrine end norepinephrine in peripheral venous plasma after strenu~
ous muscular exercise. In view of the known shifte of bloed from the
splanchnic reglons to the brala, heart, lungs and musele during exercise,
it would seem logical to implicate epinephrine and nerepinephrine as

the mediatore of thls chenge. It is lnown that exogenous epinephrine
and norepihephrine can produce these changes.

Elmadjlen et sl (23) noted increased sxcretion of epinephrine and
norepinephrine in emotional states sssociated with anxiety. These
findings confirm those of von Buler and Lundberg (33) who studied urinary

exeretion in wir foree personnel.
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Halme et al (34) in studying 102 patients undergoing surgery noted
slavations in urinary norepinephrine which persisted b7 days after
surgery. The incressed apiﬁaphrina levels returned to nommal within
2-3 days. These results demonstrate that sympatho-adrenal discharge can
be rather prolonged.

In some abnormal states there has been a qusstionable increase
in sympatho-adransl aetivity. It has long been felt thet meny of the
manifestations of hyperthyroidism were due to sympesﬁheﬁc overactivity
or to ﬁensﬁiaaﬁim of sympathetically innervated structures, Diller
and Kilpatriek (35) studled 17 patients with hyperthyroidism und found
a significant inerease in urinary epimephrine, This increase correlated
well with the 1431 uptake by the ﬁhyroid. There 1s gufficient reasen
to believe that the remal clearsnce of apﬁ.m;:ahmw remains unchanged
(26); therefore, the amounts of epinephrine formed must be incréased
o the inadtivating mechanisms must be less efficient.

There is some indirect evidence to indicate that there mey be sympa~-
thetic overactivity in congestive heurt fajlure, Kaub (36) feels that
the catecholamines are responsible for some of the physloclogic derange-
ments in congestive heart fallure. It is well established that heart
fellure is aggravated by exercise, emotiomal stress, cold and pain.
These same stresses, if severs, set in the normal subject to preduce
sympatho-udrenal discharge. Ickstein et al (37) demonstrated that epi-
nephrine had deleterious effest on myocardisl metabolism by proveking
an inefficient utilization of oxygen. However, mors recently Feinberg
end Kate (38) hove obtained results which led them to the opposite
conclusion.

These studies led to the formulastion of the problem to study

sympatho~adrenal activity in normal animuls in response to mild stress



and in enimals with decreased cardiae reserve subjected to the identical
stressful condition. It would seem thet the same stress on the cireula-
tory system might evoke & greater response in snimsls with a decreased

gardiac reserve than in normal animals,

C, Methods of Producing Experimental Heart Failure:

Heart failure can be achieved either by decruasing the output of

the heart or increising the work load opn the heart chronicslly. Both
of these approaches heve been used in attempts to reproduce congestive
heart fallure in experimentsl animals, 7

Valvulor defects, either those of stenosis or insufficiency, have
been used to increase the cardias work load (39-41). Also stenosis of
the great vessels of the heart, i.e. the pulnonary artery (L2-4L), the
sorta (45), «nd the inferior vena cava (46), have been utilized, The work
load on the heurt cen also be ineressed by producing a severe anemia
(47) or an arterio-venous fistula (48).

Attempts heve been made to reduce cardisc cutput through the pro-
duction of myocardisl dumage. Injection of sclerosing agents (49),
implantation of radio-active materiasls (50), and ligation of coronary
vessels (51) all huve been utilised for this purpose, The final ‘approaeh
to be mentioned is the preduction of myocardisl infarction by emboliging
the coronary circulation. Hoos and Smith (52) first attempted this
using starch granules renging from 12-72 micra in dismeter. They were un-
able to gel very satisfectory prepavations. C, M. Agress eb al (53)
embolized the coronary circulation with plastliec microspheres and produced
syocerdial infarcts which were similar to those seen in humans., The
spheres which they injected ranged from 190450 miera in diameter. Bing
et al (54) used thie method £¢ study the immediste hemodynamic and



metabolic changes assoclated with corenary emwlisation. They also per-
formed pathologle studies on 23 animals at varying time intervals (20 min.-
6 wks.) afber embolization and obtained evidence of severe wyocsardlal
damage in all ins‘tanue:;é@ Munro et sl (55) produced a definite decrease
in exercise tolerance and obtained evidence of myocardial ischemia om
the electrocardiogram in 7 of 11 dogs surviving the emboliszation. In a
lurger series Mareus st al (56) embolized 70 dogs of which 43 died
within 4% hours. They claimed the development of congestive heart fail-
ure in an unspecified numbor of the surviving degs. Autopsy [indings
revealed the consistent production of myocapdial infarcts in chronie
preparations.

A1l methods have been unsatisfactory. The chief drawbagk has been

the inconsistency in producing clinical congestive heart failurs.

D. Assay Methods for Epinephrine and Norecinephrinet

One persistent problem in the study of the sympatho-adrenal @yamm
has been primarily technieal, viz. the accurate estimation of epinephrine
snd norepinephrine. Both of these sustances belong to & larger class
of closely related compounds called catecholamines, several of whieh
ocour in blological systems, In the earlier studies it was not realized
that twe adrenergic mediators existed und the substance released by the
adrenerglec nerve mdiﬁgs and the adrenal medul.lé. was deseribed as epi~
nephrine, Holisz et al {57) presented evidence in 1947 that the adrenal
medulla contained norepinephrine in addition to epinsphrine. In 1948
von Buler (55) wes able teo comclusively demonstrate the presence of
norepinephrine in adrensrgic nerves. The realization thut two such
clesely rel.ted compounds had to be differentisted inereased appreciobly
the complexities of both biological .nd chemical methods for the assay

of these compounds.



The assay procedurss availuble for the estimation of catecholamines
can be divided inte twe general cutegories, bilologieal and ehemical,
(Hereafter in this thesis the term catecholamine shall be used to denote
the mixture of both epinephrine and norepinephrine). One of the earliest
biologieal methods used was based on the supersensitivity 4¢ epinephrine
of sympathetically denervated struetures in vive. This supersensitivity
of ‘denervated structures is manifest by = decreased threshold, an
increased sensitivity of the response, or a prolengation of response {59).
Cannon and his emww%fka?a»used this uethod extensively in their studies
of the de nervated nictitating meubrane, dilator musecle of the pupil,
and the heurt (2,59). This method was only roughly quantitetive, and
at the time the studies were done the existence of norepinephrine was
unknown .

