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THE METABOLIC EFFECTS 07 ANALOGUES
OF AKTERENOL IK CORJUKCTIOR WITH
VARIOUS MONO-AMINE OXIDASE IEHIBITOKS

IHTRODUCTION

Within the past few years there has been an increased
interest in the metabolism of epinephrine and some related
enalogues. Thogse studled here are iscproterencl, ethyl
norepirephrine and l~igsopropyl ethyl artoronoll. This
intereat heas ranged from studies of the possible different
metabolliec steps in the early metabolism of these analogues
to their final degradation (26,p. 379-380) (3,ps 1-26)
(54,ps 25P) (42,p. 583).

Throughout the literature very little has been said as
to what causes the breakdown or oxidetlion of epinephrire
and other sympathomimetics. HRichter, in 1940, listed five
possible enzyme systems responsible for the inactivetion of
epinephrine in vive (56,p. 361)s These five possible
enzyme systems eret

1. Catechol oxidase

2« Cytochrome oxidase

Se Amine oxidase

4, Peroxidase

5¢ Psuedo phenylase

These five enzymes may oxidize epinephrine as followss

1. Isuprel (isoproterenol), Butanephrine (ethyl nor=
ephrine) and Win-3046 or Iscetharine (N-isopropyl ethyl
arterenol) are trade names of Winthrop~Stearns Company.
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A study of past and current literature indicates there
is stil)l a great deal of controversy as to which of these
engyme systems or combination of systems is the most
important for the inactivation of epinephrine and its
analogueca, Most theories have accumulated during the past
decade; each theory explaining a possible true mechaniam
vhereby epinephrine and its analaguea may be degradated,

Bacg favors catechol oxidase (4,ps 343) while Gaddum
and Kwiatowaki favor amine oxidase (30,ps 98)s Other
investigators (1ll,pe 2187-2160) favor eytochrome oxldase
and finally Richter (55,p. 25P) has stated that epinephrine
is not oxidized by any enzyme but is esterified in vivo
result ing in a sulfate or a glutomate,

As early as 1937, Blaschko, Richter and Schlossmann
(11,p. 2187) came ocut with the idea as has Alles, et al in
1943 (1,ps 487) that epinephrine oxidase (iRichter's catechol
oxidase), tyramine oxidase (amine oxidese) and a third
enzyme, alliphatic amine oxidase were one and the same en-
zyme, amine oxldase. Following this reascning, vonEuler
recently (1955) suggested that peroxidase may be the
enzyme in lieu of amine oxidase, le believes his theory
to be supported by the lfact that peroxlidase has the power
to transfer catechol amines into inanctive eompounds
(72,pe 27)s All these theories are attempts to explain
the means by which epinephrine is actually degradateds
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Interesting studies made by Schayer, Smiley and Kapla
in 1952 (568,pe 550~551) and Schayer in 1956 (60,p. 286)
indicate thet at least 50 percent of epinephrine administer~
ed to rats was inactivated by the loss of the «~INCHz group,
presumably through the asction of amine oxidase. This work
was done with radiosctive C14 on the alpha carbon of
epinephrine.

Schayer, this time using radloactive tyramine (57,p.
60-63) was able to obtain p~hydroxyphenylaceticacid after
amine oxidase had oxldized tyramine. Thus, he was able to
show that an enzyme, amine oxidase, had produced the
following reactions

H 0
g CN 7
\
» Cﬁz L i T
NH2 H OH
TYRAMINE p-HYDROXYPHENYLACETIC
ACID

In this resction there is the intermedliate formation
of ttw. corresponding aldehyde, p~hydroxyphenylacetaldehyde,.
The possibility also exists that an intermediate substance
is formed midway between tyramine and p~hydroxyphenylacet=-
aldehyde, Tiih being p~hydroxyphenylacetimine,
HO—OGB‘-OBBGH*KR. Interestingly encugh this would be the
product of ERichter's peroxidase (56,pe 361). Other work
has been done to support the concept that amine oxidase 1ias
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the main effective inactivating enzyme for catechol amines
(16,ps 317) (19,pe 784=787)s

Other supvorters of the amine oxldase mechaniam of
epinephirine degradation are Friendenwald and Herrmann (28,
Pe 413~414), Their method was to test the oxygen uptake
in tissves subjected to cyanide, which suppresses the
eytochrome oxidase system, and amphetamine, which suppresses
the amine oxidase system. They found that cyanide had no
effect on oxygen uptake, but that amphetamine completely
suppressed the oxygen uptake in tissues. Therefore, they
atiribute the oxidation of epinephrine to amine oxidase,

Also, there are many studies whieh polnt out the
possibility that amine oxldase has nothing to do with
epinephrine oxidatlons Baeg, (3,pe¢ 1~26) as mentioned
abdw, favors the theory that catechol oxidase is the im-
portant engyme in the degradation of epinephrine and its
relatives, Hils reasoning for this 1s based on the oxldation
of eplnephrine to indole, as shown

e i
C~ 0.5
5 i = Bl
3
EPINEPHRINE INDOLE

However, he does not completely commit himself to the
catechol oxidase system. He also mentioned that Lichter's



sulfo-conjugation is a good possibility.

voniuler (71,ps 25) (72,pe 27) could find no significent
effect upon testing liver and spleen for epinephrine and
norepinephrine after amine oxidase inhibltors. Griesemer
and Wells (32,ps 284) found that inactivation of the enzyme
moro=amine oxldase does not alter the action of
epinephrine in pharmacological systems. It can readlly be
seen that there is still much controversy concerning the
action of amine oxidase and the degradation of _opinephrino
and its analogues,

Bacq (3,pe 1-26) and Blaschko (7,pe. 415-458) have
pointed out that the necessery chemical structure for the
inhibition of amine oxidase is an isopropyl amine grouping
in the molecule., The following, containing such groupings,
are the irhibitors of amine oxidase used in this study:

H
P H, H A
¢ \%I}Hs (cz—‘ g — §HO00CH, N 5 \N—N—céc%
w5 GHCOOC H g B
HN\CH PR g S %y
3 H2 H H2-
EPHEDRINE COCAINE TPRONIAZID

Areas in red are the molecular greoupings (isopropyl amines)
which Bacq and Blaschko say might possibly cause the
inhibition of amine oxlidase.

Blaschko and Iuthie (12,p. 348-349) in 1945, made a
study of the inhibition of emine coxidase by using amidine,
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~G=NH , type structures. They found that pentamidine was

e
a powerful in vitro irhibitor of amine oxidase, Thelr

method was to use rabbit liver (which contains the onzyme)
and test 1t for tyramine oxidation before and.after treat=
ment with pentamidine.

Another theory in the structural requirements for the
inhibition of amine oxidase has been put forth by Zeller,
et al. (79,ps v)s They state that phenylhydrezine is a
geod inhibitor not only of mono-amine oxidase but also of
di-amine oxidase. They follow the line that iproniazid is
a strong mono-amine oxidase inhibltors It can be seen that
iproniazid is a hydrazide structure es is phenylhydrazine.
Zeller states that the main requisite for mono-amine oxidase
inhibitors is the hydrasone structure, sN-NHg, It can be
seen however, that ephedrine and cocaine lack any type of
nitrogen=-nitrogen bonding. Even so, these two compouvnds
have been found by verious investigators te have an inhibit-
ing type action on mono-amine oxidase (2,p. 596) (30,p..98)
(47,pe 407-408) (49,ps. 301) (64,ps 593).

In 1940, Philpot (49,p. 301) found that by using guinea
pig liver as e source of mono~amine oxldase it could be
shown that the oxidation of tyramine and epinephrine could
be inhibited from 60% to 100% by ephedrine, cocaine and some
relatives of cocaine, Philpot states that the possible
mechanism of action in epinephrine potentiation by cocaine
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and ephedrine is that they compete with the epinephrine
for absorption on the enzyme surfece. This is similar to
Gaddum and Kwlatowski's theory that ephedrine inhibits the
enzyme, mono-amine oxidase, therefore allowing eplnephrine
to mceumulate and produce ite sympathomimetic effect (30,
‘Pe 98)¢ It must be kept in mind that Philpot's work was
done completely in vitroce.

