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V. Organic Oxvmades.—A Research on their Pharmacology.
By H. W. Pourrer; M.D., F.R.C.S., late Berkeley Fellow at the Owens College.

Communicated by Sir Witniam Roserrs, F.R.S.

Reqoived March 6, 1893,—Read May 4, 1893.

INTRODUCTION.

By the term ¢ organic oximides ” is understood the whole class of organic compounds
whose molecular constitution includes the chemical group = N.OH.

Few questions have of late years interested the scientific chemist more than those
relating to this class of carbon compounds. For the most part these bodies are of
recent discovery, and are still at the present time yielding material for numerous
contributions to the chemical journals, more especially in Germany, where the
investigation of their chemical nature was initiated by Professor Vicror MEYER and
his pupils. Indeed the enthusiasm shown by chemists in the elucidation of the
structure and reactions of these compounds is sufficient evidence of their importance
as a class.

These bodies may be broadly divided into two groups :

() Those whose preparation involves the use of hydroxylamine. These are known
as “ oximes,” whence the generic name oximide is derived. A

(b) Those which are prepared independently of hydroxylamine. These latter may
be obtained by the aid of nitrous acid, and have been termed “ isonitroso” bodies.

This group = N.OH must be distinguished from the true “ nitroso ” group — NO.

The oxime group is bivalent, being regarded as a compound of trivalent nitrogen
with the monovalent radicle hydroxyl. The true nitroso group is monovalent, two
“ affinities” of the nitrogen being taken up by oxygen.

Nitrites are usually regarded as true nitroso bodies. At the same time it appears
doubtful whether nitrous acid may not be structurally composed of the oxime group
saturated by oxygen. In this acid it may either be said that the two available
“affinities” of the bivalent group = N.OH are satisfied by oxygen, or that the
one available “affinity ” of the monovalent group — NO is satisfied by hydroxyl.
Indeed the presence of both these groups in nitrous acid might also be claimed.

" The organic bodies containing this oxime group are found to exhibit acid characters,
the hydrogen of the == N.OH heing for the most part replaceable by bases. The
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same structural change may therefore be said to occur as in the formation of the salts
of nitrous acid.

There is an essential structural difference, however, between the bodies forming the
subject of this research, and the nitrites. In the nitrites the nitrogen of the oxime
group is attached to oxygen, whereasin these other bodies the nitrogen of this group
is attached to carbon, and the larger group C = N.OH may be considered present.

For example :—

CH, CH,
i |
CH CH,
| l
N —OH O—-—N=0
Ethylaldoxime. Ethylnitrite,

It is this larger group C = N.OH which has been called the oximido group.
Organic oximides may therefore be concisely defined as ““ bodies containing the bivalent
group = N.OH attached to a carbon atom.” (V. MEYER and JANNY, ¢ Ber. Deutsch.

Chem. Ges.,” 15, 1164.)
There are several classes of these organic oximides :—

Aldoximes.

Ketoximes.

Ketoxime acids.
Isonitrosoketones.
Isonitrosoacetoacetic ether.
Isonitroso acids.

Nitrolic acids.

Some  paranitroso” bodies of the aromatic series probably also contain this same
oximido group and are to be regarded as homologous to the ketoximes ; thus, nitroso-
phenol is more correctly described as being quinonoxime.

Chemically, these bodies may be said to be typified by the presence of the oxime
group = N.OH. The ultimate object of this research is to correlate this structural
relationship with the pharmacology of these bodies, and to discover how far they may
possess any pharmacological type which can be isolated and referred to the presence
of this group in their structure.

With this object, representative members were selected for pharmacological
investigation from several series of the oximido bodies. From the fatty aldoximes
were taken ethylaldoxime, propylaldoxime, isobutyl-aldoxime, and cenanthaldoxime.
Acetoxime was chosen to represent the ketoximes, isonitroscacetone to represent the
isonitrosoketones, benzaldoxime and salicylaldoxime to represent the aromatic bodies.

I had previously investigated the pharmacological actions of quinonoxime (nitroso-
phenol).  (Thesis presented for doctorate in the Victoria University.)
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These several classes of bodies differ structurally in the method of inclusion of the
oximido group.

In all cases the nitrogen is joined to carbon and the group = C = N.OH may be
considered present. This union is effected in the case of isonitrosoketones by the
replacement of two hydrogen atoms of a terminal methyl group in the corresponding
ketone. Thus

5N

R CO = Isonitrosoketones.

Il
N.OH

In both the classes of “oximes,” that is to say, aldoximes and ketoximes, the
group = C = N.OH is attained by the replacement of oxygen in the corresponding
aldehyde or ketone. Oximes are compounds resulting from the action of hydroxyl-
amine on an aldehyde or ketone, water being separated.

For example, ethylaldoxime is formed from ethylaldehyde,

CH,;.CHO + NH,0H = CH,.CH = N.OH + H,0
(-

e
ethylaldoxime,

and acetoxime from acetone,

(CH,),C0 + NH,0H = (CH,),C = N.OH + H,0

Y .
acetoxime

Aldoximes are to be distinguished from ketoximes.

In aldoximes the group = C = N.OH is situated between an atom of carbon and
an atom of hydrogen.

In ketoximes this same group is between two carbon atoms. Thus—

R R
) C = N.OH. R}o = N.OH.
aldoximes ketoximes.

In these formule the presence of a hydroxyl group is taken for granted. The
mode of formation of the oximes would allow another idea of their structure (JANNY,
“Ber.,’ 16, 176). '

We could imagine their structure to be as follows—

REAN /
>CO+  DNH =H,0 + >0 |
HO” NO
MDCCCXCV,—B, ) 2 G

N-—-H
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These formule, however, are not probable and certainly do not correspond with
the structure of the ketoximes. The hydrogen atom of the oximido-group in
ketoximes is replaceable by alkyl or acid radicles. In this way benzylacetoxime is
formed. This on boiling with hydrochloric acid is split up into acetone and benzyl-
hydroxylamine. The reaction of this benzylhydroxylamine with hydriodic acid shows
that the benzyl radicle is joined to oxygen and not nitrogen. The formula of benzyl-
acetoxime must therefore be (CHj;),C:N.O.C;H;, and there can be no reason for
assigning to acetoxime itself any other constitutional formula than that corresponding
to its benzyl derivative : (CHj),C : N.OH.

The aldoximes of the lower members of the acetaldehyde series occur as clear
colourless fluids, of slight smell, and can be distilled without decomposition.

Ethylaldoxime is miscible with water; as the molecular weight increases the
solubility in water diminishes.

The lower ketoximes are also undecomposed by distillation and are soluble in
water.

The oximes, in consequence of the presence of the hydroxyl group, have the
nature of weak acids and are soluble in alkalis; but many also unite with acids.
From acetoximes, for example, by passing hydrochloric acid gas through the ethereal
solution, the salt C;H,NO.HCI is obtained as a white precipitate.

