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I. GENERAL FACTS REGARDIHG NARCOS1S.

-

A The Theory of Meyer and Overton,

The pharmacology of narcotic drugs has of
late years greatly increased in interest. The reason
is that we are now for the first time in a position to
unravel the physical or chemical process by which they
exert their influence. All narcotics are substances
that have a selective action on the nervous system.
This action consgists in a depression of the excitabil-
ity of the higher nerve centres, while in greater
concentration they interfere with the working of re-
flexes and even with simple nerve conduction. A
revival in the purely pharmacological interest of these
subgtances occurred aboul ten years ago, owing to the
work of Hans Meyer (99, A, B), (0I) and E. Overton (0I),

It has long been known that the nervous
system is characterised by the presence of large
amounts of substances such as lecithin and cholesterin,
some of which, though chemically not fats, resemble
them in physical properties. All these fatty-like
substances, many of them of undefined chemical constit-
ution, have received from Overton the name"lipoids".
The discovery of Meyer and Overton is that narcotics

are all markedly lipoid-soluble, or, what is the same

thing, lipoid-solvent, When we compare their solubil-



ity in water with their solubility in lecithin or
cholesterin we find that they dissolve more readily

in the latter. Furthermore, in proportion as their
solubility in lipoid substances oversteps their solub-
ility in water, so are they powerful narcotics,

These lipoid substances have been found to be
universally distributed throughout the animal and the
vegetable kingdom, They seem to be an essential
constituent of all cells, though some cells contain
them in greater abundance than others. When a
narcotic is carried by the blood of a multicellular
animal it no doubt accumulates in the lipoid constit-
uents of the cells to an extent determined by the
partition-coefficient of tue narcotic in lipoid and
in the non-lipoid constituents of the tissues (approx-
imately eguwed—be the blood-plasma). Civen a definite
quantity of any special narcotic to be distributed
throughout the organism, the higher this partition-
coefficient (i.e. the more soluble the special narcot-
ic in lipoid as compared,say, with plasma) the greater
will be the relative ﬁﬁgﬁgﬁigilaﬁ of the narcotic in
the lipoid constituents of the cells. This hypothes-
is was confirmed by Meyer and Overton by a careful sers
ies of experiments in which the partition-coefficient
of various narcotic substances in oil and in water
reppeetivedry, was compared with their relative power in
inducing narcosis.

As ptated before, the nervous system is
preeminent among the tissues of the body in containing

a large amount of lipoid, and so is explained the

selective action of narcotics on the nervous system.
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The "theory" elaborated by lleyer and Overton
nttributes the phenomenon of narcosis entirely to a
solubility reaction. It may therefore be said to be
5. physical or physico-chemical theory. In itseIf
however it does not furnish any final explanation of
tie phenomenon, It merely indicates in what direction
one should look for an ultimately satisfying theory of
. parcosis . Attempts have been made to utilise this
discovery in order ito construct a general theory of the
phenomenon, but we shall be ima in a better position to
pppreciate the bearing of these attempts when we have
discussed certain work which has lately been carried

out in the physiology and pharmacology of nerve fibres.




S Action of Harcotics on Medullated lierve.

lfedullated nerve, e. g. from the frog, forms
an excellent medium on which to study the action of
narcotics. In the myelin sheath there is a large
amount of lipoid, & fact which no doubt accounts for
the prominent action exercised by narcotics on nervous
trunks. The nerve itself can be readily isolated and
its reactions, which are relatively simple, can be
studied with more precision than in the case of any
other tissue.

About the time that Meyer and Overton were
carrying out their work, Wedensky of 51, Pelersburg
(OOj](GS} was engaged in a detailed study of the modi-
fications in nerve function produced by narcotic drugs.
He deviged a new method for studying the electrical
reactions of nerve, and the results obtained in the
elaboration of this métnod led to an important
discovery.

Fach impulse that travels along a nerve is
accompanied by an electrical change. It occurred to
vedensky that a nuaber of electrical changes trans-
mitted in succession along a normal nerve might affect
a telephone; and indeed he found that when a tele-

phone wus connected, as in the accompanying diagram,

(Pig. I) " ﬁ_
Confrs) o

by means of two electrodes applied to the side of the
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nerve, stimulation of the tissue, whether by a rapid
gsuccessicn of induction shocks or by a regular seriesg
of mechanical taps, produced in the telephcne an
audible note, which corresponded exactly in pitch with
the rate of mechanical or of electrical stimulaticn.
lfaturally the greatest rate of stimulation could be
obtained by means of electricity, and with the highest
rates at his disposal - 200 to 300 per second - &
clear musical tone of a corresponding pitch was given
out by the telephone so long as it remained in con-
nection with the nerve. It was evident therefore
that a nerve may transmit a very rapid succession of
individual and distinct impulses.

One advantage of this telephonic method of
studying electrical reactions is that the nerve does
not require to be cut away from the attached muscle.
It suffices simply to place the electrodes some little

distance apart on the side of the nerve, whereas in

almost all other methods of recording electrical

change one of the electrodes must be applied to a
i
freshly cut section.) It follows that by the Wedensky

method muscle records may be obtained at the same time

as the telephone is acting, and the two records may be

This suggested to me an important experiment.
The fact that the telephone is worked by the nerve
proves that energy may be tapped from the side of the
structure during function. Does this withdrawal of
electrical energy during function diminish the effect-
iveness of the transmitted impulse in exciting the
muscle? Experiment showed that it does not,. In the
body there must therefore be a constant leakage of
electrical current from active nerves, muscles, glands
etc. for the organs in each case lie virtually in a




compared with each other. On the other hand the
method has this limitation, that it can be used only
with rapid rhythmical stimulation, or with "tetanis-
ation" of the nerve, It is useless for studying the
electrical change accompanying one single nervous
impulse .

Having devised this beautiful method Wedensky
proceeded to test with its help the action of certain
drugs on nerve, and he began with members of the
narcotic

group . ow, a large amount of work had
already been done on this subject, and, as is usual
where complete knowledge ig not available, a somewhat
acrimonious controversy had arisen in regard to it.
Without going into the details of the controversy I
shall state the point at issue.