There has been other work completed that agrees with the
above in showing that cocaine has an inhibitory action on
mono-amine oxidase and thus allows epinephrine to concen=
trate and produce 1ts typical action (45,p. 224) (66, p.
334)e

It can also be seen that numercus suthors have
directly controverted the above findingse. For example,
Brown and Buxii). (14,ps 654) could demonstrate nc abnormal
hypertensive effects with epinephrine after pretreatment
with cocaine. %They administered epinephirine four dirferent
WeYy Se Binglo doses of the drug before and after cocalne
and progressively increasing doses of epinephrine before
and after cocaine. They state that there was no signifi-
cant change in blood pressure.

The work of another group, Polonovski, Connerd and
Schmitt (51,p« 1980) parallels the research of Brown and
Boxille Their views are that cocaine, in high concentra=
tions, does not potentiate sympathomimetic action on blood
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pressures A few studles of the actlon of cocaine in vitro
also seem to indicate that 1t does not potentiste
sympathomimetic amines (51,ps 1980)s

There is also conflicting evidence regarding the
action of ephedrine in combination with epinephrine and
some analoguess Blaschko in 1838 (8,ps 7P) made the state-
ment that ephedrine 1s not oxidized by mono-amine oxidase,
vhereas epinephrine is oxidized by the enzyme. This was
the basic development of his theory that isopropyl amine
derivatives act as inhibitors and that ethyl amine deriva-
tives act as substrates for mono-amine oxidases. Again, in
1938 Gadaum, et al (30,ps 98) postulated that the mechaniam
of epinephrine potentistion by ephedrine is analasgous to
acetylcholine potentiation by physostigmine. Their experie
moents were done by perfusing the compounds through the eay
veins of rabblis.

On the negative side, FPurchgott (29,p. 183=265) could
show in only a few experiments any demonstrable potentia-
tion of epinephrine with ephedrine in vasodilation of
rabblt sorta. Burns (18,p. 237) also rarely observed any
potentiation with small arteries of rats,

Up to this point 1t is clear that there are volumes of
conflicting evidence on the subject of mono-amine
oxidase inhibition by ephedrine and coceine, There also
appears to be conflicting evidence with regard teo
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1-isonicotinyl=8«isopropyl hydrazine (iproniazid,
Marailia®),

Although iproniazid is e recent drug (1961) much
clinical work and experimentation hes been done with 1t.
The drug was first produced in 1951 by Ire He He Fox of
the Hofifmenn-Lafoche Laberatorics for its possible action
1n tuberculosise The reasoning behind this vas that the
parent compound of iproniazid is 4soniazid, a compound used
succossfully in tuberculosis. However, iproniezid was
found to be of less value in tuberculosls than lsonlazld
and, a8 @& consequence, was nearly lost from the medical
profession (24;ps 1~3).

During its appllication as a tuberculostatic agent it
was found that & few severely depressed patlents exhibited
a stimulation of the central nervous systems smu'-tmu-
tion was said to change f.ho mood of the individuales Thus
the terms "mood elevator” and "paychic energlzer" were
coined (24,pe 3)s Since that time 1t has been shown that
iproniazid had a remaerkeble effect on the personalities of
certaln depressed patients (13,p. 1l)e

E.As Zeller, from Horthwestern Universlty Medical
8ghool, deserves much credit for giving the impetun to the
tnvestigation into the inhibition of mono-amine oxidase
by iproniazid, Among the numerous investigations completed

B Jiarsilid is the trede neme of Hoffmann-IaRoche, Ince for
iproniazid.
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by Zeller, important ones have been his work with iproniazid
on the inhibition of the enzyme in bacteria (76,ps 350), in
smooth musele preparations (33,p. 182), in the structural
requirements for irhibition (79,p. v) and more recently in
in vitro mitochrondrial isolation methods (77,p« 273)e The
vesults of Corne (22) agree with Zeller in the fact that
these mitochrondrial tests showed an inhlbition of mono=
amine oxidase within two hourss However, this is not in
agreement with Delay and Buisson (25,ps 51-56) who found
that by treating depressed psychiatric patients with
iproniezid it tekes from a few days to as many eas three
woeks for any observable change to be noted.

In 1988, Zeller and CGriesemer studied the possible
potentiating effect with iproniazid on sympathomimetic
aminess With a dose of 0,18 millimoles of iproniazid per
kilogram of cat they found a strong potentiation in the
contraction of the nictitating membrane. However, they
found no potentiation in blood pressure (31,p. 701).

Other work done by Zeller and asssoclates indicate
that iproniazid is a very effective mono-amine oxidase
irhibitor in mitochrondrial isolation testa (77,ps R73)
(78,pe 460).

Kamijo, et al. in 1956 (39,ps 218) found that
iproniazid first depresses then potentiates the action on
the nictitating membrane of the eye of the eat from both
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corvical sympathetic trunk stimulation and intra-arterial
injactiona' of epinephrine, norepinephrine snd tyramine.
This group also found that mono-amine oxidase was delinitely
inhibited in the liver, brain and kidney. They state that
the depression obtained first in the nictitating membrane
was due to adrenergic blockages The reasoning behind this
potentiating property is not that enzymatic inhibition
occurs but rather an interference with the penetration of
the amine to the intracellular site and, as a conseguence,
a prolonged action at the receplor site.

Other workers who have found possible potentiation of
sympathomime tics by ipronlazid are:

1. Oorne, et al, who found that doses of 0.4
millimole per kilogram of iproniazid in
dogs (sube-cutaneocusly) completely inhibits
mono-amine oxidase in the liver (22,p. 339).

2+ OGriesemer, while working with 1pmniazm
protrut«i sortic strips found 60% less
contraction with epinephrines He also
stated, like Kamijo, that there is the
ponlbfliw of some adrenergilc dlocking
action (33,ps 182k

3. Schayer and Wu, who found that iproniaszid
produces a significant increase the
tot:].mtryptmme level of the urine (58,
De .

4y Tickner, while studying amine oxidase
inhibition by antihistaminics postulated
that the sympathomimetic action exhibited
by some sntihistamines 1s daue to their
65.&?“10;1 of mono~emine oxidase (65,p.

-

To support the argunént that iproniasid does not poten~
tiate sympathomimotic amines, the fellowing references are
cited:



ls Benson, et uhile studying the toxilecolo
of ipron found only mincr pharmacologlie
cal effectes (5,pe .

2+ Friend, while giving infusions of nor=
epinephrine before and after iproniazid in
man found no significant differences in
blood pressure (27,ps 63).

3¢ Griesemer, et {biu time studying blood
pressures in cats found no increase in the
pressure with iproniazid and epinephrine
(33.90 182). ;

4., Schmitt, while doing the same type of work
as Famijo (39,p. 218) found gquite the
opposite effectss That i1s, Schmitt found
that o pre~injection of iproniazid not only
did not increase the nictitating contrace~
tions in cats but sctually decreased the
contractions vhen treated with epinephrine
(63,pe 8574).

S¢ Udenfriend, Weissback and Boydansk! found
that 1proniuid is a poor v ivhibitor
of serotonin (S~hydroxytryptamine) in
peripheral tissuess They state that
amphetamine and procain amide are not
effective in vive (66,p. 289),

In the majority of experimenits liver, brain, spleen end
other organs were uged either to test oxygen uptake or
ammonia release (28,ps 665) (32,p. 284) (77,p. 273) (78,pe
460)s However, it 1s felt that remcving an organ from its
natural habitat might effect 1ts oxidatlive abilities, In
an attempt to determine uh-ethar one enzyme or ancother, or
a combination of enzyme systema, are acting, the test may
better be done in vive. The action of the different systems
may be accounted for if they are eliminated by a
pharmacological irhibition. '13&# 10‘7, thﬁwodum a
pharmagological inactivation of one or aseveral enzyme

systems and test the subsequent resulis.
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It was felt that if one system could be eliminated and
this system was resporsible for epinephrine oxidation, then
a potentiation of epinephrine would occur due to its

decreased oxldation.
Amine oxidase was the system selected for research for

the following reasonss

1. There is a large variety of drugs that
inhibit amine oxidase in vitro. A few
that have been shown to ac this
manner are amphetamine (28,p. 413-414;,
butyn (68 xg. 268), cocaine (49,p. 307
(664pe 331), ephedrine (30,ps 98)
iproniazid (35,ps 262-283), methylene
blue (75,p« 8P), uulfhydmi groups (7,pe
gg-;use), and antihistamines (7,p. 415~

.

2. HResults of the research done in this field
are extremely varied,

3+ The majority of work done has been carried
out by in vitro methodss It was felt that
more Work mus done vivo to contrie
bute to the knowledge of the enzymatic
oxidation of epinephrine.