On warming with acids the oximes split into hydroxylamine and the corresponding
aldehyde or ketone.

>C:N.OH + H,0 = »CO + H,N.OIL
Reducing agents convert the aldoximes as well as the ketoximes into primary
H,
amines, whilst the group >C = N.OH becomes >C<§I ”,

In describing the results of my researches on the physiological action of these
bodies, it is my intention first to take the aldoximes, to describe the action of the
lowest member, ethylaldoxime, at length, and subsequently to compare therevyith
more briefly the action of the higher members of the same group. After further
description of the actions found to be possessed by acetoxime, taken as representing
the ketoximes, and by isonitrosoacetone, taken as representing the isonitrosoketones,
it will be possible to contrast the actions ascribed to these main classes of oximido
bodies, and therefrom evolve some idea of the pharmacological bearing of the

ehemical group = N.OH.
(A.) ALDOXIMES.

These are for the most part easily prepared by mixing in the cold one part of the
aldehyde with an aqueous solution of one part of hydroxylamine hydrochloride and
half a part of soda. After some time the aldoxime is extracted from the mixture

by shaking with ether.
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In the case of those aldehydes which are insoluble in water a dilute alcoholic
solution is used.

ETHYLALDOXIME.

Ethylaldoxime, more briefly named aldoxime, is a transparent colourless fluid,
miscible in all proportions with water, alcohol, and ether, and possesses a slight
though characteristic and not unpleasant smell.

The aldoxime used for my experiments was made by myself according to
PrrRACZEK’S method (‘ Ber. Deutsch. Chem. Ges. ;’ 15, 2793).

An aqueous solution of hydroxylamine hydrochloride is acted upon by the calcu-
lated equivalent of sodium carbonate, and to the cooled mixture is added rather
more than the theoretical quantity of ethylaldehyde diluted with water. The
mixture is allowed to stand twelve hours and is then extracted with ether. The
ethereal extract is dried with calcium chloride, and the ether then distilled off over a
water-bath. There is left a fluid with a constant boiling-point of 114-115°C.

General Action on Frogs.

In these experiments male frogs of the species Rana temporaria were used. Good-
sized animals were selected, their weight averaging about 30 grams. Both winter
and summer frogs were injected, the time of the year being always noted with each
experiment.

In compliance with the Vivisection Act, no frog was injected before the cerebral
lobes had been destroyed. This, of course, greatly vitiates the value of these experi-
ments, but, even under these circumstances, valuable informaticn can be obtained,
more especially when the hinder part of the brain, with the medulla, is left intact.
The optic lobes, cerebellum and medulla, were interfered with as little as possible,
though, in most cases, they would be more or less injured.  Voluntary movements
were, in every case, abolished. »

After the brain had been pithed, the animal was left quiet for a quarter of an hour
so that the immediate shock might be overcome. The skin reflex was then
estimated by means of dilute sulphuric acid, and the respiratory movements, when
present, noted.

The drugs were either injected pure, or dissolved in a 075 per cent. solution of pure
salt in distilled water. The puncture was always made in the region of the dorsal
lymph sacs.
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ExprriMENT. —Male frog, weighing 32 grams. Temperature of room, 16° C.

Time.

2.45 p.m.

3.0
3.2
3.5
3.10
3.12
3.15
3.25
345
3.50
4.0
4.15
4.25

4.45
5.5

5.15
5.30

Brain pithed. )

01 cub. centim. of ethylaldoxime injected subcutaneously into the dorsal lymph sac.

Respiratory movements shallow and irregular.

Skin reflex of hind legs retarded.

Very few respiratory movements.

Posterior limbs, if extended, are not at once drawn up.

Posterior limbs show little resistance to passive movements.

Limbs slowly withdrawn from acid solution.

Frog in much the same condition.

Posterior limbs offer more resistance to passive movements.

Limbs drawn up. Few respiratory movements seen.

Skin reflexes more active.

Legs at once drawn up if forcibly extended. Respiratory movements much the same as
before injection.

Same condition.

Limbs again slowly withdrawn. Skin reflexes good.

The same.

Heart and muscles exposed. Heart found beating normally. Muscles and nerves
respond well to electrical stimulation.  Blood distinctly darker than normal, but
shows no abnormal bands.

This was clearly not a lethal dose, and an unpithed frog might have recovered.

ExreriMENT.—Male Frog, weighing 30 grams. Temperature of room, 16°5 C.

Time.

11.15 am.

11.30
11.32
11.35

11.36
11.40
11.43
1145
11.50
11.51

Brain pithed.

025 cub. centim. of ethylaldoxime injected beneath skin of back.

Respiratory movements ceased.

Posterior limbs offer no resistance to passive extension, and only drawn up after a little
time.

Skin reflexes much diminished.

Much stronger acid required to produce a reflex action. Pupils distinctly darker.

Posterior limbs remain motionless wherever placed. Some power still in fore limbs.

The same.

No skin reflex. Limbs appear completely paralysed. Skin is darker in colour.

Sectio. Heart found beating, the auricles normally. The ventricle does not contract
completely in systole; seems to remain more or less distended with blood. Blood
chocolate-coloured, and shows the bands of methaemoglobin.

The irritability of the muscles and nerves was then tested with the induced current from a Daniell’s
cell and Du Bois-Reymond’s induction coil. The irritability of both muscle and nerve was found
diminished. The minimum stimulus to cause any response required the secondary coil to be placed
at 18'5 centims. for the muscle and at 14 centims. for the nerve. No movements of posterior limbs upon
placing the electrodes over the spine. Spinal cord exposed and stimulated directly. Still no movements

in muscles of posterior limbs.
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EXPERIMENT.

This was a similar experiment, only the frog was left three hours before examination.

There was found to be no response to the strongest stimulation of the sciatics. The muscles only
respond to stimulation with coil at zero. The auricles were still beating slowly and irregularly. The
ventricle was gquiescent in diastole.

The main points to be noted from these injection experiments were the general
nitrite-like action and the marked depression of the spinal centres.

Voluntary Muscle.

In all my investigations on voluntary muscular tissue I have immersed the muscle,
usually the gastrocnemius of the frog, in a solution of the drug, the solvent being
either a 0°75 per cent. solution of common salt, or sheep’s blood diluted with the same
solution in the proportion of 1 to 2. The apparatus mostly used was that introduced
by Dr. R. B. WiLp (‘ Outlines of Practical Physiology,” Professor STIRLING, p. 202).

The frog is first pithed and the skin removed from the hind limb. The tendo
Achillis, divided close to its attachment, is seized, and the gastrocnemius torn up from
its connections. One end of a thin piece of brass wire is sharpened and bent over to
formahook. This hook is then passed through the tendo Achillis. The bones of the
leg being grasped, a small double hook, made out of a pin, is passed well beneath the
ligaments in front of the knee-joint ; the femur is divided above its condylar extremity,
and finally the tibia is also divided at its upper end, when we have left the knee-joint
with the gastrocnemius attached. Tn cases where it is required, the sciatic nerve is
first dissected down and left attached to the muscle. In this way neither the muscle
nor the nerve need be directly handled.

