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The early anatomists observed that the juice of the medullary sub-
stance of the capsulz atrabiliana (suprarenals) darkened upon expo-
sure to the air, and called it atra bilis. It was not, however, until the
nineteenth century that light was shed upon the cause of this color
change. In 1856 Vulpian (75) observed that the medullary juice of
the suprarenals turned emerald green and rose carmine when brought
into contact with ferric chloride and iodine, respectively. These
reactions were characteristic of this organ, and at once led to the sur-
mise that the medulla of the gland contained a substance of physio-
logical importance.

Pellacani (62) as early as 1879 performed in Foa’s laboratory a
series of very interesting experiments with extracts of the fresh
organs, among which was a series of injections of adrenal extract into
various animals. The capsules were excised, ground up in a mortar,
and to this mass was added distilled water sufficient to filter, but not
exceeding the amount needed for the injection. This liquid extract
was filtered through linen and then paper, after which it was imme-
diately injected. The greatest care was exercised both in the making
of the extracts and in the preparation of the instruments, the latter
being immersed in strong aleohol. Subecutaneous injections were
made into dogs, eats, rabbits, guinea pigs, and frogs. A rise of tem-
perature did not always oceur, and in some of the animals there was a
lowering of temperature, followed by death in from twelve to thirty
hours for the more rapid cases of intoxication. The symptoms
were general excitement, followed by paralysis, both sensory and motor,
increasing weakness of the heart, lowering of temperature, 4-5°, fol-
lowed by death. It is strange that Pellacani should have secured
such characteristic adrenalin effects and yet observed that subeu-
taneous injections were more toxic than intra-peritoneal ones, and
that both of these methods of injection caused more pronounced and
quicker effects than intravenous injections. Although he used ex-
tracts of organs other than the adrenals, he found the latter to be
more toxic and the following organs to be progressively less active:
Muscle, liver, kidney, brain, milt. Five grams of clear extract of
two suprarenals of rabbits injected into a 770-gram guinea pig
caused death after twelve hours. Eighteen to twenty cubic centi-
meters of extract of cat or guinea-pig adrenals proved very toxic for
rabbits, whereas a higher dose, 1 gram, of lamb or heifer suprarenal
extract was necessary to cause a like degree of toxicity.

Mattei (53) repeated Pellacani's experiments, but arrived at very
different conclusions. In his conclusions he states that water ex-
tracts of fresh organs injected into different animals does not cause
any toxic action. The animals that die do so because of the after
effects of the soluble organic matter of the decomposed tissues, which
later cause septicemia.
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Foa and Pellacani (32) in 1883 confirmed Pellacani’s earlier results
and removed, as they supposed, the influence of fibrin ferment by
heating the extracts to 60°. They found the toxic substance to
be very soluble in water and alcohol, but rather insoluble in ether
and chloroform. Whereupon they purified the water extract as fol-
lows: The capsules were minced and put in boiling water; after a
time the water was decanted, evaporated to dryness, and the residue
treated with alcohol, the almost colorless aleohol solution evaporated
to dryness and again taken up with water, thus leaving behind most
of the impurities. Upon evaporating this solution a dark residue
of a peculiar odor and of very acid reaction was obtained. One
gram of this substance injected into dogs caused death, whereas
the extracted pulp of the eapsule was relatively inert. These inves-
tigators came to the conclusion that there is an active poison in the
adrenal gland independent of fibrin ferment which causes extreme
prostration, collapse, motor and sensory paralysis, and death from
asphyxia because of paralysis of the medulla oblongata, especially
the respiratory center. After examining the original articles of
these early writers it seems that more eredit should be given to their
work than is usually found in literature, for they certainly described
symptoms of poisoning very characteristic of adrenalin.

Krukenberg (44) (1885) assumed that the substance giving color
with ferric chloride is not the chromogenic substance of Vulpian,
but more likely pyrocatechin accompanying the chromogen.

Marino-Zuco (52) (1888) after freeing 50 capsules from fat, ground
and macerated them in 1,000 e¢. e. of distilled water heated In a
water bath for several hours. The mixture was strained, evapo-
rated on a water bath, and filtered, the resulting solution being slightly
acid and red in color. This extract, diluted to 200 ¢. ¢.,and 1 e. c.
injected subcutaneously into rabbits, caused death in five minutes.
If, however, the extract were treated with acid or alkali, it was in-
effective, even in large doses. The presence of neurine alone does
not explain the toxic action of the pure extract, but in combination
with very acid phosphates it may, at least when made artificially,
prove very toxie.

Guarniert and Marino-Zuco (35) (1888) made an extract of 10
beef suprarenals in 60 e. ¢. of water and injected 1 e. ¢. into medium-
sized rabbits, causing death in a very short time. Treatment of
the extract with acids and other reagents lessened the activity of
the extract when intravenously injected. From these results they
concluded the toxicity of the aqueous extracts was due primarily to
neurine (which I believe is now generally conceded to have been
choline) and organic phosphates.