Schiff (58) had first pointed out that nerve
possesses two properties, which, theoretically at
least, may be considered distinct, These are excite-
ability and conductivity, By excitapility is meant
that property in virtue of which a stimulus applied
anywhere along the pide of the nerve throws the
internal living mechanism into action, By conduct-
ivity we understand the property whereby an active
process once set up in any minute section of the nerve
excites a similar process in the next adjoining

section and so on, There is no reason to infer a

bath of electrolyte. The experiment does not prove,
as I was at first inclined to suppose, that the elect-
rical change in a nerve is a mere bye-product as it
were, manufactured during transmission of an impulse,
but in itself inessential for causing excitation.
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priori from the normal wofkin; of nerve in the bodily
economy that such a property as excitability is
possessed by nerve, for in the living body stimuli
reach the nerve only from one or other end i,e, fraom
the attached nerve-cell or gsensory end-organ, and
never from the side. It is only by direct eXperiment
that we become aware that a nerve is excitable all
along its length. Conductivity is the only property
of nerve which we recognise to be essential to it .
From the present outlook of nerve physiology we are
experimentally concerned only with these two propert-
ies of the structure.

When the action of anaesthetics on nerve
began to be studied - Grunhagen (72), Szpilman and
Luchsinger (8I), Efron (85), Hirschberg (86), Gad (88)
(89), Piotrowski (93), Waller (96), Gotch (00) etc. -
it was recognised that excitability ahd conductivity
may apparently vary independently of each other, and it
was an acutely debated guestion whether they are
distinecy . We shall better understand the point_at
issue if we use an analogy.

Imagine a long wooden trough, V-shaped on
section, such as is used for feeding poultry; If a
row of tennis-balls all in close contact is placed in
the bottom of the trough, we have in such a system a
rough model of a nerve; A tap applied to either of
the two end balls of the row is transmitted in successt
ion along the series to the opposite end: the system
in other words possesses conductivity. Similarly a

tap applied from above to any ball in the interior of
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the row will likewise set the system into action, the
impulse being conducted away from the site of "stim-
ulation", Had the whole trough however been covered
over with a plank of wood laid longitudinally along
the top, it would have been impossible to excite the
internal system of balls by tapping the structure any-
where except at the two open ends. The chain of ballj;
is now enclosed in a framework which protects it from
mechanical stimulation applied along its length. Its

excitability from the side is gone.

Instead of & plank of wood we might have
used a layer of some less rigid material to covér the
balls . In this case its excitability along its
length would be diminished without being absolutely
abolished, and it is easy to see that such a material
might be applied without interfering in any way with
the conductivity from end to end.

'Kow, experimerts with narcotics applied to a
localised part of a nerve, say the middle, seemed to
‘show that the conductivity through this portion is not
interfered with at a time when its excitabiiity, a8
tested by induction shocks applied to tlie narcotised
area is considerably éepreséed. In the accompanying
illustration - Fig. 2 - the narcotised portion - BC -
would reguire an induction shock of say I00 mm. dist-

ance to excite it, whereas previous to narcosis it

had reacted to a shock of 30C mm, distance. At
A8,
this time howewver stimulatioaqatathe proximal non-

narcotised part of the nerve, at a distance of 300 mm.

e ; Y inue i
(the original maximal stimulus) would é@ﬁg to give

o




a full maximal cbntraction of the attached nmuscle.
Apparently conductivity is not depressed at a time
when excitability is much diminished, All these
experiments were carried out with single induction
shocks applied at irregular and varying intervals to
the nerve, .

We return now to Wedensky's results with the
telephone method as applied to narcotised nerve;
and we shall confine our attention simply to the
observations on conductivity made by him. IHe painted
a pbrtion of the nerve with solutions of cocaine,
chloral hydrate or phenol, or subjected it to the
action of chloroform or of ether vapour. To detect
possible alteraticns in conductivity he rhythmically
stimulated the proximal, non-narcotised portion at a
rapid rate and used both the telephone (applied to
tie distal non-narcotised portion) and the muscle to
give a record of the impulses transmiited through the
narcotised part. In this way he found that condugt-
ivity begins to alter from the very start .

The telephone note, instead of being of

uniform pitch and intensity, became weak, dull, and

"

It should be undergtood that these and the followt
ing results are true only during the preliminary actiop
of the narcotic. Complete narcosis implies total
absence of conductivity, but the essential action of
narcotics is best studied during the preliminary stage|
when function is altered though not abolished.
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mixed up with extraneous noises . This change was a
progressive one, becoming more and more pronounced as
the narcosis went'on, and yet the nerve when tested
by single induction shocks with the muscle as indicatox
seemed to have unimpaired conductivify. Turning to
the muscle record corresponding to these teiephonic
sounds, he found that the contractions were not so
high gg;so smooth-topped as before.narcosis . otrange-
ly enough the tetani elicited by strong rhythmical"
stimulation were weaker than those elicited by moderate
stimulation at the same réte, and further, when the
strength of stimulation was kept constant, and only
the rate of stimulation varied, tne tetanic responses
corresponding to rapid stimulati;n were weaker and
more irregular than those corresponding to slow stim-
ulation . It seemed as if the narcotised nerve became
more easily thrown out of gear when it had to do
individual acts of heavy work, or light work at &
rapid rate (Fig. 3).

On further progress of the narcosis he found
that with constant rate of excitation, strong tetanis-
ation produced only an initial twitch of the muscle,
whilst rhythmical stimulation at moderate intensitly
caused tetanus. Similarly when the strength of stim-
ulation was kept constant, a single initial twitch was
obtained with a rapid rate of stimulation, and a tetanst
us when the rate was slow, The telephonic record
corresponded exactly: with constant rate, strong
tetanisation caused either no sound at all or an
initial "Xnack" followed by silence; moderate tetaniss

ation caused a weak and not quite pure tone, but one
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that corresponded unmista@?bly to the rate of stimulat-

fon uscd . (See 6o Ui Muskakion facng fraqe 22.)

This remarkabvle and perfect parallelism
between the records of the muscle and the telephone
ﬁaturally surprised Wedensky . By poisoning the nerve
close to the nmuscle or by cutting it across he made
sure that the telephone sound was no backwardly propag-
ated effect from the muscle itself, and he further
controlled his results by other electrical methods -
galvanometer . He was consequently led to conclude
that a stretch of narcotised nerve begins to alter as
regards its conductivity much sooner than was formerly
supposed . According to him a'"paradoxical modification
of conductivity is established, in that rhythmical
tetanisations are not transmitted regularly, sirong
impulses being transmitted with greater and greater
difficulty at a time when weak excitations are handed
on without prominent change.

