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INTRODUCTICH

The purpose of this investigation was to develop & safe and sinmple
therapy for hypotension and shoek ln the presence of a demaged hearb.
The importance of shoek in assoclation with a damaged heart, particularly
in ceses of myoesprdial infarction need hardly be stressed. One only need
review the mortality fipures under such circumstanses: The asverags
mortality in patients with myocardial infarction without shock rarely
excesds ten %o fifteen per cent, in cases with severe hypotension and
prolonged shook the mortality approximates eighty per cent.

The sympathomimetic amines are widely used to prevent and treat
normovolenic shoek states by mainteining normal blood pressures The use
of these drugs in cases of hypotension and shock following myocardlal
infaretion has been controversial. Regently, however, some light may
have been shed on this subject by the diagnostic classification proposed
by Fink et a1{1), This group divides petients of this type imto two
groupss

1. Those with low venous pressure (belw S om. of water).

2. Those with high venous pressure {sbove 12 cm. of water).

The first group of patients is eonsidered to have & shock condition
similar to that following severe trauma. These patients seem to respond
best to vasopressors w:‘dsh plasma a2 an adjuvent. ;

The second group is considered 4o have a congestive fallure type of
shock and as such seemed 0 respond betier to lanatoside C. The use of

plasma and vasopressors is held to be contraindicated in this group.



Disadvantages of using many of the common vascpressor drugs and

excesgive fluld administration in either of the two groups of patients

are (Tovell, Bamnister and Brm(‘?)}z

Be

b

As
1.
2.
3.
k.
5.
6.

The hypotemsion is not the resnlt of decreased blood volume.
Hypervolemia (resulting from fluids or plasms administration)
ceuses increased work load on the heart with unnecessary strain
and pulmonary edema.

Many vasopressor drugs inereasse cardiac output and rate of
motabolism at the expense of inereased cardiac irritability
and pulse rate.

polnbed out by Miller et n:l.('a)

s the ideal pressor drug should:
inerease peripheoral resistance

elevate blood pressure

canse proportionate inerease in coronary flow

not decrsase pardiag oubtput or mroduce sericus asrrhytimias
have minima) side effects

have freedom from local damage to myocardium or blood vessel

walls.

For cases of shook with otherwise normal hearts, (e.g., following

gastroinbestinal hemorrhage, etec.) the treatment is more clearly indi-

pgated,

The best resulits are usually obteined from transfusions of whole

blood or plasma. In persons with seriously damaged hearts, transfusioms

are attended with serious risky congestive fallure with pulmonary edema

and death may be precipitated by this procedure. It is true that more

recently the use of intra-arterisl trensfusions has been reported as



3
being successful in minimising these complications, However, instanses
of gangrene in the extremity distal to the point of the arterisl punc-
ture have beon observed and death from air embolism has also been
reported. |

It iz obvious therefore that an agent which can be administered
by the relatively safe and simple procedure of & glucose infueion is
highly desirable. Buch an agent has been sought in the employment of a
pressor amine. Unfortunately, those pressor amines which have been used
" have not been entirvely froe from unfavorable side effects. As pointed
out by Nathanson, even those considered relatively ssfe, such s
Neosynephrine and norepinephrine (Levophed), may eause incressed cardisc
rhythmicity resulting in dangerous arrhytimias (ventriculer tachy-
cardia, ebe.). |

Methoxaming (Vasoxyl) was selected for thils study because of the
indications that it caused litile or no stimulation of the myocardium
either divectly or indirectly {Stubtzman) (h)‘ This characteristic in
a vasopressor drug would seem to be a distinet advantage especially
when used in myocardial infarction.

The lack of stimulation of the myocerdium of methoxamine was
demonstrated by Hathammw), The effects of methoxamine were studied
on the following groups of patients:

a. FPatients on vhom carotdd sinus pressure prodused cardiae
standstill.

1. Vasoxyl caused a blood pressure rise but cardiae standstill
could #till be produced.

2. Epineplrine raised the blood pressure but cardiae stande
8511l could not be produced.
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L+

Patients with complete heart blook.

1. Methoxamine caused blood pressure rise but no change in
heart rate.

2. Epinephrine esused blood pressure rise snd ingreased
ventricular rete.

Patiente with poroxysmal tachyecardis,

1, Nethoxamine caused immediate slowlng with establishmant
of sims rhybhm. |

2+ FPhenylephrine usually had the same effest but ocoasionally
csused signs of myooardial stimulation.

411 the above .groups demonstrote the apparéntly complete lack of

myogardial stimlation of methoxamine. The pressor effect is claimed

%o be purely the result of peripheral wasoeonstriction,

= The principle actions of methoxsmine sre claimed to be as follows
(Pove11‘®), steven(® and Kist1er(?):

1.

2.
3.
L.
5
6.
7e
8.
9e

causes imereased tobal peripheral resistance thus raising the
blood pressure.

causes no cerebral stimlation.

produces & sinus bradycsrdia which can be abolished by atropine.
does not incroase cardiasc muscle :irritabi‘.l,it;r.,

raise coronsyy blood flaw. ‘

doss not increase cerdisc output or strolm voluwne.

salivation.

pilomotor aetivity is noted.

occasionally headaches ooour.



10. rospiratory deprossion in large dosss.
11. couses no pauwsea, vamlting, tremors, nervousness, giddiness op

other signe of CIS stimulation.

Ve were interested, in this preliminary shudy, in determining the
taxde and minimal effective doses of methoxemine in dogs on weight~time
basis. Onee the optimun dose was determined it was plamned tu exctend
the studles to dogs with artifielally damoged and infarcted hearts.



METHODS

Constant Infusion of Vasoxyl

The purpose of these experiments was to determine the effects of
Vasoxyl when injocted at a constant rete over an extended period of time
on the anesthetised animal. '

The enimal was anesthetised with barbitel sodium (250 mg./Kgz.) or
Hembutal soddum (35 mg./Kg.) administered intraperitoneelly. After &
sultable level of anesbthesia had been attained, ineision over @& femorsl-
vein was made and the vein exposed. £ small polyethylens catheter was
inserted via the femoral veln inmbo the inferior vena cava. This eatheter
wag then comnaeted to & 30 cc. syringe mounted in & constant rate
injeotion machine. A "I valve wag inserbted beiween the catheter and
gyringe through which normal aalim was injected periodieally to prevent
¢lotting of blood in the catheter until the control records had been
taken. The syringe was £illed with a solution of Vasogl in nomal
saline. These Vasoxyl solutions were of varying congentrations inm the
differvent experiments of this type but the volume of solution injected
per mimute was maintained at 1 oo, per mimunte for all the animals.

An incision was then made in the neclk amd the trachea and a carobid
artery exposed. A cannule was inserted into the trachea and comnected
to an impulse tambour and writing arm which traced respirations on a
smoked drum kymograph. The garotid ertery was canmulated and connecbed
to a2 meroury manometer to recoxrd meen damped blood pressures in the

uSull marmer.



The kymograph used was capable of recording for approximately two
hours. The recordings insoribed on the smoked paper were; resplrations,
blood pressure; gers blood pressure, time in five sgcond and one mimumte
intervals, and periods when the EEG was rumming were also indisated
(see example trecing).

After all the apparatus was Mde and checked, controls wera
taken on respiration,; blood pressure, heart vrate and six 1&&# of the EEG.
The eonstant injector was then started. Short traeings from jead II were
taleen throughout the exmrixﬁants as changes oceurred in the animal‘s
status or st approximately 5 mimute intervals. Vasexyl was infused for
approxinately two hours or until death ocourred.

At the &mlusipn of sach experiment the EX( was correlated with the
kymograph tracings and the effects of injecting Vasocyl at various dosage
levels tabulated. '

Several control experiments were performed following identleslly
the ebove details so thal a decision could be reached as to whether the
effects observed were due to the Vasoxyl or might have arisen through
some artifach of the technique. Normel sterile saline was injected for
two hours at the rate of 1.0 oc./min. and the effects obeerved to see if
hypervolemia were & factor.

Cyelopropane Anosthesia

A fasted dog was anesthetized with cyclopropane without premedi-
cation. Induchion was sccomplished with 809 oxygen and hO% eyelopropens
or with 602 oxygen, 207 nitrous oxide and 20% cyclopropane. After the
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animal reached Plane III stage I, it was intubated with a ouffed Magill

endotracheal tube and anssthesis eontinued via closed circult. Anes-
‘thasia was maintained with 707 oxygen and 30% eyelopropene. 4 30 minmute
pexiod was 2llowed for stabilization. Respiration was supported by bag
breathing wherever indicated in order to avoid the effecte of hypoda.

A lead IT electrocardlogram was recorded with a Smmborn Visocardiette
throughout the experiment. After the stabilization period, brief cemtrol
EK0's were talen in leads I, II, ILI, AVR, AVF and AVL., |

A femovsl vein was then exposed and @ small polyethylene cetheter
ingerted through this wein into the inferior vema cava as close to the
right auriole as possible.

Vasoxyl in varying doses was then injcaatea& via the femoral eathétam
After the scute effects of Vasoagyl had disappeared, as detewmined by EKG
and respiratory status, epinephrine was injected via the polyethylene
catheter in doses renging from 10 miorograms per kilogram to 20 mierograms
per kilogran. The affe&‘ha of the epizephrine on the EXC were again
followed by 2 lead II $racing taken intermittently.

The EEG tracings taken after Vasoxyl administration were than compared
with those following epinephrine,

 Melville Technique'®’

Fasting dogs were weighed and anssthetised with Nembutal sedium
{35 mg./Ke.) administered intraperitoneslly, After anesthesia was
attained, a ocuffed Magill endotracheal tube was inserted into the trachea
and control EXG's were taken with a Sanborn Visceardiette in leads I, II,
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III, AYR, AVF and AVL. Tracings teken throughout the experiment were
iead II. These were recorded st five mimute intervals or as the animalls
sondijion changed.

Afjer the controls were taken,the animal was subjected to chlorofomm
iphalation through a gauze mask for five mimutes. Tha chloroform adminis..
tration was nob intended to deepen the level of anesthesis. Following
the ehlorofomm,a femoral vein was oxposed and & small polyethylens
catheter was inserbted through this wein high into the inferior vens cave
so its tip lay as near the right suricle as possible. Inbtravenous
injections of Vasoxyl were given through this catheter. The doses of
Vasoxyl veried from 0,02 mg./Kge to 1 mg./Kg. for the enimals used in
these experiments. The animals received assisted respirations with the
bag on the gos machine as needed using & closed circuit system with
oy geti.

Following the injection of the Vascmgyl, the animals recoived
epinephrine in doses renging from 10 misrograms to 20 mierogrens per
Ikilogram . The epinephrine was administered into the inferior vena cava
through the oatheter as described abowe. Varying pericds of time were
ellowed to elapse between the administyebion of the Vasoxyl and eping-
phrine {from 5 to 20 mimutes). o attempt was made to measure the
duration of the effect of ’?&swl a8 melated Yo epinephrine resulis.

There were conirol experiments gonducted in whish Vasoxyl was
omitted and Levophed or Neosymephrine substituted for the epinephrine
"ghallenge® dose as deseribed by Melville. Part of thess conirel
experiments were recorded by means of & single charmel EKG end pard by
moans of the four chammel maching recording leads II & III and & carotid
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pulse wave. The cerotid pulse wave wag cbiaimed using an electremancmeter
gonneched to 2 carotid arbery. Vagobomy was not performed on these
animals, |

Another podification of this method wes utilised in whieh the vegus
narves were severed bileterally as high in the neck as possible before
adninigtering the chloroform or Vasouyle In part of these animals the
rocording was limited to 8 lead II EXO as deseribed above. In the other
group the recording was accomplished by moans of & L channel Sanborm
glectrocardiograph. Two channels were ubtilised to record leads IT and
IIT of the EKG and a third channe]l recorded the pulse wave of a carotid
artery as transmitded through & Sanborn electromancmeter,

Vagotony

Fasted dogs were mesthebized with Nembutal sodium adninistered
intreporitomeally. After suitable anesthesia was abbained, control BEGYs
were taken in leads I, II, ITI, AVR, AVF and AVL, A ouffed Magill endo=
-&:ﬁ:slmal tube was inserted into the trochea. Then an incision wap made
in the anterior midline of the neck and both vegus nerves exposed as high
in the neck as pogsible., The nerves were then severed and Vasamyl
injected inmbravenously into & superficlel leg vein. The status of the
animal wes recorded Ly a leed II BEC trocing throughout the experiment.
The aninel wes subjected o five minutes of chlloroform inhalation.
The dose of Vasoxyl used varied from 0.25 mg,/Eoe to 0.5 mg./Kg. in the
different animels used in theso experiments. At varying time indervals
following the Vesoxyl, epinephrine in doses of 20 misrograms/Kg. wos given
intravenously into & superficial lsg wvein.
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Asgisted breathing by means of the beg cn the ges machine was glven
a8 indicated throughout these ezperiments. Oogygen was glso given as
indicated. Dues to the short period of time involved in these experiments
anoxia or carbon dioxide depletion did not bocoms a probiem.