An ordinary two-ounce phial is cut in two, and the sharp edges melted smooth.
The upper half of the bottle is taken and a cork is fitted to the mouth. The piece of
wire used for perforating the tendo Achillis must first have been made to pass
through this cork, from end to end, and in such a way that the muscle hangs from
the narrow end of the cork, which is then pushed down against the hook, and the
tendo Achillis so held to the end of the cork. ‘

The muscle is now dropped through the neck of the bottle and the cork following
is pushed home, by which means the end of the bottle is blocked and rendered water-
tight. The glass with the contained muscle is now inverted and fixed in a small
wooden stage, the free part of the cork being wedged in a hole in the stage. This
hole perforates the stage, so that the wire passing through the cork projects beneath.
This wire is now connected with one pole of the coil. Connection with the other
pole is obtained by means of another wire looped on to the hook in front of the knee-
joint.

This latter wire is very thin, but made of copper and insulated with silk. It
passes out through the upper open end of the glass vessel, and also serves to connect
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the muscle with the short arm of a lever which is fixed to the stage and projects over
the glass vessel. This lever is then loaded and can be made to describe its move-
ments on a vertical revolving drum. The electrical apparatus used is a DANIELL'S
cell and Du Bois-REvMoND’s induction coil, the current being made or broken by
means of a mercurial key.

Experiments were made with reference to the action of the drug upon- the
irritability, contractile power, extensibility and description of the curve of voluntary
muscle.

(@) Irritability—The irritability of muscle is depressed by aldoxime from the
commencement of the action of the drug without any preliminary increase. At first
it was thought that a preliminary increase of irritability did occur, since in several
experiments the muscle was found to vespond to a weaker induction shock after
immersion in the aldoxime solution than when immersed in normal salt solution.
This increase in irritability must however be referred to an action upon the nerve-
endings, since it was never noticed if more than about half an hour had elapsed
between killing the frog and stimulating the muscle; nor was it ever noticed in
curarised muscle.

The method adopted to test the irritability of muscle was to pass the break
induction shock through a frog’s gastrocnemius arranged in the apparatus already
described, the strength of the stimulus being regulated by moving the secondary coil.

In this way it was found that when a muscle is acted upon by a 2 per cent.
solution of aldoxime, it ceased to respond in about three-quarters of an hour to any

stimulus weaker than that produced with the secondary coil at 10 centims. distance.
For example :—

ExpErRIMENT.—Gastrocnemius of Frog. Temperature, 18° C. Load, 12 grms.
Secondary coil at 10 centims.

At 3.30 p.u. the arc traced by the muscle contracting in normal salt solution under conditions as
above, measured 22 millims. :

At 3.42 p.u. the normal salt solution was replaced by a 2 per cent. aldoxime solution.

The height of contraction then diminished as follows :—

. Height of Position of
Time. contxgaction. secondary coil.
millims. centims.
351 14 10
40 11 10
49 6 10
418 9 5
427 5 5
436 4 0
451 3 0
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Fig. 1 is the tracing of an observation with a 1 per cent. solution of aldoxime.
After 53 minutes’ application of this solution the muscle had ceased to respond to
stimulation with the secondary coil at 10 centims. distance.

2 38334041 42434
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AsstrACT of Protocol (fig. 1) :—Gastrocnemius of Frog. Temperature, 20°'5 C.
Load, 12 grms. Coil at 10 centims.

Number of contraction. Duration of application. ‘ Height of contraction.

minutes. | millims,
Application of normal salt solution.
1and 2 | .. | 30

Application of aldoxime solution, 1 per cent.

3 ' 2 28
6 11 215
9 20 12
12 29 45
15 38 2
20 53 the slightest response.

Coil at 5 centims.

21 56 6

27 74 4

33 92 3
Coil at 0 centim.

35 96 10

57 162 6

Under the action of a 8 per cent. solution of aldoxime the muscle ceased to respond
with the secondary coil at 10 centims. in twenty-four minutes.

The loss of irritability brought about by aldoxime was also traced sequentially by
noting the minimum stimulus required to produce a muscular response.

For example, the following notes were taken in an experiment with a 1 per cent.
solution of aldoxime.

The irritability of the muscle in normal salt solution was first noted, when the
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minimum stimulus necessary to produce a minimum response in the muscle was that
with the secondary coil standing at 28 centims.

The solution was then changed at 10.45 a.M. for the same salt solution now con-
taining 1 per cent. of aldoxime.

The secondary coil had to be moved up as follows :—

. Position of " Position of
Time. secondary coil. Time. secondary coil.
10.47 28:7 12,5 182
10.50 28 12.10 172
10.55 28 12.15 16
11.0 28 : 12.30 9

11.10 | 27 12.35 8
11.15 268 12.40 73
11.30 23 12.45 7
11.45 214 12.50 56
11.50 214 12.57 50
11.55 20 1.0 40
12.0 19 15 35

The gastrocnemius of the opposite extremity was tested at the same time in normal
salt solution and was found to have its irritability scarcely impaired. At 10.40 A.m.,
this muscle responded to minimum stimulus with secondary coil at 27°5 centims. At
1.6 .M. it responded with secondary coil at 26 centims.

Extensibility and Elasticity.—By comparing the tracings of muscle contractions
taken in normal salt solution with those of muscle contractions taken in solutions of
aldoxime, a discrepancy in the latter at once becomes evident. This discrepancy is
the varying relationship between base line and abscissa. In some cases the base line
is abnormally low, and in other cases it rises high above the abscissa. The analysis
of various tracings shows the circumstances corresponding with those differences.
The tracing of a muscle in normal salt solution usually shows a fall of the base line
below the abscissa owing to the gradual loss of tone in the muscle and its consequent
yielding to the traction of the weight. The record of a muscle immersed in normal
salt solution shows a gradual fall without any subsequent rise of the base line.

When the weaker solutions of aldoxime are used, this same fall of the base line
again occurs, and it would almost seem, provided the stimulus be not too powerful,
that with corresponding weights the fall is greater than when the muscle is simply
immersed in normal salt solution. This is seen in fig. 8, which shows a steady fall
whilst the secondary coil remained at 10 centims.—that is, until after contraction 19.

This fall, however, is not traced by muscles in stronger solutions nor even in
weaker solutions under the influence of a stronger stimulus. As the solution is made
stronger, or the secondary coil is pushed further home, the fall of the base line ceases,
and a rise takes its place till the abscissa may be surmounted by some distance,
showing the elasticity of the muscle to be diminished.
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Fig. 2 shows the effect of a 2 per cent. solution of aldoxime in normal salt solution.
The drug was applied between contraction 8 and 4. The usual fall of the base line
which occurs when the muscle is immersed in normal salt solution had already
commenced. This fall is at once arrested and gives place to a continuous slight rise,
till, at contraction 19, the abscissa is passed by a clear interval. The secondary coil
was now pushed up to 5 centims. distance, which sufficed to throw the muscle into a
state of semi-rigor, the subsequent contractions remaining only partly relaxed.