It is interesting to know that Dzerzgowski (27 and 28) as early
as 1893 synthesized a number of catechol derivatives closely related
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times used. Five-tenths gram of the fresh gland in the form of a glye-
erine extract injected into the dorsal lymph sack of the frog caused im-
mediate paralysis, from which the animal soon recovered, doses up to
3 gm. not proving fatal. With toads much larger doses were required
to produce corresponding symptoms. Doses equivalent to 1.5 and
3 gm. of fresh gland caused in rats the usual cardiae, respiratory,
and nervous symptoms, some of the animals recovering, others
dying from failure of respiration. Guinea pigs of average weight
were injected with an equivalent of 6 gm. of fresh gland, the symp-
toms being practically the same as for cats and mice, except that
the urine of the formerwas more blood colored (with or without corpus-
cles). The fatal dose for rabbits can not be stated, since they vary so
much in reaction. Unlike the guinea pig, which becomes very restless,
the rabbit grows drowsy and listless. Small initial doses followed
by one that was usually fatal for fresh rabbits no longer proved to
be so. Vincent thinks that a partial immunity (tolerance) is estab-
lished toward the toxic action of the extract, which passes off after
a few weeks.

In the meanwhile Abel (1899), Von Furth, and others had been
working upon the chemistry of the active principle. The former
isolated a substance which he called ‘ epinephrin;”’ the latter a
substance which he called ““suprarenin.” A controversy arose as to
which was the active principle. As a matter of fact, neither chemist
seemed to be working with the pure substance. They did, however,
throw much light upon the chemistry of the compound, and prepared
the way for its separation by Takamine (72) (1901) and by Aldrich (4).

Moore and Purinton (60) (1899) criticized the idea of epinephrin
(Abel), suprarenin (Von Furth), and the other so-called pure products
being the active principle. They record a rise of blood pressure after
intravenous injections of the erude medullary extract in doses
ranging from 0.245 to 24 millionths of a gram per kilo. This, they
maintain, represents a physiological activity far in excess of any of
the so-called active prineciples.

In reply to Moore and Purinton’s eriticism, Hunt (41) determined
the minimal amounts of Abel's epinephrin sulphate necessary to
cause a rise of blood pressure, finding that even so small an amount
as 0.083 millionths of a gram per kilo body weight caused a rise of
5 mm. of mercury, and 0.23 millionths of a gram per kilo, a rise of
7 mm. The duration of the injection period (in this case two to
five seconds) was found a very important factor in determining the
degree of vaso-constriction resulting from a given dose of adrenalin.,
One and one-tenth millionths of a gram per kilo injected rapidly
might cause a rise of blood pressure equal to 14 mm. of Hg., whereas
double this dose injected slowly caused a rise equivalent to but 8 mm.
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and into the femoral vein of the guinea pig, death ensuing from
adema of the lungs or fibrillation of the heart. Summing up his
work, he concludes that intravenous injections are about forty times
as potent as subcutaneous ones.

Eeckhout (26) is quoted as finding the lethal dose of adrenalin to
be 0.08 to 0.06 mg. per kilo. In the original paper, however, I find
that this lethal dose is calculated from doses that accidentally caused
death in animals previously injected with morphine and atropine
and angesthetized with chloroform, which, according to later writers,
renders the animals less resistant to adrenalin.

Amberg (5 and 6) (1902) compared the toxicity of Abel's epine-
phrin with the commercial product made by Takamine’s method, and
found that Abel's sample dissolved completely, whereas only 517.7
mg. of the commercial product dissolved in 18 e. e. of 1,0, leaving
behind 4.6 mg. of sediment. After studying the effect of subcu-
taneous injections upon 9 dogs and intravenous injections upon 16,
he concluded that the lethal intravenous dose lay between 0.99 and
2 mg. per kilo, subeutaneous injections of 4.9 mg. per kilo not proving
lethal, though 6 mg. or more per kilo were.

Lesage (47, 48, and 49) (1904) does not state by what process his
adrenalin was made, but judging from the size of the lethal dose it
must have been a very good one. From a stock solution containing
0.04 gm. adrenalin, 40 gm. H,0, and 1 drop of HCI he made a 1:20,000
solution to be used for intravenous injection.

Rabbits—0.05 mg. per kilo, signs of intoxication.
0.20 mg. per kilo, lethal (4 animals).
Doge—0.05 mg. per kilo, not toxic,
0.12 mg. per kilo, sometimes lethal.
0.20-0.25 mg. per kilo, usually lethal (4 out of ).
Catz—0.50-0.81 mg. per kilo, lethal (6 animals survived after 5 injections of 0.25
mg. and 1 of 0.50 mg. per kilo).

With the larger doses, 0.26 mg. per kilo, he observed that the dogs
usually died from asphyxia, but when 0.20 mg. per kilo was fatal
they usually died from heart failure. In general, anesthetics aug-
mented the toxie action and sublethal doses of adrenalin rendered
the animals resistant to doses that ordinarily proved fatal for normal
animals. He concludes that there is a considerable variation in the
susceptibility of one individual as compared with another, and a still
greater variation for different species.

Baylace, J. (10) (1905), working with a 1: 1,000 solution of adrenalin,
found that the lethal dose varies with the species and according to
the manner of its injection. The lethal subcutaneous dose as deter-
mined on 6 guinea pigs and 6 rabbits is estimated at 100 mg, per kilo
and 20 mg. per kilo, respectively. On the other hand, he estimated
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experience with subcutaneous injections of adrenalin in normal
rabbits warrants the conclusion that dilation does not oceur unless
the dose is large enough to cause asphyxia. If, however, the superior
cervieal ganglion is excised, even a moderate dose, 0.6 ¢.c. of a1:1,000
solution, will cause the pupil on the side from which the ganglion is
removed to become dilated ad maximum. Radziejewski (63) was one
of the first to elaim that adrenalin instilled into the eye exerts no
effect upon the pupil, and this idea is supported by Lewandowsky
(1889), Boruttan, Meltzer, Loewi, Ehrmann, ete. Meltzer (55),
however, finds that removal of the superior cervieal ganglion and
instillations of adrenalin twenty-four hours later made the pupil dilate
in proportion to the amount of adrenalin instilled. After four or five
instillations, two drops every two or three minutes, the dilation can
be ad maximum, lasting several hours in rabbits and cats (54).