The effects of Vasoxyl and epinephrine as indicated by the EKC
wore compared and tabulated.

Myocardial Inforebiom by Mesns of Intramyocardial Injection
of Zing Hydroxide (tgger)*”?

Pasted doge were anesthetised with Nembutal sodium (35 mg./Kg.)
given intraperitoneslly. 7The animals were plaged supine with legs
extendod. The left chest wall was shaved, cleansed and the fifth interw
eostal spece merked, Hlsetrodes were attached to all four legs sc that
intermittent ERG's in lead IT could be recorded throughout the experimant.
The enimal wae intubated with e cuffed ¥agill endotracheal tube so that
aspioted breething could be instituted with the re-breathing bag on the
anagthetic machine if indiceted. Control EEG's were itaken inm Jeads I,
I1, IIX, AVR, AVF and AVL.

The infaret was then prodused, A 20 gauge lumbar puncture noedle
wag inserted through the left fifth interspace about 1/l to 1/3 the
distances from the sternum o the spine. The needle was direchted so as
to plerce the left ventricular wall. The apex of the heart could be
pierced by directing the needle aboat 45° caudad end the needle could be
directed to hit the supericr portion of the vemtriele wall by turning it
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30° cophalad. Since the septum lies in a fronbal plans more tham in
saglittal plane, the needle muet be kept parallsl to the table top or at
least less than 30° ventrelward. The needla could be inserted to lie
~in the right veniriele wall, the septum, or left ventricular well by
varying the direction and depth of insertion.: After the ventricls was
plerced, the stylus was withdrawn., If the needle was in @ chamber,
blood was ojected from the end of the needle. Then the needle was
slonly withdrewn until blood no longer fiowed from it, This indicoted
that the needle lay in 8 ventricular wall or septum depending on the
direction and depth.

The szine hydroxide suspension used was freshly prepared by mixing
oqual volumes of 0.25 ¥ NaOH and zine sulfate 5%. Three ce's of this
suspension was injected into the myocardium at the rate of 1 ce./10 seec.
Betwesn each ce. Injected, the nsedle was aspirated to detormine if i%
were still in the myocardium.

EEG's were recorded every minute, In animals in which en infarch
had been formed, the damage was signified by an abnormal FXG tracing
within 20 minutes. If, st the end of 30 minutes after the injection,
there were no significant change in the EKG, the procedure was repested.
In no case was more than two attempis necessary to produce a cardiac
infarction.

As soon as sbnormal trasings were noted, Vasoxyl wes injected inte
@ superficilal vein. The doses of Vasoxyl varied from 0.25 mg./Kg. to
1 ng./Xz. ‘

EKC tracings were taken every mimute thereafter to determine the
effects of Vasoxyl on the abnormal pattern which had been noted following
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the sine hydrocide injecbion. After the effects of the Vasoxyl have
been diseipsted, another EKG was taken and the experiment terminated.

In the same mamer epinephrine wag used instead of Vasoxyl.
Hyocardial inferction produged by ligation of the anterior coronary
vesacls was attempted in one experiment bubt this method was fell to be

wsebisfactory and was discarded.



FIGURE 1

Composite greph illustrating the effects of
constant infusion of Vasoxyl in various
concentrations on the blood pressure of dogs.
A1l blood pressures have been sonverted %o &
cammon control level of 120 mm, of mercury.
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FIGURE 2

Bection of kymograph record showing the
effeots of constant intravenous infusion

of Vasoxyl on blood pressure and respirations
of a doge
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RESULIS 17
Gomstant Infusion Exporiment

The methoxamine solutions used were all made up for each dog @o

that each ml. of solution econtained the required mg./Kg. The constant

injector machine was then set to deliver 1 ml. per minute so thet the

same volume of solution was administered to each dog per mimite.

Dosgs of methoxomine useds

Be

B
e
de
e
£.
2o
he

Oaﬂl ﬂa/ﬁﬂa/ﬂﬂa

0,025 .
0,05 .
0.1 "
0.2 n
0.5 "
1.0 "

sontrol 1 ml. sterils normal saline/min.

As QCardise affects.

Changes in the blood pressure are summarised in figure 1. Doses

of 0,025 mg./%g./min. esused a sustained rise in blood pressure for as

long as the drug was administeved. Doses below 0,025 mg./Hz./min.
{1.8. 0,01 mg./¥z./min.) are considered to be sub-minimal even though

they produesd & significant rise in blood pressure. This dosage did

not couse a maximel response and the resuliing bradycardia seemed to

follow roughly thet which would be expected in 2 normal carotid simus

raflex. Bubt in doses above that it would appear that this brudycardia

is independent of blood pressure mnd the vagal reflex {see figures 9

and 3.6)&
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A3 the dose was increased the tachyplylsxis produced by this
drug became more and more apparemt (King)(m)g At doses of 0.5 to
1.0 mg./Kg./min. the maximal dosage range was being reached. At these
doses the height of the blood pressure rise tends to vary from dog b0
dog although the duration of blood presswre rise remained remarkably
constant for each particular dosage used.

There were no significant changes in the electrocardiogram
other than the above noted einus bradyeardia, At near lethal doses of
0.5 0 1.0 mg./Mg./min. cccasional eimms peusss began to appear inbere
spersed with bursts of nodal riythm, These perdods of nodal rhyblm were
never secn to exhibit rates more repld than combrol rates.

B. Effects on respiration.

&m‘of the more constant offects noted was a respiratory
depression. This appeared coinecident with the initial blood pressure
rise (see figure 2). In ‘th- smallest dosage ranges only brief, tran-
sient, slowing of respiration osourred after which the respirstion
returned to essentislly conbrol state. In doses of 0.025 mg./Kz./min.
and over a Cheyne-Btokes type of respivation appeared. As the dose was
increased, the respiratory depression became more severe umtil doses
of 0.5 %0 140 mg./Kg./min. ceused death Ly respiratory depression
(see table 1).

G. Other effects.
An inerease in salivation was noted to a slight degree in most

doge but only ono dog showed excessive selivation.
| A1l dogs exhibited clonic movements; often quite viclent,
particularly in the higher dogse ranges. The 1id reflex and the



TAHLE I
Resplratory Effecta of Contiruous Infusion of Vasoxyl.

Time to Appesranca
- Dose Vasoxyl Time of Maximum of 1st Respiratory Time to Appearsnce

o/ Ko /mainie BsP. Hise Depression of = okes
0,025 2l Lo

0.05 12 ik 22.5

0.1 35 3.5 ki

0.2 3 b 6

0.5 L% 3.5 L5

1.0 2 2 3
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corneal reflex returned but the light reflex remained absonts The
pupdls were dilated in all cases.

The aninels, though they gave the appearesnce of coming out of the
anesthesis, showed & marked sensitivity to any further barbiburstes.
For instanse, one animal which had %ﬁaen anesthetized with sodium barbitel
six hours previously began to have convulsive movements (after one hour
of methoxamine) so vielent that 1 gr. of sodium pentobarbitsl was
given intraperitoneally, This coused immediste cessation of respiration
and severe fall in blood pressure and death followed within minutes.
This enimal was atill receiving methaxamine but evidently was refrectory
to any pressor sction of this drug.

Effects of Methomamine Overdosage on the Normel Heert, Death was
the result of respiratory arrest and falling blood pressure. The
aceompanying electrocardiographic signs were bradysardia with occasional
sinus pavses and slow atrioventrieular nodel thythm. Bredycardia
continued despite the falling blood pressure, lLate signs did indicate
& myooardial hypwmda which could be effaced using artificial ventilabion

with crygen.
These contimuove perfusion studiss indieste that adequate mming
gymptoma sppear long before lethal doses of methoxamine are reached.
At any rate of injection greater than 0,025 mg./¥g./min., a Cheyne-Stokes
type of respiration appesred when a tobal dose of 1.0 $0 1.l mge/Eg.
had been reached. A second sign of methoxanmime overdosage is the ocour-
rence of tachyphylaxis; despite contimuing administration of methowamine
the blood pressure declines. With methoxamine administered at 0.2 mg./¥g./fuin.
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or 0,05 mg./Kg./min, the initial drug-induced hypertemsion disappears
and blood pressure retwrns %o the preinjection lewel when a2 tobal dose
of 12 nmg./Kg. and 4.5 mg./Kg. respectively had been injected. A suse
tained increase in blood pressure in dogs could be maintained only if
the perfusion rate were less than 0.02 mg./¥g./min., Finally, slthough
slowing of the heart rate ocours early, frequent simms pauses and
periods of AV nodal rhytim are related to methoxsmine overdosage.

Fallure of Vescuyl to Ineite Ventriewlar Arvhythmias during Gyelo-
propane Amssthesin. Single doses of Vasoxyl, 0.2-10 mg./Kz,, wers
injected immmaly into non-premedicated doge anesthotised with

30 per cent oyulopropane and 70 per eent cxygen for thirty minutes,
Neither ventricular tachycardis nor vembtrigular fibrillstion was
observed, There ocourred instead a sinus bredycsrdia; with 0.5 mg./Kz.
the heart rete was approximately two~thirds of the initial rste and ab
doses of 1.0 me,/Kg. or greater the rate was appraximately one-hslf the
control value. With the larger doses, 0.5 mg./Hg. and greater, simus
pauses appeared and there was also transitory episodes of simms srrest
and alw rhytims. Consistent with & plotwre of vagal stimmlation, the
larger doses of %?’aﬁmqu wore followed by an inorease in the PR interval;
control values of 0,10 sec. were increased to 0.14 sec. There appeared
also an apparent increase in ST interval im many experiments though the
interpretation mst also include the appearance of a U wave., This is
summariged in table II.

Vasoxyl; in doses of 2.5 mg./Kg. and greater, cméci apnos and
decreased respiratory movements which required sssisted respiration for
periods of time a8 long se twenty mimtes. It is not believed that this
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epnoa was the result of inoreased depth of anpsthesia since museular
twitehings and 1limb movements contimnued. Marked pllomotor activity was
occasionally noted also with doses of 2,5-10 mg./Kg. of Vasomyl.

When epinephrine hydrochloride, 10 microgrem/Kg., is administered
to dogs anesthetlized with ¢yclopropens under the same conditions, ventyi-
enlar arrhytimise are provoked, If the injeotion of epinsphrine is
made through a femorel wein eatheter so inserted that its tip liss just
below the inferior wonz cave, ventrisulsr tachycsrdia appears in 75-80
per eant of the dogs testeds The tachycerdia is then followed by rapld
rhytims having various ventriowlar pacemakers, then simus tachyeardia
with return %o normal rhythm in about ten mimubes. The other 2025 per
gent of the dogs die of vembricular fibrillation. If a larger dose of
epinephrine is given, the ventriculer arzhytlmias sre prolonged and the
ingidence of ventricular fibrillation incressed,

Using this experimental procedure, & large mmber of pressor amines
have been compared with epinepiwine. Most of 4them have been found to
institute venbrieular tachycardia and ventricular fibrillation (Orth,
Leigh, Mallish and Stutman, 1939)°"", tHomover, Stutamen, Pettinga
and Fmggiam(h) found in dogs amesthetiszed with cyclopropane that
Vasoxyl in doses of 1-1.5 mg./Kg. failed to elicit ventriculay arrhythmlas.
8imilarly, in our studies neither ventricular tachyesrdia nor ventriculay
fibrillation was observed with doses of Vasaxyl varying from 0.2-10 mg./Ez.
15 should be noted that the largest dose (10 mg./Kg.) given is some 35 to
70 times the recomended humapr adult intremusecular dose.

A surprising finding was the protection afforded by Vasoxyl against
epingphrine-cyclopropans ventricular arrhythmias. The ususl 10 microgrem/Kg.
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challenge dose of epinephrine was injected nine to twenty-oight mimstes
aftor the Vasoxyl had been given (no attempt was made to estimate the
duration of Vasaxylts Yprotection"). When 1-10 mg./Kgz. of Vasexyl had
been injected, epinephrine csused transient periods of an occcasional
premature ventrieular systols, simus tachycardia or bigeminal mrms.
With smeller doses of Vasaxyl, the duration of epinephrine's wentricular
taclyvardia was significantly less. Thore was no wventricular fibrillebion
when epinephrine had been proceded by 0.2 mge/Kgs of Vasoxyl or move.