These results of Wedensky are of high import-
ance. They show that in testing the action of
narcotics or of other reagents and influences on nerve,
it is not sufficient to excite the structure with
single induction shocks and use the height of the
corresponding maximal response as an index of the
state of the conductivity. To test conductivity
properly it is necessary to work the nerve at a rapid
rate, Incidentally it may be mentioned that Wedensky
claimed his results as a proof that conductivity and
excitability in nerve are one and the same thing, for,

as he had found, no depression of excitability occurs
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without a corresponding depression of conductivity.
Lastly, in the case of all the reagents whose action on
nerve he tested - and they all happened to belong to
the narcotic group - the result was identical.
Wedensky as a matier of fact declared that all sub-
stances which have any action on nerve affect its
function in the same way, by causing in every case a
highly characteristic and readily recognisable alterat-

ion of funetion.

The phenomenon whereby conduction in a
partially narcotised nerve ceases when the rhythmical
stimulation is strong or rapid, or, better still,
both combined, - a certain definite frequency and a
certain definite strength of stimulation being necess-
ary at each successive stage of narcosis to produce
absence of conductivity - suggesis a possible explan-
ation of a fact well-authenticated but otherwise
difficult to explain. It is known that local applice
ation of cocaine to a mixed nerve first paralyses the
sensory and,at a later stage,the motor fibres.
Furthermore, different qualities of sensations are
paralysed at different times; thus, sensations of
pain and of touch are paralysed at an early stage,
while sensations of heat and of cold may long persist ,
If we assume that sensory impulses are of a higher
order of frequency than motor impulseg, and that of
the sensory impulses, those of touch and of pain have
the highest freguency, we have in the discovery of
Wedensky a feasible_explanation of this otherwise
obgcure phenomenon.




C. The Work of the Gottingen School on

Asphyxia and Warcosis of Nerve.

Meantime an entirely independent series of
investigations on nerve had been going on in Verworn's
laboratory in Gottingen. These, which were at first
directed towards a different object, came eventually
to have a close relation to Wedensky's work.

Verworn (00) had begun an investigation into
the metabolic processes of nerve-cells, from which he
had concluded that abundant Op-supnly is essential to &
the continued function of these cells. Winterstein
(02) then studied the extent to which the two phases
of metabolism, assimiiation and dissimilation (with
regard to oxygen) are affected by narcosis Qith ether,
chloroform, alcohol etc, It had long been known that
narcosis interferes with didsimilation generally.
Winterstein showed that narcosis hinders assisilation
of O2 to exactly the same extent as it hinders dissim-
ilation, =
Verworn's results in regard to the metabol-
ism of oxygen by nerve cells had suggested to him
however that one might succeed in asphyxiating a nerve
trunk by withdrawal of oXxygen, . Under his direction
v. Baeyer (02) succeeded in abolishing the conductivity
of a nerve by keepling a portion of it subjected for
some hours to the influence of an oxygen-free neutral
gas (nitrogen, hydrogen) . When oxygen gas was once

more supplied to the nerve, recovery took place in a
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very short time. Von Baeyver was unable however to
show that oxygen is consumed by the nerve during activ-
14y, Frohlich (03) then showed that narcosis, while
having no influence on the outward diffusion of oxygen
from a nerve in an oxygen-free atmosphere, prevents
the subsequent assimilation of oxygen once the nerve
has become asphyxiated.

This latter observer then studied (O,?‘,A. B)
more carefully than had previously been done the whole
guestion of narcosis and of asphyxia of nerve. e
found by Wedensky's method of rapid rhythmical stimul-
ation that asphyxia affects a nerve.in exactly the same
way as narcosis with érdinary narcotic agents, the only
difference being in the time required to produce the
various phenomena observed by Wedensky, asphyxia being
a much slower process than narcosis in the relation
roughly of I0 : I. By using the more deliberate
asphyxiation method he was enabled to study all the
phenomena observed by Wedensky and previous b
investigators more carefully than had hefore been
possible, and he enormously extended the bearing of
Wedensky's results. It is unnecessary here to
discuss all the work that Frohlich did in this connect-
ion. Jluch of ii is now the common proverty of phys-
lologists and of pharmacologists. Suffice it to say
that he explained Wedensky's results in a very satisfes
factory manner , According tﬁ ¥r8nlich, narcosis, or
asphyxia, ap the case may be, slows many of the pro-
cesses that occur in a nerve. Thus, when an impulse

is transmitted along a narcotised or asphyxiated
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nerve the rate of propagation is cut down. The slow-
ing of the impulse is confined to the affected portion;
on passing through it the impulse once more resumes
its normal speed - Frohlich E4C), Boruttau (o),
Boruttau and Frohlichn (04 ). Again Gotch and Burch
(QQ) had pointed out that a nerve, like the heart,
possesses a refractory period, only the refractory
period of nerve is out of all proportion shorter than
that of the heart. VWhen two stimuli are applied in
rapid succession (aay’I - I000th second interval)
to a nerve, the second may or may not be transmitted
according to the individusl nerve used. YThen the
gecond stimulus is not transmitted, it is said to fall
within the refractory period of the first. Now Froh-
licn showed that asphyxia greatly prolongs the refract-
ory period of all nerves. The same fact had been
previously demonstrated by Boruttau (00) for narcotised
nerve, The refractory period must in part at least
be looked upon as a period of recovery from previous
katabolism or disintegration, and by stating that the
refractory phase is prolonged by asphyxia,Frohlich
meant that the normal reintegration succeeding upon
disintegration is slowed.

By means of the prolongation of the refract-
ory period he explained Wedensky's results. In some
cases Wedensky had found that the only muscular
response to tetanisation of a nerve of which the
middile portion is narcotised,is z single initlal twitch
Froklich pointed out that this twitch is not a summated

one,but simply a single maximal twitch. It is a
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response merely to the first stimulus of the series,
the succeeding stimuli having failed to be transmitied.
By control experiments with pairs of stimuli separated
by varying intervals,he showed that this peculiar
effect is produced only when the interval between the
successive stimuli in the rhythmical series is less
than the refractory period of the narcotised nerve,
Tlow, as Wedensky had found, this initial twitch is
more likely to occur when the serial stimulation is
strong than when at is weak. Frohlich accounted for ¥
this on the supposition that strong stimuli give rise
to a greater amount of disintegration in the nerve,
with consequent necessity for!a longer period for
restoration.

Furthermore Tréhlich showed that akassthret—
narcotised or agphyxiated nerve is readily fatigued .
By rhythmical stimulation at such a rate that the
interval between eacn successive stimulus is just
greater than the refractory period (corresponding to
that special stage of narcosis or asphyxia),he obtain-
ed a tetanus of the form represented in Fig.4.