Meltzer and Auer (56) in a later series of experiments showed that
adrenalin subcutaneously injected into frogs or instilled into the eye
dilated the pupil widely, the vertical axis being affected most. Three
drops of a 1:1,000 solution instilled by pushing a fine pipette between
the bulbus and the lid caused very marked dilation in three to seven
minutes, which lasted as long as if subeutan..us’y injected. To
eliminate the possibility of the drug being absorbed by the skin the
bulbus was exeised and adrenalin dropped upon the corneal surface.
There was prompt dilation, which lasted many hours. As a result of
this work the writers suggested that ““ the frog’s eve excised or in situ
might prove to be a better reagent than the blood pressure to demon-
strate the efficiency of a suprarenal preparation.”

Wessely (76) (1905-6) reinvestigated the action of adrenalin upon
the intraocular pressure and upon the pupil. He found that instilla-
tions of adrenalin into the eyes of vertebrates causes dilation, provided
the strength of the solution isinereased to suit the animal experimented
with. For man a 1 per cent solution is accompanied by danger, and a
0.1 per cent solution is too weak to cause mydriasis.

Schultz (66) also showed that adrenalin instilled into the eyes
of mammals always causes dilation of the pupil. The degree of
mydriasis resulting from a given amount of adrenalin depends,
however, upon the intensity of light stimuli and upon the kind of
animal used. There is, so to speak, a kind of antagonism between
the processes set up by the light stimuli and those initiated by
adrenalin. So that animals with a sensitive and more highly devel-
oped light-accommodating mechanism require a longer period of
instillation and a greater amount of adrenalin to cause mydriasis
than those with eyes less sensitive to light.

Ehrmann (29) (1905) used the method suggested by Meltzer (56),
and thinks to have ruled out the influence of the sympathetic im-
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tative rather than quantitative studies of such compounds as ami-
noketone, ethyl- and methyl- aminoketone, and ethyl- illl{lill’.l{-![‘..]'l}"l-
u,rui:mn]t'.uhul.‘ Dakin (20, 21) examined analino, U-mlu%d_mﬂ: and
a-naphthylamino-acetyleatechol, finding that snml.l quantities cause
no rise of blood pressure; piperidine does, though its cnm]}uuqu are
less active than piperidine itself. He arrives at the generalization
that the catechol nucleus is necessary to produce a physiologically
active substance of the type of adrenalin; that it is of importance
that the hydrogen atoms of both hydroxyl groups in the catechol
nucleus be unsubstituted. He thinks also that an alkyl group of
low molecular weight attached to the nitrogen atom tends to pro-
duce a more active substance than when an aromatic group is
attached, whereas derivatives of piperidine, heptylamine, and ben-
zylamine occupy an intermediate position, and, finally, that there
seems to be a close connection between chemical instability and
physiological activity, and vice versa.

One of the first and most strikingly practical applications of quan-
titative determinations of adrenalin found in literature is that of
Hunt (42) (1906). Samples were sent to the Hygienic Laboratory
for the determining of their relative physiological activity. He
found that the rise of blood pressure from equal amounts of samples
A and B were practically the same, about 1.4 to 1.8 times that of
('; in order to record the same rise of blood pressure from equal vol-
umes of C and of A and B it was necessary to increase the strength
of C by about 1.7 times. In a second series four preparations were
tested ; three of these were labeled “1:1,000 solutions of the active
principle” and one “dried powdered gland.” Preparations C and A,
from the manufacturers of the first series, were about equal in strength
and approximately five times as strong as ). It was possible to pre-
pare from an ounce of the dried suprarenal gland about 15 fluid ounces
of a decoction as potent as the active principle labeled 1:1,000. To
further emphasize the accuracy of the blood-pressure method T
quote an interesting paragraph from the same paper: “Abel ealcu-
lated that fresh beef’s suprarenals contain at least 0.3 per cent of |
the active principle. One part of the dried gland corresponds, |
according to the United States Pharmacopeia, to approximately
six parts of the fresh gland; hence, according to Abel’s experience
® % % 1 gm. of the dried gland should contain 0.018 gm. of the |
active principle * * * and should vield about 18 ¢. ¢. of a solution
corresponding to 1:1,000 of the active principle. As a matter of
fact, I found that it vielded about 15 ¢. e. [from blood-pressure data]
of such a solution, and it is improbable that the gland was com-
pletely exhausted in my experiments.” |

Sollmann {ﬁf} (1906) also examined a series of commercial supra-
renal preparations and found the relative efficiency to vary consider-
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to determine the effect of various factors upon their rate of deterio-
ration. Bach of the set of about twenty samples was marked by
letter or number and submitted to Dixon for physiological testing.
The results when examined by Gunn and Harrison revealed that the
fresh samples of natural and synthetic adrenalin, though of the same
concentration, did not possess the same physiological activity, the
natural product being approximately one-half that of the synthetic.
These writers in referring to Dixon’s tests conclude that since *‘the
natural substance is levorotatory and the synthetic is optically
inactive, it would appear that only one of the two isomers possesses
physiological activity.” This is the first published statement of the
kind found that is supported by experimental data of so reliable a
character, but Dixon (23) in a note in the Pharmaceutical Journal
states that ‘it was Cushny who first suggested at a meeting of the
Physiological Society that the synthetic adrenalin might be a mixture
of the two optical isomers of which the lwvo variety alone was
markedly active.”