Fig. 2.

AsstrACT of Protocol (fig. 2) :—Gastrocnemius of Frog. Temperature, 18”3 C.
Load, 12 grms. Coil at 10 centims.

Number of contraction. Duration of application. Height of contraction.

! - minutes. : l millims.
Application of normal salt solution.
1, 2, and 3 | . | 18

Application of aldoxime solution, 2 per cent.

4 3 18
7 14 16
10 23 15
13 32 12
16 41 7
19 1 50 1

Coil at 5 centims.

20 53 8
31 ‘ 113 ' 3

The nature of this proneness to contracture is peculiar. It is by no means confined
to this drug, but is a frequent pharmacological experience, and has been variously
explained by different observers. In the similar condition produced by veratrine,

MDCCOXCV,—B. 2 H
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there was shown by Boum and Fick to be an increased formation of heat. It would
appear therefore to be an active process associated with increased metabolism. Thls
question will be again discussed in connection with the nerve endmgs in muscle.

Height and Range of Contraction.— Whether the base line rise or fall, all tracings
of the action of aldoxime, on voluntary muscle, show one constant effect on the range
of contraction varying only in degree with the strength of solution employed. In
strong solution aldoxime is a muscle depressant. From the commencement of its
action, a diminution in the total range of contraction is coincident, till the muscle is
finally paralysed. True, some tracings have suggested a very transient initial
stimulation, but this has been the exception, and has already been referred to the
nerve-endings rather than to the muscle substance itself. This initial stimulation
was never observed in curarised muscle, nor when blood: was present in the immersing
solution.

Still aldoxime cannot fairly be called a muscle poison. A very large dose is
required to produce paresis, to say nothing of complete paralysis. A solution of the
strength of one pro mille is without effect. A muscle immersed in a solution of the
strength of 1 in 500 responds to stimulation for two hours as well as if simply
immersed in normal salt solution, and, although a tracing.of its contractions subse-
quently shows a diminishing range, as compared with the contractions of the fellow
muscle in normal salt solution, yet the duration of life under these circumstances has
been found to differ little in the two muscles.

In fig. 4 aldoxime was used in the proportion of one part in two hundred of normal
salt solution. The poison in this observation was commenced at 10.16 A.M., and the
same afternoon at 4.52 p.M. the muscle still showed a large response to stimulation.

AnsTRACT Of Protocol (fig. 4) :—Gastrocnemius of Frog. Temperature, 1672 C.
Load, 12 grms. Coil at 10 centims.

|
Number of contraction. Duration of application. ' Height of contraction.

minubes. millims.
Application of normal salt solution.
1,2, and 3 i ‘e ! 31

Applica,fion of aldoxime solution, 5 per cent.

4 3 30
9 18 27
14 33 22

19 48 18
‘ Coil at 5 centims.

20 ! 51 24
67 | 192 22
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The contractions were recorded every three minutes. At contractions 26, 45, and
58, the increased height was due to moistening the upper muscular attachment and
hook.

In fig. 1, as previously stated, a 4 per cent. solution of the drug was employed.
The poison was commenced at 3.8 P.M. At 4.4 .M., the muscle ceased to respond to
stimulation with the secondary coil standing at 10 centims. In 96 minutes there
was 1o response with the secondary coil standing at 5 centims. Still, although there
was this diminution of irritability, the muscle was far from being paralysed, and at
5.52 .M., after 2 hours 42 minutes application, it still responded fairly to stimulation
with the secondary coil at zero.

In some tracings, when sufficiently strong solutions have been used, a deceptive
appearance of increased range of contraction is produced by the ascent of the base
line. The summit of a contraction is seen to be higher than that of its predecessor.
Measurement, however, always shows the total range of contraction to be
diminishing. ,

As we have seen, it is not easy to kill muscle with aldoxime. Strong solutions
very soon show their influence by producing a paretic condition, but complete
paralysis does not soon follow. For example—a 2 per cent. solution of aldoxime
applied at 3.45 p.m., was found not to have entirely abolished contractility at 10 a.m.
the next morning, although at first a rapid paretic effect had been manifest.

Paralysis can, however, be produced by still stronger solutions. A 10 per cent.
solution of aldoxime completely killed a muscle in 43 minutes. A 3 per cent.
solution had almost abolished response of the muscle after 90 minutes application.

Muscle Curve.—When the drum used in the frog muscle apparatus before described
is allowed to revolve during the contraction of the muscle, the lever, instead of
describing a vertical stroke, registers a curve, just as in the different forms of
myograph. By a very slight alteration in the general schema of the apparatus, it can
also be secured that the break induction stimulus shall each time enter the muscle at
one and the same period of the drum’s revolution, so that any change in the muscle
curve is at once made evident.

The mercurial key is replaced by a trigger key.

A short projecting arm is affixed to the lower edge of the drum and the key is so
placed as to be struck by this arm only when the key is vertical, that is, when
contact is made. The arm on striking the trigger, consequently breaks the current,
and so long as the relative positions of arm and trigger are allowed to remain the
same, the induction shock must enter the muscle always at the same period of the
drum’s revolution. -

Absolute uniformity in the speed of the drum’s revolution is in all experiments
assured by means of a metronome before placing the key in the vertical position.

The curves described by the lever will then follow the same line on the drum’s
surface, so long as the muscle contractions correspond with one another, Any change
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in the contraction can, by a deviation of the pen from the normal line, be at once
seen and analysed by comparison,

In this way it has been found that the essential characters of the muscle curve are
not much affected by aldoxime. The primary and secondary curves continue to
possess their main features. This fact is brought out plainly in fig. 7. This tracing
shows the curve described by a muscle contraction after the muscle had been standing
33 minutes in a 2 per cent. solution of aldoxime. Fig. 6 shows the curve described
by the muscle of the opposite extremity of the same frog after standing the same
period in a 1 per cent. solution of aldoxime. They are both fairly normal tracings.

Fig. 6,

The difference between the two is confined to the period of relaxation. Under the
effect of the stronger solution the lever does not fall below the base line. The
elasticity of the muscle is lessened, and the secondary waves rendered shallow. This
result corresponds with the ascent of the base line seen in the tracings of contractions

on the stationary drum.
Fig. 8.

Fig. 8 serves to contrast a series of curves described by a muscle standing in a
2 per cent. solution of aldoxime.
a. Normal curve.
b. Curve 3 minutes after application of aldoxime 2 per cent.
c. ,, 8 » ‘
d' ” ,13 ”

) % . 3 b

] ” 28 ’
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The slow and incomplete fall of the lever and tendency to obliteration of the
secondary curves are well seen. After each contraction the lever remains at a higher
level, never again falling to the initial base line. At the same time the height of the
primary curves is diminishing : the range of contraction is curtailed.