The in vitro studies that have been done may be summed
up by quoting Richter (56,p. 361):
"It is therefore impossivle to draw any con=-
clusions as yet from these m
experiments &3 to the way adrenalin is
inactivated in the tissues g
In this study the amine oxidase irhibitors iproniazid,
cocaine and ephedrine were used with the following

gympa thomimetic compoundss



EPINEPHRINE

°f

C <
H H
i
HO- <H /CH3
C

ch

3

N-ISOPROPYL ARTERENOL
(ISUR EL)

15

ok o
c. B0
i \cf/ H OH
H NH,
ETHYL-NOREPINEPHRINE
( BUTANEPHRINE)
i
B_.C
HO B f 5 CH
3
H HN\IéI _CHy
)
ETHYL N-ISOPROPYL ARTERENOL

(WIN-30L6)

These four sympathomimetic substances were chosen be=

cause each is an adranorgio compound, they are related
chemically (sterically), their relation to mono-amine

oxidase has not been previously studied and they elicit
both similar end varied effects (70,p. 526) (17,pe 21P=

23?) ‘“’p. 45) (73.90 858)0

Some effects produced by the

compounds have been summsrized by Lands, ot 8l.(45,p. 45).

For example, Win=3046, Isuprel and Butanephrine all pro=

duce depressor responses.

depresscr order 1ls:

According to Lands thelr
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Isuprel - 1

Win=3046 « 10 times less effective

Butenephrine = 100 tlmes less effective

From the responses obtained from these sympathomimetic
substances it was postulated that 1f mono-amine oxldase was
responsible for their oxidation, and i1f the inhibitors of
mono=-amine oxidase clted above were used, then a potentia=-

tion of sympathomimetle effects could be expecteds
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EXPERIMENTAL
METHOD I

Twenty mongrel dogs of either sex welighing between
seven and fifteen kilogrems were used in this studys. Rach
was anesthetized with 38mg/Kg pentobarbital intra-
peritonealy. This was supplemented, if needed, with small
doses of pentobarbital intravenously. The animals were
fasted for approximately 18 hours prior te the experiment
and between experiments the animals were allowed to exer-
cise freely and to take food and water W»

A total of four experiments were dfms poi; animals
These four experiments constituted on;‘conplotu cycles A
total of four cycles represents one completed series as

ghown in Table I,

TABLE I
Gyele I Cyele II ¢le IIX Cycle IV

Expe I EPI control BUT control control WIN control
Expell BPI«COC BUT=»COC ISU=C00 WIN=COG
ExpeIll EPISEPH BUT«EPH ISUEPH VINEPH
Exp.IV EPISIPR BUT4IPR ISU-IPR WIN«IPR

EPI:Epinephrine CoCiCocaine

BUT:Butanephrine EPH sEphedrine

ISU tIsuprel IPRsIproniazid

WINIWin=-3046

Controls shown in Table I form the basls of standard curves
to be correlated with the three subsequent experiments which
were run after the inhibitors had been gliven.



18

All the inhibitors were given intramusculsrly except
doses immediately preceding the experiment which were
administered intravenously. %he following regime was
useds

1. Cocaine

50 mg (IM) was given the day before the experiment
end 50 mg (IV) was given immedimtely preceding the
experiment.

2+ Ephedrine

50 mg (IM) was given the day before the experiment
and 50 mg (IV) was given immediately preceding the
experiment,

3« Iproniazid

50 mg (IM) was given every day for three days
before the experiment and 50 mg (IV) was given
immediately preceding the experiment.

Ephedrine and cocaine have been known to act within
a relatively short period of time (64,pe. §71) (40,pe 665)
whereas 1proniazid takes a considerably longer period of
time to act (52,pe 179) (37,p« 100-193)s Therefore,
ephedrine and cocaine were glven cne day prior to the
experiment and ipronlazid was given three days prior to
experimentation.

BExperiments in conjunction with ipronliazid were always
conducted last because of the extended time necessary for
the drug to act (52,ps 179) (57,pe 190~183).

The inhibitors were dissolved in distilled water and
kept in a refrigerator at 8° Centigrade., The amines were
dissolved in a preservative of 0.1 per cent chlorocbutanol

and 0.1 per cent sodium bisulfite, The amines were all
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CONSTANT VOLUME INFUSION PUMP

PIGURE I

infused intravenously.
Constant infusions of the drugs were made by the use

of a Harvard Constant Volume Infusion Pump (Figure I).
The speeds of administration were elither 1 ml/2.,5 minutes
or 1 ml/5 mimtess The solutions of amines were diluted
with physiological saline mnd edminiastered at either
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of the two speeds to achieve the correct dosage per
mirutes

The amine dosage may be listed as follows:

TABLE IX
SYMPATHOMIMETIC AMINE DOSAGE PER MINUTE
EPI BT Isu WIN
16 1 25,0 r 1.06 r 20.6 r
3.0 r 50,0 » 5.40 » 59.0 r
G640 x 67.6 r 10,80 r 118,0 »r
1l.,6 »r 10144 » 20,00 r 236.,0 r
1540 » 280.0 »r 40,00 r 472.0 r

30.0 500,0 » 107,60 »r 958.0 r
74.0 » 86840 r - -

Each dose level 1ndic§tod in Table II was infused for
fifteen minutes. The total length of the infusion time
was between 90 minutes and 105 minutes dependling on the
drug useds

At the end of each fifteen minute infusion period a
two milliliter blood sample was taken. This was used for
the determination of blood sugar end lactic acid., Both
blood sugar and lactic acid were gquantitatively determined
from venous blood samples by the Nelson test for reduced
sugars (48,p. 375-380) and the Baker and Summerson test
for blood lactic amcid (36,pe 569).

Blood pressure, respiration, pulse and temperature

were recorded as follows:



1. Bleod pressure
Blood pressure was obtained with a mercury
manometer using sodium citrate (4%) in the
gystem. Hecordings were made on a smoked
drum of an eleectriec kymograph throughout
the entire experiment. The carotld or
femoral artery was exposed through an
inecision and cennulated with a glass
arterial cannula.

2+ Respiration
A nasal cannula connected to a tambour was
used to record respiration during the first
three experiments of a series. For the
fourth experiment in each series a
trecheotomy was performed. Thils was done
to facilitate the carotid cannulations

3s Pulse
The pulse was obtained by placing a
stethoscope on the left chest of the
animal and timing the contractions of the
heart with a stop watch,

4, Temperature

Temperature was recorded rectally in degrees
centigrade.

Heparin was used as an anticoagulant throughout the
experiments in a dosage of 3 mg/Kge Preliminary experi-
ments were done to test the possibility thet heparin may
have an effect on blood suger and blood lactle aclds ihe
results of this preliminary study proved negative (see

Table III)e



RESULTS AND DISCUSSION

TABIE IIIX
THE MBEAN EPFFECT OF HEPAKIN ON BIOOD BUGAR AND LACTIC ACID#»

CONTROL PO ST=HEPARIN
BIOOD SUGAR 7148 mgd 67,00 mg®
LACTIC ACID 9.12 mg% 1013 mg%

#Average of seven trials.

It can be seen from the following that the differences
between the controls and the findings after heparin are not
aignificant,

BID(}D %GM ANATXSIS OF VARKIANCE OF BIOOD SUGARS
ng
With 6 and 6 degrees of freedom and 5%
CON  POST~HEP aigniflcance level F) 0,1718 and
¥ < 5;819”0
72 66
69 69 CON PORTHEP
76 76
84 83 <y 503 468
60 oh 2853009 219024
84 66 2 56144 31289
58 65 n '
£y2 36797 32079
28 6563 702
108.8 132

s 0,8242 with 6 and 6 degrees of
freedom. NOT SIGNIF.
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LACTIC ACID ANALY SIS OF VAKIANCE OF LACTIC ACIDS

(mg %)
With 6 and 6 degrees of freedom and
CON  POST-HEP 5% significance level ¥ ) 0,1718 and
F( 5.,8197,
8,78 7479
154 10,99 CON POST-HEP
0.52 20.10 :
713 749 Yy 63483 70496
9.14 10,11 m 4074.27 5035,32
e+ 11— = 562,03 719.33
£y 653,00 852.24
33 70.96 132,91
11.82 26415

P 0,4520 with 6 and 6 degrees of
freedom, NOT SICGNIFICANT
These findings support Je Erick Jorpes (38,p. 93) who
states that heparinized blood appears to be normal and mey
be used for the determination of blood sugars Since the
results of the trisls were not sipgnificant heparin was
used throughout the work,



BIOOD PHESSURE

The action of epinephrine on blood pressure shows the
typical pressor responses According to Ahlquist (2,p. 596)
and later by Vander Pol (70,pe 526) this hypertension occurs
largely from alpha receptor stimulation. The greatest
pressor response occurred when the last and greateat dose
was infused, At this point the dose was 74 r/minute and
the blood pressure reached 160 mm Hge This represents a
rise of 37 mm Hg above the initial pressure. Vhen compar=
ing the rise in blood pressure of epinephrine to that of
epinephrine preceded by the mono-amine oxidase inhibiltors,
the following may be seen.