Biberfeld (12) repeated his work of 1906 and not only confirmed to
his own satisfaction his earlier results but also criticised unjustly the
work of Dixon deseribed by Gunn and Harrison. e weighed equal
quantities of the natural and synthetic base, dissolved each in 0.8
per cent sodium chloride solution acidified with the caleulated
amount of hydrochlorie acid, and allowed them to stand for eighteen
days when their vasoconstrictor action was tested upon a rabbit
weighing 2 kilograms. The rise of blood pressure resulting from
intravenous injections of these compounds is given as follows:

0.001 mg. natural, riseof 8.5 m. m.  0.001 mg. synthetic, rise of 7.0 m.

0.002 mg. natural, rise of 15.0 m. m. 0.002 mg. synthetic, rise of 11.0 m.

0.008 mg. natural, rise of 18.0 m. m. 0.008 mg. synthetic, rize of 19.0 m.
0.016% mg. natural, rise of 27.0 m. m.  0.016§ mg. synthetic, rise of 27.0 m.

BEEE

This is certainly insufficient data upon which to base such impor-
tant conclusions, and more especially is this true when part of the
data given in itself seems open to criticism. One and five-tenths
milimeters difference in such small blood-pressure changes as oceur
in the first reading and 4 m. m. difference in the second indicate some-
thing other than mere experimental error.

Stolz and Flicher (69) (1908), in eriticising Gunn and Harrison's
article, state that ‘‘the two products, synthetic and natural adre-
nalin are not isomeric substances but identical structurally. The
suggestion that synthetie suprarenin is only half as active as the
natural levorotatory suprarenin is incorrect, as otherwise in logical
sequence the dextrorotatory suprarenin would be entirely inactive.
We made by synthesis a preparation composed of one-half of dextro-
rotatory and the other half racemic suprarenin. The latter, which
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acid shows an optical activity of [a]'3=—51.40° and that of
the pure natural l-adrenalin obtained from the bitartrate f;]mwfzd
an t}'i:lt-i[':ﬂl u[‘,fil'i‘f_}-’ l}r' [IJ']I%S = ‘51.4UG Thﬂ d—ﬂdrﬂnﬂa]lﬂ dlB-
solved in weak hydrochloric acid showed an optical activity of
la]%¥ = +51.80 and, like its optical isomer, melts at 211° to
212° (. (uncorrected), and it forms oxalates and chlorides which do
not crystallize.

The physiological activity of these new products was tested by
Abderhalden (1) (1908) and Miiller, and reported in a very unsatis-
factory manner. The l-adrenalin was found to be fifteen times more
active than the d-isomer.

Cushny (18) (1908) in a very brief report states that he tested the
synthetic d- and 1- adrenalin prepared by Flicher, finding the syn-
thetic l-adrenalin equal in poteney to the l-adrenalin obtained from
glands. It was found difficult to determine the absolute relative
physiological activity of the synthetic d- and the synthetic l- adrenalins,
but in general ten times more synthetic d-adrenalin was required
than of the synthetic 1- to produce a given rise of blood pressure.
It was calculated that the relative physiological activity of the d-
and 1- products were in the ratio of 12:1. In the light of these
experiments the relative activity of the natural l-adrenalin and the
synthetic dl-adrenalin may be expressed by the ratio 24:13,

Although Emmert’s work (30) (1908) has to deal primarily with
histological changes ensuing from repeated injections of sublethal
doses of adrenalin, some interesting toxicological data is recorded.
The number of mice used by him does not seem to have been
large, and hence the dose given as lethal must not be taken too
seriously. It is stated that 0.1 mg. generally caused death in from
one minute to sixty hours. In one case he was able to increase
gradually the dose to as much as 0.5 mg. before acute poisoning set
in. In another case three mice were injected with 0.1 mg. once or
twice a day for 9, 24, and 39 days. In still another experiment mice
were observed for 109 days, fifty-six 0.033 mg. doses being first
injected, and later twenty-five 0.1 mg. doses. Only three mice lived
after doses of 0.1 to 0.15 mg., and these were always prostrated by
each of the fwenty-five injections given in the course of 24 days.
For the object of studying lesions caused by repeated injections his
experiments are perhaps sufficient, but for purposes of determining
the lethal dose they are not.
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THE RELATIVE ACTIVITY OF ORTHO-DIOXY-PHENYL-ETHANOL-METHYL-
AMIN (NATURAL L- AND SYNTHETIC DL- ADRENALIN), OF ORTHO-
DIOXY-PHENYL-ETHANOL-AMIN (“ARTERENOL"), AND ETHYL-AMINO-
DIOXY-ACETO-PHENON (“HOMORENON") AS DETERMINED BY BLOOD
PRESSURE.