This tetanus consistently falls off in height and
finally ceases, It is evident that with each suc-
cegslve stimulation ef the series the refreactory

period gets longer and lonuger, in otlier words the

nerve functlons worse snd worge hecaucse of continuved
activity . Diterruption of The stiptlation but fox &

fraction of a second restores the nerve to its former
degree of conductivity. These resultis explain why

previous observers had failed to fatigue nerve.
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Without the help of some method of artificially pro-
longing the refractory period if is difficult to
attaln such a rapid rate of stimulation as to wear out
the nerve. After each single active process a normal
nerve recovers with almost lightning rapidity, and the
technical difficulties in obtaining a rate of stimul-
ation comparable with the normal refractory period are
great . Nevertheless Thorner (%) has since succeeded
in fatiguing normal nerve, and has &hos justified
Fronlich's statement with regard to it.

By means of # narcosis Frohlich found it
possible to prolong the refractory period of nerve to
I1/10th second, a prolongation of IQ0 times the normal
refractory period.

All the work which has just been described
was carried out on frog's nerve, It was interesting
to know if mammalian nerve behaves similarly to nerve
fron cold-blooded animals, I undertook this invest-
igation in conjunction with Frohlich . To keep the
muscle active it was necessary to operate on the liv-
ing animal . All our attempis to asphyxiate the nerve
by.enclosing it in an oxygen-free atmosphere failed
however . The failure we found to be due to the pres-
ence of a rich recurrent blood-supply derived from the
attachment of the nerve to the muscle . When this
blood-supply was interrupted the nerve ceased to
conduct; when the blood-supnly was readmitted conducte
ivity immediately returned. It is probable that the
nerves of warm-blooded animals require a constant

oxygen supply to maintain function. Although we
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failed to asphyxiate the blood-perfused nerve,we were
able to narcotise it locally with ether or with chloros+
form vapour, and so produce typical Wedensky effects
in the attached muscle - ¥rohlich and Tait (04) .

Frdhlich's work on narcosis of nerve has a
twofold importance. In the first place he subjected
to analysis Wedensky's "paradoxical modification of
conductivity", and showed that a prolongation of
refractory period is chiefly responsible for the
peculiar phenomena produced. It is prolongatioﬁ of
the refractory period that makes the nerve incapable
of transmitting in normal fashion a series of rapid
rhythmical excitations, and fatigue may readily occur
in this condition of the nerve. In the éecond vlace
he showed that narcosis and asphyxia effect the nerve
in exactly the same way, The multiform complexity
of the Wedensky phenomena, varying in perfectly com-
sistent fashion with (I) the strength of stimulation,
(2) the rate of stimulation and (3) the degree of
narcosis or aSphyxiA, makes it a most sensitive test
by which to judge of the precise action of any reagent
on nerve. Tested by this highly sensitive method,
narcosis and asphyxia were found to be tac same - a

fact in itself most suggestive.
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D:; Narcosis and Oxygen Supply.

Verworn (09) summing up the results obtain-
ed by wverious workers in hie laboratory on the relat-
ion of narcosis to oxygen supply, comes to the con-
clusion that the atomic groups of the cell which are
charged with the function of transferring the oxygen,
become bound or held by the narcotic, so that they
are no longer capable of handing on or transmitting
the normal supply from one locality to another.

This conclusion is based on an elaborate summary of
all the experimental facts relating to the oxygen meta)
bolism of various tissues while under the influence

of narcotics,

In an independent publication of the same
vear by Mansfeld (09), a still more.specific theory
of narcosis is propounded, in which the qguestion of
oxygen supply is definitely correlated with the Meyer-
Overton theory. According to iflansfeld, it is the cell-
lipoids that handle and iransfer from ene place to
place inside the cell the oxygen required for cell
function., He adduces many factis in support of this
view. Thﬁs botli the central nervous system and the
heart are organs that show great sensitiveness to want
of oxygen,while on the other hand they possess a2 high
content of lipoid material, which is stirictly conserv-
ed even during starvation. Again previous experi-
ments by TXner had shown that oxygen has a high part-
ition-coefficient for fat and water, and Vernon (07)

had discovered that fatty oils absorb from four to
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five times as much oxygen as water . According Lo
WansTeld thess Faie indicate that the phyeiologioal
importance of the lipoids consists &n facilitating the
entrance of oxygen from the tissue-fluid into the
interior of the cells,

Fow, from experimenis in physics, it is
known that every solution absorbs less gas than the
solvent itself in a state of purity. If a narcotic
has penetrated into the cell the oxygen no longer
finds a pure solvent but & lipoid-narcotic solution,
and this can absorb all the less oxygen in proportion

. nareotic
as the solution,is concentrated; fThus the normal
solvent activity of the lipoid for oxygen is diminished
and narcosis ensues. From this point of view therefor
narcosls is identical with a partial deficiency of okyg
supnly ..

Mansfeld goes on to quote certain exneriments
of Paul Bert (70), waich demonstrated that when & partisl
pressure of oxygen in the atmosphere surrounding an
animal is very graduslly reduced, the animal dies in @
narcotic condition and does not show the ordinary
convulsions whichh accompany the rapid removal of oxyger
As a further illustration of the same fact I might refgd

to experiments by Haldane (95), in whichn it was shown
P o i

2

that mere oxygen withdrawal, apart from accumulation of

carbonic acid gas,produces unconscicousness without any

motor disturbance . Compare too the experiments of
Kaya

Fepusaten and Starling (09) on"Aephyxia in the Spinal
Animal™ .,

€n

llansfeld then seeks to support his hypothesij
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py defénite experiments. While giving support to his
view, these experiments cannot however be saild to
prove it. iHe returns to the subject in a later paper
(I0) bringing fresh evidence in support of it.
Mansfeld's view may at least be accepted as a conveni-
ent working hypothesis to investigale the close re-
laticn thal exists between narcosis and oxygen defici-

ency .

The same plausible hypothegis had been independ-
ently arrived at by W. Cramer of the Physiclogy Depart
ment in Iidinburgh University. Cramer had found dur-
ing certain experiments with lecithin that the sub-
stance can occlude or absorb large quantities of oxyge
gas . Cramer and I carried out & number of experiment
on red blood corpuscles to test Mansfeld's hypothesis
relating to narcosis . 1t is & well-known fact that
chloroform or ether is largely carried in the blood by
the red blood corpuscles. The high lipoid content of
the stroma would account for this phenomenon . liow,
suprosing the stroma of the deoxygenated red corpuscle
to contain a congiderable quantity of narcotic in
solution, it would transmit oxygen from the plasms to
the haemoglobin inside at a slower rate than usual.