TABLE IV

DIPFERENCES BETWEEN INITIAL AND FIEAL BIOOD PRESSURES OF
EPINEPEHRINE CONTROL AND EPINEPHRIKE PLUS INHIBITORS#

INITIAL FINAL INCHEMENT
DRUG PRESSUKE PRESSUKE DIFFERENCE  FROM CONTROL
EPI control 125 160 457 ——
EPISEPH 131 188 +57 420
EPIsCOC 107 173 466 429
EPI4IPR 120 137 +17 -20

#Averages of three experiments for each druge

Ephedrine when used with epinephrine potentiates blood
pressures This may be seen in Table IV. There is an
inerease in blood pressure that 1s 20 mm greater than the
rise seen in the epinephrine control. Since ephedrine has



25
been established as a mono=amine oxidase inhibitor (30,p.
98) (8,ps 7P) it may be postulated that this eflect on
blood pressure, when used with epinephrine, 1s due to
irhibition of the enzyme, Kunz, Bobb and Green (41,pe
453) also obtained a marked degree of potentiation in the
vasoconstriction of arteries of rats with epinephrine-
ephedrine combination,

TABLE V

DIFFERERCES BETWEEN INITIAL AND FINAL BLOOD PRESSUKES OF
BUTANEPHRINE, ISUPREL AND WIN-3046 CONTROLS
AND IN CONJUNCTION WITH INHIBITORS#

IRITIAL FINAL INCREMENT

DRUG PRESSURE PRESSURE DIPFFEFENCES FROM CONTROL
BUT control 111 81 30 BT
BUTHEPH 128 093 35 4 5
BUT4G0C 123 79 44 4 14
BUTSIPR 137 21 46 4 16
ISU control 113 39 -4 -
ISUSEPH 133 65 =78 4 4
ISU4COC 105 41 -54 - 10
ISU4IPR 1386 41 -94 4 20
WIN eontrol 110 81 -49 -
WINSEPH 114 64 =50 4 1
WIN4COC 117 62 -55 4 6
WIK4IPR 108 44 =52 4 13

#Averages of three experiments for each drug.

Fo significant potentiation was seen with ephedrine as
an inhibitor before Butanephrine, Isuprel or Win-3046. In
the doses that were uvsed in this study these three sympatho-

mimetic amines cause a depressor actions The descending
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order of this depressor action is Isuprel> Win >
Butanephrine (see Table V). With ephedrine this order of
depressor action is unchanged; however, there is no
increased depressor actions That is, an injection of
ephedrine previous to infusion of Isuprel, Win-3046 or
Butanephrine is ineffective in altering the blood pressure
response seen without it (Pigures 2B, 3A and 3B)., This
would tend to Iindicate that elther ephedrine does not act
as s mono~amine oxlidase inhibitor or this 1s not the
mechanism by which these three drugs are oxidized. But
1t must be remevbered that epinephrine produces & stronger
alpha effect than Isuprel, Win-3046 or Butanephrine whieh
are predominantly beta stimulators (44,p. 45) in the
order given. This, in efifect, may possibly be the reason
for the potentiation of epinephrine and not that of the
beta stimulators. An interesting item in regard to
Butanephrine 1s that in very large doses 1t produces an
alpha sction (19)e¢ It can be seen from Table V that the
greatest decrease in blood pressure of the three depressor
substances in combination with ephedrine is Butanephrine,
This 1s 5 mm Hg whereas Isuprel and Win-3046 shows 4 and
1 mm, respectively, This increased depressor response
with Butanephrine 1s perhaps negligiblej however, 1t is
greater than either Isuprel or Win-3046 and may be attribu~
ted to the fact that Butenephrine possesses stronger
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alpha receptor stimulation.

With Isuprel and Win-3046, both strong beta stimula-
tors, the pressure differences between the contrel and
those with ephedrine are not significant,

The action of ephedrine on sympethomimetic amines seems
to depend upon the amine that is usedes Those compourds
that are predominantly alpha recepter stimulators appear
to be potentiasted while the beta receptor stimulators are
not affecteds Following this reasoning then, 1t may be
postulated that the enzyme, mono~amine oxidase, 1s
inhibited by ephedrine in respect to the action of an
alpha type adrenerglc druge

Cocaine, as an inhibitor before epinephrine, exhiblted
the greatest degree of potentiation in blood pressure,

Here a rise of 66 mm Hg was seen which is 20 mm Hg above
the control Increment, Other authors have stated that
cocaine definitely potentiates the pressor actlon of
epinephrine (15,p. 192) (45,p. 224) (49,p. 301) (64,p. 571)
(66,ps 331l)s In a very recent study (1959) Trendelenberg
(67,ps 64) found an increase in response to blood pressure
when using cocaine in conjunction with norepinephrines

The mechanism of the potentiation of a rise in blood
pressure by epinephrine-cocaine eombination may be summed
up as either or both of the following (47,p. 407) (&6,p.
331) (21,p. 143) (49,p. 301):



1. Cocaine prevents the destruction of
epinephrine by competing with the enzyme
responsible for epinephrine destruction,
i.0,, mono-amine oxidase irhibition,

2, Cocaine may cause an increased sensle
tivity or permeablility in the receptor
cell to epinephrine,

Philpot (49,pe 301) was the first to indicate that
cocaine irhibits mono~amine oxidase. As stated above, a
potentiated blood pressure was seen with epinephrine~
cocaine combination. This potentiation may be sald to be
due to the action of cocaine claimed by Pbalpot.

Although it appears in Table V that Butanephrine
plus cocaine exhibits a potentiated blood pressure, Fgure
2B shows no such potentiation. This graph reveals a
control Buteanephrine-cocaine 12 mm Hg above the
Butanephrine control and 2 mm Hg lower at the final pres-
sure, This may be considered negligible. Therefore, it
may be stated that there is only a slight indication of
potentiation of blood pressure with Butanephrine-cocaline
combinatione

The same 1s also true for Isuprel and Win-3046. In
fact, with Isuprel the controel drep in blood preasure
exceeds the Isuprel-cocaine drop by 10 mm Hge It can be
gseen from the graph, Figure 3A, that the difference 1s

negligible and, therefore, cocaine has no effect on the

depressor action of Isuprel. This is in agreement with
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Lands (44,ps 14) who found that cocaine increases the
pressor response of epinephrine but has no effect on the
depresgsor response of Isuprel.

The action on blood pressure of Win-3046 preceded by
cocaine is definitely negligible. The increment of the
control when compared to the Win-cocaine combination
increment is but 6 mm Hg., Figure 3B shows that this eﬁmbi-
nation e¢losely parallels the control Win-3046.

Therefore cocalne appears to act very similarly to
ephedrine on bloocd pressure. That 1s, 1t potentiates
alpha type stimulaeting sympathomimetics and appears to
have no effect on the beta type amines,

Vhen comparing Table V with Figure 8A 1t can be seen
that iproniazld does not potentiate the blood pressure rise
of epinephrine but, on the contrary, appears to depress or
block the pressor action. This agrees with Griesemer,
et ale (33,ps 182) who found that sortic strips pretreated
with ipronlazid produced a 50 per cent less contraction
with 10”7 M epinephrine. They state that there appears to
be some adrenergic blocking action from iproniazid. In
another study by Griesemer (30) in which cats were used, no
inereased blood pressure was found with epinephrine plus
iproniazides Kebhum, Feinberg and Zeller (53,p. 218)
however, found a potentiation with toxic doses of
epinephrine~iproniazid combination over epinephrine alone.
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Friend (27,pe 63) could find no significant difference in
blood pressure when using arterencl with and wi thout
ipronieazid.