After it was discovered that there were two main sdrenergic medi-
tors, i.e. epinephrine and nefepin@phrine, the bioclogical assay tachniéu@a
were refined te estimate differentially the catecholamines (60-62),

Theze tests are bused om the fast that epinephrine and norepinephrine
hove quantitetively different actions on many struetures so that two
suitable preparations can be selected to determine epinephrine and
norepinevhrine differmntiJJ;y. Prag&ratiens which h.ve been used are

the cat's blood pressure, hen's rectal caecun, rat's c@lnn; rat's uterus
and eut’s nictitating meabrane (20). The vat's blood pressure responds
to as little as 0,05-0.1l0pgn. of nerepinephrine and the hen's rectal
caecun responds to as little ns 1.0 wpgm. of epinephrine in ¢ 5.0 ml.
buth. These values given are those mbhéiaable under the most idesl
conditions, The response varies asong different snimals or preparations
and with redpect to time. The most distressing shortecoming of these
methods is the relative luek of specifiecity. It is true that epinephrine



snd norepinephrine have a markedly different response in many of these
preparations but it is also tyue that many other substances can infiuence
the response, The presence of potessium salts, scalcium salis, histamine
and acetylcholine present in extracts can markedly influence the response
(63).

The next major method of assay is the chemical method. This con=
sists of colorimetric and fluorimetric technigues., The colorimetrie
methods presently availeble are too insensitive to detect the amounis of
catecholamines present in plasma and urine. The only major use ﬁHy
have aequired is in the estimation of catecholumines in adrenal gland
extracts, More recently the fluorimetric mesthods have been developed
to the point where they sre useful in the dilferential estimation of
the catecholamines im blood, urine, and tissue exiracts.

There are two f{luorimetric methods which have been used extensively
in recent ysars to estimste epinephrine and norepinephrine. The first
of these depends upon t,iw econdensation of the catecholamines with ebthylene-
dismine (64). It is pestulated that epinephrine and norepinephrine are
oxidized to adrenchrome and noradrenchrome, respesctively. These oxi-
datiom products then condemse with etﬁylamdimna to produse a highly
fluorescent compound. When thess compounds are excited by ultraviclet
light it is fmm’éi that products of epinephrime :nd norepinephrine ewit
' 1ight of different wave lengths, Weil-Malherbe snd Bome (65) utilised
this difference and developed a method for the -differem.ial estimabion
of eplnephrine and nerepinephrine. The sensitivity of this method is
claimed to be 1.0 mpgn., which would correspond to a goncentration of
spproxim.tely 0.0 pgn.% when 10-15 ml, of é@agla is used (66).

The other fmorimtria technique is dependent upon the faet thet

epinephrine and norepinephrine produce o strong, if transient,



fluorescence in alkaline solutions, DBhrlén (67) first postulsted that
the fluorescent subastance formed from epinephrine was an indole. Luand
(68) and Harley-Mason (69) isclated and identified the compounds derived
from epinephrine and norepinephrins as 3,5, 6-trihydroxy-l-methylindole |
{adrenolutin) and 3,5,6-trihydroxyindole (noradrenclutin), respectively.
Lund (70,71) was the first to utilise the luorescence for the estimation
of epinsphrine znd norspinephrine in plasma, The reaction is dependent
uponn the exidation of epinephrine and norepinephrine to adrencchrome

and neradrencchrome, respectively. In alkaline solution in the presencs
of ascorbie acid these oxidation products rearrange to adrenolutine and
noradrenolutine, respectively. Lund found that the oxidation of epi-
nephrine and norepinephrine wes dependent upon the pH. The oxidation
of epinephrine was complete at pll 3.0 and 6.5, but the oxidation of
norepinephrine at pH 3.0 was only 5% of that at pH 6.5. On the basis

el this observation he was able to estimate differentially spinephrine
and norepinephrine in lﬁiti:mvm land originally used manganese dioxide
for oxidastion. Simce then there heve been various modifications using
other more convenient oxidizing agents such as petassium ferricyanide
(72) end iodine (73,74).

Hore recently it has been noted thult the activation spectira of
sdrenclutine uad noradrenolutine were different (22,75). Besed on this
observatién a further modification of lumd's method has been developed,
The catecholamines are allowed to completely oxidise at pH 6.0-6,5 end
ars converted te adrenplutins and noradrenclutine. Then the sample is
excited st two different wave lengths of ultraviolet light and the
enission is read in the visible region (22,76). This allows differential
estimation of epinephrine wnd norepinephrine in the sume mixture, The
sensitivity is sadd to be sulficient to detect concentrations of 0.0l-

0.05 pgu.® using 10-15 ml. of sauple (22,76).
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Of the two fluorimetric methods available Lund's method, which is
dependent upon the formation of trihydrexyindeles, is more specific than
the ethylenediamine condensation method. limd's method is stated te be ,
specific for Becatecholethanolamines (22,66,70). The ethylenediamine
condensation method hus been shown to produce appreciable fluox-asmmce»
with & mumber of mono- und dihydroxyphenyl compownds.in addition to
epinephrine and norepinephrine (80), The method has not been applicable
te urine because it produces fluorescence with 3=-hydroxytyramine and
3, l~dinydroxyphenylecetie seid which are present in appreciable guan~
tities in normal urine (81). The values for epinephrine md norepi~
nephrine concentrations in plasma by the ethylensdiamine method are
generally higher than these obtained by the trihydroxyindole msthod

{22,66,80) or by biologicel assay,

E, Methods for Extrection of Categholamines fvom Blood and Urine:

4 problem in the analysis of hormones present in minute gquantities

ie thot of seperation for assay., The nost suwocessfully used method

for the separation of catecholsudnes from blood snd urine is adsorption
on sluminum hydroxide or aluminum oxide. Shaw (77) originally used
aluminum hydroxide but subsequently aluainum ami{ie has been used more
extensively because of greater convenlence. In 1949 Lund {70,71)
described a procedure for the extruction of spinephrine and norepinephrine
from plasma., He found that the adsorption of catecholanines onto the
alunina was nearly quantitative when the pH of the sample was &djusted
to epproxim tely 8.0 wnd elution occurred whem the pH was reduced to 3.0.
The mejor difficulty with this method is that the catecholamines are
relatively unstable at neutral and alksline pH so that the procedure

must be cerried out rapidly. This procedure hes been modified by von BEuler
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and Orwén (78) wd Pitkinen (79) so that it is epplicable to urine and
tissue extracts. It has beun claimed thet alwminz adsorption, under
the conditions specilied, . is highly spzcific for separciion of di-
hydroxyphenyl compounds, but this hug been guestioned more recently (80).
He attempt will be mude hers to discuss the spplications of paper
and ion exchange chrumutography for the separation of cstecholamines,
These methods have been particularly useful in separsting mixtures of
epinephrine and norepinephrine. In general these methods are more tiume

consuming and less adaplable to the routine analysis of plusma and urine.,



L.