Ve extracted the oxygen from equal quantities of blood
of which we subsequently chloroformed one sample. e
then exposed the two samples, the one chloroformed, th
other not, to a current of oxygen gas, and sought to
determine from the rapidity of the colour change, the
rate at which the haemoglobin became saturated with
oxXygen, The experiments however failed to yield any
decisive result, because of the difficulty of bubbling
the oxygen gas through the two specimens at an equal
rate,

—
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. The Action of Low Temperature.

c

When Gotch and Burch (99) discovered the
refractory period of nerve, they also found that it
may be greatly prolonged by cooling. Their work was
done entirely on the electrical response, but Boycott
(99) confirmed their results by means of the muscle
record., liow, when Frohlich had succeeded in explain-
ing the Wedensky phenomena in terms of prolongation of
refractory phase, it became of interest to know if the
Wedensky phenomena may be produced by local cooling of
a nerve, This research I commenced in Gottingen and
continued for over a year in Idinburgh. The results,
which are as yet only partially published, - Tait (06)
(08): compare also my D.Sc. thesis, "Reactions of
Cooled lerve", 1907, in Edinburgh University library -
amply showed that low temperature acts on a nerve in
precisely the same fashion as asphyxia or narcosgis with
chloroform, ether, cocaine etc.

by carefully graduating the low temperature
to which the nerve was subjected it was found possible
to maintain the nerve in one definite stage of depress-
ion for a prolonged period of time and thus to study
its reactions much more leisurely and exactly thaen is
possible when either narcosgis or asphyxia (both of them
difficult to control) is used to modify its reactions.
An example of the regular type of tracings obtained is
shown on the opposite page. (This record incidently

an
serves as\additional illustration of the effects

grouped under the heading of "the Wedensky phenomena") .
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'latigue of the nerve could likewise be readily studied,
ind ag no chemical treatment of the nerve was employed
o facilitate the production of fatigue, it was obvious
hat Frohliech's explanation of the ill-success of
revious investigators in demonstirating fatigue of
lerve, was correct. All that is necessary to fatigue
ierve at room temperature is a sufficiently rapid rate
f stimulation, In this investigation a considerable
tnowledge of tﬁe technique of experiments on nerve was
egquered. acquired,

As sald above the results showed that low
iemperature acts on nerve in precisely the same manner
s narcosis or asphyxia, Irom the mumber of different
influences that affect nerve in the same way, one
might be tempted to conclude, as Wedensky originally
did, that all influences which cause depression of
nerve conduction act in the same way. Thus the
ordinary narcotics, ether, chloroform, chloral hydrate,
cocaine etc. all neuiral gases which produce asphyxia
e.g. nitrogen, hydrogen, carbon monoxide, and simple
depression of temperature produce a complex chain of
phenomena which are precisely the same in every case.
I even found that solution of curara, after some eight
or ten hours application produces typical Wedensky
effects on the nerve.

There were however on record certain experi-
ments by Waller (99A.,B.)(00) on the action of
protoveratrine and of aconitine which might have warned
against a Ppepié-fer hasty generalisdtion of this

nature. I have also from time to time tested the
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action of a number of reagents, mostly alkaloids, e.g.
quinine,'veratrine, strychnine, saponin on nerve,
These experiments have shown that varicus alterations
in conductivity differing widely from those described
by Wedensky are produced by different reagents.

These results serve only to heighten the
interest of the discof¥ery that low temperature,
asphyxia and narcosis (with narcotics o;f‘ the Meyer-
Overton type) are identical in their action on nerve.
There must be a common process involved in the action
of all three, We have already discussed Verworn's
conclugiong and Mansfeld's hypothesis regarding the
relation of oxygen-deficiency to narcosis. A moment '
consideration will show that low temperature produces
effects on an animal closely similar to narcosis at
least.

VVhen a warm-blooded animal hibernates it
becomes for the time being cold-bloocded, and, instead
of maintaining a constant temperature, takes on a
temperature approximately the same as that of the
surrounding mediunm i.e. much lower than its ordinary
temperature. The animal seems to sleep. Sensation
aﬁd volition are suspended, At the same time certain
reflex movements remain active. Thus Marshall Eall
found that a fouch applied to the spines of the
hedgehog causes it to draw a deep inspiration, a
phenomenon that remains present in the narcotised
animal . The corneal reflex persists. The frequency
of respiration is diminished, and the rhythm is often

of the Cheyne-Stokes type, a phenomenon familiar in

narcosis with morphia or cocaine - e¢f, Cushny (10) -
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and due in all probability as Haldane and Douglas (09)
have shown, to oxygen deficiency in the respiratory
centre, The force and frequency of the heart beat
likewise becomes reduced, ag in narcosis, Apart from
the difference in temperature the general symptoms
observable in hibernation are closely similar to those
seen in narcosis,. It might be mentioned too that in
both cases the shivering reflex is in abeyance.
Taking all these facts into congideration the
statement may be hazarded that both narcosis (with
narcotics of the Meyer-Overton group) and low temper-
ature act by restraining the consumption of oxygen in
the cells of the body. ow, experiments carried out
by directly withholding oxygen from tissues, have
repeatedly shown the immediate necessity for oxygen
_in all changes of katabolic nature in the cells -
cf. Verworn (C9). Without oxygen there can ve no
energy output by the living cells of the body, and
this holds true when the oxygen has been simply with-
drawn by outward diffusion, the cells meantime re-
maining inactive, and therefore in all other respects
charged with energy-producing materials, By simple
oxygen-deficiency apart from any consumption of
material through activity, it is possible to paralyse
the cell completely. On the other hand it has also

been shown that esygern the immediate presence of oxyger

is necessary for anabolism after normal activity.
If then it is true that narcotics (of the Meyer-
Overton group) and low temperature act oy restraining

the supply or the consumption of oxygen they may both

be said to paralyse katabolism and to paralyse anabolik”“
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I1, EXPERIMELTS WITH YOHIMBINE .

A Nervous System.