Chloreform "stress®: Hethoxamine was injected immediately fellowing
:3*1' preceding five mimtes of chloroform inhalation at 0.2, 0.5, 1.0,

2.5, 5.0 and 10,0 mg./Bg. Even with the largest methoxamine dese wenbri-
cular fibrillation nover appesred. Instead methoxanine was followed by
slowing of the heart rate, sinus psuses, slow AV nodal rhythm and an
increase in the PR interval (ses figure 3).

As seen with the c¢yelopropane experiments, methoxamine prevented
chloroform-opinephrine ventrieular filtrillation. Ventriculsr £lbrillation
never oocurvred follewing challenge with 20 mierogram/Kz. epinephyine if
methosamine in doses greater them 0.1 mg./Xz. had been given previcusly,
Protection, however, is not complete (see dabls III). Pretreated with
mebhoxemineg, epinephrine still proveoled trensitory period of rapid AV
nodal tachyocardia, bigeminal rhythms,; premture ventrioular systoles and
sinua tachyocardia. lhl‘vi:tla(m) reports similar protection for ephedrine
against eplnephrine~ghlorofarm £fibrillation although he states thet 1%
alone may provole premsture vembriculer contractions., Methoxsmine in the
gbowe listed dosage range still prevented epinephrins-chlorofom



FIGURE 3

Section of BEG illustreting the affect of
Vasoxyl on & dog's heart which has been
subjected to the Melville procedure of
~cardies sensiiization with ehlorofarn.
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TABLE III

Protection by Methomsmine Against Ohleroform - Epdnephrine
Induced Ventrieulay Fitrillation

=

. Hethomamine dose | Muasber of follmring chlurzfmmmmm
nze/Kg. dogs used fchallenge®
0 g  Ventrieular fibrillation
0, p 8 1 ventriculay fibﬁmﬁiﬂh
0.2 i o ventrieular £fibrdillstion
0s25 1 Venbricular tachycardia

followed by fast AV nodal rhythm

05 3 A Rapid AV nodal »hythm followed
by premature ventrieular systolss

1.0 ! . Brief perlod bigeminal rhythm
and premature ventriomler systoles




ventrieular fibrillation aftor bilaterel vagotomy {see table IV).
Hethoxanineg did not prevest the pressor effect of epinepliring.

» In three animnls subjocted to thiz procedure, with the substi-
tution of Levophed for Vasoxyl, ventriculay fibrilistion cecurred in
all three immodiately following the injection of leovophed, This is in
acoord with the findings of Melville.

Three aninals received Heo-Synephrine as g substitute for Yasoxyl
in this procedurs and in no ease did venbrieuler £ibrillation OQCUL.

Myocardial infaret: Nyocardial infarcts produced by injecting
gine hydroxide sugpensions are not followed by cardise arrhytimiss.
The ST junction or segment and T wave alterations typicel of myocardial
infarcts were the only chamges., Dogs included in this report had
lesions in the anterior wall of the left ventricle (verified at
autopsy). Methoxaming, Oe5-2¢5 mg./Kg., dld not ineite any cardise
arriytimias, Rather, there was the ususl cardiec slowing with oscasional
sinus pausess The ST junebion was eleveted and inverted T wave reversed
%o an upright position. These elecbricsl indications of improved
function which followed methoxamine administration may be due to &
restoration of normal intraventriculsr prossures.

In contrast epinephrine, 10 mierogren/Kg., sdministered to doge with
myocardial infarcls was followed by fregquent premature gystoles, bigeminal
and trigominal rhybim and ventricular tachycardia from shifbing end

variasble ventricular foel, and even ventriculer fibrillation (see figuwre k).
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TAHLE IV

Results of Vasoxyl in Molville Procedure After
Bilateral Vagobomy

Tose of Vasoxyl " Wo. of
mat ga -

dogs Effect on the EXG
1) 2 2 ventricular fibrillation
0.1 1 Ventrioular £ibrillation
0.2 1 Ventrioular 4aclyoardia and

eotopie beats followed by
ganplete recovery

0.25 2 2 wventricular tachyoardiaj
complete recovery
0,8 | Ventrioular tachyeardia;

conplote recovery

1.0 - S Ventricular techyecardiaj
ocomplate recovery




FIGURE L

Section of EKG of a dog which has received

& myocardial infarction with Zn(0H)y ascording
to Moyer's method., This seotion illustrates
typleal effects of epinephrine in these
animals.
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DISCUSSION

Congtant Injection - Undamaged Hearts

Respiratory depression was evident in nesrly all instances almost
imediately following the injection of Vasmyl, The degree of deprese
sion roughly followed the strength of dose used (see table I), In all
but one ¢ase the most severe perlod of respirstory depression coineided
with the period of micimum hlood pressure rise, The indtial severe
depression was followed by & somewhat improwed respiration ia all dogs

except the 0.8 mg./Kg./mine and 1 mg,/fz./min. dosage during which the
- andmals died. The respirstory depression in those cases was dofinitely

& factor in their death, The possibility must be consideved whothor
the respiratory depression mirzors & general central nerveus system
depression. Another facet is the possibility of the late fall im Blood
pressure being due to anoxia of Yhe vessel walls secondary to respirge
tory depression. This is not probable because higher doses cause rapid
fall in blood pressure following the initial rise; the blood pressure
fall is too rapid to be the result of anoxia.

The Cheyne-3tokes type resplration which occcurred is thoughbnot
%o bo dw to shocks The appearance of the Cheyne-Stoles respiration
consistently cccurred at & time when the blood pressure was high., I
believe it is duwe directly to cordio-respirastory reflexes with soms
degree of depression of the centrel mervous system by Vasouyl.
Furthermore, in a dog which received inmtewmittent doses of Vasoxyl,

Cheymo-Stokes respirations rapidly appeared following Vssoxyl
injection and disappeared as the effects of the drug wore off. Subsow
quent doses of Vasexyl in this aninal showed less and less effech on
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bleod pressurs but alwsye showed sigtw% of respiratory depression. This
intermitteont dosage work should be fallmd upe Respiratery distress
was noted by deBeer and assecm‘t%(m }&

It was further noted that injection of Vasoxyl caused wakefulness
and movenents of extremities in animals undey barbital sodimm anepthesia.
This is probably duws to incressed flow of blood to the brain. This, of
eourse, was proportional to the degree of blood pressure rise. Retmina-
tion of the animale showed 1id reflex present, corneal reflex present,
pupils dilated but an absent light reflex. At the same time, though
these animals appear to be coming out of anssthesis, they are very sensi-
tive to further doses of barbiturates. It is hypothesized that the
inereased cxygenstion of the brain causes wakefulness though the
barbiturate is still present in the tissues and if Vesoxyl iz ceusing
sone goembral depression, additlonal barbiturate might prove symergistic
in action.

The characteristic signs of emerging from snesthesis may be dus to
merely inmoreased intracranial blood flow. Cerbtain areas of the corbex
may be actively depressed by methoxamine bub most of the eigns of this
be masked by better oxygenation through increased blood flow. Thus when
the dog receives more barbiturate, the depressant sction may become
predominant. 7The theory thet methoxamine hes a depressant phase on the
cortex is baged on the oonstent appearence of respirstory depression and
the respiratory deaths. Wo conglusioms can be drawn definitely on this
&% this time.

One of the first clinicel signs of overdosege in dogs is o depreseion
of respiretion which is considered a distinet advanmbage of this drug.
Respirotory dictress beanméa egvident at drug lovels well below fatal levels.
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Blood Pressure - Reference is mude to fisures 1 ond 2. The blood

presgure response was progressively less with inereasing dosage,
especizlly in duration. At this 4ime $his is thought to be tachyw
phylactic in nature, This was also noboed in animals by deBeer eb 31{13},
though in & private commmnlcation Dr. delleer states tachyphaxis has nob
been reporbted in patients. There is som indication that in doses of
0.5 ng./Kg./min. and greater that the per cent rise may be greater than
that for low dogses bub the duretion of effect is much less.

The optimum dosage range for meximum susteined effect in normal
dogs iz about 0,025 ng./Kg./min, The sub-minimal dose is 0.01 mg./Hg./min,
and below. Doses of 0.5 mz«/%Xz./min. and over arve the toxie range and
may eausevvawfhzg bloed pressure rises and death from respiratory
depression.

Effects on the Heart - Reference is made o figures 5 and 6. ALl

doses produced bradysardia, the severity of which apparently increased
with the dose (within limits),

Using 04025 mg./Kg./min, there was an initisl drop in heart rate
and the coinciding blood pressure yose to slightly above control levels
where it was maintoimed.

In all obher doses as tho blood pressure fell, there was no compens
satory rise in heart rate. This loads one o question whether the bradyw
gardia is due to the carotld simms reflex. According to Fasseibi and
Toube (™) the pulse rate was almost invariekly slowed and the degree of
slowing was proporticonal to the oxtent of pressor response. Ho such

correiation was seen in my work., Fassett and Toube also abolisghed the
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Graphic representation of the relative
effects on blood pressure and hwarb rate of
sonstant infusion of Vasoxyl in a low
consentretion (0.01 ng./Kg./min.).
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PIGURE 6

Graphiec representation of the velative
effects on blood pressure end heart rate of
consbant infusion of Vesoxyl in a high
concentration (0.5 mg./Kg./min.).
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bradycardia with atropine indicating that heart rate slowing was due
to one or more of the following:

(1) stimdation of wagal center

{2) hypertonicity of vagus

(3) depressant effect on myoeardium and intyinsic conduoting nerves

(1) depressant or competitive action on engyme sysbems of vagal

systom of myocardial condustion bundles.

Bradycardis was the most consisbent effect of Vasomyl on the heart.
Ho other significant eonstant effects were noted in the electrocardiogram
at low dosages.

Other workera(>) have shown that atropine abolishes the bradycardia
which indicates that whatever the origin of the bradyeardia it m mediated
through the vegus nerve. In low doses it may be, to 4 degree at least,

& normal carotid simus reflex but in doses of 0.025 mg./Kg./min, and sbove
it is not the result of carotid sims reflex aloms, This cardiac sliowing
is evidence again of the lack of irritation of the myocardimm of this
drug. We beliove that uniile most of the pressor agents asvailsble
methoxamine csuses no stimmlation of the heart and thus should be of
value in hypotension of myocardial ;tnfarctiun.

. Though bredycardia was a constent effect, our records indicate an
initial inorease in stroke volume followed eventually by diminished stroke
volume (see fipure 8). This was particularly noteworthy in the higher
dosege ranges. This aspect is to be studied further with more accurate
methods. The uvltimate decresase in sbroke volwme was scmewhat more severe
with higher doses. The strole volume was only slightly increased with
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a dose of 0,025 mge/Kge/min. the optimm dose in cur experiment, Wo
believe that the cardiag output is not significently changed at this
dose level, |
The apparent deorease in sbroke volume of the heart whioch ocourred
following the initial inorease late in each dog could be dve to fatipue
or anoxis secondary to respiratory depression.

Toccleity -~ Death could be prodused so far only in animals receiving
05 mg./Kg./min, and over. This work indicates that desth is primarily
due %o respiratory distress divectly and indiveetly through anoxia.

CYCLOPROPANE

These experiments indicated agalm the lack of irritating effect
of Vasoxyl on ths myocardium. This is desoribed more fully in the
discussion of the Melville Techniqus immediately followling.

In no case in this growp of experiments did epinephrine cause
ventricular fibrillation when it hed been preceded by Vasomyl.