It may then seem reasonable at this point to agree
with La Brosse (42,p. 593) who states that the reason
epinephrine is not potentiated by iproniazid in vivo is
that mono~amine oxidase is not the principal enzyme
responsible for epinephrine me taboliam.

¥hen the enimal was pretreated with iproniazid and
then infused wit: Butanephrine the affect on blood pres-
sure exhibited no potentiation, wheress with Win-3046,
there 1s & slightly potentiated depressor action. An
interesting item is that the depressor relation vetween
these three drugs still exists, L.e., ISU> WIN) BUT.

The blood pressure effect with Isuprel exhibits an
increased depression of 90 mm Hg which 1s 20 mm lower than
the Isuprel control (Table V), This may be considered a
potentiation sinee the initial blood pressure of the
Isuprel=iproniazid combination is much greater than the
corresponding Isuprel control preasure and the final
pressures are very close. It can be seen from Flgure 3A
that as the third infusion was started (10.8 r/minute) the
curve follows the control very closely.

However, from Table V and Figure 3B, 1t can be seen
that Win-3046 exhibits only a slight potentiation in
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blood pressure fall when the animal was pretreated with
iproniazid.

These animals that have been infused with the
sympathomimetic amines after pretreatment with ipronisszid
appear to be falling into a definite patterns Isuprel,
the most powerful beta drug used, exhibited the greatest
degree of potentiated blood pressure falls Win=-3046, less
dcprebaant than Isuprel, showed a falr potentiation in
pressure fall after tproniazid; Butanephrine, a still
milder beta type drug, showed no change over the controls
and, epinephrine, an alpha type drug, exhivited an inhibi-
tion of blood pressure rise when used with iproniaszid,.

In summary, the blood pressure effects may be stated

as followst

1. EPI4EPE : 4 4 1. BUTSEFH § =
2. EPI4COC 31 4 4 4 2e BUTHCOC 3 =
3+ EPI4IPE 3 » =~ ™ BU'.NIPB g -
1, WIN4EPH 3 O 1. ISUSEPH 3 O
2. WIN4COC 3 O 2. ISU4COC : O
3s WINSIPR 3 4 3, ISUSIPH 1 4 4

degree of potentiation beyond control
no effect beyond controle

degree of adrenergic blockade

slight action

1 Ode

Again it can be seen that if one follows Ahlquist's
theory, alpha type drugs (EPI) show an increased rise in
blood pressure with ephedrine and cocalne but & bleckade
in bleod pressure with iproniazids. On the other hand,



beta type drugs (WIN, ISU) show no effect beyond the
control with ephedrine and coca_ina but a potentiatiocn
with iproniazid.

It can be seen that the more powerful the beta stimula-
tor the greater is the potentiatlon by iproniszld. As one
moves in the direction of more alpha type drugs less
potentiation and greater blockage occurs.
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PULSE

Since pulse may be conslidered aa being due to e change
in pressure within a system of elastlec tubes, set up by
the blood being pumped by the heart, a change in pulse may
result from a reflex response to pressure changes due to
vasoconstriction or vasodilation. Vhen considering drug
action another possibility of changes in pulse rate existe.
Drugs may have a direct action on the chronotropie
receptors in cardiac tissues thus effecting pulse rate.

Under normel conditions a rise in arteriel blood
pressure stimulates the vagus nerve causing cardlac
inhibition (Marey's Law)es However, under the action of
drugs this may or may not take places.

In the case of the epinephrine infusion this phencmenon
sppears to hold until the last dose was administered
(Pigure 4A)s At this point a vagal escape must have
occurred since the blood pressure was still climbing
throughout the last infusion.

Figure 4A shows the pulse rates of epinephrine and
| epinephrine preceded by the enzyme inhibitors. It can be
seon that the control, the epinephrine plus ephedrine and
the epinephrine plus iproniazid follow Marey's Law rela~
tively closely up to the point of the 15 r/minute infusion.
The inerement of the epinephrine control showed a total
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decrease of 22 beats per minute. Both epinephrine
preceded with ephedrine and epinephrine preceded by
iproniazid show an increase of 40 and 35 beats per minute,
respectively. Also by studying the graphs in Pigure 4A
it appears that this potentiation 1s mediated by a vagal
escape,s A potentiated vagal escape may result froms

ls A decreased parasympathetic effect.

2+ A decreased blood pressure.

3« An increased gympathetic efrlect.

The first and second possibilities mey be ruled out
for the following reasonss

l, A decreased parasympathetic eflect and an

inecreased gympathetic effect produce similar
results and since a sympathetic substance
was being infused a decreased parasympathetic
effect seems unlikely and may be ruled ocut,

2+ A decreased blood pressure is not occurring.

Ruling out these twoe possibllities, the third may be
considered which is an increased sympathetic effect or
potentiation of pulse rate undey epinephrine in conjunction
with ephedrine end iproniazid,

One other possibllity does exist, however, and that is
that the mono=-smine oxidase inhibitors ephedrine and
iproniazid may cause & stimulation of the chronotropie
receptors of the heart., The evidence for this may be
that the epinephrine control curves of blood pressure and

pulse exhibit Marey's Law. With the inhibitors both the
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blood pressure and pulse rate climb which nullifies Marey's
Law, indicating & possible stimulation of chronotrople
receptorse.

The effect of coceine on pulse, when used as a pre=-
treatment with epinephrine, are veried and difficult to
interprets One of the first effects noted 1s the eerly
escape of the wagus occurring at the end of the second
fifteen minute infusion (3 r/minute). ‘he pulse then
climbs rapldly and steadily to a rate of 166 beats per
minute, or a rate of 31 beats greater than the curve of the
epinephrine~cocaine control showss Up to this point a
potentiated pulse rate may be sssued. But as can be seen
from Figure 4A during the last infusion & decrease in
pulse rate occurred, This decrease extends down to the
control level of 135 beats/minute. Since the blood pressure
was still rising under the sympathomimetic effect of the
emine, and a vegal escape was present, the vagus probably
would not come back into playes Without the vagus the
possibility exists that with this particular dose of
epinephrine preceded by cocaine an irhibitory action of
the chronotrepic receptors of the heart occurss This, then,
could account for the bradycardia taking plece, whereas
~with the other combinations of drugs an epparent stimulation

of these receptors occurred.
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TABLE VI

DIFFRRENCES BETWEEN INITIAL AND FINAL PULSE RATES
OF EPINEPHRINE, BUTAKEPHRINE, ISUPREL
AND WIN-3046 CONTROLS
AND IN CONJUNCTION WITH INHIBITORS®

INITIAL FINAL INCREMENT
DRUG RATE EATE DIFFERENCES FROM CONTROL
EPI control 170 148 =28 —-—
EPI4EPH 159 199 440 486
EPI4C0C 136 135 0 (4]
EPI4IPR 150 1856 435 457
BUT eontrel 142 200 +58 -
BUTHEPH 141 235 04 436
BUTHCOC 139 208 469 +11
BUT4IPK 136 223 457 429
ISU control 156 246 4 90 -
ISUSEPH 142 266 4124 434
ISU4C0C 130 236 4106 4156
ISUSIPR 148 211 4 63 -27
WIN control 148 176 428 -
WINJEPH 152 236 434 486
WIn4CocC 147 215 468 440
WIN4IPR 145 209 464 436

#Average of three experiments for each drug
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The effect of mono~amine oxidase inhibitors in con=-
junction with epinephrine on pulse showed & potentiation
in two of the drugs used and & possible potentiation in a
third (cocaine). This potentiation was cauvsed by an
increased effect of the sympathomimetie substance pre-
sumably through the inhibition of mono~amine oxidases

Pulse rate under Butanephrine showed two interesting
items. The {irst is the apparent ineflectivenesa of
cocaine end iproniazid when used prior to the Butanephrine
infusion. A8 seen in Figure 4B these curves lie close to
the control curve. The other item of interest is the
potentiation occurring from the Butanephrine~ephedrine
combinations It can be seen in the curve that there 1s a
definite and progressive rise in the pulse well above the
increase associated with the control. Slnce the blood
pressure decreases while the pulse rate increases under
Butanephrine, it can be assumed that no vagal effect
ceocurs and & vasodilation is responsible for the hype=-
tensione 'The heart then, must ‘nerease 1in rate to compen=
sate for this hypotension. EHowever, thlis decrease in
blood preassure under Butanephrine plus ephedrine Is not
great, Therefore, the potentiated pulse could be due to a
direct action on the heart., %That 1s, an increased action
of the smine through the irhibition of the enzyme mono~-
amine oxidase by ephedrine.
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The pulse under Win-3046 (Pigure 5B) shows a resem-
blance to the pulse under Butenephrine. Ephedrine can be
seen to definitely potentiate the pulse ol Win-304G6.