OBJSCTIVES

To study the response of the sympatho-adrenal system in animals

subjected te mild hypexia using the plusma and urinary catechol-
amines as indices of activity.

To deteruine if the response of the sympatho-adrenal system in
animals with decreased cardiao reserve is gquantitatively or quali-
tatively different fram theti of the normal mimal.
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METHODOLOGY

This sectién is divided into the deseription of the assay procedure
for epinephrine and norepinephrine and the deseription of the experie-

mental prodedures performed en the amimals.

Ay Assay Procedure:

& Parrand spectrofinerometer was used in the fluorescence deter—
minations of the samples, This instrument consists of a xenon light
source, an exciting monocchromator, sample chamber, snalysing moncchromator
and & photumultiplier tube with recording cireult. BElocking filters
were inserted betwesn the light souree and exeiting monochromator and
between the sample chamber and the analyzing monochromator to reduce
light scatter., A Corning G8 7-5k (tranemits ultraviolet light and ex-
eludes visible light above 410 mp.) was inserted between the light source
and the exciting menochromator and a Corning 05 3-72 (excludes ultra-
violet end transmits visible light above 440 mp.) was used between ihe
sample chamber and the analyszing monochromator. 4 l-P21 photemultliplier
tube was used becasuse of grestest sensitivity bo visible light,

The wavelength of ultraviclet light activating the sample san be
varied by a motor which tums & cam on the actlvating monochromator
and the fluorescent emission is reud at a predetermined wavelength of
visible light by setting the analysing monochrometor, This gives Lhe
setivation spectrum of the sample. To obtain the exlssion spectrum,
the acgtivating menochromator is preset at & particular wavelength of
ultravielet light and the motor then tums a cam on the analyszing mono-

chromator te record the character of the esmitted light.
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The extraction of catecholamines fyom blood and wrine samples was
accomplished by using o modification of lumd's teshnique. The pil of a
lo mi, sample wes adjusted to 7.5=7.8 md il was mixed with 0.5 gn. of
oeln® noneslkaline alumina for 3 minutes., The pH of the resuliing
mixture was 8,0-8.5, OSince the catecholomines are unstable at this pH,
this stage must be accomplished within 10 minutes. The elutieon of the
catecholamines from the aluminas was sccemplished with 6 ml. of Q,ﬁﬂi
acetic aeid after washing the alumina 2«3 times with 10 wl, portions
‘o:‘: distilled water, This peri of the procedure is sssentially thab
deseribed by R. T. Jonss (26},

The pH of the eluste obtained from the alumina was then adjusted
to 6.0. ‘Then the sample was oxidiged for 5 minutes using O.1 ml. 250 mg.®
potassium Perricyanide. It was fownd that the optimum oxidation time
was 5 minutes instead of the 23 minutes rscommended by ven Huler and
Ploding (72). After the oxidation was completed, 1 =l. of & mixture of
ascorbic aclid and sodium hydrexide was added to form the trihydroxy-
indolez., The blank was formed by adding the scdium hydroxide withoud
ths sscorbic acid and thus destroying the fluorescence due Lo epinephrine
and norepinsphrine.

The fluorescence spectrs of adrenolutine and norsdrenclutine were
determined with the spectrofluoremeter (fig. 1). It was foumd thit the
pesk activation of epinephrine oscurred at 335 mp. and 375 mp. end thet
the activation peak for norepinephrine was at 370 mp. The psak emission
for spinephrine was at 535 mp, and that for norspinephrine was at 515 mp.
In the analysis of sasples the emission was read at 525 mp. while the
samples were activated ot 335 mp. and 375 x;a}z. The sctivation at 375 mp.

gives meximum values for epinephrine and norepinsphrine but at 335 mp.
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the reading for epinsphrine is approximately 2} Limes greater than that
of norepinephrine,

Standard curves for agueous solutions of zpinephrine and norepi-
nephrine are plotted in fig. 2 for values verying from 0.1-5.0 pgmei.
‘The values are tabulated in table 1 to demonstrale the precision,

The ability to differentiate eplnephrine and norepinsphrine in
mixtures was checksd, Epinephrine and norepinephrine were added in
mixbures varying the ratio from 1:10 to 10:l. The amounts added snd the
amomnts found by assay «re prasented in tadble 2.

Other related compounds were tested [or fluorescence according teo
the method used. The relative {luorescence of these compounds ig shown
in table 3. IJehydrowytyramine and 3,j-dihydroxyphenylucetlc acid are
known to cecur in urine in appreciable quantities (&1); however, these
subetances geve relatively little fluorescence when compared with epi-
nephrine and norepinephrine. Dope (3,4~dihydroxyphenylalanine) was the
only other campound which geve & large amount of fluworescence but the
presence of this compound in urine end plasms has not been verilied (32).

The recoveries of eplinephrine added to dog plasma are presented
in table 4. The results for norepinephrine were comparable. The rssove
evies of norepinephrine added to urine are pressated on table 5.

The exact progcedure for analysis ol plusma «nd urine samples is

iven in the avpendisz,.