Though there was no atdempt made in these experimenmts to determine
the length of time which Vasoxyl would inhibit or slter the sardiae
effects of epineplerine, there are indlcations that soomer the epinephuina
is given following the Vasoxyl, the less the offect. In one experimsnt
epinsphrine was given sbout 9 minutes following the Vesaxyl and no
inecrease in heart rute was seen. However, in this same animel & subse-
quenk dose of epinephrine given spproximetely 50 minwtes following the
Vasmi produced a gignificant rise in hesrt rate. This relstionship
was seen several times, Other experiments frequently showed that the
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i’ fivat dose of epineploine following Vacoxyl would couse less of a rise
4n heart rate than he sccond doss, The swme effoct waS found 4o be
* trus rogardisg the insldence end severity of cardise erhyitmdes due
, to epismephyine,

—

| |

The cbeoxrvetiom that Vesowyl prodused o Wwedycordis whish was
apparently indepondent of blood pressurs cmnd that Vasoxyl epparestly
" had no eignifiount irritent offect an the myooandiwm, led us 4o sbady
the drug in sninals whooe hearte hed boen "sensitised® by chloroforsm.
It 4o woll Imowm thet during this procedure ss originally deseribed
y ma1v1138®) optamphirine w11 produce vestrtentar Sbetllation in a1)
Voo The fagbe Uhet not caly did the adninistration of Vasasyl to these
7 cndmels fail to ewolw serious candise arvhytimlas bub furbher wouwld
| x&ﬁmw prevent gpimephrine-induced Mberillation, male this pressor
' o wntue, This offect of preventing epimephrine-dinduced fibweillstion
’,mmmmammwm@wm
| this phenmonsms 15 4o cbvicus that it is @ divech irvitast effach on
- the myossrdiun for vembrdoulsr fibrillation will cceur in the hears whieh
has been isolated {rem its nerve supply. Ioteminetion of the exact
" mature of this ireitem: effect ls, howsver, bayond the scape of tida
. investigetions Omo oon suggest the puswibility of opinoplwine sltering
- - ongyme systems or destraying or altering imtresslluwlar electrelyte
balance,

I
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Vasoxyl, as has been noted before, produces & bradycardia inde-

pendent of blood pressure and, therefore; independent of the vagal
reflex a3 it is commonly accepted. HNow, in these Melville procedures,
further evidence is shoim that not only doos Vascxyl fail 4o incite
arrhyblmias, but it actually may be protective to the myocardium against
certain errhytimias, By bLlocking, et least in part, the direct irritant
action of epinephrine on the myoeardium, it msy be postulsted that
Vesoxyl is also acting directly on the myocardimm in this respect.

- Further evidenge of the active proteciive action of Vasoxyl ou the
myooardiwn is shown in that identical resulis were obtained in animals
that received bilateral vagotomy and then were subjected to the Melville
procedura. In these animsls ventricular Cibrillation could not be pro-
duoed by epinephrine whem preceded by Vasoxyl. In the light of present
knowledge, it is therefore proposed that Vasexyl has at loast one effect
on the myocardium directly:

The exact nature of this Yprotective agtion® of Vasoxyl carmobt be
stated singe the exact nature of the mechenism by which epinephrine pro-
dxicea ventriculer fibrillation is not yet clear. It is also proposed,
however, that this protection against epinephrine-indused fibrillation
sy be a competitive inhibition type of mechaniam, Comparison of the
chemlcal structures of the two compounds as illustrated below indicate
that this is not an impossibility.

, Methoxamine ~ Epinephrine

’ (Vasoxyl)

. OCHs; H H Fli T |

| —CI.!—(l.t—CHs- el Mk —~C— C—N—CH3: HCI
| | "OHH H

|
OH NH, "o
OCH,
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The duretion of this so-ealled protective action of Vasoxyl was
not @'ﬂﬁiﬁ&n

Zn(0R)o - Infarcts

The lack of irrdtant qualities of this amine on the myocardiom is
Dlustrated again by these experiments, In the animals in which we
felt we had boen suscessful in producing an infaret, Vasexyl dd mob
provoke any signifieamt arvhythmiass even when administered in doses
greater than are used clinically. This can best be illustrated by
referring to & ropresentative EKG from one of these animels (see figure 7).
It 15 to be noted that, as compared to the effects of epinephrine in this
animal, Vesoxyl was relatively benign.

- Due to the many varisbles which are readily appeyent in this type
of experiment, it iz difficult to drew any exact conclusions from them.
This difficulty is compounded by the lack of time and funds needed to
perform enough of this type of experiment to male even the above vapue
impressions statistically significant, All we have atbempted to state
mgar&inp; these experiments is that there is an indieation here thet
Vasoxyl is not likely to csuse arrhythmias in animals subjected tb
Meyers! method of produwsing infarction. ’

Lack of wtoward effects of methoxamine used in animals with experi«
mentally damaged hearts tends to discredit the waming against the use
of gll pressor aminss in oiinioai heart disease. T® failure of this
emine %o excite ventrieular arrhythmiss in gyelopropans unsitiﬁd
hearts is a fagtor favoring cholee of this agent to maintain adequate

-



FIGURE 7

Soctions teken from EXG of a dog in whish
& myooardisl infarct had been prodused by
Zn(0H)g scoording to the method of Meyur.
These sections show {ypical effects of

Vasoxyl and epinephwine.
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blood pressures during surgery. Particulady pertinent is the finding
that methoxamine can prevent epinephrine induped ventricuwlar arrhythmias.
This action is apparently independent of the drug's pressor astion or
vagal stimuletion., Our observations indicate that methoxsmine should be
given extensive cliniecal trial to prevent or arrest cardiac asrrhytimias.
Acgording to & few case reports, methoxamine wes used with suscess in
arresting supraventricular techyeardia (Hailm&m and mmrw ); Berger
and mm.ffa(lg) }, though these authors indieated this effect was thought
%o be due to & vagal reflex,

A more detailed analyeis of the cardicvascular astions of a single
intravenous dose of 0.5 mg./Kg. methoxamine was made uging electro-
nanometers and mitiple recording. The results are illustrated in
figure 8. The initial perdod of high arberisl pressures and bradycardia
are related to the rapid rate of injection. It would appear that the
hypertensive action of methoxamine is related to the increased venocus
pressure - & reflection of incressed peripheral resistance., The cardiae
output, csloulated by the indirect method of Hamilton and Remingbon’:®)
was maintained despite an evident slowing of heart rate. Following
bilateral vagobomy and the same dose of mpihoxmmine, the slowing of
heart rate was nob as marked. As a consequence the oardias output could
not be maintained at the initial rote during methoxamine's hypertensive
action. This would indiocate that methoxamine has no direct myocardial
gstimmlating action, 1.0+ there is no positive inotropic elfect.

Youmans and Goodman, both then a2t the University of Oregon Medical
School, first desoribed the use of Neosynephrine (phenylephrine) for the
reduction of suprevenbricular tachysardis to nomal sinus rhybhm(17).



FIGURE 6

Effect of llﬂ.tm hydroohloride,

0.5 mg./Kg., in a dog anesthetized with

sodium barbital. All pressures were

ﬁcardad with "isometric® electramsnomoters.
The cardiso output was obbained by the indirect
method from pulse pressures.
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The mechanism of antisrrhythmia setion for this drug was proposed as

4 stimation of pressor receptors in the carotid simus and refiex
discharge of the vagus nerve. The action of the vagus endings om the
sinowauricular node slow its repetition rate end nommal sinus rhythm
supervenen, Massage of the carotid sims region and performing the
Valsalva mansuver in patients with supraventricular tachyeardia alse
involees reflex discharge of the vagus.

Vasaxyl by causing an ingreased pressure in the earotid sims
also will cause reflex vagal discharge in patients with supraventricular
tochyeardia. The experiments mpnﬁmd in this thesis indicote that, in
addition, Vasoxyl acts direchtly on the myocsrdium to cause slowing of
heart rate. Thus, because of the dual action of Vasoxyl to cause cardise
slowing, it was considered advisable o give it a therepsutie trdal in
patients with supreventriecular tachycerdiss; and to compare it with |
Neosynepinwing.

It has been reported in the literature as being used for this
eondition befare. Barger(ls) reported two cases which were refractory
4o the usual meothods of treabting supreventriocular techycardia that
responded to 10 mpg. doses of Vasoxyl. He fell that the successful
results wore due to carotid sims reflex sctivity in contrast to our

f’eeliﬂa.t



CASE HISTORIES

(lindeally, this drug hes been employed in several cases of
supraventrienlar techycardia. Five sush cases are briefly sumsrized

as follows:

Oase 1. 4 sixbty-four year old janitor of Italian birth was adultbed
to St. Vincent's Hospltal 9/19/53 for treatment of paroxysmal tachysardia.
He had had intermittent attacks of tachyeardia since 1920, at intervals
of one week to five months. For the past four years he had been talding
0.2 gn. of quinidine three times daily, inoreasing the dose to OJi gn.
every four hours when an episode of tachyoardia ocourred., He was nob
taking digitalis.

Past history né negative for rheumatic fever, hypertension or any
other condition which might cause heart disesse.

The present attack began three weeks prior to admission, and unlike
previous episodes did not respond to quinidine, carotid sinus pressure
or Valsalva maneuver. During this attack songestive fallure developed
for the fivet btime,

On physicsl oxamination there were signs of congestive failuve as
indicated by bresthlessness, distended nack veins, enlerged liver and
bilateral ankle edema. Heart was enlarged to percussion, action was
regular and repid with an apical rete of 180 per minute. Blood pressure:
108/9h. Flsetrocardiogram showed a paroxysmal supraventriewlar bachy-
cardia, Chest Xeray showed passive songestion and an enlarged cardise
silhouette measurding 16 1/2 em. in transverse dlameter. Administration
of moyphine and phembérbi‘aal gsodium relieved spprehension but had no



Ls
effect on the ectople rhytlm. Carobid sinus massage, eyeball prossure
and Valsalva progedure wers likewise without effect.

On 3/20/53 he received 0.6 mg. of digiteoxin intramsewlarly ot
10830 A.H. and 0.4 mg. intremsculerly at 2130 P.M, At $:00 P.M. his
apical heart rate was @ per minute. AL 1130 AJf., 9/21/53, his heart
rete again inovessed to 160 end 0.2 mg. digitoxin wae administered,
Hormal heart rato was resumed ab 7300 AJM., 9/21/53. |

Chest X-ray was repeated mi 9/21/53 and shewed no evidence of
congestion and & heart size of 15.9 em. Au electrocardiogrem taken at
this time wes within nommal limits.

On 9/2l/53 the heart rate again incressed to 180 per minute with
a blood pressure of 108/102. An intrevenous infusion of 50 nmg. Vasoxyl
in 500 cc. glucose in water was starbed after the techyvardia had
pergisted for one hour despite atbempts et conversion by using earctid
sinus message and the Velsalva mameuver, Twelve minutes after the
infusion was started the blood pressure suddenly increased to 162/140
and the cardiac rate dropped to 52 per mimite. The infusion was discon-
tinued. The patient had received approximately 8 mg, of Vasexyl at the
time of conversion to normal simus riytlm. Within fifteen mimutes the
bleod pressure had retwmed to 138/78. A normal heart rate was meintained
wibil two hours later vhen tachysardia of 160 began. After four and
ohe-half hmzrsgaf tachyeardis whieh did not respond to mechanieal
BANSUVOTS Nor to in‘ammﬂnr adninistration of O. mg. digitoxin,
Vasoxyl infusion was started. Blood pressure was 102/92, 8ix minutes
afber infusion was begun, the blood pressure increased to 168/100 and
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the hesrt rabe dropped to 56, Tha patient had received L . Vasoxyls
Ten minutes later the blood presswre was 142/86. The elestrocardiosram
exhibited normal sims rhythm.
The patient had one other transient opisods of tachycardia lasting
a8 few mimites. He was discharged from the hospital on maintenance dosage
of digoocin,

Gase 2. A4 70 year old white female was adnitted to 8t, “fineentfs
Hospital 10/16/53 with a history of having had nothing to eat for ome
week; during this time had nausea, vomiting and diarrhes.

 Family history: Yother dled of diabstes; father dled at 73 years
of kidney stones and cancer. |

Past history revealed that patient had parcgysmsl eurieular
tachycerdia for the past 25 years. Atbaclks last mimates o days. ILash
attack was 1 month ago, lasted 30 hours. Attacks previously stopped with
digitalis and quinidine. Mechanics) messures have slways falled at
comversion. TFor the past few years the patiemt has had exertional dyspnea.

Physicel exumination rovealed a few moist reles in the bases of both
lungs, a soft systelic murmur in lefb second to fourth interspaces, and
hypotonic reflexes. Pedal pulses were not palpeble. Ho edems, The
eleotrocardiogran showed a supraventrisular tachycardias rete of 200 per -
mimite assoviated with myoserdial ischemia.

All mechanigal measures failed Yo comvert the arrvhytlmia,

Janetoelde, 0.8 mg. (Cedllanid), was given without afrmt. Twe hours
later 10 mg. morphine was administered; sometime within an interval of
two hours conversion took place; rate 98 per minute.
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. On 10/21/53 the rete ingreased to 17h. Morphine, B mge, 1/6 was .
given with no effect. Rate furthsr increased to 200. Vasagyl, 8 mg.
was given intravenously with abrupt chenge to 2 rate of 112 per aimite.