Soon after synthetic dl-adrenalin was placed upon the market
samples of it were submitted to the Division of Pharmacology of the
Hygienic Laboratory for com parison with the natural I-base. A few
preliminary tests showed the synthetic substance to be only one-
half to two-thirds as active as the natural. Upon noting this, it was
decided to make a study of certain catechol derivatives and also to
examine into the best methods for standardizing them. Of the
several methods proposed it was found that on the whole that of
blood pressure, of the pupil, and of subcutaneous injections was
most satisfactory. The pupil method as used by Meltzer and by
Ehrmann is adequate for qualitative but not for quantitative testing.
Hence this method was changed to eliminate as far as possible the
most serious errors that could arise, which has now made the pupil
method, though not quite so delicate, almost as reliable as that of
blood pressure. Likewise the toxicity data of adrenalin literature,
though in a general way supplementing the qualitative and quanti-
tative results of their period, are, on the whole, unsatisfactory, being
unsuited for comparison with more recent experiments with pure
compounds. For this reason a series of experiments was carried on
under conditions whereby the members of one series could be com-
pared with those of another.

A glance over the literature on adrenalin reveals at once how prom-
inent a place the blood-pressure method occupies in testing this drug
both in a qualitative and quantitative manner, and it would seem
to be the most consistent test for catechol derivatives, these sub-
stances being primarily vaso-constrictors. Because of this the rela-
tive pharmacological action of the compounds already mentioned
will first be eonsidered in terms of rise of blood pressure and all sub-
sequent results by other methods will be referred to this as a standard.

One of the first difficulties encountered was the variation in the
activity of adrenalin found upon the market. In order to eliminate
this factor the Hygienie Laboratory purchased direct from a manu-
facturing firm 19.4 grams of natural l-adrenalin base. This they
claimed to contain 15 grams of pure adrenalin, their basis for caleu-
lation being that incineration left 22.6 per cent ash, which, as will be
seen later, was erroneously inferred to represent all the impurities
present. To make sure of a good preparation, however, the sam ple
was repurified by Taveau, chemist in the Division of Pharmacology,
who has done so much valuable work in synthesizing compounds
of this character both in Abel's laboratory and in the Division
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of Pharmacology of the Hygienic Laboratory. He obtained upon
purifying the 19.4 grams of adrenalin 5.5 grams nf: a fine cry.st.allmn
ash-free base of unusual physiological activity with an optical ac-
tivity of [ali*°= —53.40°¢ An additional one-half gram of prac-
tically ash-free base made a total of 6 grams. Tl}ere was, of course,
some loss in the process of purifying, but that this unusual loss was
one due not merely to chemical manipulation but rather to the
impurities eliminated is shown by physiological testing.  The nrigi;na[
sample was checked against the repurified sample and shown by the
blood-pressure method on cats to be only one-half to one-third as
active. These findings were eventually confirmed by the physiolo-
gist of the manufacturers and eoncurred in by them, as is evidenced
by their voluntarily sending a bill for 6 instead of for 15 grams of
adrenalin base.

Having secured an unusually pure sample of adrenalin base to be
used as a standard, the next problem was to find an anesthetic
that would not increase the secondary depressing action of adrenalin
upon the heart and yet maintain a constant state of anesthesia. An
animal in order to yield a uniform blood-pressure record must of
course be so anesthetized as to maintain the irritability of the parts
affected by the drug at not too high nor toe low a threshold value,
at a level where absence of pain is assured and yet where motor dis-
turbances are removed.

It may not be amiss to speak for a moment of anesthetics that
under certain conditions seem to fail in these requirements, them-
selves bringing about results which at first glance might be attributed
to the effect of adrenalin itself. Anesthesia from urethane and chloral,
chloretone, and paraldehyde of course have advantages, but the
stomach puts beyond the control of the operator all subsequent
adjustment of the degree of narcosis. And 1 am inclined to think
that in the latter part of long experiments there may be present a
condition of too low an irritability, so that small doses of adrenalin
at first effective are now no longer so. This condition seemed to be
present in cats anesthetized with urethane chloral, but not when
under light ether anesthesia. According to Alexander-Lewin ani-
mals may be chloralized to the extent of annulling all action of
adrenalin but still leaving the vaso-motor apparatus sensitive to
camphor. It is reasonable to suppose that drugs with a chloral-like
action upon smooth anl heart musele even in doses much smaller
than used by Alexander-Lewin might so depress the irritability of

# The optical activity of this preparation was determined by Mr. Taveau and myself
and compares very well with the best measurements that have ever been made, viz,
those of Korndérfer (43) made for Fliicher. Some of the other readings given in liter-
ature are [a], = —32.6° (Jowett), [a]*® = —43° (Pauly),—42.25° (Cushny), [a]®
= —50.72° { Abderhalden and Guggenheim) and [a]j}*= —=51.40° (Korndbrfer) (43), |
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and Briining is said to be a methyl-amino-alecohol

by Meister, Lusecius, 1
’ l-ethanol-methyl-amino-hydro-

or,morespecifically .ortho-diox y-pheny
chloride represented by the formula

OH

¢

H-¢~ \C-OH
|

HO, JOH

"1
ol CH,- NH(CH,) - HCI
I

It is a fine, granular, almost white, crystalline powder, easily
soluble in water or normal saline. The solution decomposes much
more readily than does a similar solution of the natural l-adrenalin.
It turns cherry-red, later brownish, and finally deposits a brown
precipitate, whereupon the solution loses its characteristie color and
likewise its physiological activity. It is optically inactive and
possesses the chemical properties generally attributed to it.