B, Esperimental Procedures:

Trained mongrsl female dogs, welghing 11=25 kgm. were used in these

studies. These dogs were tralned to lie supins on an animal board while

urine nd blood ccllections were being made,
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Fluorescence Reading of Standard Solutions

Table 1

18

Cone. Number 335 =p. .
gz Samples x SeDs WJL:-;}!
Horepinephrine
540 4 38.1 - 130.5 3.6
2.5 i 23.6 67.2 3.5
pw k 7.9 2.9 1.9
0.5 4 a0 117 0.6
Dbl i& 3»0? 3:11 Qo%‘
Epinephrine
5.0 L Ghe? 106.1 7.2
2°§ j.'; ‘L}éw{) ﬁivé& lol
1.0 & 19.5 19.9 1.6
0.5 4 9h 9.5 1.9
G, A 2.1 2.4 0.5
Table 2

assay of Epinephrine-llorepinephrine Mixtures

Amount Added Amount Found

{pam./9 ml.) (pen./9 ml.)
Epineph, Horepd. Total nineph, Horepd . Tohal
0.025 0,250 0,275 0,022 0,250 0.272
0,125 0.250 0.375 0.138 0e2hdy 0.382
0,250 0,250 0.500 0.320 0,205 0,525
0.250 0.050 0,300 0.248 0.048 0.202
0,250 0.028 C.275 0. 246 0,081 0.327




Fluorescence of Related Compounds
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Compound Agtivation Halssion Reading/yem./9ul,
Peglmp, . Pesk my. 335 mp. 375 sy,
l-norepinephrine 370 515 152.5 §522.0
l-epinephrine 335, 3715 535 379.5 52L.5
3 s l-dihydroxy- 350 510 258,0 107.0
phenylalanine

J=hydroxytyranine 350 500 i.28 1.05
3, l=di hydroxy- 365 510 0.80 0.2
phenylacetic apid® :

3-methoxyepinephrine’ 365 510 0,60 0,84
S-hydroxytryptemine® 350 520 3.60 1.64

*Because of the small smount of fluorescence emitted, 10-25 pgm. wera added to
9 ml, and the fluorescence measured el 525 mp. after reacting in the same
mamer as epinephrine and norepinuphrine.

Table 4

Recoveries of Epinephrine ~ddasd to Dog Plasma

Cone., Humber of Mozn % 1 Standard

peneh fesoveries Regoversd Deviation

2:5 b 80.2 3.0

1.0 & 76.3 6.5

03 & 71,6 boo 2
Table 5

RBecoveries of Norepinephrine Added to Urine

Cone. Humber of Meen % 1 Standavd

BEm. Recoveries Recovered Beviation

5.0 4y 6h.2 6.0

1.0 4 67.8 Tols
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{Eriﬁe wus tollected with an wrethral catheter., The bladder was
rinsed with 10 ml. of distilled water followed by air ot euch velleetion,.
Blood ssmples were obtained from the femoral artery with & 20 ml. syringe
which had previously been wet with heparin., Ths srea over the lemoral
artery was infiltrated with 1% Procaine before each collection. The
blood samples were cemtrifuged at 2500 r.p.m. for 15 minutes within
20 minutes of the collection., The plasms wnd wine were stored in the
refrigerator wntil the ana‘&.;*si&.. Hemstoorite were determined by the
Wintrobe technigue (83).

The plan was te zé.i:udy the dogs during three phuses, 1.6, normal,
after the produstion of myocardial damage by coronary awbolisation, and
after embolisation plus severe snemie to produce additional stress in
the animal. In each experiment the dogs were stuvdied in e contrel
period lasting 19-61} minutes, during hypoxia lasting 94-195 minutes,
and during a recovery lusting 21-il minutes. The eflecis of hmrrh@ge
and carbamyleholine stimulation of the adrenal medulls, both of which
are kaown to provoke & syupatho-adrexal discharge (84,83), wers studled
in the snimales to test the velidity of the overall procedure.

Goronary embolization wos sccomplished by the technlque described
by C. M, Agress et al {53). ‘X?ia animals were anesthetized with 30 mg.
Hembutal/kgn, given intravenously, the left carotid artery was isclsted,
and injections were made after inserting & catheter dowm the sarctid
artery into the ascending aorta. The cetheter which is described by
Agress st al consists of two lumens with an inflatable balloon tip on
the outer bore, Thus, injections can be made into the coromary cirous
lation while the general circulatliom is occluded. Ungraded plustis

microspheres ranging from 150-600 micra in diameter were suspended in



acacia. The cencentration of epheres used was 1 mg./ml, Ths

B
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dosage injected veried from 1-3.8 ag./kgu. It wes found that the injece
tion wes facilitated wnen positive pressure respirstion wes applled Lo
reduce the inflow ef blood into the heart wnd to reduce aortic presssure.
Tnis decressed the likellhood of lezkage of spheres around the balloon
guff. In loter studies the electrocardiogray was used to wmonitor changes
which oscurred with the injections. The dogs were allowed to resover
ab least 1 wsek before beling studled.

| To subjeect the animals to hypexia & ehamber designed and built
by Dr. L. E. Hammen was used, This consisted of an alr-tighd plywood
box 2! x 2! x 4% in dimeqﬂian@ with a removal door. There wers provie-
sions for ab@ar@tiom of €0 and a fan for sirgculation of air. in
preliminary studies an Gg electrede was used to monitor the ﬁg SOTICEN-
tration, It was found that the animals became cyanetlie, hypermmele;, and
agitated when the p0s fell below the range of 5055 wm. Hg (7.5% 05).
Therefore, 8=10% 02 was selected as the mild stress. A mixbture of 2%
Qg in nitrogen wae used to flush ths chember for 10-15 minutes; then
the concentrstion was maintained at 8-10% by allowing this mixture to
flow in at the rate of approximutely 2 L./minute.

The effect of h@ﬁ@rrhaga was studied in tnanesthetized animsls by
taking plesme samples before and immediately after hemorrhage, The
amownts of blood withdrawn venged from 14,6e41,8 ml./kgu, The procedurs
required 20-40 minutes to complete., The blood was withdrawn through
a Cournand needle in the femoral artery. The blood withdrawn was replaced
with an equal vmiume of normel saline., The effect of rapid exsanguin-

ating hemorrhege was studied in 3 mnesthetized dogs.
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The effect of adresal medullary stimulition by injectien of
cerbemylcholine was stulied in 4 unanosthetized dogs. The dogs were
atropinized with 0.3 mg. stropine sulfate/kgm, bedy weight 10-20 wminutes
before the provedure. Then 0.2-C.5 mg. "Cercholin®/kgm, was injected
inte the femoral wveln over 15-30 seconds. Blood samples were collected
from the feworal srteyy before the injection and from 30 seconds—il

minutes aftsr completion of the ianjection.
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EXPERIMENTAL RESULTS

A, General Description of Experimental Animals:

411 of the experimental animals were subjested te a routine series

of situstione which were designed to bring forth the same responses which
would be expected of a mampalien organism in & mild stress. Bach animal
was subjected to mild hypoxia on three separate occasioms:t 1) before

any interference with cardiovascular functionjy 2) after the production
of maltiple small myocardial infarets; und 3) after the production of
anemis in the animals with the cardisc lesioms, The lollowlng paragraphs
deal with some of the behavioral characteristics of thess animals which
serve as ovidence that these procedures did, in fact, produce alterations
in various functions comsistent with the assumption that a mildly stress-
ful state was produced., It wus stated earlier that reduction of oXygen
concentration to 7.5% in the inspired air produced evidences of fumctional
alteration which were so severe that it wus felt that this level of
hypoxiz could not be tolerated, Conseguently, levels of 8-10% oxygen
(57-71 mm, Hg) were utilised for the production of s mild hypexia. A%
this level of hypoxia none of the normal animals showed apd slgns of
obvious respirastery distress, i.e. no ¢yanosis, hyperpnea; dyspnes, or
undue sgitstion. In all instsnces the dogs appeared to be resting com-
fortably. The hypoxia appeared to be tolerated just as well by the

sams dogs after the productlon of myocardial damage. When chronie anemlia
was added to the myocardizl demage, the dogs showed & mild degree of
hyperpnes during the hypoxda period of the ﬂ:y@%imenﬁa In gpite of the
lack of externzlly observeble sizns of distress, it seems probable that

these anlmals were forced to meke compensatory alteratioms at the chesen
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level of hypoxia, znd thus may be regarded as reacting to mild stress (88).

The hematoorit was checked in 16 experiments during which the animals
were subjected to hypoxda, It was dwierninad in each experiment on blood
samples takem in a control peried, 2-7 minutes after removal from the hypoxlc
conditions, and in 2 recovery peried 29-47 minutes gft@r removal from the
hypoxic conditions. All hemstocrit values from each period were pnnled to
determine the mean difference in hematoerit during hypexia as compared to
the average of the control and resovery periéda. The mean increase was
2.7% with a standard devistion of 2.5. Thie difference was found to be
highly significant using the t test (P<0.0025). The results are presented
in table 6. |

& total of 13fdeg# were embolized with the plastic microspheres., Of
these & died in acute cardiac arrest immediaztely (5 min.-1l2 hrs.) after the
injection. One dog dled in acute pulmonary edema and congestive heart fallure
in 48 hours. Another dog had to be sacrificed because of severe cersbral
damage. Five doge survived for periods ranging from 5-17 weeks after the
injection before they were sacrificed. In 4 embolized dogs that were studied,
there wers signs suggestive of myocardial ischemia on standard and unipolar
limb leads of the electroc&xdiogrnn. These consisted of T wave inversion and
5T segment depression om serial tracings. However, none of the dogs showed
any definite decrease in exsrcise tolerance. Mo signs of comgestivse heart
failure appeared, i.e. no pulmonary congestion, dyspnea, peripheral edema,
ascites, venous distention, or weight gain. ‘

after these 4 dogs were made severely anemie in addition to the emboli-
&atian; they all showed decreased exsrcise tolerance im climbing 8 flights
of stairs. They would appear dyspneic after eclimbing 2-4 flights and refuse
to climb any further without resting; whereas, the normal dogs would ¢limb

the & flights without stopping and with no signs of disiress. The resting



25

vimeue supd worlesTiogme-gsed = v 3 g ‘GorjRsTIOqUe~-qEod = § Hﬂn&m@m £ 9 u

G200 0od 12
§° = *a's
Y B
— 0°z" 0° L goh ; D
g g+ " o g% G 2 "
g+ $°0§ 0°€¢ 064 9 Vg
g~ - 38« oLy 2 L5
o°z+ | §°92 0°sz $ oz e z
A & 2 A 0°6Y G°LY o &
8°G+ $ 9% o6 0°0% 9 F
0% 0°6T o*0z s 4 XY °g
g z+ 0%62 $°z€ §*0€ @ e
0*9% ovéh o6y 9 g
061 0°62 0°61 'R K Tg
0°se §°6z 0*¢e % g
0% 05 0% 9 g
0°62 §°9¢ g9z Y93 8
§*s¢ i 0°LE T 5
o ooey 0° 1Y 9 9
ALxesvven wpeodly TOa3ue) #odAy dog
‘e g g

SpI00jewey uo exeddy Jo joerjy

9 81qey



2B

pulse rates in the control animels ranged from 70-100 beats/minute. Following
the development of anemia, resting pulse rates rose to a persistent value of
100-160 beats/minute. Ho signs of congestive heart feilure developed. The
hematoorit in these animals ranged from 19.0-28,0% as compared to 40.{}”5.}«0%
in the centrols.

At autopsy gross sxamination of the hearts revealed multiple myocardial
infarets in all the asnimals. Histopathological examinetion of the hearts of
3 animals revealed the small inferets to be aress in which there was fibrosis

and small amownts of lymphoecytie infiltrate.

B, Abi £ the Method to strate Physio cal Change in Cotecholamines:

Despite the high degree of sensitivity characteristic of this shemical
assay procedure, it seemed important to establish the fact that it is adeguate
to detect changes in catecholamine coneemtration under the conditions of its
use in this laboruatery and in the species used for these experiments. &ccord-
ingly, two series of experimental snimals were subjected to procedures which
could be expected reliably to msult in activation of adrenal medullary
secretion. One series was subjected to varying degrees of acute hemorrhage.
Another series was given large doses of carbamylsheline, which could be
e:gpeetéd to activate postganglionic sympathetic discharge by direct action
on these cells and on the cells of the adrenal Mull&«

The effect of hemorrhage on plasma catecholamine concentretion was studied
in 5 unsnesthetized dogs (12 experiments). The blood was withdrawn over a
period of 20-40 minutes. The withdrawal of 14.6-19.1 ml. of blood/kgn. body
weight (6 experiments) prodused no significant elevation of the plasma cate-
cholamines (table 7)., These animals showed no signs of obvious distress
during or after the hemorrhage. When 30.8-41.8 ml. of blood/kgm. body weight
was removed, thers was significant rise in plasma catecholamine concentre—

tion {table 7)., These animals sll appeared to be in shock as manifested by
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Table 7
kffect of Hemorrhage on Plasma Catecholamines

Amount of Plasma Catecholamine Conmc. (pgn.2)
hemorrhage : Before ifter
Hoderate ,
18,9 ml. /ken 0.00 0.00
3»9?53 ‘ Gslﬂp GQO?
150 0,00 .00
146 REreest 0,12
19.1 .17 Culh
18.6 v 0,00 0,00
: 52: = QBC? ) ﬁ = ﬁ;@é
Severe
30.8 0,10 0,19
4l.8 0.05 0,12
40,6 0,00 0.29
37.3 G.00 0.50
37.3 ' Q.07 0.17
37.5 . 905 - 2ald
E= 0.0 o= 0. 25
3,0, = Q.04 3.0, = 0.14