On 10/27/53 rete was 22} per minute. Digitalis was starbed bub
bagause of subjective compleints - chest pain and dyspnea - Vasoxyl was
sgain given. At stert of Vesoxyl intravensusly éhe blood prossure was
110/70, pulse 220. There wes abrupt conversion afber 4 mg. of Vascmyl.
After conversion blood pressure was 172/9L, pulse 8.

Patient was digitalized and has had no recurrence of the bachy-
cardia up to tims of discharge (11/2/53). d

Lase 3. This patient was in moribund conditlon when first scen.
The history suggested acute mypeard:wl infaretion bul there was no
opportanity for sn electrocardiographic confirmation of the diagnosis.
The patdent had“been in shook for several hours and no pulse could be
detected at the time when first seen. The blood pressure eould not be
obtained. Under Vasaxyl infusion the pulse became pelpable and the
blood pressure roee to 120/80. However, desth followed within a few
mimtes and no autopsy was obtained. This case is included to show
that, in & case of extremo shock probebly in association with a badly
damaged heart, Vasoxyl was at least temporarily effective in raising
the blood mressure and improving the quality of the pulse.

Case gﬁ* A sixty yenr old white men was aéﬁﬁtﬁd 40 §t. Vingent's
Hospitel om 12/16/52 in chock fyom an acute posteriocr wall myocsrdial
inferct. The blood pressure on admission was 135/80 but dropped below
70/52 (the last measurebls reading) in 73 hours. Two units of plasme
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and & mit of blood were administered during the next 5} hours resulting
in a blood pressure of 62/50. |

Vasoxyl was administered at approximetely 0.25 mg./min., (50 mg.
Vasoxyl, 500 co. 5% glucose, L0 ggbe/min.) maintaining & pressure of
approximately B0/60 with some slowing of pulse rate. Lanatocide 1,2 ma.
(6 co. Gedilanid) was administered during this time and resulted in
somo slight further improvement 90/72. Lenatocide G was readministeped
to maintain digitelisation and sodium heparin and sodium phenobarbital
also administered. ﬁ |

It was beleved that Vasoxyl was primrily of valus in meintedning
& normotensive state. At initistion of Vascoyl admindstration the blood
pressure was almost 62/50 which was maintained between 104/72 and
122/78 by adjusting drip rate. Pressures fell below 80/50 when Vaa;m
administration was stopped. A tobal of 320 me. Vesoyl wae adninistered
during a 1% houwr perdod of time. A% the %ﬁu Vasoxyl was diseontimued
the blood pressure was 110/7) end it was maintained between 120/7 -
118/70. |

The patient expired 264 hours after cessation of Vasexyl. Aubopay
indicated a yuptured posterior wall infam;
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Gase 5 4 75 year old womsn was admitted %o St. Vincertts Hospital
11/18/53. A diagnosis of extension of amterior well myosardial infarch
was mﬁﬁe‘ Vasoxyl was edidnistered in an effort to maise blood pressure
which on admission was §7/7. Five mg. Vasoxyl raised the pressure to
110/78 which was maintained until patient was discharged. There were
no arrhybhniss other than the expected bradycerdia. A slight inorease
in dyspnes was observed but was not belisve csused by the pressor amine,

Commant: These five patients are presented primarily to show that
elovation in blood pressure can be obtained by the use of Vesagyl
without the development of cardise arrhybthmies.

# Casos L and 5 were obtained through the courtesy of Dr. H. L. H. Dieok.
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1. HMethoxmmwine caused a sustained rise in blood pressure when
adninistered in the dose of 0.025 mg./Kg./min, in nomal dogs. Highey
doses exhibited eorrespondingly rapid production of refractoriness whigh
is assumed to be tachyphylaetlie in nature. Thus, excessive inereases
in blood pressure in dogs sre difficult 4o mroduce with this drug.

2. 0Dme of the first ¢linioal signs of overdosage in doge is a
depression of respiration which is usually considered & distinet advan-
tage. BRespiratory distress becomes evident at drug levels far below
fatal levels. Thus, any respiratory intarramﬁa may be used to
advantage as & warning eign agsinst possible overdose and toxisity.

3. Bradveardia is constantly seen when methoxamine is adminis-
tered. In low doses it may be, to a degree st least, & nomal carotid
einus reflex but in doses of 0,025 mg./Eg./min, and above it is not the
result of carobid sinns reflex slone. This cardiac slowing is evidence
again of the lack of irvitation of the myoeardium of this drug. We
believe that unlile most of ‘t.ha pressor agents availablza methoxaning
canses no stimmlstion of the heart and thus should be of value in hypo-
tension of myocardial inferction. | |

i There is scme indication that the stroie volume of the heart is
initially increased especially with higher dosages. The stroke volume
was ouly slightly inereased with a dose of 0.025 mg./Kg./min., the
optimm doge in cur experiment. We believe that the cardiac outpub is
not significantly changed, however, at this dose level, '
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B« In thees dogs cave must be obéam& to adninister additional
ananpthetic, especially barbiturates, carefully. The animalts tissues
are saturated or nearly so with barbiturete and also seem to be exseed-
ingly sensitive to any additional anesthetie of this type when receiving
methoxamine, This drug mey cause depression of certain aress of the
corbex.

6. Ia the enimale whose hearts were mde susceptible to cardiae
arrhytimias, methoxamine zailad to provole mmﬁ ayrhythmiss. The
experimental techniques used included cyolopropans or chlorofcrm
sensitization, myocardisl infarets and diphtheris toxin myocarditis.
lethoxanine, morecver, prevented epinephrins-gyclopropans or epinephrino-
chloroform venbtrioulay tachyeardia and ventricuwlsr fibrillation.
Epinephrine-chloroform induced wentricular fibrillation was effectively
blocled by pre-treating with Vasaxyl even after bilateral vagobomy.

7+ Methoxamine in overdoses gauses simus pauses and brief periods
of AV nodal rhythm. At lethal dosage of methowamine when death ccours
from vespirstory arrest ecardisc action is 8till maintained satisfagw
vorily. Methoxamine's pressor effects appear due to increased
peripheral resistance; there was no evidence of direet myveardial
stimnlation,

8. The results obtained with Vasaxyl by constant rate of injection
indiesate that it may be used by the intraevenous drip technigque, although
the usuval recommendetion is for intremusculer administration. The uee
of Vasoxyl by drip appears to heve several advantages in additiom to
eliminating the need for precise titration of dose. Overdosage signs



and symptoms, sinus pauses, oxtresystole, and irregular breathing
appear very early before any sericus toxle effects become manifest.
Pachyphylaxis to the drug's pressor action is a buffer preventing
dangerous hypertensions.



APFENDIX

Sumaries of experiments reporited in this thesis.



FIGURE 9

Oraphic representation of the resulte of
the Constant Injection Experiment using
Vasoxyl on Febwuary 26, 1953,
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February 26, 1953, Constant Injection Experiment Using Vasouyl.
See figure 9.

A 6.0l Kg, fasted female dog was snesthetised at 2315 P.M. with
sodium barbital given intraperitoneally in a dose of 250 mg./Kg. The
animal was placed supine on an animal board and an inoision made over
the %‘emoral veln, This vein was exposed and canmulsted with a small
pﬂhthwlem canmula to which was attached a syringe from the constant
rate injection machine, The syringe contained a sclution of Vasomyl
caloulated to deliver a dose of 0.025 mg./Kg. The solution wes sdjusted
80 as to deliver this dese in 1 sc. volum every mimite. The recording
in this experiment was done by means of a smoked dyum lgmograph which
recorded carotid blood pressures and respirations. A blood pressure
gero line and a time scale were also inseribed on the drum. 4 single
charmel Sanborn electrocardiograph was attashed to the animal and
intermittent lead II EKG's were taken throughout the experiment.

Control ENG's wers taken in leads I, IX, III, AVR, AVL and AVF. The
controls were as {ollowst Respirations vegulsy, see sceompanying
figare; blood pressure, 116 ma, of mercury; heart rate, 130 per minute,
regular; EEG patterns were within normal limdte and no abmormalities
ware noted except for an inverted P wave.

At 3420 P.M. the injection of Vasoxyl was started. The first blood
pressure rise was noted within 00 seconds. The blood pressure sontinmed
to rise at o oonstant rete until 23.3 mimutesafber the start of the
injection when it wes maintained at a lovel of 196 mm. of mereury the
remainder of the experiment.



Forty minutes following the start of the injection, the respirations
bocame iyregular assuning the pettern of a Cheyne-Stokes respiration,
This resplratory pattorn was noted throughout the remsinder of the
experimont.

Ho alterotions in the electrocerdiographie pattern were noted
other than the P wave becoming upright within sbout 5 nimutes following
the start of the injection and rowmaeining so for about an hour, A% that
time the P wave wreburned to c;:mtrol height ond pattern. Tha heart rate
dropped to 119 per minute and remained reguler within 25 nimutes
following the start of the experiment. 4% ome hour following the stard
of the experiment the heart rate was 130 and in one and one-quarter hours
it was 135, This continued o rise until at one houwr and thirty~five
minutes following the start of the injeetion when the heurt rete was
10 per minute where it remained for the remeinder of the experiment.
lo other changes were noted during this experiment, The dog was
returned in pood condition,

Harch 7, 1953, Constant Injection Experiment Using Vascuyl.

A 7.7 Kg» male dog was anesthetized with sodium barbital inm the dose
of 250 mg./Kg. giveh intraperitoneally at 9110 AN, The femoral vein
was exposed and cammlated with a polyethylens canmls 4o which was
attached 2 syringe mounted on a gonstant rate injection machine., This
syrince conteined a solution of Vascxyl in the dose of 0,085 mg./Kg.
This solution was adjusted so that this dose was contsined in 1 ecc, and

1 ¢es 40 be delivered every minute., Recordings for this experiment
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wore mode on a smoked drum kymogreph on which wes indicated respivetions
and carotid blood pressures. Also trenseribed on this smoled drum were
@ blood pressure mero line and a2 time soale. A lead IY electrocardioe
gram was talen intermittently throughout the experiment on a single
channel Sanborn electrocardiogreph., The intervals during which the
electrocardiogravh was being rm were also indicoted on the lgmograph

by depreasions on the blood preseure zero line,

The injection of Vasoxyl was started at 12:20 P.M,. Control ERGYs
talcen during this experiment conteined cousidersble 60 cycle interference.
The bloed pressure during the sontrol period was 148 mm. of mercury;
respiration (control) was 16 per mimte, regular; blood pressure rise
was noted within 2% minutes after Vascxyl was sbarted, This rose
steadily for 12 minutes until it reached a point of 22h mm. of mercury.
A% 30 minutes after the injectlon of Vasoxyl was started the blood
pressure began to decline. At 35 minutes the bloed pressure was
194 mue of mereury. This continued to decline steadily throughout the
remainder of the experiment. AL ome hour it was 170 mm. of mercury;
at 1% hours, 105 at 1 3/k hours following the start of the injections
the Hlood pressure was 136 mm. of meroury.

Respirations were noted o be markedly depressed st 1l mimites
following the injection., A typloal Cheyne-Siokes pattern appeared
ot 22% minutes. This pattern of respirations became progressively
worse throughout the remainder of the expsriment.



FIGURE 10

Graphie representation of the resulis of
the Constant Injection Bxperiment using
Vasoxyl on March 25, 1953.
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Mareh 25, 1953, Constant Injection Experiment Using Vasogyl.
See figure 10.

A fasted female dog weighing 7.95 Kz. was asnesthetized at 9130 A,
with sedium barbital given intreperitomsally in the dose of 250 mg./Kg.
4 femoral vein wag exposed and cammlated with a polyethylens cannula
$0 vhigh wae atitached a syringe mounted on a constant rate injection
machine. This syringe contained é solution of Vasoxyl adjusted to
deliver s dose of 0,1 mg./Kze in 1 ce. The canstamt rete injectar was
adjusted so as to deliver 1 ce. per minute. The recording in this
experiment wes done on & smoked drum kymogreph on which was inscribed
blood pressure, taken from a carotld artery; and respirations, taken
from a canmuls in the traches. A lead IY electrocardiograph was also
taken intermittently throughout this expsriment. The kymograph was
alse inseribed with a lime indicating gere blood pressure and a time
soale. The intervals at which the elssctrocardlogram was being taken
were indicated by depressions on the merc bleod pressure line. Controls
were tolem at% 12:05 P.M, and were as follows: BEG heart rete, 195 per
mimite, regulsr (other measurements of the BEG weve within nomal limite);
blood pressure, 178 mm. of meroury; respirations, 5 per mimite snd regular.