The data of Table I show distinctly that the natural l-adrenalin
is more active than the synthetic dl- since equal volumes of 1:100,000
of the two solutions result in rises of blood pressure, which with few
exceptions are greater for the natural product than for the synthetic.
Although this table shows only a few results with 1:100,000 solutions,
a great number of similar injections were made with solutions of
them, maintaining the ratio 11: 1 dl, but varying in concentration from
1:5,000 to 1:200,000, with the result that the natural base nearly
always caused the greatest rise of blood pressure. So that other sets
might be chosen to illustrate the same point as does Table 1. If
instead of the effect of the equal volume of solution of like concentra-
tion, a comparison is made of the equal volume of solution with
twice as much of the synthetic dl- substance as of the natural I-, the
rise of blood pressure from the latter is nearly always less than that
resulting from the synthetic dl-, as Table 1T will show. This table
serves to illustrate results with solutions of higher or lower concen-
tration with the ratio 11 : 2 dl maintained. It is thus evident that
with the ratio 1: 1 the natural - is too strong to cause like rises of
blood pressure, with the ratio 1:2 the natural I- is too weak, and that
the right ratio lies between these two. With a gradual increase of
the concentration of the weaker or a decrease of the stronger a ratio
was found that yielded the greatest number of like rises of blood
pressure, which is 21: 3 dl.  Tables TIT and V, respectively, show that
a 1:60,000 solution of natural 1- is the equivalent of a 1:40,000 solu-
tion of synthetic dl-adrenalin. Table IV shows that like rises of
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named comparisons. Hence, with a view of determining the relative
toxicity of the compounds already compared by the blood-pressure
: BthUd.’ the following experiments were undertaken. The test object
chusen is the ordinary white mouse, reared in our own mousery under
ri:':nn_dl_tmns well under control. As a rule these mice when placed in
- individual jars on a diet of oats and water lose in weight, but after
the first day, upon becoming accustomed to their new surroundings,
return to normal. Generally on a given day the mice were brought
into the preparation room, weighed, and on the second day weighed
again, whereupon the dose was calculated and unless otherwise
stated the solution made up and injected at once. All mice were
injected tailward underneath the skin of the back. The syringe
used was calibrated in 0,05 c. ¢., standardized, and fitted at first with
a steel needle. Since this needle, especially if tarnished, decom-
posed the solutions, a platinum-iridium needle was substituted.

The phenomena accompanying subcutaneous injections of this
nature may be summarized as follows: Soon after being released the
animal seeks a corner of the jar, under the chaff , or at once stretehes
itself lengthwise upon the belly with hind feet directed backward
and planta turned upward. The favorite position is to lie upon the
cool, moist oat jar with head downward, breathing at first very
rapidly and later more or less irregularly. In this stage the animal
may be highly excitable, its reflexes being probably intensified not
only by the injected material but also by the fear aroused by the
smarting of the needle’s prick and by fright from handling. In case
the dose is rather large the bulbus is protruded, and the glands of
the eye are usually stimulated to excessive secretion.

In some mice thirty to sixty mintues after injection a small opales-
cent ® disc appears in the eye. This later becomes opaque white and
may be confined to only one or extended to both eyes. The phenom-
enon seems to be one of the lens and resembles cataract. In this
respect it differs from the opaquing observed in the eyes of frogs,
for in the latter case I have proved that the initial opaquing is due to

‘coagulation of the outer membranes of the bulbus and that it can be
removed by stripping off this membrane, whereupon thl:.i eve bvuntmns
perfectly clear. In the eye of the mouse the opaque dise, examined
‘with a magnifying glass, seems to be underneath the cornea, of the
'size and position of the lens. The following protocol is taken from
‘& mouse injected with arterenol and is typical of the cases observed
‘with natural 1- and synthetic dl-adrenalin:

Mouse 324, weight 22.22 gm. March 15, 12.20 p. m., injected subcutaneously
0.44 c. c. (0.88 mg.) arterenol hydrochloride.

a After this section had been written I noticed in a recent article by Emmert a
reference to his observation of what seems to be a similar phenomenon.
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injected more than once and some of the solutions were not used immediately, the

following data is inserted to show this: _ : :
Mice Nos. 67 to 70, inclusive, 5 mg. arterenol hydrochloride crystals dissolved in

5 ¢. ¢. Ringer solution between 9 and 11 a. m. December 4, 19{)3*.
Nos. 67, 68, 69, and 70 were previously injected N ovember 30 with 0.22, 0.28, 0.42,

and 0.61 mg., respectiyely, of homorenon hydrochloride. ,
Mice Nos. 107 to 111, inclusive, 6 mg. arterenol hydrochloride dissolved in 5 c. c.

Ringer solution 9 a. m. December 9. _
Nos. 117 to 121, inclusive, 6 mg. arterenol hydrochloride dissolved in 5 c. e. Ringer

solution 11.30 a. m. December 9.

Nos. 179, 180, 181, 182, 183, 184, 185, 186, and 187, 6 mg. arterenol hydrochloride
dissolved in 5 ¢. ¢. Ringer January 5 just before injecting; 179a, 180a, 181a, 182a, and
183a injected with a solution made up 3 p. m. January 7, for blood-pressure experi-
ment on January 7, whereas 184a, 185a, and 186a were injected with a solution made

up in the same way 12.49, January 8.

Nos. 197, 198, 199, 200, and 202, 6 mg. arterenol hydrochloride dissolved in 5
¢. ¢. Ringer, 12.49 p. m. January 8, 1909; 203, 204, and 205 similar solution made up
1.50 p. m. January 8; 197b, 200b, 201b, and 205b injected with a solution containing
12 mg. arterenol crystals dissolved in 5 c. c. Ringer, 10.57 p. m. January 16.