¥, significantly greater than Xy et P < 0,005

= axz
5.0, = 1 stundard deviation
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& rapld thready pulee, sollapse of veins, distant heart tones, dilated puplls,
and deep, labored respirations. They all showed prompt recovery when the
amount of hlood withdrawn was replaced with nommal ssline. |

In three anesthetized dogs the effect of mpid ezmaz?,g*ui.uatmg hemorrhage
was studied., In these experiments the blood was removed through & large
cennula in the femoral artery so the rate of hemorrhege was much more rapid,
The results obtained are presented in table 8. The inereases in plasma concen-
tration were more marked then in the previous experiments. In figure 3 the
fluorescent spectra of plasma samples taken hefore and aﬂ.er rapid hemorrhage
in one experiment (Dog C) are shown.

Carbamylcholine stimuletion of the adrenals in atropinised dogs produged
demonstrable changes in the peripheral plasme concentration of catecholamines.
& tobtal of seven experiments were done on four unanesthetiszed doge. Marked
inereasses in the plasma catecholamine concentration were noted lmmedlately
alter the injection and the concentrations returned to the comtrel levels in
about two minutes. The increase appeared to be more marked with largsr doses
of the drug. The hematoorit also showed a consistent incresse in all the
animals, The individusl experiments are presented in table 9. Figure 4
demonstrates the fluorescent spectra of plasma samples obtained at various

times in ome dog (Dog Bs),

C, Catecholamine Determinations:
4 total of nine dogs were used to test the response of normal animals

te hypoxia, The rate of urinery exerestion of catecholamines during the cenirol
period pricr to hypoxia averaged £.727.1 mpgm./min. (meanl stendard devia-
tion). During hypoxia it was 7.5&5.) mpygm./min. and during the recovery

phese 8.848.0 mpgm./min. Ne significant differences (P=0.05) were detected

in these means (refer to table 10). The proportion of eplnephrine present

in the urine wss Lighly veriable ranging from 0-100% (refer to table 1 in

appendix).
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Table 10O

iffect of Hypoxia on Urinary Exeretion Rate of Uatecholamines

Phase of Yo, of Urinary Exeretion of Catecholamines (mpgm./min.)

Study Expts, Control Hypoxie Hecovery

Gontrol 9 8.747.1 Te5¢5.1 8.848.0

Post-ambolization & 10.226.8 Tolidb.8 Lo Tl T

Post~emboligstion b L5l .1 3.9%2.0 2.541.2
plus anemis

Values were not expressed differentially becuuse of extreme variabiliiy in
the ratio of spinephrine ¢ norepinephrine.

Table 11

Plasma Catecholamine Concentration im Hypexia *
Plasma Coneentration (pgn.5)

Dogs Humber Comtrol _ Hypoxis Regovery
Control 9 . 0.2140.15 0.1640.14 0.1140.1%

Experimental® 8 0.1340.12 0.1240.13 0.1140.07

*This group includes dogs subjected %o coronary embolization and to corenary
embolization plus enemia. BResults were pooled because no significant
differences were found between the groups. Resulis given are the mesnshl
standard deviation.
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After suboliszation there was no change in the mepense to hypexdia (table 10).
In four experiments the exeretion rate of tolal urinary catecholamines was
10.246,7 mpgm,/min, during the control period, 7.46.8 mpgu./min, during
hypoxie, and &.72l.7 myga./min. in the recuvery period. Uhere was no 8ignde
ficant difference smong the means at P=0,05.

After the production of severe snemle in addition to the embolisation in
four dogs, there was still mo difference in the urinary excretion rate of
catecholamines (table 10). The excretion during hypoxie was not significently
different from control and recovery periods {(P=0.02).

Because of the inusbility to detect any differences among groups, the dats
were analyzed for possible differences in individual dogs during the three
different phases, i.e. normal, post-embolisation, and post-embolization plus
snemis. There were four dogs in which the studies wers complete. The differ-
ences in wrinary excretion rate of catecholasmines were not significantly
different from zero (P=0.02) in all three periods of the experiments, i.e. the
control, hypoxic, and recovery. The data sre presented in table 12,

The plasma catecholaminesshowed no eonsistent change in the normal animal
when subjected to hypexia. The values obtained during the contrel perded,
ismediately after hypoxia, and during the recovery perdod are given in table 11.
It hes been mentioned earlier that 2-7 minutes were reguired to obtain the
blood samples after the enimals were removed from the hypoxic conditions.

When the snimals were studisd after embolization and after embelization plus
snemia, they showed no significant change either in the resting levels of

plasma catecholemines or in the levels immediately alter hypoxiz.,



Paired Comparison of Data:

Table 12
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I, Difference in urinary excrstion rate of catecholamines before and after

coronary embolizations

(Embolized -Normal) ® Difference (mpgu./min,)

Dog ; Control Hypoxia Beeovery
¢ +12,9 4244 =k.9
B | + 8.3 +4s 0 o6
Bg + 018 "902 ”’3&1
F 2 0.5 =3.8 =1a0
= 5.6 -1.6 A
8.0, = 6.1 6.0 3.k

—not simmificent at P = 0,05 0,08 0.0

11, Difference betwsen normal values and value cbtained after coronary

embolization plus anemia.

(Bxperimental ~Normal) = Difference (mpgn./min.)
Dog , Control HAyposxia Recovery
i =l 7 +3.5 =203
Bz. ’“"0.6 "9& ? w};. &
B ~0,2 «10,8 ~lyody
¥ 21,8 xa2 =1
,i & *Go g "“5 @ l “"2. 5
8.0, = 1.3 6.7 1.3
e D108 plenificent st P= 0,09 0,05 0.02
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b, hssgy Procedurs:

& modification of ALY Lund's trihydroxyindole methed has been found to
'bé applicable to the estimation of endogenous epinephrine and norepinephrine
in plasse end urine. The sensitivity and precision of the method are suffi-
elent to estimste eovurately the concentration of 0.10 vgm® using 10 ml. of
smmple. This was somewhat less than the sensitiviiles mpdrt«nd by Price end
Price (22) and Cohen and Goldenberg (76}, They wore sble to estimate son-
centrations ss low as 0.01-~0.05 vgnd using 10-15 ml. of plasma with the same
methed.