Action wn presence of Blood.

The action of aldoxime on voluntary muscle is greatly modified by the presence of
blood in the solution.

Tn the injection' experiments, we find no note of any contracture of the limbs of
the frogs; no record of any tonic or clonic spasm of the muscles. The limbs were
simply paralysed. In like manner in the muscle contraction experiments, when
blood is present in all but the strongest solutions of aldoxime, all evidence of
contracture disappears; the base line never mounts above the abscissa, not even with
the maximal stimulus.

This result was first supposed to depend upon a decomposition of the drug by
olood. Tt was subsequently found that one of the products of the decomposition of
aldoxime by blood has the same action upon musclé in producing contracture as that
possessed by aldoxime. itself. Indeed, this product of the decomposition of aldoxime
acts more powerfully in producing contracture than does undecomposed aldoxime,
Nor would it appear that the other product of the decomposition of aldoxime by
blood has any action in preventing contracture in muscle.

Veratrine has an analogous action on muscle in producing a form of contracture.
Relaxation after contraction is slow and incomplete.

This action of veratrine was shown by Bruxton and Casm (‘Journ. of Physiol.,
vol. 4) to be at once dispelled by the presence of a potassium salt.

In the same way I have found that a small quantity of potassium chloride added
to the weaker solutions of aldoxime prevented the ascent of the base line.

It would therefore appear reasonable to suppose that the power of blood to
antagonise the contracture effect of aldoxime may, at any rate partly, be ascribed to
the salts of the blood. 4

" Figs. 2 and 38 illustrate this antagonistic action of blood. The two tracings are
those of the opposite gastrocnemii of the same frog. Each muscle was immersed in
a two per cent. solution of aldoxime at the same time, and under the same conditions,
with the exception that in fig. 8 the solution consisted of one part of defibrinated
sheep’s blood to two parts of normal salt solution.

The poison was in each case commenced at 11.20 A.M., between contractions 3 and 4.
The two muscles were afterwards stimulated simultaneously at intervals of three
minutes.

In fig. 2 the base-line is already above the abscissa at contraction 9, and rises
considerably higher as a result of the stronger stimulus used for contraction 20.
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In fig. 3, on the contrary, there is a gradual fall of the base-line without any rise,
not even as a result of the stronger stimulus.

Another effect of the presence of blood is that the irritability of muscle is
diminished more quickly. Thus, in the same two tracings,—the muscle of fig. 8, that
is to say, the muscle in the solution containing blood ceased to respond in 45 minutes
to the stimulus induced with the secondary coil at 10 centims. distance, whereas this
same stimulus was, after the same interval, still provocative of response in the muscle
of fig. 2, as shown by contraction 18.

In another quarter of an hour the muscle of fig. 3 had ceased to respond with the
secondary coil at 5 centims. distance, whilst the muscle of fig. 2 continued to respond
well with the secondary coil at that distance.

Complete paralysis of the muscle, however, does not appear to be hastened by the
presence of blood.

Nervous System.

Efferent Nerve Trunks and End Plates.-—The action of aldoxime on efferent nerve
trunks and their endings in muscle was tested in various ways.

It was determined first to immerse the muscle and nerve in the same fluid, and
compare the muscle response to direct stimulation with the response to stimulation of
its supplying nerve. Should the nerve trunk, or its end plates, be affected by the
poison more rapidly or more powerfully than the muscle, such an effect must, by this
means, be made evident.  Should the nerve trunk or its end plates be affected to the
same or less extent than the muscle, such a method of experimenting must give
negative results. The nerves employed were the sciatics of frogs. The whole nerve
is dissected out down to its entrance into the gastrocnemius muscle. :

Direct handling of the nerve is avoided by leaving a portion of the vertebrs
attached to its proximal end. A piece of silk is tied to this vertebral handle,
by which means the nerve can be easily moved about. A pair of electrodes is
so arranged as to dip into the glass vessel containing the nerve-muscle preparation.

A Ponr’s commutator is introduced into the schema described for muscle contrac-
tions, and an extra pair of wires made to connect the commutator with the nerve
electrodes. The nerve is now placed on the electrodes, and the glass vessel filled with
solution so as to completely cover the nerve. Each time it is desired to stimulate the
nerve, enough solution is removed from the glass to leave the nerve uncovered, and
so ensure the conduction of the stimulus along the nerve alone. The vessel is then
again filled to cover the nerve.

A control experiment was performed, using simply normal salt solution. The course
of events is seen in figure 9.
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Fig. 9.

ProrocoL (fig. 9) :—Gastrocnemius of Frog with nerve attached. Nerve stimulated
‘with separate electrodes.  Temperature, 17° C. TLoad, 12 grms. Coil
at 10 centims.

Time. Muscle. - ’ ' Nerve.
hrs. mints. v t
Application of normal salt solution.

0 0 1 and 2 3

0 15 4 5

0 25 6 7

0 45 8 9

0 55 10 and 11 12

1 20 : | 13 ‘ 14

1 30 : 15 16

1 45 17 18

2 0 19 20

2 15 21 22

2 30 : 23 _ 24,
Coil at 5 centims.

2 45 25 26

4 55 27 28 and 29
Coil at O centim. -

58 | 30 | 31

The first contractions were taken at 11.80 A.M. During the first two hours and a
half, with the secondary coil standing at 10 centims., there was a gradual loss of
irritability advancing pari passu in both muscle and nerve. At 2.15 p.., that is to
say in 2 hours 45 minutes, the secondary coil was pushed up to 5 centims. This
stronger stimulus caused a much larger response when direct than when indirect.
With the coil at 0 centim. there appears less discrepancy, and it is seen that five
hours after commencement of the experiment the nerve was still fully irritable, and
this stronger stimulus, when conducted along the nerve caused almost as large a
muscular response as when passed directly through the muscle.

Employment of 1 and 125 per cent. solution has demonstrated the fact that a loss
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of irritability in efferent nerve-fibres is distinctly a prior effect of the action of
aldoxime to the loss of irritability in the muscle-fibres themselves.

The question arises, is this really due to a loss of irritability in the nerve trunk,
or is it simply due to a loss of power of conduction either in the nerve trunk or
end plates ?

Irritability of Efferent Nerve Trunks.—Experiments were therefore made with a
view to acting upon the nerve trunk alone.

For example, the skin having been removed from the lower half of a pithed frog,
the two sciatic nerves are dissected out in their whole length, a small piece of the
spine being left attached to each. The frog is then pinned down, and the proximal
two-thirds of each nerve allowed to dip into a waxen trough containing normal salt
solution. The muscle and remaining portion of nerve-trunk are kept moist by irri-
gation with the same solution. A pair of non-polarisable electrodes is arranged at the
side of each trough, so that the nerves can be easily lifted on to them. The irrita-
bility of each nerve is then ascertained by means of one DANIELL'S cell and Du Bois-
Revymoxp’s induction coil. The simple saline in one of the troughs is now replaced
by the poisoned solution and the irritability of the two nerves again tested every few
minutes.