Injection of the Vasoxyl was started at 12:10 P.M. The blood
pressure started to olimb within 1 minute after the start of the injec-
tion of Vesoxyl. At 3% mimutes the blood pressure was 242 mm. of mercury.
At 63 mimutes the blood pressure was 230 mm. of merowy. A&t 9 mimtes
following the start of the injection of the Vasoxyl the blood pressurg
started to f£211. Tt continued domward steadily until at 100 minutes
following the start of the injection the blood pressure was 98 mm. of
METOULY
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The respirations begame more rapid (15 per mimte) at 3% mimtes
following the start of the experiment. These were also very shallow.
A% 64 mimtes the respirations had slowed dom to 7 per mimute, very
strong and very slightly irregular. A% 1) minutes the respirations
assumed & Cheyne-Stokes nattern. This pattern was present throughout
the remainder of the experiment.

No alteration was moted in the EXG witil 5% mimntes following the
start of the injection. At this time the heart rate was 200 per mimte
with no other significant slteration in the EXG. The heart rate
gradually deolined until 32 minutes following the start when it
stabilised at 175 per minute. The experiment was terminated at
2 o'clock with the animal in the status as noted sbove.

April 2, 1953. Oonstant Injection Experiment Using Vasoxyl.
See figures Y1 and 12,

A fasted 12.05 kg. male dog was anesthetised with sodiwa barbital
given intraperdtonsally at 3100 P.M. in the dose of 260 mg./Kg. A
femoral vein was ¢xposed and cannulated with a polyethylens canmula 0
which was atbached a syringe mounted on a ¢constant rate injector msching.
This syringe contained Vasoxgyl solution adjusted so as to contein
0.2 mg+/Kg. por oo. The constent rate injector was adjusted so as to
deliver 1 cc. per minuwte., The recording in this experiment was done
by means of & smolad drum kymograph on which was inseribed blood
pressure teken from 2 carotid artery, respirations takén fron the canmula
in the trachea, & blood pressure sero line, and a time scale. A lead IT



FIGURE 11

Graphic repressnbation of the resulte
of the Constent Injection Eperiment using
Vasoxyl on April 2, 1953.
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FIGURE 12

Section of kymogreph showing effects of
mmphetamine in Constant Injection
Bxperiment using Vasoxyl on April 2, 1953.
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electrocardiogram was also taken intermitiently throughout this
experiment. The interwvals during which the BEG was being token were
indicated by depressions on the blood pressure zero line on the lgmograph.

Controls weye taken ab Ls10 P.J, and they were: Blood pressure,
152 mm. of mercwry; vespirations, 2l per mimute and regulsr; EKG, heart
rate, 175 per mimubte, regular; no other abnommalities noted in the
pattern,

At L1215 the injection of the Vasoxyl was started. The blood
presgure started to rise immediately. Six minutes following the start
of the injection, the blood pressure was 182 mm, of mercury. Ab
1l minutes following the start the blood pregsure varied frm 190 to
182 mme of mercury with variations coineiding with the Cheyne-Stokes
respiration. Sixtesn minutes following the start, the blood pressure
varied from 200 to 188 mm. of meroury. Twenty-six mimutes following
the start of the experiment, the blood pressure sterted to fall. At
56 minutes the blood pressure varied fyom 174 $o 166 mm. of mercury.
At Bk minutes the blood pressure hed follenm to 108 mm.

The heart rate started to fall almost immedistely following the
start of the experiment, By 18 minutes it had reached a level of
120 per mimute and beeame relatively stabiliged st approximetely that
level for the remsinder of the experiment (uwp to the point that amphe-
temine was adninistered; see below).

Cheyne-8tolma type respiration appesred within 6 mimutes following
the start of the experiment. This pattern wae maindeined until aboub
80 mimites following the stert when the respirations becams very
irregulsr. At 87 minutes the respirations were almost negligible.
They were weal and exbremely irregular.
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At B8 mimutes, LO mp. of amphetamine were given intravencusly
{sea Tiguve 12). This resulied in an immediate rise in blood pressure
to 126 mm. of mercury, the respirations becoming regulsr and strong at
23 por minute. The heart rate had climbed to 200 per minute immediately
with no other alterations in the EXG pattern. The injection of the
Vasoxyl was stopped at this point. Respirations, blood pressure and
ERG were all strong and regular. The experiment was terminsted.

April 30, 1953. A Constant Rate Injection Experiment Using Vasoxyl.

A fasted 10 Kg. mele dog was anesthebized with sodium barbital
intraperitoneslly at 2:26 P.M. in a dose of 250 mg./Ke. A femoral vein
was exposed and cannulated with a polyethylene ecsnnula 4o which was
attached a syringe mounted in a constant yrete injector machine. The
gyringe contained & solubion of Vesoxyl adjusted so as to combain a dose
of 1.0 mg+/Hgs in 1 ce. The constant rete injector was adjusted so as
to dali:ur 1 ce. ver minute. The recording in this experiment was
agocmplished on & smoked drum kymograph on which was inseribed blood
. pressures taken from the carotid artery, respirations taken from a
tracheal ecamnula, gerc blood pressure line, and & time seale. A lead II
elostrocardiogran was taken intermittemtly throughout this experiment.
© The intervals during which the EK3 was being taken were indicated om the
smolked drum kymograph by depressions in the zebo blood pressure line.
Shortly after the start of this experiment, the electrocardiograph quit

r
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recording for reasons unimown. Henee, no BEG's are avallable for this
experiment. Controls were as followss Blood pressurs, 120 mm. of
mercury; and respirations, 20 per minute and regular.

The injection of the Vasoxyl was started at 5:05 P, At 2 minutes
following the start of the injection, the blood pressure had sbtarted %o
rise. A maximmm height of 267 mm. of mercury was obiained by the blood
pressure within 5 minutes fellﬂing the start of the injection. Seventeen
minutes following the start of the experiment, the blood pressure had
started to decline., The blood pressure comtimued falling until at one
hour following the start of the experiment, it wae 196 mm. of mercury.

Respirations showed significant alterations at 2 minutes following
the injection. At this time they becsme somewhat shallower and slower
though still regular. By 17 minutes the repirations exhibited Cheyno=
Stokes chavacteristics. Porty-seven minutes following the start of the
injection of Vasoxyl the respirations were even more depressed. One hour
following the start, the animal exhibited severe respiratory depression.,
The experiment wes terninated one hour and 10 mimutes following the
start of the injection of Vasoxyl.

Juune 29, 1953, 4 Constamt Injection Experiment Using Vasouyl.

In this experiment the animel was anssthetised with barbitel sodium
glven irdraperitoneally in the dose of 250 mg./Kg. A femoral vein was
exposed and cammlated with a polyethylens canmuls to whieh is atbached
8 syringe mounted in a constant rate injestor machine. This syringe
contained Vasoxyl in the solution adjusted to contain & dose of
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0.5 mg,/Xz, in 1 cos The constant rate injector was adjusted so as to
deliver 1 oc. per minute. HRecording was accomplished by means of a
smoked drum kymogreph on which was inseribed the cerotid artery blood
pressure, respirations from a tracheal cammula, zero blood pressure line
and a time soale. A lead IT electrocardicgraph was talesn intemmittently
throughout this experiment. Interwvals during which the BKG wes boing
taken were indicsted on the kymograph by mesns of a depression in the
zoro bleod pressure line, A4 fasted 9.1 Kg. male dog was anesthebized ab
8:L8 A.M. Controls were taken at 10:58 AM. and weye as followss
EEQ, heart rate, 145 per mimte and regular, no abnormalities noted in
other EKG measurements; respirations were 56 per minute and regular
blood pressure was 16 mm. of mercury.

At 10159 A.M., Vasoxyl injection was started. Two mimites following

the start of the injeetion, the blood pressure started to climb. A%
.23 minutes the blood pressure was 166 mm. of meroury. The heert rate
was 95 per minube and regular. The respivations were 13 per mimbte and
regular even though the respivations did exhibit a decreasing amplitude.
Four and & half minutes following the start of Vasoxyl the blood pressure
was 186 mm. of mercury. The EKG indicated 2 heart rate of 82 per mimute.
This wes & simie bradyoardia. No othey alterations in the EXCG were noted.
The reapirations exhibited early signs of Cheyne-Stokes atara@ariatius,
At 9% minutes following the start of the injection the mm pressure
was 17l mn. of mevoury with occesional wave-like periods of varilations,
The EXG exhibited a heart rate of Sl per mimute with a regular sims
bradycardia, Occamional sinus peuses were moted. The QRS complex
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apparently declined slightly in height. A% this point the respirations
were definitely Cheyne-Stokes in charagter. At 16 minutes the blood
pressure was 17l nm. of mercury. The EKG indicated & beart rate of
88 per minute with no further slterations in the pattern noted, The
respivations were now 25 per minute and regular. The blood pressure
contimed to decline steadily throughout the remainder of the experiment.

A% 85 minubes following the start of the injection the blood
pressure was 84 mm, of mercury. The heart rate was 96 per minute end
regular, As indieated above, this was & sinus bradycardia. The only
othar alteration in the EKD pattern noted was a very small amplitude
of QRS complex. Respirations at this point were 39 per minute, regular
but very shallow. At 86 mimutes following the start of the injection
of Vascoyl the amimal suffered respiratory arrest. The blood pressure
at this time was 58 mm. of meroury and falling rapidly. The EKG showsd
ere} irregular bradycardla with prolonged sinus peuses. Occasionally
abesonce of the P wave was noted. Tho QRS complex was extremely ssall
in amplitude. Tho expariment was terminated.

July 6, 1953, A Constant Injection Experiment With Vasoyl.
See figures 13 and 1. |

The enesthetic in this experiment is sodium barbital given intre~
peritonsally in the dose of 250 mg./Kg. A femoral vein of the animal
wos exposed with a polyeblylene catheter inserted. This catheber was
attached to & syringe mounted in & constant rete injeoter machine.



FIOURE 13

Graphie representation of the resultes of
the Constant Injection Experirment using
Vasoxyl on July 6, 1953.
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FIGURE 1)

A section of kymograph showing the
resulls of the Cemstant Injection
Experiment using Vasexyl on July 6, 1953.
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The syringe contained & sdlution of Vasoxyl adjusted o as to condain a

dose of 1 mg./Rg. per ce. The constant rate injector wes adjusted so as
to deliver 1 cc. per minute. Recording for this experiment was accom=
plished by meens of a smoked drum kymograph on which was inseribed carotid
blood pressures, respiratioms from a tracheal catheter, a zero blood
pressure line and @ time scale. A lead IT EEG was taken intermittently
throughout this experiment. Intervals at which this EKG was being taken
were indicoted on the lgmograph by means of depressions in the sero blood
pressure line, A fasted 9,32 K. female dog received the anssthetic at
111250 A.M. Controls were taken at 1shl P.M, and were as follows: Blood
pressure, 170 mn. of mercury; the EKG indicated a wegular heart rate of
75 per mimutes no other alterations were noted in the EKG pattern;
respirations were 63 per mimute and regular.

At 11k7% P.M., the Vasoxyl injection was started. Within 1 minute
the blood pressure started to rise. Two minutes following the injection
the blood pressure was 240 mm. of mercuwry. The EEG indleated a heart
rate of 130 per mimute and was regular. HNo other alterations in the |
pattern were noted. Respirations were 7 per mimite end irregular.

Two and one-half mimutes after the start of the injection the EKG indi-
cated & heart rate of 85 per mimite which wes in the pattern of a simus
bradyeardia. A 3 nimtea the blood pressure was 234 mm. of mercury.

The heart rate was 49 per mimte and a sinus bradycardie was cocasionally
noted. Respirations were 12 per mimte and irrvegular. At S minutes
following the injection of Vasoxyl the blood preosswe was 2006 mm. of
moreury. The only alteration noted in the EEG was & heart rate of 115
por minute which was still regular. There wes no alteration in the
respivations.