The specificity of the method for eplaephrine wnd norepinephrine has been
found to be high. Dopa (3,4~dihyroxyphenylalanine) geve apprecisble fluores-
gence; however, it hse not been ewmonsirated in urine or plasma using chromsto-
graphic techniques (82, 86). Isopropylarterencl is knmown (o produse fiuores-
cence with the irihydroxyindcle method (22, 70, 76), but it has been detested
only im trece quantities in the adrenals themselves (87). WNo evidencs exists
for ite pressnce in blood oF urine., I=hydroxytyramine and 3,i4~dihgriroxy-
phenylacetis ssid, which are both known to ocour in urine {81, 86) gave almost
no fiveorsseance with the methiod.

In the mxperiments reported hers, 1t has been found that the retle of
epinephrine : novepinephrine in the wrine is bighly varisble, These observe-
tions are not consistent with the results of similer studies which have beam
reported in the litersture (20, 23, 3i, 86). In buman urine, it is sald that
the ratio spproximstes 1:5 under normal conditions. Ccuparabls valuss for

dog urine heve not been reported. 3inse the valuss for hunsn urine have been
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derived through the use of methods which differ im severul respecis {rom the
one used in thess studies, seversl I4 hour humea wrine specimens have been
assayed. Using the same method used for the dog studies, the results confimmed
the retieo velus already published for man. Consequently, we ave forced te
postulete & speeies difference with regard o the relative amounts of ihese

two subsbances excreted in the urine., Whether this means that the secrstory
products are differently related in man wnd dog, or that some cenflicting

urinary constituent is present in one species only remains to be determined,

B. Response to Hypoxias

In view of the inability to note any changes in eireulating or urinary
catecholamines when the animals were subjected to hypoxia, it might be
questioned whether 8-10F oxygen is truly stressful to the dog. This concen-
trution of oxygen in the inspired alr would reduce the partial pressure of
alveclar oxygen to the same level as would be found at altitudes of 18,000~
22,000 feet. In man there is no questlon thai acule exposure to this degree
of hypexia produces an incressed work load on the cireulstory eystem (82).
Bven if it were assumed that the hypoxia did not produce an increased work
load in the normsl dog, it eertainly would have done so in the dogs that had
the myoeczrdial damege and anemis. The latter animals all demonsirated an
obvious decresse in exercise tolevance in a stair climbing test. In the dogse
that had been embolized only, although there was gross and microscopic evidensce
of myccardial damsge, it might be questioned whetler the dumage was physioc-
logically significant because of the lack of any objective signs of cardias
decompeansation.

Since there waz a conslstent increase in hemelocyit when the dogs were
éubj ectod to hypoxia, it seeas likely thal there was incressed sympathetisc
nervous system sctivity., Sympethetic activity is associated with vasocon-

striction in the splanchnie cireulation. The spleen in particular has & high



38

concantration of red cells und, thus, would combribute to the increase in
hematocrit under cenditions of sympathetie astivation {89). These consider-
ationg add confidence Lo owr somclusion thal sympathetie exeitation did
secur in these anlmals,

The meults obtained provide indirect evideacs of a dissoclation of
aotivity of the sympathetie nerves and the edrenal medulla., Uelender (90)
studisd the relative potency of direct stimulatien of sympathetic vssemotor
fibers and the splanchnie nerves to the adrenal medulla. HNHe found that
vasoconstrietion in & localised ares was much move intense with direect nerve
stimulation than with stimulation of the adrenals. Murthermore, the fre-
quencies of stimulation of the nerves to the adrenals required to produse
sny response in the generul eirculation were much higher Lhan those required
ia the vesomotor nerves. #Although one investigetor is of a different
opinion (31), it is generally felt thal under physiclogical conditions sympa-
thetic discharge does nol necessarily release signiflcant quantities eof
epinephrine and norepinephrine i‘mn adrenergle terminals into the general
cireulation (20, 90), even though this may resull from intense electrical
stimulation of many nerve truaks (20). Thus, if there were lncreased activity
enly in the sympathetic nerves when the dogs were subjected to hypoxia, the
amounts of catecholamines released from postganglionic neurceffector junciions
might have been too ssall or too rapidly destroyed to be detectable in the
general circulation or in the urine.

The ability of the method to detect phys}io}.agimi changes in adremal
medullary secretion has been proven, The results cblained with hemerrhage are
quantitatively comsistent with those of Manger et al (84). It was found that
removal of 34,2-46.55 of the blood velume (assuming 2 normel bloed volume of

90 ml,/kgn.) produced a significant rise in the clrewlating catecholamines;

whereas removal of 16.2-21.25 of the blood volume produced no significant change,
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The studies of Lund {11) and Saite (10}, who both noted incrsases in cate-

-

ey

eholamines in the adrenal vein effluent alber hesorrhage, indicabs that the
increased amounts are reélessed Drom the adrenal medulls, Stimlation of the
adrenal medulla with carbamyleholine produced marked increases in tha plaéa&
catecholanins coneeatration. This response to the sams drug has praviously
been observed by Barbtler et al (85) and by Bubterworth and Maan (92) whe
suceesded in leocallizing the sourcse of the catscholamines o the adronal medulla,
Thus, all of these iavesbigallons have offersd aaa&inaimg eridence that the
mujor portion of the responss Lo Lemsrrhage and to phermaecologie stimulation
can be ascribed to secretion from the sdrenal medulla, There does not appear
to be any resson why the ilneresse in plasma catecholamines in the present
experiments should not also be Interpreted as a glandular respanse.

The results oblalned in our studles seem to be al veriancs with thoas of
von Buler et al (28) sad Sundin (29) who both found that the urinary emcretion
of epinephrine snd novepinephrine was significently incroased in man by tilting
the subjects to 75° en & tilt-bable. This procedure must certainly be consi-
dered as e mild stress sxcept in thosse individusls who develop marked ortho-
static hypotension. The findings of Elmadiien et al (23) indicate that
moderate siress producing anxlety, usuelly in the absence of any increase in
physical setivity, provokes inereesed urinary excrstion of eatecholamines.
Thus, theresults of the studles im man stand in direet eontradiction to the
results of the present siudies in the dog.