Nos. 206, 207, 208, 209, 210, 211, 212, 213, and 214, 6 mg. arterenol hydrochloride
crystals dissolved in 5 e. c. Ringer 1.30 p. m. January 9, 1909; 206a, 209a, 210a, 212a,
and 213a, 6 mg. crystalz per 5 ¢. c. dissolved 3.53 p. m. January 12.

Nos. 206b, 209b, 210b, 212b, and 213b, 12 mg. arterenol HCl dissolved in 5 c. e.
Ringer 10.57 p. m. January 16. '

Nos. 217b, 219b, and 222h, 12 mg. arterenol hydrochloride erystals dissolved in 5 c. c.
Ringer 10.57 p. m. January 16.

Nos. 233, 234, 235, 236, 237, 238, 239, 240, and 241, respectively, injected January 5
with 0.17, 0.30, 0.33, 0.24, 0.30, 0.32, 0.20, 0.23, and 0.32 mg. of arterenol hydro-
chloride and with the same drug again on January 8 with 0.32, 0.58, 0:66, 0.45, 0.59,
0.58, 0.38, 0.41, and 0.59 mg., respectively.

TOXICITY OF HOMORENON HYDROCHLORIDE.

It has been shown that it requires eighty times as much homorenon
to produce the same rise of blood pressure in the dog as is caused
by the same amount of natural l-adrenalin. If the relative toxicity
of this compound as compared with l-adrenalin were in direct pro-
portion to the relative vaso-constrictor action, then the lethal dose |
of homorenon ought to be 0.640 mg. per gram mouse, and as a matter |
of fact the lethal dose is somewhere between 0.568 and 0.711 mg.
per gram mouse. It is true that a smaller dose than this some-
times kills and very rarely a mouse may survive as large a dose
as .994 mg. per gram. But anything above 0.568 mg. so often
kills that one is safe in saying that the lethal dose is slightly more
than 0.568 and a little less than 0.711 mg. per gram body weight.
According to Table XTIV, then, the natural l-adrenalin is from eighty 1

to eighty-eight times as toxic as ethyl-amino-aceto-catechol, com-
mercially known as homorenon.
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Nos. 242 to 250, inclusive, and 267 and 268, 250 mg. of crystals dissolved in 5 ¢. c.
Ringer solution about 1 p. m. January 16.

Nog. 251 to 266 and 269 to 286, inclusive, 250 mg. of crystals dissolved in 5 c. c.
Ringer solution 3 p. m. January 16 for each set of nine.

Nos, 287 to 304, inclusive, 250 mg. of crystals dissolved in 5 c. c. Ringer solution 2.30
p. m. January 20, 1909.

MEASUREMENT OF MYDRIASIS IN THE FROG 8 EXCISED BULBUS.?

As is well known the dilator mechanism of the frog's eye is quite
sensitive to adrenalin and not a little emphasis has been laid upon
the delicacy with which it reacts to minute traces of this and certain
other derivatives of the catechol group. Because of this mydriatic
action, the apparent simplicity of the technique involved, and the
availability of experimental animals, the enucleated eye of the frog
seems to furnish a suitable method for standardizing adrenalin
solutions.

Meltzer was the first to call attention to this method and nearly a
vear later Ehrmann, acting upon Meltzer's suggestion, published
some very interesting experiments with the excised frog's eye. In
Ehrmann’s suggestive paper it is not only shown that adrenalin solu-
tions of different concentration call forth varying degrees of mydriasis,
but it leads one to suppose that the enucleated frog's eye is sensitive
to such minute quantities of adrenalin as may occurin the blood drawn
from the vena cava. Taking advantage of the sensitiveness of the
frog's eye he also uses this method as a means for demonstrating the
activity of adrenalin still in the blood of injected animals bled imme-
diately after the fall of blood pressure that invariably follows the initial
effect of this drug.? Just how reliable these conelusions are remains
to be decided by future experiments. Cameron,inhis paperon methods
of standardizing suprarenal preparations, states that the method is not
only tedious but very unreliable, since frogs vary in their response to
adrenalin.

Various factors do influence the reaction of the iris to adrenalin.
Perhaps the most important ones are: (1) Conditions that interfere
with the frog’s normal metabolism and nutrition, (2) the varying
intensity of light to which the eye is exposed, (3) the temperature
of the medium surrounding the enucleated bulbus, (4) injuries to
the coats of the bulbus that may result in lowering the intra-ocular
tension and alter the rate of diffusion, and, finally, (5) mechanical

@ The section on the pupil was completed November 15, 1908, but publication was
delayed so that the comparative study herein contained might be made,

b Dryer as early as 1897-1899 ghowed that adrenalin is secreted into the circulation
after stimulation of the splanchnic nerve. This excellent piece of work has not
received the attention of German writers that it should, especially since Dryer is one

of the first to prove conclusively that stimulation of the splanchnic causes an in-
creased gecretion by the adrenal glands.
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observer to express in millimeters the exact length of the long and
short axes of the pupil. The device which proved to be most satis-
factory was made for me by Messrs. Gaertner & Co., of Chicago. Their
“simple comparator” was modified by the author to meet the needs

e ¥

Fia. 1“.—.]"'Lt]_>iiﬂln{"l!"r. 2a, Reading microscope with cross wires: 25, mierome=
ter slide (see fig. 3); 2¢, adjustable substage (see fig. 4); 24, support:

2¢, water bath (see fig. 13, Temperaturs regulators and light omitted for
sake of clearness,

of the present series of experiments. (See fig.2.) The essential parts
of th!z apparatus are, (1) a reading microscope with cross wires in the
eyeplece (fig. 2a), (2) a micrometer slide (fig. 2b and fig. 3), (3) an
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adrenalin present in a 1: 5,000,000 or even in a 1: 625,000 solution
Therefore, the readings from the start have a negative sign, that is,
the pupil constricts. It is only after remaining in the solution twa
or three hours that signs of dilation appear, and even then there is
no positive evidence in favor of the adrenalin causing this dilation.