The following is the result of one such experiment :—-

ExperIMENT.—Female Frog, weight 39 grms. Temperature, 17° C.

At 10.25 A, the portions of the nerve trunks selected for immersion were tested with varying
strengths of current. The weakest stimuli necessary to call forth the smallest distinct muscular con-
tractions, principally seen in movements of the feet, were found to be those with the secondary coil
standing at the following distances :—

Left nervé. Right nerve.
31 34

The left nerve was now allowed to dip into its trough containing normal salt solution. The trough
for the right nerve was filled with a 1 per cent. solution of aldoxime at 10.30 .M. The irritability of
the nerves was then compared frequently, and at the expiration of 115 minutes the reading was

Left nerve. Right nerve.
25'6 centims. 277 centims.

It is evident that in this observation the trunk of the nerve was very little affected
by any local action of aldoxime. This was also the case in the majority of observations.
Occasionally a decided effect was noted, and invariably so when a 3 per cent. solution
of aldoxime was used. The following are the notes of an experiment with this
stronger solution :—

MDCCCXCV,—B 21
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ExpeErmMENT.—Male Frog, weighing 40 grms. Temperature, 15°7 C,

The two sciatics in normal salt solution required minimum stimuli as follows :—

| |
( Time. Left nerve. :  Right nerve.

S — },

=
l 11.15 A 29 ! 285 '

The left nerve was now acted upon by a 3 per cent. solution of aldoxime. The secondary coil had
then to be placed for the two nerves successively, as here noted —

Left nerve Right nerve
Time. in 3 per cent. solution | in normal salt soln-
of aldoxime. tion.
!
11.20 Ao 30 285
1125 28 285
1:.30 ,, 27 285
11.36 ,, 27 28
11.40 255 275
11.45 25 274
11.52 ,, 24, 27
120 24 27
125 229 26
1210 ,, ' 226 26
12.20 ., 22 26
12.30 ,, . 21 26
12:45 18 - 24'8
10 e, 16'5 24
1.15 ,, 102 23

In this and one or two other experiments, a primary slight increase of irritability
in the poisonéd nerve was noted, though possibly not really due to any action of the
drug.

Conductivity of Efferent Nerve Trunks.—The conductivity of nerves was tested
with the same apparatus as that used for testing the irritability. The trough
containing the poison was placed somewhat nearer to the muscle, and a good piece
of the proximal end of the nerve was kept moist with normal salt solution on a pair
of non-polarizable electrodes, resting on a glass plate and above the level of the
poison.

Very contradictory results were obtained, but in the majority of cases, and in the
most carefully-conducted experiments, it was found that a stronger stimulus was
required to produce a muscular response when the electrodes were applied to the
poisoned area than when they were applied to the non-poisoned proximal area, and that
equal stimuli produced a much larger muscular response when applied to the non-
poisoned proximal portion than when applied to the poisoned area,
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Aldoxime, therefore, diminishes the irritability before the conductivity of nerve
trunks.

The following are the notes of an observation showing a distinct primary increase
in conductivity :—

ExperivuNT.—Male Frog, weighing 38 grms.

The left sciatic nerve dissected out, and the frog pinned down as described.

Two pair of electrodes were used, and each time a portion of nerve was stimulated that portion was
lifted on to its own pair of electrodes.

At 2.30 p.u. the two areas chosen gave a muscular response to the same minimum stimulation, with
the secondary coil standing at 31 centims.

The middle portion of the nerve trunk, between the two pairs of electrodes, was now allowed to dip
into the trough containing a 3 per cent. solution of aldoxime.

The irritability of the two areas then varied as follows :—

Time. Poisoned area. Normal area.
2.35 p.m. - 30 32
2.40 ,, 29 324
245 29 33
2.50 ,, 285 326
2.55 ,, 28 32
30 271 313
3.5 i 26 31
3.15 245 30
3.30 ,, 23 289
3.35 , 22:3 27
3456 20 252

There was a primary increase of irritability in the normal proximal portion of the
nerve trunk, and as the irritability of this portion subsequently diminished, it
remained greater than that of the poisoned portion. This is equivalent to saying
there was a primary increase of conductivity with secondary decrease.

Motor Nerve FEndings—In the experiments upon muscle-nerve preparations, it has
been seen that there is a more rapid loss of irritability in the nerve than in the
muscle. In experimenting with similar solutions of aldoxime upon the nerve trunk
alone, the muscle and nerve endings not being poisoned, no comparable loss of
irritability has been noted. It seems a fair deduction therefore to suppose that the
motor end plates are the main seat of this loss of irritability in the nervous path.

Any primary increase of irritability in these end plates could not be demonstrated.

They cannot be stimulated apart from the muscle. I should like, nevertheless, to
tefer to these end plates a great part in the causation of that form of contracture
noted as one effect upon muscle of strong solutions of aldoxime.

212
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We know that as a consequence of increased irritability or excessive stimulation,
nerve centres which are normally co-ordinated, such as those of the spinal cord, may
overstep co-ordinating boundaries and communicate with each other, not only by the
usual channels, but also by channels not normally used for such transmission. The
result is a tetanus in co-ordinated muscles. Such a tumult in the spinal nerve-centres
is seen in strychnine poisoning.

We also know that when a muscle is over-stimulated, it passes into tetanus which,
being continued, passes into contracture and 7gor mortis.

~ Now there must be a co-ordinating mechanism between the different fibres forming
a muscle. This mechanism must be localised in the nerve end-plates. Should
these end plates become hyper-eesthetic from any cause, the ordinary inhibition of
co-ordination will be suspended, stimuli will be summated, and the muscle thrown
into varying degrees of tetanus or contracture. In fact, contracture might be
considered an epilepsy of the end plates.

The action of aldoxime upon curarised muscle is in favour of this view.

Curarised Muscle.—Curare greatly modifies the action of aldoxime. There is no
longer the ascent of the base-line, no shortening of the muscle in the form of
contracture. Aldoxime acts upon a fully-curarised muscle simply as a depressant.
There is a gradual loss of irritability and slight fall of the base-line.

It is known that curare paralyses the terminations of motor nerves in muscle. It
would appear, therefore, to be a natural corollary to suppose that the veratrine-like
action of aldoxime upon muscle is closely connected with the motor end plates.

A fferent Nerves.—Observations upon cutaneous nerves, by local applications to the
skin, have failed to adduce any evidence of their being certainly affected by aldoxime
independently of the spinal cord. Aldoxime at least does not appear to depress
afferent nerves, but at times a quickening of the cutaneous reflex in frogs was
suspected. This, however, might have been due to a central action, since the
possibility of some absorption of the drug was not entirely eliminated.