FIGURE 15

Greaphic representation of the resulits of
the Constent Injection Experiment Using
Vasoxyl on July 8, 1953.
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At 6% minutes the blood pressure was still falling and was now 150 mm.
of mercury. The heart rate was 120 per minute with still no further
alterstions in the EXO pattern. Respirations were now 10 per minute.
At 8 minutes followlng the start of the injection the blood pressure
wag 112 mm, of mercuzy. The EXG indicated a heart rate of 120 psr
minute which was 8till regular. A s)lightly widened PR interval was
noted in that it measured 0.1l ses. Respirations were 3 per minute
and Cheyne-Stokes in character. At 9 minubes following the start of
the experiment the blood pressure averaged 18 mm. of mercury. There
were large wave~like varlations in blood rressure. The EXKG indiocated
a heart rate of 110 per minute and was regular. The PR interval was
still widening and wes now 0.16 sec. Respirations were 21 per minute. In
eleven minutee the Llood pressure was L0 mm. of meroury. There wes no
visible pulse pressures EKG indleated ovcaslomal sinus pauses. The
heart rete was 120 per mimute. The QRS indiocated & very alight
broadening. There wers no other 2bnomalities noted in the EXKG. The
respirations ceased at this point. The experiment was terminated.

July 8, 1953, A Constant Injection Experiment With Vascxyl.
See figure 15.

A fasted 7.7 Kg. male dog was anssthotiszed with barbital sodium
given intraperitonsally in the dose of 250 mg./Kg. at 11:20 A.H.
Results of thie experiment were recorded by means of a single chammel
EKG lead IT and a smoked drum kymogreph on which was inseribed blood
pressure, respirations, a bYlood pressure mero line and z time scale.
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ymtervala ab which the EXG was being run were indicated on the smoked
dx'am(kymomm by mesne of a depression in the blood pressure zerc line,
The dose of Vasoxyl used in this experiment was 0.5 mg./Kg./min. 7This
wag administered by meens of 8 polyethylene cathster inserted in the
inferior vena cava via e femoral vein. This catheter was conneeted o
a syringe mounted on a constant injector machine, The syringe containad
a solution of Vasexyl adjusted so that each cc. contained 0.5 mg./Kg.

The coﬁutmb injeetor machine wes adjusted so as to deliver 1 cc. per
minute.

Controls were taken &t 1:20 and they were as followgs Hlood
pressure, 150 mm. of mercury; ER3 showed a heart rate of 140 per minute
and regular with no slmormelities noted in the trecings; respirations
were 21 per minute and xvegulnr?

The Vasoxyl was sterted at 1125 P,M, By 1:26 the blood pressure
had started to rise, Four minubes and /0 seconds following the start of
the injection the bim pressure was 280 mm. of merouryj the ENG indicated
@ heart rote of 125 per mimte and respirations were extremely repid and
violent. Thers was a first appearance of Cheyne<Stokes type respiretion.
Ten minutes following the start of the injection the EXG showed indications
of & bundle branch block. At 11 mimztes tha blood pressure was 260 mm.
of mercury. The heart rete remained 1Lh2 per mimite and regulare The
previcusly noted "bundle branch block® had disappeared. HRespirations
weye still very violent anmd repid. Tweniy-eight and oneo~half mimites
following the start of the experiment the blood pressure was now 104 mm,
of mereury. The blood pressure also showed wave=liks appearance. The
heart rate was 128 mn. of mercury and the EIG showed no sbnormalities
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other than an increased height in the QRS complex. The msspd.ratioml
boecams more regular though they were still scomewhat waym-&taku in
character. The rate of respiration wes 19 per mimte., Seventy-seven
minutes following the start of the experiment the blood pressure was
70 mme of moroury end very irvegular, The ERG indicated a heart rate
that was extremely iz'r?gular, varylng between 130 and 200 per mimite
with an average of 135 per mimute. The Qm/tzum}sx had now become only
20 mm. in height. There was a depressed ST segment with coving (curving)
of the ST segment. KNo other abnommalities in the EKO were noted.
Respiretions were Ll per minute. They were still somewhat Cheyne-Stokes
in character.

At 9k mimutes the blood pressure was 1 mm. of mercury. The EXG
wag similar in appearance to that noted of the TTth mimute. The heart
rate was 135 per minute and not irregular. Respirations now were
90 per mimube; extremely repid and difficult to ecount. At 96 and & ’half
ninutea following the start of the injection of the Vesoxyl, respirations

geased and blood pressure was &t zerv.

July 19, 1953, Constant Injeotion Experiment Using Vascxyl.

4 fasted 6,36 Kg. femmle dog was anesthetised with sodium barbital
in the dose of 250 mg./Kg. given intraperitoneally et 1l:3h A.M.
Rescording in this experiment was by msans of a single channel EKG
Jead IT and a omoked drum kymograph on which was indisated blood
proessure, respirations, blood pressure zero line and & tims seale.
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Intervals during which the EEKG was belng taken were indlcated on the
smoked drum lkymograph by means of depression on the blood pressure zero
line. The dose of Vasoxyl was 0.01 mg./Kg./min. This was administered
by polyethylens catheter into the inferior vena cava via a femoral wein.
The polyethylens catheter was connected to s syringe mounted in a
consbant injector machine. The syringe contained a solublon of Vasoxyl
sdjusted so as to contain a dose of 0.01 mg./Kg, per cc. The constant
injector machine was adjusted so as to deliver 1 co. per mimute.

Controls were taken at 1ih2 P.M. They were as follows: Blood
prezsure, 140 mn. of mercury; EKG, heart rate, 155 per minute, vegular,
no other abnormalities noted in the trecings; respirations, 32 per
ninmute.

The injection of the Vascxyl was started at l:ly P.M, Seven
minutes following the start of the experiment the blood pressure was
170 mn. of mercury with & widened pulse pressure. The EXG indicated &
heart rate of 115 per mimute. Respirations were 22 per mimite and
regular. At 18 mimutes the blood pressure was 192 mm. of mercury.

EXG indicated @& heart rate of 105 per minute with a somewhat irregular
pinus rhythm. Ho other abnormalities im the EKG were noted. Respiratiens
were 18 per mimite.

Thirty-seven minutes after the start of the experiment the blood
pressure was 200 mm. of mercury. The EKD indieated a heart rate of 105
with continuous sinue irvegularity. Respirations were 15 per mimute.

At 51 minutes following the start of the injeation the blood pressure
was 216 mm. of meroury. The EKG indicsted @ heart rate of 135 per mimtbe



7%
with a disappearance of the previocusly noted simus irregularity.
Respirations were L2 per minute with irregular amplitude.

Piftyesight and a half mimtes following the start of the experi-
ment the blood pressure was 212 m. of mercury. The EKG indioated a
heart rate of 130 per minmube with slight sppearange of sinus irregularity.
The respirations were very shallow and slow. There was an indicetion isharia
they were somewhat Cheyne-Stokes in character. At 94 mimmtes following
the start of the experiment the blood pressure was 206 mm. of mercury.
The ERG showed & heart rate of 148 per minute which was regular. o
persistent, significant changes in the sppearance of the lsad II
tracinge were noted throughout the experiment. Respiretions were s=till
very woak and Cheyne-Stokes in character and about 16 per mimute.

At the 100 minute mark the blood pressure was 200 mm. of mercury.
The EEC showed some simus irrvegulerity with a heart rete of 138 per
mimite, Respirations were egtill very woak and Cheyne-Stokes in charaater.
The Vasoxyl was sbopped. A% 139 minutes followlng the shart of the
axperiment and 39 mimutes following the cessation of Vasoxyl imjection
the blood pressure was 170 ma, of mercury. The EKG showed & heart rate
of 145 per mimite and regular. Therc was no slterstion in the EXG
tracing of significance. Respirations were still very weal and of a

Chayne-Stoles type.



FIGURE 16

Graphic representation of the results of the
Comstant Injection Experiment Using Vasoxyl
on July 19, 1953.
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FIGURE 17

Grephic representation of the results of
the Constant Injection Experiment Using
sterile normal saline on August 5, 1953,
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August 5, 1953, Comstant Injection Experiments Using Normal
Saline. See ﬁg‘m 170

& fasted 10.9 Eg. female dog anesthotized with sediun berbdtal
in a dose of 250 mg./Eg. adninistered intraperitonedlly st 12:1) P.K.
The results of this experiment were meerﬂad by meana of a gingle
channal EXG lsad II and a emoleed drum lymograph on which was inscyibed
blood pressure, respirations, a blood pressure base line and a tims
soale, Intervals ab which the BEG was being runwere indisated on the
emoled drum by means of depression in the blood pressure zerc line.

A femoral vein was exposed. A polyethylens catheter was inserted through
the femoral vein to 1ie in the infericr vena cava and was commected bo

& syringe mounted in a gonstant injector machine. The syringe

containgd nomal saline. The constant injector was sdjusted so ass o
deliver 1 co. per mimte.

Controls were taken st 2020 P.M. and they were as follows: Hlood
pressure, 120 mm. of mercury; heart rate,192 per minute, regularj all

‘measurements of EKG trecings were within nommal limits; respirations
were 12 per mimute and regular. .

A%t 2230 P.M. the Injection of the normal saline had started. The
noymal saline was injected at the rate of 1 co. per mimute for 1 hour
and 51 mimutes, Hlood pressure remained relatively constant unbil
about 67 minutes following the start of the injection when it started
to rise slightly. At this time it was 140 mm. of mercury. Ab
75 minutes following the start of the injection the blood pressure was
s%i11 140 mn. of mercury. At 103 mimutes the blood pressure was 102 mm.
of mercury where it remained until the experiment terminated at 111 minubes.
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At no time throughout the experiment was there amy change noted
in measuremente of the EKG tracing. A slight drop in heart rate was
nobted at 17 mimibes following the start of the injection, At this
time the heart rate was 175 per minute. This rate was held until the
3 minwbe point st which &ime it started to inocrease. At 47 minutes the
heart rete was 180 per minute and at 67 mimutes it was 187 por minutes,
At 75 minutes following 'the gtart of the experiment, the heart rate wae
190 per mimite. Thereafter, there was no change in the heart rate unbil
the experiment was terminated. ‘
At no time throughout the experimont was there any signifieant
alterations in respirations zx&bed;

& t 10, . Constant Infusion Experiment Using Vasoxyl.

A fasted 12.05 Kg. male dog was anesthetized with barbital sodium
in the dose of 250 mg./Kg. administored intraperitomeally at 11:00 A.H.
In addition, 100 mg. of sodium barbital was administered at 12320 P.M.
and 300 mg. ab 12:lly P.M, The results of this experiment were recorded
by moans of & single channel EXG lead II and 2 smoked drum kymograph on
which was insoribed blood rressure, respirations, & blood pressure sero
line and a time scale. Intervals at Ih:mh the EKG was being tslen are
indicated on the smoked drum kymograph by means of depressions in the
blood pressure gero lins., & femoral vein was exposed snd a polysthylens
catheter was loserted through it into the inferior vena cava. Th:is
catheter was commected to 2 syringe mounted in a constant rate injecior
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mechine, The syringe contained a Vasamgyl sclutlon sdjusted so as %o
comtain 0,025 mg./%2. per ce. The comstant rate injector was adjusbed
80 as to deliver 1 co. per minute.

Caontrols were taken at 2 PM, They were as follows: blood pressure,
12} mwn. of mercury; hesrt rate, 200 per minute and reguler; EEG showed
no alverations from normaly respirations were regular and 18 per minute.

The injection of the Vasoxyl was starbed abt 2305 P,M. Due %o the
length of the tube being used to inject the Vasexyl in this parbiculay
experiment, immediste effects due to Vasoxyl were not noted. 1% wae
scaloulated that about 3 minutes wére required before the normal selime
was emptied and the Vasoxyl began to enter the wvein. Six mimutes followe
ing the start qf‘ the injection, the blood pressure was 129 mm. of meroury.
The heart rate was 95 por mimute and there was a widening of the
PR interval. Control PR interval was 0,12 sec.; at this time the
PR interval wes 0,16 sec. Respirstions were 11 per minute.

Twenty~five and & half minutes following the start of the experiment
the blood pressure was 15k mm. of mercury, The heart rote was approxi-
mately 90 per mimute with some wvariation in rate. This appeared to be
& sinue alteration. There was no changs in the measurements of the
EEG tracing. Respirstions were 13 per mimite. There wes some sugges-
tion of Cheyne-Stokes breathing. At 36 minutes the blood pressure had
started to decline and was now 150 mm, of mercury. The heart rate wae
110 per minute.

At b6 minutes the blood pressurc was 31;1; me of mercury and the
heart rate was 115 per mimnte and reguler. PR interval had now deelined
to 0.1} sec. Respirvetions had inoreased to L0 per minute and somewhat
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irregular. At the 65 and a half minute poist the blood pressure was
138 mm. of merewry and vegular. The heart rate was 140 per mimute
and reguler, The PR interval was now at conbrol level, 0.12 sec.
Respirvations were extrenely rapid., A%t 79 and a half mimutes follewing
the start of the injection of Vasoxyl, the blood pressure was 132 mm,
of mercury. The heart rate was 150 and there was no chanpe noted in
the EEG, Respirations were 40 per mimute and noticeably irregular.