Experiments with yohimbine soon showed that
it exerts & marked depressant action on the nervous
system preceded by symptoms of apparent excitation -
Oberwarth (98), Muller (67), Gumn (08, A.,B.) . When
toxic doses are given to a mammal, the animal after a
preliminary period of restlessness, develops paralysis
of voluntary movement and finally fails it1o react to
sensory stimulation, although it may remain alive in
this condition for a long time, In the frog, as
Gunn (08,E.) has shown, there is present at a certain
stage abnormal excitation of certain reflex movements,
a condition which he could demonstrate Lo be due to
an initial depression of the higher nerve centres, Th
motor symptoms present in all animals after toxic doses

resemble those seen in the disease myasthenia gravisg -

Gunn (08,C.),. When total paralysis of the central nerv-
ous system is present,the veripheral nerves still main-
tain their function to a large extent, It is thus
evident that vohimbine has a selective action on the
nervous system, producing depression thereof .

Magnani (02),(03) discovered that yohimbine

is locally anaesthetic when applied to the cornea, and

it is in vogue for this purpose in ophthalmacological
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practice. Loewy and Muller (03) discovered that it
exercises on isolated nerve an action analogous to that
of cocaine, producing complete absence of sensory and
of motor conductiagn . By means of it they were able to
abolishi conductivity in the vagus nerve,of the inhibit-
=
ory fibres to the heart and of the afferent fibres to
the respiratory centre. In the case of living manmals
the anaesthesia of the nerves was temporary and was fol
to tiie mucous membrane of the tongue, yohimbine produce
paralysis of certain taste sensations.
Gunn and I then investigated the acticn of
yohimbine on the motor nerves of the frog. (See No I.
of the printed communicatinné svpended to this essay) .
By stimulating the nerve in rhythmical fasghion after th
method of Wedengky we soon found that, while in certain
regpects yohimbine resembles in action the ordinary
narcotics such as ether, chloroform, cocaine etc., it
nevertheless differs from them in importamt particulare
I'he various pointe of resemblance and of dissimilarity
e expressed for the most part in reference to and in
terms of the phenomena described by Wedensky, for at
that time we were unable to anslyse in complete fashion
the modifications in conductivity vroduced by the drug
ile found that fatigue of the nerve is induced with ex-
Lreme readiness when it is under the influence of yoh-
imbine, and that the fatigue may last for more than fiv
seconds, while the refractory period, whick by IFrohlich
lad veen prolonged to a maximum of ,I second, welpro-

longed to .20 second, In a subsequent paper (No.2
- & s

lowed by complete recovery to the normal state. Apnlig

L4
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i” ried out in determining the temperature-coefficients
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of appended publications), I atteupted & more precise
analysis of the effect of yoniﬁbine on the nerve.

I shall now stale in general terms the resulf
of this work on yohimbinised nerve. My own work on
cooled nerve had shown that the effects described by
Wedensky and by Froalich as due to narcosis with ordin<
ary narcotics, may be precisely simulated by merely
lowering the temperature; 1in other words the action

of ordinary narcotics is egquivalent simply to a fall

of temperature. low, low temperature of itself does

not necessarily imply any specific alteration in the
mode of function of a part. We believe rather that bj
low temperature each of the individual chemical process-
es occurring in a tissue are regularly and equably
slowed withoul any of them suffering an abrupt change
at any one point, There are gond grounds for this
belief so lonz as the change in temperature lies within
what may be considered physiological limits,.
Ixperiments in physical chemistry have
brought to light the fact that the veloﬁity of & large
number of chemical reactioné selected at random is in-
creased from two to three times by & rise in temperature
of Io”c, The extent té which the velocity of any
chemical or physical reaction is altered by & rise of
IOQC.in temperature is sometimes spoken of as the
"temperature-coefficient” of the reaction; we may
therefore convey the meaning of the previous sentence
by saying that the temperature-coefficient of chemical

5] 3
reactions in gederal lies vetween t¥e and taree, of

late years a consideravle amount of work has been car-
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of certain physiological reactions, and in & great many
cases tne coefficient has been found to correspond to
that of ordinary chemical reactions, Thus, to take an
example from our present subject, Snyder(08) found thaf
a rise of 10 C. increases the rate of propagation of
an impulse along a nerve from two to three.times.

Many otner similar examples, iancluding the fregquency
of the heart-beat, mighl be quoted as showing that the
temperature-coefficient of physiological reactions is
the same as that of ordinary chemical reactions.

liow, iti the activity associated with the
propagation of a nervous impulse, we recognise two
differently directed phases . There is first of =1l a
katabolic or disintegrative phase, on which immediate
funiction is presumably based, and secondly there is a
succeeding anavolic or reintegrative nhase, which brings
the nerve back to its previous condition so as Lo ve
ready for carrying anotner process when necessary.
For botn of these acts, as the Gottingen school has
shown, oxygen supply is edqually necessary; in other
wdrds, they are both chemical processes, and the nre-
sumption is that if one is slowed by low temperature,
the othner is slowed to an exactly corresponding degreel
As a matter of fact Frohlich's experiments on the rate|o
of propagation of tlie nervous impulse and on the pro-
longation of the refractory phase in corresponding #

stages of narcosis, bear out these statements exactly.

™

Ordinary narcotic agents equally retard the process of
disintegration and that of reintegration.

1M

e come now to the action of yonimbine,

This may be expressed in one word by saying that it
. | - r e = g -. -
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slows the process of anabolism or reintegration to an

r

extent out of all proportion great compared with the
glowing of katabolism or disintegration produced by it .
Gunn and I found that yohimbinised nerve shows the
phenomenon of fatigue in far more decided fas@ion than
nerve narcotised by ordinary reagents. In my own expseg
experiments I found that a nerve subjected to a spell
of rapidly repeated excitations may continue for thirty
seconds incapable of its previous degree of functional
activity: even the transmission of one single impulse
is followed by impairment of function lasting for more
than two seconds, When we consgider that an ordinary
nerve at room temperature is, I/I000 second after the
transmission of a first impulse, ready to transmit an-
other, and that ¥Frohlich with great difficulty succeed-
ed by means of chloroform or ether in wrolonging this
interval of functinnal depression due to activity to
1/10 second, we realise to what an enormous extent yonh-
imoine delays anabolism. On the other hand, tihe inter-
ference with katavolism produced by yohimbime is relat-
ively slight. I carried out a large number of experi-
ments to determine if yohimbine slows thne rate of pro-
pagation of the impulse in a nerve., Provided the nerve
was not fatigued by the passage of an immediately pre-
vious impulse, no direct slowing of the impulse due to
the drug could be demonstrated,

This specific depression of anabolism after
activity is manifested by yohimbine not merely on nervg
fibres, but also on the central nervous system, As

was pointed out before, the peripheral nuscular mechan-

ism of an animal poisoned by injection off the drug
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remains capable of almost complete function when re-
flexes and other central reactions are abolisned.