Spinal Cord.—-The spinal cord is paralysed by large doses of aldoxime. After
injecting frogs, as in one of the injection experiments before described, the posterior
vertebral arches have been carefully removed and the cord stimulated directly. In
this way, after full lethal doses, stimulation of the spinal cord has failed to elicit any
muscular response, and that at times when the motor nerve trunks have been still
irritable. I have not succeeded in paralysing the spinal cord by immediate application
of the aldoxime solution, but when such a solution is perfused through the vessels,
spinal paralysis invariably results.

A frog’s brain is pithed, the right aorta is ligatured, and a cannula tied in the left
aorta. The heart is then removed, and the poisoned solution entering by the cannula
is allowed to perfuse through the vessels. In this way the spinal cord is always found
paralysed before the muscles. Such paralysis is however not quickly produced, and
requires the perfusion to be continued some time. '
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A quicker method was found in first tying low down the abdominal aorta, so cutting
off the supply to the lower limbs, and concentrating the perfusion more in the vessels
of the cord. o

A 2 per cent. solution of the aldoxime so perfused was found to render the motor
paths of the cord non-irritable in a little under three quarters of an hour. ,

Whilst using this latter method, spasmodic movements of the posterior limbs were
noticed on one occasion, soon after commencing the perfusion.

Crculation.

The action of aldoxime upon the circulation has been investigated by means of
experiments on the vessels of the Tortoise, by means of perfusions through fresh
sheep kidneys, and also personally by means of the sphygmograph.

Such investigations have shown that aldoxime possesses little influence over the walls
of the vessels when present in small proportions. This little influence has been found
however, to be fairly constant and typical for equivalent proportions of the drug,
though varying somewhat with different proportions of aldoxime employed.

Vessels of the Tortouse—The small Water Tortoise was the species always used.
The animal is first killed by decapitation. After allowing it to bleed as much as
possible, any subsequent escape of fluid from the cervical vessels is prevented by a
stout ligature made to include the whole root of the neck. The plastron is next sawn
through, and its anterior half removed. The heart and great vessels can now be fully
exposed by excising the scapulee and opening the pericardium.

The systemic aortic arch on one side having been isolated, the remaining five aortic
arches are occluded by ligature, and a glass cannula inserted into the selected systemic
arch. The whole heart is now excised by cutting through the aortic arches below the
common ligature, and by freely cutting through the sinus venosus.

The animal is now placed neck downwards in a glass funnel, beneath which a vessel
collects all fluid flowing from the patent veins.

A system of branching tubes is made to connect the aortic cannula with two or
three vessels containing the fluids to be circulated.

A graduated glass tube in communication with the common system, registers the
level of the circulating fluid, and serves as the index for regulating the pressure.
Alternation of the circulating fluids is easily secured by a series of stop-cocks.

The action of aldoxime upon the vessels, as observed in the Tortoise, differs some-
what according to the strength of solution circulated, and is well illustrated by the
following three experiments. '

These three observations also testify a modifying influence over the action of
aldoxime possessed by the spinal cord.

So far as possible all experiments on the vessels of the Tortoise were performed
under the same conditions. The fluids were circulated under a pressure of 25 centims,
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The outflow from the veins was measured every three minutes, and from these
measurements the flow per minute was each time deduced. No measurements of
the outflow are made until the blood is well washed from the vessels.

The results of these circulation experiments are presented in diagrammatic pro-
jections which readily appeal to the eye. It will therefore be unnecessary to state
more than the main points of the protocols.

In these projections the lighter shade signifies the circulation of the poisoned
solution, whilst the normal fluid is represented by the darker colour. ‘

The squares, when read horizontally, represent periods each of three minutes’
duration. The vertical reading of the squares is given in figures to the left and
shows the volume of fluid in cubic centimetres circulated during each interval.

ExpreriMeNT (Chart 1).—Medium-sized Water Tortoise. ~ Temperature, 15° C. ;
Pressure, 25 centims ; Circulation of Ethylaldoxime, 1 in 500.

The flow of the normal fluid having become fairly constant at 7 cub. centims. for the three minutes,
the poisoned fluid, that is to say, aldoxime 1 in 500 of normal salt solution, was then circulated
36 minutes, during which time the outflow is seen to have slightly decreased. The normal flow
having been restored, the poison was again perfused 39 minutes. This time a primary slight con-
striction of the vessels was succeeded by an equally slight dilatation. This corresponds with many
other experiments in which, the poison having been circulated longer, a primary constriction gives
place to a secondary dilatation.

In this experiment the normal flow was again soon regained. The spinal cord was then pithed,
and the consequent loss of tone in the vessels is seen on the chart, though much less than usual. The
normal flow having again become steady, the poison was once more circulated 27 minutes, and a
marked dilatation of the vessels was produced. This dilatation seemed then to be followed by a
rapid death of the vessel walls. :

This observation therefore points to a greater dilating influence of aldoxime over
the vessel walls in the absence of the spinal cord than in presence of the intact cord.
At other times, after pithing the cord earlier in the experiment, there has again been
a primary constriction, but followed by a more marked dilatation. It would there-
fore appear that the vaso-constricting influence of aldoxime is at least partly exerted
through the nervous system.

ExperiMeNnT (Chart 2).—Water Tortoise.  Temperature, 14°5C.; Pressure,
25 centims. ; Circulation of Aldoxime, 1 in 1000.

In this experiment there was no constriction of the vessels either with the cord pithed or unpithed.
On the contrary, the circulation of the poisoned solution was each time accompanied by a dilatation
of the vessels, It is peculiar that this strength of solution was always found to dilate the vessels
without any primary constriction, whereas either weaker or stronger solutions more often cause a
primary constriction, with or without a secondary dilatation,
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Excised Sheep Kidneys.—The action of aldoxime was repeatedly tried on excised
sheep kidneys. The animal is killed in the usual way and the kidney together with
its capsule of fat is quickly excised, care being taken to cut the renal vessels long.
Cannulee are inserted into both artery and vein, and there secured by ligature. No
time is lost in placing the kidney in a specially arranged oven. There are two of
these ovens. They are on the principle of those used by KoBERT, and consist of
chambers surrounded on all sides except in front by hydrostatic compartments. In
front each is closed by a glass door.

A constant temperature of about 40° C. is maintained by means of a gas jet,
regulated by a mercurial governor. In one oven are placed the vessels holding the
fluids to be circulated. These vessels are provided with inlet and outlet glass tubes.
The inlet tube is short and terminates above the surface of the contained fluid. The
outer end of this tube is connected by india-rubber tubing with an air-tight reservoir.
Water under pressure is allowed to flow into the reservoir, and consequently the air
is driven along the tubes into the perfusion vessels, The connection with these
vessels can be interrupted by stop-cocks. These stop-cocks being closed, the air in
the tubes and the reservoir then having no way of escape, becomes compressed by
the in-flowing water. The volume of water entering the reservoir is regulated
by means of a bib-tap, and the pressure of the air is recorded by a mercurial mano-
meter interposed in the system of tubes connecting the reservoir with the perfusion
vessels. The outlet tubes are long and nearly reach the bottom of the perfusion
vessels. ,

The kidney remains in the second oven. The arterial cannula is connected with a
glass tube which passes between the two ovens and perforates their opposed walls.
On gaining the interior of the perfusion oven this tube branches. The branches are
coupled on to the outlet tubes from the perfusion vessels, each branch being also
provided with a stop-cock and a syphon for expelling air bubbles.