At 98 and a half minutes the blood pressure was 122 mm. of
mereury and the heart rate 150 again. Them was no change in the EKQ
picture., At 'i:hié ¢time, however, respirations appeared defimitely
Cheyne-Stokes in type. This patiern lasted for approximately six
minutes, One hundred and ten minutes following the start of the
experiment, the "?ascw% injection wos stopped., At this time the blood
pressure was 126 mm. of mercury. The heart rate was 155 per-mimute
and vepular, The PR intervel was now 0,10 secs Respirations were
17 per mimute and somewhat irrvegular in thelr amplitude. At the
115 minute point or five minutes following the stopping of the Vasoxyl
injestion, 20 mg. of Vasoxyl was injected into the Inferior vena cava
by means of the previously noted catheter. There was no change produced
in heart rate, blood pressure, respirations or EKG pioture in the
following ten minutes.



Aungust 13, 1953. The Effects Of Vasoxyl On An Animal Anesthetized
With Cyclopropano.

A fasted 5.8 Kz. male dog, without premedication, was anesthe-~
tiged with cyclopropane. Anesthesia wes induced with LOF eyelopropans
and 60% oxygen. This wae started et 10:18 AN, At 10:30 A.M. nitrous
oxide was used to complete the induction. Surgical enssthesia was
reached at 10:3h A M. The aninmal was returned to cyclopropane in %?,m
concentrations of LO¥ oyelopropans and 607 oxygen at 10:35 A.M.
Intubation was complete at 10:40 AJM. and gyclopropane econcentretion
was reduced to 307 and adninistered through the cuffed Magill endotrachesl
tube. The animal wae allowed to stabilize for the mext 30 minutes.
Recording in this ezperiment was by o single channel EXG lead II.

The control BEG was taken at 11113 A.M. and was as follows: heart
rate, 145 per ninwbe and regular; FR interval, 0.12; QBS, 0,03 soc. A
notched QRS was noted in the contrel EKG.

At 11118 A.M., Vasoxyl was injected into a peripheral limb vein.
The dose of Vasoxyl was 10 mg./Xg. Fiﬁ‘}men seconds afber the injesction
of %m?:@’}"’ the heart rate was 06, the FR in%aﬂal was 0.16, with no
ghange in the QRS. One mimute following the injection the heart rate
was 67 per mimute and repular. The PR interval was not measurabls,
There was & slight broadening of the QRS in that it measured 0.0h sec.
Four minutes following the injection of Vasoxyl, respirationa had ceased.
BKG at this point showed evidense of nodal depression with severe brady-
ecardia and sinus pauses., Bvidence of muscular tremors were noticeable

in the tracing. The heart rote wes 27 par minute. The PR interval wme
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De18 and the QRS showed no change and measured 0.0k sec. FElewven
ninutes following the starb of the experiment, the heart rate was 16 per
mimite, the PR interval, 0.165 and QRS, 0.0k sec. The animal was
receiving bag breathing during this period.

At the 19 mimute point the hesrt rate had incroased o &7 to 70
per minute., There was no change in the FR intervel or the QRS complex.
An oeoasionsl ectopic ventriculer comtraction was moteds By 32 minutes
the hoart rote wos 138 per minubte and vegulsr, the PR intervel was
unobtainable, end the QRS eomplex measured 0,03 sec. o P or T woves
were visible due to museculay tremor. At the 52 winute mark the heart
rate was 155 per ninute, the PR interval was 0.12 sec. and the QRS come
plex measured 0.0h sec. There was a slightly depressed ST segment.

At 12¢52 P.M. an injection of epinenhrine, 10 microgren/Kg., was
aduinistered intvavenously into & peripherel limb vein. One minute
following this injection the heart rate was 250 per minute. The P wave
gould not be identifisd. Tho QRS complex measured 0.08. The rhythm
was identified as ventricular tachycerdie with electriesl aliernans. A
Four mimites following the injection of the epinephrine, the heart rate
wee 180 per minube end vegulay, The PR intervel waa still unobtainsble.
The QRS complex measured 0.02., The depreseion of the ST segment was
gbill present ot 12151,

4% 12¢57 another injection of epinephrine in the dose of 15 micro-
gron/Eg. was adninistered intravemously., One mimite followlng this
injeotion the heart rate was 320 per minute. Ho P or T waves wavre



identifiable. The QRS complex meazsured 0.08. Occasional eetopie
ventricular beaits were noted and a cyelle weriation in the QRS helght
wae notad.

A% 1:00 PO, a third injection of epinsphrine was adninistered
intravenously. The dose this time wes 20 microgran/Kg. One minute
following the injection of epimephrine the heart rete was 350 per
minute. Again the PR interval was not measurable, The QES complex
moasured 0.08. An extreme vayiation in the height of the QRS complex
was noted. Oceamional ectoplc ventricular beats were ageln present.
Four minutes followinr the third injection of epinephrine the heart
rate measured 72‘ per minute and was reguler, No P or T waves were as

yet visible, The experiment was temminated.

Avgust 17, 1953. The Effects Of Vasoxyl On The EKG Of An Animal
Anesthetized With Cyslopropane. See figure 18.

A fasted 5.9 Kg. femnle dog without premsdication was anesthetized
with eyclopropasne. Induction of mmesthesia was starbted at 2330 P.M.
using concentrations as follows: cyclopropens,; LO%; oxygen, 6O%.
Surgiesl anesthosia and intubation was completed at 2:40 P.M. At this
time the consentrations were cyclopropane, 30% and cxygen, T70%.
Recording in this experiment was by meeans of 8 single channel EKG lead II.

The gonirol EKG was taken &b 3125 P, The heart rate was 152 per
mimute and rogular. The FR interval was 0.10 sec. and the QRS a"omplex

neasured 0.04 sec.



FIGURE 18

Graphic repregentation of the resulis of
the Cyclopropenc Experiment on August 17, 1953.
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A% 3530 PuM., S mp./Kge of Vasaxyl was adninistered intravenously
into & peripheral vein, One minude following this the heart rabte wos
27 per minute; the PR interval measured 0.20 sec. and the QRS meassured
0,0 sec. Two minutes following the injection of Vasoyl, there was
evidenge in the EXCG of severe nodal depression. An oconslonal ectopie
ventrionlar beat appeared. Twe and a half ninutes following the
mjeeﬁiﬁn of Vasaxyl, the ectopic ventrionlayr beats were noted every
gix seconds. There was & coineident severe bradycardia. Five minutes
following Vasoxyl a complete absence of auricular complex was nobed.
Retopie ventricular beais were then occurying every 9 seconds, Ten
minutes following Vasoxyl, ectopic ventricular beats were oscurying at
the rate of L0 per mimute., However, the auricular complex wes now
present. At the 15 minute point the heart rete was 50 per minute, The
PR intervel meosured (.20 sec. with no changs in the QNS complex.
There were sbill appearances of slightly irregular sinue rhythm.
Thirty-seven nmimtes following Vasoxyl the heart was 8L and regular, the
PR intervel measurad 0.20 and the QRS complex measured 0.0hL sec.

Ab L5185 P.M., 10 microgram/Ks. of epinephrine were adninistered
%o the aimal through a peripheral vein, One-half mimute lster the heart
rate was 10 per minute. The PR interval measured 0,16 sec. and there
wag no change in the QRS complex, The heart rate fell mpldly for
the next three mimubes unbtil abt thot poimt it measured 110 per minute.
o ghange was noted in the FR interval or the QRS complex.

4% this time 15 mierogran/Kg. of epinephrine were administered
intravensusly through a peripheral vein. One-helf nminunte later the
heart rate measured 138 per minnte and wms regular, This fell mpidly
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until one and & half minutes following the second injection of
epinephrine when the heart vate was 112 per ninute. There wsg no changs
in the FR interval or the QRS complex, It will be noted in this instance
that the twe injections of epinephrins failed to give the marked inerease
in heart rate that is usually observed with these doses. Experiment
terminated.

August 19, 1953, The Effects Of Vasoxyl On The ERG Of An Andmal
Anesthetized With Cyclopropsme. See figure 19.

A fasted 7.5 Kg. male dog was anosthetized without premedigation
with LO¥ cyclopropans and 60% oxygen. Induction of anasthesia wag
started at 1:07 P,ii. Surgical zmesthosia was obbained at 1315 P.U.

The animal was intubated and anesthésia was meimteined with 30%
cyelopropans and 70% oxygen. Results in this experiment were recorded
by means of a single chamnel FKC lead II. After anesthesia was attained,
8 30 mimute stebilisetion period wae allowed,

At 1154 P.M. the control EXG was taken., It was ss Lollows:
heart rate; 220 per mimte .and regulary MR interval, 0.12 sec.}
QRS complex, 0.03 sec.

At 2410 PuMi., 2.5 mge/Kg. of Vasoxyl was administered intrevenously
through @ peripheral vein. One-helf minute later the heart rate was
96 per minute. PR interval measured 0.16 sec. There was no changs
in the ORS complexs One mimute later the heart rate was L7 per mimute.
No auricular complex was discernible and the (RS interval measured
0,0k sec. Six minutes following the injection of Vasaxyl, the ERG showed



FIGURE 19

Graphic representation of the resulte of

Cyclopropane Fxperiment on August 19, 1953.
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8
ginus block. No surieuler complexes were noted, Setopic vembriewlas
beats were occurring every 2L seconds, Tho aninal was apneic and bag
breathing was necessary, Nine minutes following the injeetion of
Vasoxyl, 10 nlcrogram/Kz. of epinephrine were injected inbravenously
tirough a poripheral vein. There was no effect following this injection
of epinephrine,

A% 2:h7, or 30 minutes, following the injection of the Tasowyl,
the hsart rate was 78 per minute and regular. At this time the PR
interval messured 0,18 see. and the QRS complex measured .02 sec.

At 3300 P, 15 microgram/Kg. of epimephrine were injected inbra-
venously into a peripherel veln. Thirty seconds later the heart rate
was 135 per minute. The PR intervel meesured 0.12 see. and there was
no change in the QBS. Three minutes later the heart ¥ate was back to
53 per mimute., The PR interval was 0.1l sec. and the QRS complex had
inereased to 0,04 seec, It will be noted that the Tirst injection of
epingphrine glven immediately following the Vasoxyl mroduced no effect
whatsoover. The second injection of epinephrine given 37 mimntes
following the Vasomyl produced a rise in heart rate though nob %0 a
dogree that would be expected with this dose. Experiment terminated.

Aupust 20, 1953. The Effects Of Vascxyl On The EEG Of An Animal
Anesthetized With Cyclopropane. See figuwre 20,

A fested 11.5 Kg. female dog wae anesthetiged withowt promedieaw
tion with & mixture of hO¥ cyclopropane and 60% oxygen. Induction was
started at 10shS A.M, Surgical smsthesie was obbtained ab 11:02 A.M,.



FIGURE 20

Graphic veprosentation of the resulis of
the Cyolopropans Experiment on August 20, 1953.
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at which time the snimal wes intubated and snesthesia was obtained
on & mixbture of 308 ecyclopropane end 707 oxygen. Resulis in this
experiment were recorded Ly means of a single chamnel ERG, lead IX.
A 2ifty mimute period was ellowed for shebilizabion.

Control EKGYs were takenm at 11157 A.H, and were as follows:
heart rate, 120 per mimite and regular; FR interval, 0.12 sec.; QRS, 0.0k
20¢«; no sbrommalities wore noted.

&t 12105 P.M., 10 mg/Bg. of Vasexyl was injecbed inte a peripheral
log vein. Thirty soconds later the hesrt rate was 4O per minute.

PR interval measured 0.1k sec. HNo change was noted in the QRS complex.
Bevere resplrotory depression wag nobed.

At 120163 P.%. the hesrt rete was approximately 6 to § per mimite,
somewhat irregular, with (lmg simns pauses. The *P" wave was occeasionally
absent. The QRS complex masum& 0.0l secs The animal was in complete
apnsa and bag breathing was necessary for approximetely 15 minutes. The
animal resumed breathing at 12:2h P.U,

The hoart vate gradually rose to control lawels over the next
10 nimutes where it stabilized. The ERG also returned to normal
measurements,

At 13382 PO, or 93 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>