Table IV indicates an increasse of 84 beats/minute which 1is
86 over the control increase, This tachycardia mey be &
reflex action occurring irom umdilauoh.

In reviewing the blood pressures of Figure 3B, 1t can
be seen that Win-3046, Win=-3046 plus ephedrine and Win-3046
plus cocaine are exceptionally close to cne another in the
hypo tension produceds Considering thls a normal response,
one would assume that the corresponding pulse rates would
increese proporticnatelys. Obviously, thils is not the
eagse as can be seen in Flgure 5B, With ephedrine pretreat-
ment the pulse of Win=3046 1a definitely potentiateds With
coceine pretreatment, there is a potentlation but toc a
smaller degree than with ephedrine. Ko greater
vasodilation occurs with Win-3046 in combination with
cocaine as the blood pressures indicate; and there is no
greater vagal response elicited as seen by the pulse rates.
Therefore, it seems highly possible that the potentiation
that is occurring is a result of an excessive actlon
Win-3046 on the cardiac musecle. This could be brought
about by an irhibition of mono-amine oxidase.

Iproniszid fails to elleit any potentiation on pulse
rate with Win-3046 until the last infusion, At this point
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there is a surge in pulse which corresponds to a slightly
potentiated hypotensions The action of iproniazid when
used as a pretreatwment before the amine infusions shows
no spectaculsr action on blood pressure or pulse.

¥hen measuring the pulse rate under Isuprel (Figure
5A) ephedrine pretreatment appears to induce a slight
potentiation, Cocaine pretrestment has no effect while
iproniazid before Isuprel exhibits a slight inhibltory
action on pulse. Heore ggalin, the question arises as to
the action of iproniazids In some areas it appears %o have
definite potentiating qualities; in other areas the effect
goems to block the adrensrglec action of the amines This
blocking action of iproniazid appears tc be the case vaen
considsring pulse., The increase in pulse rate of Isuprel=
iproniazid combination was somewhat less than the Inciease
geen in the control, being 27 beats/minute below the con=
trol level. Here again we have a sltuation that nullifies
Mayrey's Law, and appears to be directly opposite to
iproniazid in combination with epinephrine, That is, when
iproniazid is used as a pretreatment to epinephrine an
increased blood pressure and an increased pulse were seens
When iproniazid is used with Isuprel a decreased blood
pressure and a decreased pulse rate is seen. This mey be
interpreted by saying that strong alpha type drugs when
in combination with iproniezid tend to stimulate the



e
chronotropic receptors of the heart, while strong beta
type drugs in combination with iproniazid tend to inhibit
or depress these receplors.

Mono=-amine oxidase inhibitors in combination with
sympathomimetic amines exhibit varied pulse rate

responses, These responses are as follows:

1. EPI4EPH 3 44 1. Nwﬂ 3 b
8¢ EPI-I-GOO 3 4 2s BU C ¢ 0
3¢ EPI4IPR 3 44 3¢ BUTHIPR 3 O
1. ISU4EPH 3 - 1, VIN4EPH 3 <+44
2s ISU4COC : O e WIN4COC 3 44
3. ISUSIPR 3 = Se¢ WIN4IPR : O

4 : degree of potentiation beyond contirol
0 : no effect beyond control
- § degree of adrenorgic blockade
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BLOOD SUGAR

In dogs, normal blood sugars are in the vieinity of
75 to 80 mg¥. Walker, Boyd and Asimov (74,pe 487) and
Griffith (34,pe 151~187) state that epinephrine causes
liver and muscle glycogenolysis with resulting hypere
glycemia. In reviewing the two receptor theory of
Ahlquist (2,pe 586-600) 1t is seen that he places
glycogenolysis as purely an alpha type phenomenons That
is, hyperglycemia 1s brought about throcugh stimulation of
the alpha receptors by the sympathomimetlc amines. If
this 18 the case, it is seen that all of the amines tested
exhibited an alpha type response, 1.0., hyperglycemias In
o ther words, the liver appears to be predominantly com-
posed of alpha type receptors. These sympathomimetic
amines cause hyperglycemia by increasing the breakdown of
glycogen to glucose in the liver. Walker, Boyd and Asimov
(74,p. 487) feel that epinephrine exhibits a type of
catalytic action in glycogenolysis. This helps to explain,
on & blochemical level, the mechanlism of hyperglycemia
produced by eplnephrine.

Table VII reveals only two cases of any type of blood
sugar potentiation; one with cocaine and the other with
iproniazid., Cocaine showed a greater potentiation of blood
sugar when used with epinephrine (Figure 6A) and a milder
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potentiated hyperglycemia with Win-3046 (Figure 7B).
Iproniazid, when used with the two belta drugs Win~3046
and Isuprel, appears to cause & slight poientiation
(PMigures 7A and 7B)e

Here again, as with blood pressure, the maln
potentiation occurs with an elpha drugs It can also
be ssen from Mgure 6A that the epinephrine~ephedrine
ecombination appears to produce a potentiatlion of bloed
sugar, However, the increment between the Iinitlal and
final level is exactly the same as the increment of the
control, which is 160 mg¥s

The effect of ipreniazid in combination with beta
type sumpathemimetic amines on blood sugar exhlbits a
slight degree of poitentiamtion, indicating some
enzymatic irhibition. The slightly decreased hyperglycemia
during the infusion of the third, fourth and {ifth doses
of eplnephrine can be seen to rise rapidly to attaln a
fingl increment of but 1 mg¥ less than the control which
is negligible.

The effect of Butanephrine after pretrestment with
the mono=-amine oxidase inhibitors on blood sugurs presents
a different and interesting response., As can be seen
from the graphs in Filgure 6B none of the irhibitors
potentiated the effects In fact, all appeared to cause a
depressed hyperglycemnls when comparing them te the control.



FIGURE 6B FIGURE 6A

EFFECTS ON BLOOD SUGAR FROM BUTANEPHRINE & EFFECTS ON BLOOD SUGAR FROM EPINEPHRINE & EPINEPHRINE
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TIME (min)S 00 15 30 45 60 75 90 10§ TiME(ming 00 15 30 45 60 75 90 105

Lh



48

"his effect on blood sugar may be brought sbout by a
deereased output of glucose from the liver or en
inereased utilization of g]:ueoae by the muscleas. Under
conditions of anaerobic metabolism sny inereassed vtiliza-
tion of glucose by the muscles will cause a concomitent
increase in blood lmectic aclde In reviewing the bleood »
lactic acid graphs of Butanephrine (Figure 8B) it can be
geen that no increased lactacidemis occurs beyond the
controls Thereiore, it mey be assumed that the hypere
glycenmin produced by Butanephrine in comjunction with the
inhibitors 1s lessened because of a decreased glucose oute~
put from the liver.

This seems to indicate a type of adrenergic blockade.

The above interpretation is presuming that blood sugar
is the direct cause of blood lactic acid, It is concolvable
that the opposite mey be true, However, at thls point,
the receptors of the liver are known to be mainly alpha
(26,ps 380) while those of the muscles remaln unclear.

Under Isuprel 1t can be seen from Table VII and
Pigure 7A that cocaine has no effect on blood sugar above
that of the contreol, while iproniazid had a tendency to
cause a slight potentiation, However, with the mono=
amine oxidase inhibitor ephedrine an effect 1s seen that
is similer to Butanephrine plus ephedrine. And that is,
a blockade of the liver receptors. 7This same effect 1s



49

TABLE VII

DIPFERENCES BETWESH INITIAL AND FINAL BIOOD SUGARS
OF EPINEPEKINE, BUTANEPHKINE, ISUPHEL
AND WIN=3046 CONTROTS
AD IN CONJUNCTION WITH INHIBITORSH

INITIAL FINAL INCREMENT
DRUG SUGAR SUGAR DIFFRRENCE FROM CONTROL
EPI control a7 173 4106 -
EPI4EPH 06 201 4106 4]
EPISCOC 87 279 4192 486
EPI4IPR 68 173 4105 - 1
BUT econtrol 73 222 4149 -
BUTHEPH 90 17 4 88 =51
BUTHCOC 76 202 4126 -23
BUTHIPR e 188 4116 =33
ISU control 684 183 4 99 e
ISUSEPH 93 162 % GO 30
ISU4C0oC 84 181 4 o7 -2
ISU4IPR 76 193 4117 418
WIN control 80 232 4142 -
WIN4EPH o8 283 4125 -17
WIK4COC 88 264 4176 +34
WINS4IPR 76 247 4171 429

#verage of three experiments for each drugs
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EFFECTS ON BLOOD SUGAR FROM WIN=-3046 & WIN=-3046
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also seen with Win-3046 in conjunction with ephedrine
(PLgure 7B)e These results seem to indleate that ephedrine
possesses an adrenerglc blocking elffect on blood sugars when
used with beta type drugse.