This shows that the central action, of whatever nature,
is more pronounced than tihe vperipheral. But this

central action, though differing in degree, is, as

Oberwarth (98), iuller (07) and Guann (08) have shown,
precisely analogous to the action on nerve fibres . Thg
poisoned animal reacts readily to stimulation at first,
but each succeeding response gets progressively more

feeble, until paralysis im$é supervenes. After a long
period of rest from stimulation, partial recovery occul
and the animal shows the same se:ies of phenomena agair
As Gunn has shown, there is a close analogy between

vohimbinisation and myasthenia gravis.

In its selective action on the central
nervous system and in its subsequent action ofi periphex
al nerves, yohimbine therefore shows a close corresp-
ondence with ordinary narcotics. Its mode of action
is however different, in that it affects anabolism
rather than katabolism,

The next question is: How does it interfere
with anabolism? As we have seen, the ordinary narcoti
agents probably act by interfering with the supply of
oxXygen., The action of yohimbine must Le different.
We perhaps have a clue to the nature of this action in
the effect produced by yohimbine on the respiratory
centre . Muller first called attention to tue fact
that yohimbine stimulates respiration, and Gunn showed
that this stimulation consists not only in an exagger-

ated frequency of respiration but in a greater amplit-

ude botih of the expiratory and of the inspiratory moveT
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ments . 1f one were asked to mention any other sub-
stance that prodiuces precisely this effect on the re-
spiratory centre, one would immediately reply, carbon
dioxide, . With the solitary exception of protoverat-
rine, which as we shall see is closely analogous to
yohimbine, carbon dioxide is the only other known

. o )
substance that produces this effect.

"nen we consider once again the facts relat-
ing to the action on nerve fibres of ordinary narcotic
substances as contrasted with yohimbine, we see that th
fatigue produced with tne help of the former is due
mainly to an all-round slowing of function, and is, so
to speak, a normal phenomenon, artificially brought int
prominence by the relatively rapid rate at which the
tissue is worked. The fatigue under yohimoinisation
is on the other hand a more specific expression of
exhaustion depending on previous activity . Now,
fatigue or exhaustion is recognised to depend on two
principal causes: (I) the using-up of energy-producing
materials, e.g. oxygzen, and (2) the accumulation of
waste products . The first condition may be rendered
more imminent byﬂwihh&niding energy materials, Narcos
is withiordinary agents probably realises this conditio
and then, as we have seen, the tissue can neither kata-
bolise nor anabolise at the ordinary rate. The second
condition i.e. accunulation of waste products, can

normally occur only after activity. Supnose that

e : : .
)Une action of acids on the respiratory centre is
due to accumulation of carbon dioxide.

L4
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vohimbine interferes rather with the removal of these,
end we can understand why its action should be exerted
50 prominently on the reintegration processes occurring
e.fter activity. Provisionally therefore, we may assume
that yohimbine in some way inhibits the rapid removal
of substances like carbon dioxide from the tissues and
that part of its action is due to this cause.

Thas explanation however does not account

for the whole of its action nor does it explain why it
shiould exert a specific action on the nervous system.
Il'or one thing I found that a yohimbinised nerve, apart
from any exercise of activity slowly and steadily loses
its ability to function, and if sufficient time is given
conductivity may entirely disappear, before any activity
hos been elicited by direct stimulation, (see llo. 2
of appended publications) . VWhether yohimbine possesses
hll the properties of ordinary narcotics in addition to
the property discussed above, I cannol as yet say.

llor do I know of any experiments devised to determine

its partition-coefficient for oil and for water.




B, The Action of Yohimbine on the Heart .

In my experiments on yohimbinised nerve (see
lo.2 of appended papers) I was able to show that the
refractory period of medullated nerve,like that of the
heart, consists of two phases, an absolutely refractory
phase and a relatively refractory phase. Yohimbine
enonmously prolongs the relatively refractory phase,
and it was the great prolongation of this phase by the
drug that first led me to recognise the existence of
relatively refractory phase in nerve, This phase
ooviously corresponds to a process of recovery or of
reintegratinn in the tissue, for during its continugnce)
function progressively improves.

The correspondence thus established in funct-
ion between an ordinary nerve and the heart suggested
that the action of yohimbine on the heart should be
carefully worked out , o, 3 of the appended papers
contains a research on this subject, and as the invesi-
igétion is tiere set forth in detail, I shall coantent
myself with summarising and commenting upon the results
For purposes of pﬁysiological and pharmacol-
pogical research, Ingelmann had classified the heart
properties into four groups: I) power of stimulus-
broduction; 2) excitability; 3) conductivity; 4) con{
tractility . According to him, these functions are all
distinct, as evidenced by the varying degree to which
they are influenced by tiie same physiological, and

especially pharmacological influmences . The fact that

these functions are distinct, would imply that each has
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its own physical basis or independent mechanism in tne
heart itself, and that these mechanisms may be for
purposes of discussion dealt with as if they were
spatially distinct, just as are the corresponding ele-
ments in the neuro-muscular mechanism for voluntary

movement .

=i

Xperiment with yohimbine soon showed that
the substance does not directly interfere with the
contractility of the heart, nor in the first instance
witu the property of stimulus-production. What 1is
interfered with is conductivity and excitability. How
Engelm&n&'s separation of these two properties had been
made at a time when physiologists believed that they
are distinct., Boruttau and ¥rohlich (04) however had.
subgsequently shown that in nerve at least they are
merely aspectis of one and tne same fundamental pronerty
The action ef yohimbine on the excitability and cond-
uctivity of the heart, simultaneous and egual at every
stage, suggested to me that in this case too they may
be aspects of one common property. I found, on refer+
ence to IZngelmann's original papers, that his experi-
mental evidenceﬁwas inconclusive, In all tie invest=-
igations on the action of drugs on the heart, where the
effect on conductivity and on excitability were separ-
ately registered, the two varied together, Hence,
until the'contfary is proved, one is justified in con-
sidering emcitation and conductivity in the heart us
aspects of one common property. - tune property of
excito-conductivity .

Having reached this conclusion, it was easy

to reconcile two seemingly independent theories that
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have been put forward to account for toxic heart-block.
According to the more prevalent theory, toxic heart-
block is due to a defect in conduction from auricle to
ventricle. The second theory, originally propounded
by Straub, is that the condition may be due simply to
a prolonged refractory period of the ventricle. I
had shown that in the case of yohimpbine and probably
in that of all other substances known to prolong the
refractory phase as a whole, the phase of the refract-
ory period which is prolonged is the relatively refracty
ory phase. As this phase is defined purely in terms
of excitability, prolongation of it implies depression
of excitability. If excitability and conductivity howf
ever always vary together, the one essentially depend-
ing on the other, then the two above-mentioned theories
are in reality the same.