The difference between human and dog in reseting to mild stress may be
related to the diflerences in the magnitude of change in the environment Lo
which they mey normally be exposed and which they are able to withstand, In
man, atute exposure to altitudes of 24,000.25,000 feet, equivelent to 7.5%
oxygen at one atmosphere, is said to producs wnconsciousness (93); howsver,

in our dogs, although it dld produce obvious respiratory distress, it was not
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assoclated with loss ef consciousness. At sliitudes of 12,000-22,000 faet
man's performance is impaired (93), but the dogs apreared to be resting
comfortably at these altitades. DL1Y {94) mentions the remarkable ebility
of a dog to run at 15 miles/hour at sltitudes of 12,000.16,400 fee: in the
Andes without any apparent fatigue. Thms, in man who lives in a relatively
sheltered environment mild degrees of stress rey nrovoke increased adronal
medullary seerstion. Conversely, in the dog, which generally is exposed to
greater changes in the environment snd 1= able 4o withstand creater decrees
of change, there may be no significunt changs in adrenal medullary secrstion

with mild stress,

G. Gonelusigns:
i. When normal dogs are subjected te mild hypoxia, there is no inersase

in eirculating catecholaminess,

2. When the cardiae reserve iz decreased in dogs through the produsiion
of myocardial demage, there is no detectable change in rosting levels
of plusma or urinary catecholamines,

3. When enimals with a deoressed cardiac reserve are subjected to
hypoxia, they show ne increass in plasme oy urinery %‘tech&lamimg.,

e It is suggested that there may have baen increased activity of the
sympathetie nerves in these experiments, which was not detectable
by observaltion of catecholamine eoncentraticns in the plasma and

wrine.

W
®

It is also suggested that the adrenal medulle of the dogs does not

participate in the response to the procedures described,



SUMMARY

This project was undertaken.in order to study the effect of mild hypoxia
on the sympatho-adrenal activity in normal animals and in animals with
cardiac decompensation., Flasma concentration and urinary excretion of epin-
ephrine and norepinephrine were used as incdices of sympatho-adrenal activity.

A fluorimetric method was modified to estimate epinephrine and nor-
epinephrine, This method allowed the differ@niial estimation of epinephrins
and norepinephrine based on differences in the activation spectra of the
fluorescent compounds formed,

Dogs were etudied before and afteﬁ the production of myocardial damage
by coronary embolizstion. Clinieal cardiac decompensation was not attained
in any_of the animsls studied but all ghowed evidence of myocardial damage
aﬁ autopsy. HNone of the animals, either befors or after the experimental
procedures, showed any significant>#esponse to the stress of hypoxia, After
the addition of chronic anemia to the myscardial damagé there was still no
significant change in plasma or urinary catéchclamines aven thougﬁ the
.animals 21l showed a decreased exercise tolerance.

The ability of the m@ﬁhod to detect phyﬁiolbgical change in catechola-
mine concentration was checked by carbamyiéholin@ inj@ciion and acute hem-
orrhage both of which procedures prévck@d a sympatho-adrenal discharge mani-
fest by a riss in plamma epinephrine and norepinephrine concentration,

The rﬁsulté of the study suggest that the method used will detect major
changes in catecholamine concentration which oceur when adrenal medullary
secretion occurs, but will not detect minor siterations associated with relesse

of these substances from postganglionic neurceffector Junctions. The results
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also suggest that the increused sympathetic activiby inm lhess dugs was not

sufflcient to provoke adrenal wmeduilary secretion.
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APPENDIX
Outline of procedurs for estimating catecholamines in plasma and urine:

10 ml. of zample iz adjusted to pH 7.5~7.8 with 0.1-1.0M, sedium
hydroxide using a Beclman pH meter, model G with microelscirodes, MNix
resuliing solution with 0.5 gn. “Woelm" nen-alkeline aluminum exide (estivity
grade 1) in s 15 ml. eentrifuge tube for 3 minutes, Then centrifuge mixture
and discard supematent., Wash the aluminum 2-3 times with 10 ml. portions
of distilled water, Elube the catecholamines from the alumina with tweo
3 mi. portions of 0.2 acetic acid, Hemove the eluates by centrifugation end
aspiration with & pipette and bulb. Save the combined elustes. The eluate
is stable for several days at refrigerator tempersture and several wesks in
the freezer,

Add 2.0 ml, of 2. sodlum acetate to the eluate and adjust the pH to
6.0 with 1.0M. sodiwa hydroxide. Make up volume $o 10 ml. in a 15 ml. gradu-
ated ecentrifuge tube., Place 5 mi. of this mixture into another graduated
centrifuge tube, Add 0.1 ml. of 250 mg.% potassium ferricyanide to one tube,
mix, and allow Yo oxldisze for 5 ﬁ"d.ﬁutasa After 5 minutes add 1 ml. of 2
mixture 0.5 ml, 1% ascorbie seid end 2.0 ml, 20§ sodimm hydroxide. Dilute
volume to 9 ml,, invert the tube several times, and sentrifuge 1 minute to
remove any alumina particles. Pour sample inte cuvette and read in fivori~
meter in 5 minutes. Jet analysing monochromator at 525 mp and read with the
exeiting menochremator at 335 mp and 375 mp. To the second tube add 0,8 ml.
204 sodiwm hydroxide and ellow to fade for 10 minutes. Then add 0.1 nl,

250 mg.$ potassium ferricyanide and 0.2 mi. 1% ascorbic acid, dilute volume

to 9.0 ml., centrifuge and read in fluorimeter in same manner.
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Fluorescence lntensiiy is propertional to potentlometer deflection. The
fluoressence of the [irst tube is equal to the fluorsscence of the catecholamines
plus non-specifis [luerescence., The {luorescence of the sscond tube l: that due
to non-specifiic flucrescence begause fluoreseence of the eatecholamines is
destroyed by the addition of alksli withoui ascorble acid. Thus, subtracting
the reading obtained from the second tube from that of the first gives the
fluorescence reading for epinephrine snd norepinephrins.

The reading is compared te the flusrescence reading obtained from standard
solutions of epimephrine and norepinsphrine to caleulabe the amount ol each
catesholamine present in the sample. The standards are kept as stock solutions

of 25 mg.& and diluted to 1 pgn.® for use.

Caleulations:
335 = Yligzs + *Eg3g

b

Bygs = vMggs + X395

5‘3% = weading at 335 mu.

Ryps ® reading at 375 mp.
y # amount norepinephrine
X = amount epinephrine

N335, Hyys, E335, Byys © fluoressence reading/pgs. norepinephrine (N) or
spinephrine (B) standard solution st the wevelength indisated by the

subeeript.
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