Blood sugar was slightly potentiated by the combination
of iproniazid plus Win-3046 and cocalne plus Win~3046.

A swumary of the effects on blood sugar may be

tabulated as follows:?

l. BEPI4EFH s X l, BUMEPH : ~
2a EPI4COC : <44 2, DBUT4COC t ~
3« EPI4IPR : O 3¢« DBUT4IPR 3 =
l, ISUSETE 3 = 1., WIN4EPH 3 ~
2. Isu4C0C : O 2. WINJCOC : 4
3. ISU4IPR : 4 3. WINGIPR : 4
X s additive effect.

4 : degree of potentlatlon beyond control.

0 : no effect beyond control.

- 3 degree ol adrenerglic blockages



LACTIC ACID

The metabolism of blood sugar and lactic acid le evi-
dently closely relateds The formation and removal of lactie

, acid from the circulation is shown by the Cori Cycle:

BLOOD LACTIC ACID

=4 N

MUSCLE GLYCOGEN LIVEER GLYCOGEN
BLOOD WGARI/

It can be seen that any increase in lactic acld is due
to an incresse in muscle glycogenolysis or an inerease in
the formation of blood glucose from the liver.

Under epinephrine, Figures BA and 6A show that both an
ine:eased lactacidemlis and a hyperglycemis occur. This may
be interpreted as e definite inerease in metabollism of the
liver and the muscles.

Along with this increased metabolism of the liver and
muscles the body is attempiing to compensate for the
inereased acidity by increasing the amount of avallable
oxygen by an increase in respiration. It is known that 1f
oxygen is avallable to the organism no great increase in
lactic acld will ordinarily oceur (26,ps 726)e Under
epinephrine, then, an increased blood sugar and lactic acid
occurs while the increased respiration is probably a reflex

mechanism due to the increased acidity of the blood.
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Epinephrine preceded by ephedrine seems tec produce a
lesser increase in metabolism than the controle It has been
shown that this combination exhibits no great potentiation
on blood suger and, as can be seen from Flgure 84, the
degree of increased heﬁacmuh is 7.24 mg# less than the
control. Since glycogenclysia, according to Ahlquist, is
an alpha type response to adrenergic stimulation, ephedrine
may be considered to have partially blocked this action.

In iproniazid pretreated animals epinephrine produced
a similar effect., However, the amount of adremergie block=
ade 1s not as great as that shown with the epinephrines~
| ephedrine combination, Under the former, an increased
lactacidenmia occurs which 1s above that produced by the
ephedrine combination but still below the scontrol (Flgure
84) with no effect on blood sugar (Figure 6A) indicating a
lesser degree of blockade.

Ttean be seen from Figure 8A that epinephrine plus
cocaine has no greater effect on lactic acld formation than
epinephrine alone, The fact that cocaine with epinephrine
produces & tremendous hyperglycemia (Pigure GA) may be
explained by the fact that cocaine may prevent the muscles
from utilizing the available sugar. The sugar then
accumulates in the bleoods Concomitantly, the muscles are
producing lactic seid at a normally increasing rete under
the effect of the drug.



TABLE VIIX

DIFFERENCES BETWEEN INITIAL AND FINAL BIOOD LACTIC ACID
OF EPINEPHRINE, BUTANEPHIINE, ISUPKEL
AND WINe3046 CONTHOLS
AND IN CONJUNCTION WITH IMEIBITO S

INITIAL PINAL INCREMENT
DHEUG ACID ACID DIFFREEECE FROM CONTROL

EPI eontrol 6e32 34463 2831 -
EPISEPH 7.93 29,00 21,07 - T4
EPI4CO0 791 34495 £27.04 - 1.87
EPI4IPR 10.91 3320 22.29 - G208
BUT eontrol 8,23 41,00 3277 -
BUTHEPH 8.35 33,79 25.44 - 7,33
BUT4C00 708 3750 30.08 - 2,69
BUTHIPR 718 3910 31.92 - 0,88
ISU control 9.87 48.85 36,28 -
ISUSEPH 716 37.81 30,686 = 5463
ISU4C0C 772 3746 29.7¢ - G54
ISU4IPR 10.71 49,96 39.25 4+ 2,97
WIN control 10.68 47.04 36439 -
WIN4EPH 12.73 43.79 31.06 “ 533
WIN4COC 706 40.43 3337 - 34,02
WIN4IPR 11.66 36.30 24,64 ~11.75

#jpverage of three experiments for each druge

¥hen considering Butanephrine it can be seen that the
same type of pattern is followed but to a smaller degree.
Ephedrine in conjunction with Butanephrine again causes &
large chenge in increment as seen in Table VIII. This
effect may be attributed to the same metabolic processes
as were shown under the eplinephrine plus ephedrine combina«
tion. Also, as under the epinephrine~cocaine combination,
Butanephrine preceded by cocaine produces a negligible
change on lactic acid production. The mechaniam, however,
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EFFECTS ON LACTIC ACID FROM EPINEPHRINE & EPINEPHRINE PLUS INHIBITORS
50 (AVERAGES OF THREE DOGS)
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appears to be different from that whieh occurred under the
epinephrine-cocaine combination. With Butanephrine and
cocaine 1t appesrs that the muscles are able tc utilize the
aveilable sugar, whereas under epinephrine and cocaine it
was stated that the muscles were unable to utilize the
sugars This can be seen from the blood sugar graphs,
Mgures 6A and 6B, respectively.

The lactic meid production, however, was not augmented
in either case by the use of cocalne. Thus, it may be
stated that cocaine when used with an alpha type sympatho=
mimetic amine, such as epinephrine, tends to inhibit the
museles from utilizing excess sugar; vheress, under a mild
bveta type drug, Butanephrine, utilization of bleood sugar
is not impeded.

It can be seen {rom figure 88 that 1n iproniazid pre~
treated animels with Butanephrine infusion there is very
1ittle effect on lactic acid production beyond the control.
It is a steadily increasing state simllar to the Butanephrine
controls As a consequence, the decreased hyperglycemia
seen under Butanephrine plus iproniaezid can be attributed
to an irhibition of the sugar output from the liver, 1l.0.,
a partial sdrenergic blockade of the liver receptors.

Iguprel and Win-3046, as stated previcusly, as consid-
ered to be predominantly beta type sympathomimetics. In
Table VIII 4t can be geen that with these two gympathomimetics
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all inersments but the Isuprel plus iproniazid are less
than the control levels. Isuprel in conjunction with
iproniazid is considered to be parallel to the control.

fhese decreased increments indicate a decreased
glycogenolysis in the muscles., ¥hen conaldering the blood
sugar graphs, Plgures 7A and 7B, ephedrine decreases the
hyperglycemia produced by both Isuprel and Win-3046. This
is interpreted as a decrease in liver glycogenolysis. This
decreased blood sugar by two bete type amines appears to
be another case of adrenergic blockade.

Yhen cocaine is used belfore infusions of Isuprel or
VWin=-3046 a pilcture is presented that is slightly different
than when ephedrine is used. In all four cases the lactie
aclds are similar in that theoy are slightly blocked, but
the blood sugars ere differents The amines in conjunction
with cocaine exhidlt mo change in blood suger beyond the
controls However, when used with ephedrine both Isuprel
and Win-3046 show a decreased hyperglycemime Cocalne then,
seems to produce & decrease in the mobilization of muscle
glycogen with very little effect on liver glycogenolysis.