I come now to a comparison of yohimbine with
ordinary narcotic agents in regard to their action on
the heart. Though tne ordinary narcotics are not
generally treated as having a group action on the
heart, one may recognise common features in the action
of all of them. As a rule they slow the rhythm of
the heart. They all depress contractility. They do
not produce heart-block, i.e. they do not interfere
with excito-conductivity . ¥rom their inability to
L]
interfere with excito-conductivity, we might argue that
the cardiac conducting mechanism is not similar to
medullated nerve with its large content of lipoid, an
inference that is confirmed by histological examination
low, within the limits of dosage just suf-

ficient to stop the beat, yohimbine affects only the

o'g Feant - block,
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excito~-conductivity of the heart . The excitability

to artificial stimulation is greatly reduced , Fatigug
changes too are readily demonstrated with yohimbinised
heart; these are traceable in every case to fatigue
of conductivity.

It is of interest then to discover on furthex
examination thg kind of interference exercised by
yohimbine on the excito-conductivity of the heart is
exactly similar to that exercised on nerve . It pro-
duces an effect of such a nature that the conducting
mechanism is now able to undergo anabolism at a very
much slower rate than normal. Whether the under-

lying cause is the same in both cases must be left for

further investigation.




APPENDIX.
Photoactive Changes in Yohimbine Solutions.

While engaged in investigating the physiol-
bgical action of yohimbine I noticed that solutions of
the hydrochloride which had been left exposed to direct
sunlight became yellow in colour, a change which did
not occur in similar solutions kept in the dark. The
solutions which underwent this colour change were found
to possess no longer the characteristic action of
vohimbine either on nerve or on the heart. On the
pther hand solutiond of the substance which had been
kept for months in the dark were as active as freshly
prepared solutions of the same strength.

The medium used for dissolving the yohimbine
hydrochloride consisted of sodium chloride (NaCl) .6graj
potassium chloride (KCl) ,042 gram, calcium chloride
(CaClg) .024 gram, sodium hydrogen carbonate (NaHCGS)
L,Olgram and distilled water I00 cc.. ZIxperiments carried
put with solutions of yohimbiné hydrochloride in dis-
tilled water alone and in solutions of the above-ment-
ioned salts by themselves showed thet the photoactive
change occurred in marked degree only in the presence
in colour

pf' potassium chloride. Very slight changerccurring
pbnly after long exposure to sunlight in the presence
both of sodium chloride and of sodium hydrogen carbon=-
bt e weré put down to possible contamination with

potassium salt, In the presence of calcium chloride,
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commercial samples of which are potassium-free, and in
distilled water, no colour change occurred after months
of eXposure,

It seemed worth while to investigate the actio
of a more varied selection of both potassium and sodium
salts as regards their possible effect in producing
photoactive change in solutions of yohimbine hydrochlor
ide. This work I carried out during the last winter
with a student in St, Andrews University.

We selected at random a number of potassium
and sodium salts and prepared N/I0 solutions of these
in distilled water. A definite quantity of each
solution was then mixed with an equal volume of a
1/2500 solution of yohimbine hydrochloride; the solut-
ions were placed in corked test-tubes, and all exposed
on Nov, 23rd in a window facing southwards. The amoun
of sunlight during the time of exposure was not measur-
ed . From time to time we made notes in respect to
colour change occurring in the various tubes,

On Nov. 28th one of the solutions was faintly
.yellow, and on Dec. O5th this one was markedly deeper
in tint and other four had become tinged,not equally so
but in a certain order as regards depth of colour .
Reference to our notes showed that the coloured solutio
were those of the alkaloid mixed with potassium salts,
The order of the potassium salts arranged according to
their effectiveness in inducing colour changes was as
follows:- 1iodide, bromide, chloride, chlorate and
hydrogen sulphate. None of the tubes containing

sodium salts had changed in colour.

ns
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On December I4, other three solutiong had
becone tinged yellow, one being the alkaloid with
potassium nitrate, the other two being the alkaloid
with sodium sulphate and sodium bromide. The flame
test however showed that these two peeswrsity—roure
sodium salts contained traces of potassium .

On January 30, all the tubes with one except4
ion had a yellow tinge, the least coloured being those
containing the sodium salts. With one single except-
ion the sodium and potassium salts used in our exper-
iments were the ordinary "pure" chemicals obtainable iy
commerce, and the tube which remained without colour
was a solution made with carefully prepared potassium-
free sodium chloride, for the purity of which we had
ourselves been responsible. ¥rom these results it
was sufficiently clear that $ke potassium 8 is the
effective constituent in producing change of colour in
yvohimbine solutions.

It remains to explain the variations shown
by the different potassium salls as regards the rate at
wnich they caused the photoactive change. Reference to
tables of electrical conductivity of various potassium
salts in solution showed that the order in which we had
arranged them fpemtheir activity in producing photo-
active change corresponded almost exactly with the
extent to which they are ionised, the iodide which
is most ionised, being the most active, The photo-

active change therefore in this alkaloid is due to

the presence of the potassium ion alone, and the rate

of change is a function of the concentration of the
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notagsium ion .

We carried out a parallel series of experiment
with vohimbine lactate. These however are less avail
eble for drawing conclusions, because the lactate tends
rapidly to dissociate in watery solution with the formi
ation of needle-shaped crystals of the uncombined

alkaloiad . Consedquently we were able to obtain colour

change only with potassium iocdicde and bromide, the

two most ionised salts. In the tubes containing thes
salte, no needle-shaped crystals appeared, In all thI
others, which remained colourless throughout, needle=-
ghaped crystals were present. In the case of the
first two the photoactive conversion of the yohimbine
had evidently occurred before the alkaloid had time to
separate out of solution. Once it has so separated, 1t
is evidently'removed from the catalytic action of the
potassium ion,

These experiments are of practicel importance
in the conservation of yohimbine solutions in a state
Iof pharmacologicel activity. It is evident that
yohimbine salts may not be exposed to the light in the
presence of potassium salts., There are other alkaloig-
al salts that undergo a colour change on exposure to
light (notably physostigmine) and likewise the substange
adrenalin. ©Perhaps admixture with potasgsium may be
the necessary condition for photoactive change in these

cases as well.
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