The readings in columns A and E of Table XV are from eyes i
Ringer solution. The maximum constriction is —.3 for the long axis
and —.5 mm. for the short axisof A; —.5 by —.5 mm. for E. Later,
as the light grows dimmer and the temperature lower, the same eyes
dilate making the difference in their sizes a little after 4 p. m. from
that when first measured for A +.5 by .0 mm.; and for E +.4 by
.0 mm., the pupils at the end being slightly larger than when first
measured. It is frue that C shows greater dilation than this, even
as much as +1.2 by +.4, but D in a much stronger solution of
adrenalin than C dilates less. In the light of simliar sets of experi-
ments, I am inclined not to stress the importance of adrenalin in
bringing about the dilation in B, C, or D, for if they had been in
Ringer solution alone they would without doubt have reacted in
much the same way. On the whole I found sunlight unsatisfactory.
With few exceptions, eyes under its influence in weak solution con-
stricted, and if there were dilation later, it was only after exposure
to Ringer solution and at a tempemture which my prevmus experi-
ence with salt solutions has shown to be positively injurious to all
muscle tissue.

Mechanical stimuli are likewise an important factor in bringing
about dilation of the pupil. Due care must be taken in changing the
solution and in orienting the pupil, eqp&cm]ly at such temperatures

as render smooth muscle unusually irritable. 1
TapLe XVI.—The effect of mechanical stimuli wpon the pupil of the ercised bulbus,
kept at a constant temperature and lighted by artificial light. i
e | S| B | e | G0 | B | v | Do o |
A.m | M.m | M. m. A. m. M.m | HN.m A. m. M. m. M.m. ‘
0. 12 2. 235 2. 055 11. 51 1.975 0.945 | 1.12 L. 630 1. 170
10.25 | 2220 Le6D | 1158 1. 670 LI5S | 115 L.710 1. 200
10.48 | 1835 | Lo || P om L20 | L8525 | 1400
11.18 .55 | 09070 12.2 1735 1.200 | 12 1. 950 1. B45
11. 20 1. 515 0, DD 121 1. 685 1. 240 1. 36 1. 835 1. 610
146 | L4900 | 0.900 12.37 1. 635 1. 045 1.48 1. 850 1. 405
11.48 | By means of a 12, 48 1. BSD Lis0 | 28 1. 815 1. 310
capillary pipette the eye is 1.2 1. 635 1. 080 227 1. & 1. 370
pently pipetted about in lis 1.9 Ringer pipetted | |
bath and then oriented as off and 2 ¢, ¢, of o 1:3,125,- I
usial. 000 solution of adrenalin |
| added. i

















































70

we have a good illustration of the effeets of changing the composi-
tion of the side chains. In (1) the composition is the same as (2),
with the exception that one hydrogen is displaced by the methyl group
while in (3) one hydrogen of the amino group is displaced by an ethyl
group and the side chain joined to the catechol nucleus through a car-
boxyl group instead of a secondary aleohol group.  Evidently, it is the
nature of this side chain that determines the degree of activity as
well as its relation. I agree with Dakin in his contention that the
hydrogen atoms of the. hydroxyl groups must be unsubstituted, that
alkyl groups of low molecular weight tend to increase the activity
much more efliciently than when larger molecules are introduced into
the side chain. Indeed, several factors seem to be of prime importance
in determining the activity of catechol compounds. (1) Whether
the substance partakes of the nature of a ketone or of a secondary
aleohol, the latter being the more active; (2) the nature of the
groups displacing the I of the amino groups, as well as the number
of displacements; and (3) the arrangement of the asymmetric carbon
atom in space, the levo arrangement usually being an index of the
greater activity. At least this is borne out by my own results and
by the results of Cushny and others.

With the theory that these are the determining factors in modilving
the vaso-constrictor action of such compounds it is hoped that as a
working basis it will aid in a more extended study of other com-
pounds possessing physiological activity.

CONCLUSIONS.

1. The blood-pressure method with dogs under morphine-ether
ansthesia, the vagi cut, and very small doses of curare, is the most
accurate pharmacological assay for catechol derivatives.

2. The pupil method as modified by the author is a reliable assay
for adrenalin but less delicate and more tedious than the blood-
pressure method.

3. Synthetie dl-adrenalin is less active as a vaso-constrictor and as
# mydriatic than natural l-adrenalin, the ratio being 2:3.

4. The relative vaso-constrictor activity of the catechol derivatives
in the order named, I- and dl-, ortho-dioxyphenylethanolmethylamin,
ortho-dioxyphenylethanolamin and ortho-ethylaminodioxyacetophe-
non are to each other as the inverse ratio of 1:1.5:1:80.

5. The toxicity of the substances in the order named in (4) are to
each other as the inverse ratio of 1: (1.5 to 2):5:(71 to S0).

6. The relative physiological activity of these eatechol derivatives
seems to depend upon the substance partaking of the properties of a
secondary alcohol or of a ketone, upon the nature and number of
groups displacing the hydrogen of the amino group, and upon the
arrangement of the asymmetric carbon in space.

