As can be seen from the following table the combina-
tion of drugs fall into a definite pattern. It should be
noted that under all conditions both the lactic aclds
and blood sugars showed @ rise under the action of the
amines. ﬁun used with %he inhibitors & rise in lactic
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EFFECTS ON LACTIC ACID FROM ISUPREL & ISUPREL PLUS INHIBITORS
(AVERAGES OF THREE DOGS)

50
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acids and blood sugars still took place but to varying
degrees from the controls.

- TABLE IX

A COMBINED SUMMAKY OF IKHIBITORS ON THE RISE OF
BIOOD SUGAR AND LACTIC ACID

DRUG COMBINATION LACTIC ACID BLOOL SUGAR
EPI control 0 0
BUT eontrol 0 0
WIN control 0 0
I8U eontrol 0 0
EPI+EPH - Xovie
BUT+EPH - - "
WIN+EPH ' - -
ISU+EPH - -
EPI+COC 0

BUT+COC - £t
WIN+COC -tk 4
IBU+COC - 0
EPI IPk - ¥
BUT IPR o -
WIN IPR - - +
ISU IPR BE e
+3 degree of potentiation beyond control.

0 & no effect beyond control.

- § degree of adrenergic blockade.

4# 3 slight action.

b

additive effect,

As can be seen from Teble IX the section of ephedrine
on beta type drugs decreases both muscle glycogenolysis and
liver glycogenolysis, The inhibitory type action on lactic
acids by beta type drugs pretreated with ephedrine is also
seen with slpha type sympathomimetics, but to & larger
extent. JThat is, as one moves in a direction away from
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the more beta type drugs toward the more alpha type the ‘
lactic acid production moves from a slight inhibition to
.u greater inhibition. The blooéd sugars move in the
opposite direction, only at a slower rate,

¥hen cocaine pretreatment is used, beta type drugs act
similarly to the alpha type under ephedrine. Thus, there
is a decreased muscle glycogenolysis with little change in
liver glycogenolysis beyond the contioles As the drugs
become more alpha in action, when used with cocalne, the
muscle glycogen breakdown becomes more llke the conirel
curve while the liver glycogen breskdown passes thrcough a
stage of slightly decreased glycogenclysis (Butanephrine)
to a stage of merked hyperglycemia (epinephirine ).

¥When iproniazid is used as a mono~anmine oxidase irhibi-
tor with sympathomimetic amines it can he seen that strong
beta type drugs show & po tentiated blood sugare The more
alpha type drugs have either no effect beyond the control
or a slight inhibitory action. With the exception of a
slight increase in lactic acids shown with the Isuprel
after iproniazid, the over all effect is a depression of
lactic acid formation.
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EESPIRATIOR

The effect on respiration of sympathomimetic amines
is that of stimulation. Throughout all the experiments an
inereased respiration was noted, This increase in respira=
ﬁon is probably brought about through the decreased pil
of the blood which is & direct uets.en‘af increased lactic
aclids It has been shown that all the sympathomimetics
used in this work increasec laciic aoid‘ content of the
blood,

With all the experiments no greater inorease in
respiration was noted when the animals were pretreated
with a mono~-amine oxidase inhibitor than under the control
conditionss This indicates that as the enzymes were
being inhibited, allowing the sympathomimetic substances
to accummlate, there was little change in effect on

respiration.



TEMPERATU KE

The effects of these drug combinations on temperature
is not great, Figures 10A, 10B, 1lA and 11B indicate that
there 1s no great varisnce from the control when the anl~
mh were pretreated with the amine oxidsse inhibitors.

With epinephrine there appears to be a steady state
in and around 3§° Centigrade. Isuprel, however, tends to
cause the temperature to incresse with or without the
inhibitors. This would indicate that Isuprel caused either
an increased metabolism or a vasoconstriction. However,
vasoconstriction does not occur with Isuprel end thers
18 nc apparent increase in metabolism with or without the
inhibitors. The cause of the rise of temperature by
Isuprel is obscure and further research is needed to
elucidate the cause.

The Butanephrine control, after one hour of iInfusion,
appears to cause & hyperthermia whereas vhen the irhibitors
are used before the infusion the increased temperature did.
not ococure Since Cameron, et el. (20,p. 326-331) found that
Butanephrine was an extremely powerful vasodilator, the
hyperthermia that occurs is probebly due to an lncreased
metabolism. When the irhibitors were used before the
Butenephrine infusion a decrease in both blood sugar and
lactiec acid production cccurred. This decresse in



63
metabolism may oxpliin the reason why Butanephrine in
conjunction with the inhibitors wes ineffective in causing
a temperature response like the controls :

Under Wine3046, it may be considered that the control,
the Win-3046 plus cooaine and the Win-3046 plus iproniazid
did not effect temperature. However, when ephedrine ls
used before the infusion of ﬁ£p~3046 an increased tempera=
ture occurss This hyperthermis 1s probably due to &
combination of vascconstriction and an inereased metabolliam

caused by the drug combination.
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EFFECTS ON TEMPERATURE FROM EPINEPHRINE & EPINEPHRINE PLUS INHIBITORS
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EFFECTS ON TEMPERATURE FROM ISUPREL & ISUPREL PLUS INHIBITORS
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SUMMARY AXD CONCIUSION

The preceding graphs on pages 64 and 65 summarize the

relationship between the experimental values and those of
the econtrols ;’axw all of the experimentss The control values

represent the control curves which are the results of
infusions of the sympathomimetic amines without the inhible
torss PRoch 1s the average of three experiments,

1.

When epinephrine is infused after ephedrine it is
coneluded thet no irhibition of mono~emine oxidase

tekes place. This follows from the fact that even

though there is s potentiation of blood pressure and
pulse under these conditions, there is no increase in
blood sugsr and lactic meld which would probably cocur
1 the ensyme were inhiblted.

It is concluded that some irhibition of mono-amine

oxidase mey osour when epinepbhrine is Infused into an

snimal pretreated with cocaine. This is reasoned from
the fact that not only are the blood pressure and pulse
augmented but also there is a rise in blood glucose
while the mmuscles remain at the contrel level of aecid
outpute |

It is slso goncluded that whon epinephrine is
infused after iproniazid some type of adrenergic
blockade occurs., This is apparent from the lessened
blood pressure rise and consomitant pulse increase and
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o decremsed lactic acid output in the face of a blood
suger equal to the contwrol levels

Wnen ephedrine 1a used prior to the infusion of
Butsnephrine two mechanism occur. 1) An adrenergiec
blockade causes s decressed hypotension and s decreased
rise of blood sugar and lactic seid. 2) Stimulation
of the chronotropie receptors of the heart stimulates
pulse rate.

It 4s concluded that the adrenergic responses of
Butenephrine infusion after cocalne or iproniazld are
blockeds Even though Butanephrine alone produced a
slight hypotension, when used with the inhibitors the
blood pressure does not decrease to the extent of the
control even though the pulse remains unchangeds Also,
the fact that the blood sugar and lactic acid curves
rise to & lesser extent than the control, points to the
conclusion that when Butenephrine ls infused after
treatment with coecaine or ipronimzid an adrenergic
blogkade occurs. |

. After 'cphpdrm, Win=-3046 acts similarly to
Butenephrine after ephedrines “hat is, there appears
to be a stimulation of the chronotropie receptors of
the _hmt. It can also be concluded that the decreased
lactic seid indicates o reduced ability of the musecles
to meke use of the slight excess of the glucose in the



4.

a8
eireulation, This may be interpreted as a mild degree
of mono~amine oxidase irhibition.

Very slight enzymatiec irhibition 1s seen when the
combination of Win=-3046 and iproniazid are used, It
resulted in & slight inecrease in both blood pressure
and blood gugar above the controle ZLactic acid produe~
tion dropped below the eontrol curve indlcating m
museles were effected to a lesser extent than the
liver.

Isuprel infusion alter ephedrine pretreatment shows
an action very similar to Wine3046 or Butenephrine aflter
ephedrine, oni;r to & milder degree, This action may be
due to & stimulation of the chronotropic receptors of
the heart and a mild adrensrgic blockades

When cocaine was used before Isuprel no apprecisble
response occurred béyonﬁ the controls

A monow-amine oxidase irhibition appeared to be
present in the Isuprel=-iproniazid combinatlon. Since
the blood pressure decremse was potentiated and the
inereased pulse rate was pertially blocked, it seems
reasonable to assume that this is due to an increamse in
the effect of Isuprel. Potentiation of blood sugar also
points toward an enzymatie inhibition by iproniazid,
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