The side of the kidney oven is also perforated by a collecting tube which conveys
the blood from the cannula in the renal vein.

The supply tube having been coupled with the perfusion vessels, the system of
tubes is first completely filled with normal blood, and all air is carefully expelled
by opening the syphons.

Perfusion can now be commenced by opening the stop-cock in the inlet tube of one
of the vessels. ~Air, under pressure from the reservoir, immediately rushes in and
drives the subnatant fluid up the outlet tube. The pressure is then regulated and
kept constant at a fixed standard, generally that of 80 millims. of mercury.

The flow from the collecting tube is measured at fixed intervals, and the readings
of the perfusions of different fluids then compared.

The normal fluid circulated was always defibrinated sheep’s blood, and generally
that of the same animal supplying the kidney. At other times the blood was taken
from a previously killed sheep.

MDCCCXCV.—B. 2 K
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Experiments performed in this manner seemed at first most conflicting. The
results differed not only with different preparations of aldoxime perfused, but they
also differed in experiments in which the same percentage of aldoxime was perfused.

When the blood contained 1 part of aldoxime in 500 parts a slight contraction of
the vessels usually resulted, a dilatation being rarely noted. One part of aldoxime
in 1000 of blood more often dilated the vessels, just as observed in the Tortoise.

Weaker solutions sometimes dilated the vessels, sometimes contracted them, and
at other times no influence whatever was to be seen.

For these apparently conflicting results a satisfactory explanation subsequently
appeared.

Contraction of the vessels nearly always results when aldoxime is perfused in greater
proportion than 1 in 1000 parts of blood. Any exception to this rule, as well as the
various action of weaker solutions, is to be accounted for by a difference in procedure.

When aldoxime is mixed with the blood shortly before perfusing at least a primary
constriction of the renal vessels is the invariable result.

If the mixing be performed some little time before perfusing, and the perfusion
vessel be immediately closed, there is less constriction of the vessels; no action may
be noted, or slight dilatation. If the poison be mixed with blood two or three hours
before perfusion, and the vessel be left open, more especially when left open in the
oven at 40° C. till the commencement of the experiment, then dilatation of the vessels
invariably follows, a primary constriction being either slightly marked or entirely
absent. This dilating action is most evident when 1 part of aldoxime is mixed with
1000 parts of blood and lessens with the weaker solutions.

Blood decomposes aldoxime ; slowly at ordinary temperature, more rapidly at the
body temperature. One of the products of decomposition dilates the vessels; the
other product constricts them. This latter body is volatile and easily oxidised and
so is more or less dissipated, provided there be free access of air to the mixture.
Time, a warm temperature, access of air to the blood containing the aldoxime, must
therefore each give the dilating factor more prominence, and a consideration of such
circumstances provides the key to many apparent discrepancies of experiments. No
doubt the undecomposed drug itself primarily constricts the vessels, and this accounts
for the more constant vaso-constricting action of the stronger solutions, in which
undecomposed aldoxime has still been present.

The following are a few typical results extracted from these circulation experi-
ments. In each case the flow of the normal blood had become constant at the initial
measurement noted before commencing the circulation of the aldoxime. The flow was
usually measured every minute.
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IxperIMENT.—Sheep’s Kidney (Chart 8). - Temperature of Ovens, 41° C.  Pressure,

Chart 3.

Temp. of ovens=41C. Pressure=380mm.Hg

Norm!

80 millims. of Mercury.

L blood

oy . Cub. centims.
Time. Fluid clrcu%{a.tmg through the of fluid cireulating
idney. I~
per minute.

1118 am. Normal blood . . 3
1119 ,, Aldoxime 1 in 500 of sheep s blood 3
11-20 , . ‘ . 3
1121 3
1122, . 3
11-23 2
11-24 2

1125, . 15

1126 , 15
1127 . 2

11-28 , . 15
1129, . 1
11-30 -, e e 1
1131 ,, Normal blood . 1

1132 ,, . 05

1133 ,, 05
11-34 . . . 1
1144, 3

2K 2

51
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ExperiMENT.—Sheep’s Kidney (Ohart 4). Temperature of Ovens, 41° C. Pressure,
80 millims. Hg. Aldoxime 1 in 1000 of Sheep’s Blood. Mixed only Short Time
before Closing the Perfusxon Vessel.

T Fluid circulating through the Cub. centims. of fluid
rme. kid flowing per minute.
kidney. owing p e
3.20 ».u. Normal blood . . 5
3.21 ,, Aldoxime 1 in 1000 of sheep s blood 5
3.22 5
3.23 ,, 5
3.24 5
3.25 65
3.26 ,, 6
327 ,, 6
3.28 ,, 7
3.29 7
3.30 ,, 7
3.31 ,, 8
3.32 ,, 75
3.33 ,, 8
3.34 ,, . 9
3.35 ,, 9
3.36 ,, 95
3.37 e 10
3.38 Normal blood 10
347 . 5
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ExperiMENT.—Sheep’s Kidney (Chart 5).( Temperature of Ovens, 41°C. Pressure,
80 millims. Hg. Aldoxime 1 in 5000 of Sheep’s Blood. Mixed and Vessel Closed
Shortly before Commencing Experiment.

Time.

Fluid circulating through the
kidney.

Cub. centims. of fluid
flowing per minute.
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ExperiMENT.—Sheep’s Kidney (Chart 6). Temperature of Ovens, 41°C. Pressure,

80 millims. of Mercury. Aldoxime 1 in 5000 of Sheep’s Blood.

alf-an-hour in Open Vessel in Oven at 41° C., and Shaken.

Time Fluid circulating through the Cub. centims. of fluid
) kidney. flowing per minute.
11.5 A, Normal blood . . . . . . . . 8
116 Aldoxime 1 in 5000 of sheep’s blood 8
1.7 e e e e e e e e 9
118 10
1.9 10
11.10 10
11t 12
1112 ) 135
1113 ,, 12
.14 ) 14
115, 14
1116 ,, C e e e e e 14
117 ., Normalblood . . . . . . . 14
1125 , . 8

Mixed
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Human Pulse.

Observations on the action of aldoxime in man have been limited. Three healthy
individuals have taken the drug, and its effect on their radial arteries carefully
watched by means of the sphygmograph.

Single doses of V-Xm have been taken without any apparent action.

Doses of XX-XXXm have invariably altered the sphygmographic tracings. This
alteration has had a more cardiac than vascular character, as seen in a more ample
and more frequent beat. A diminished pulse tension has also resulted from these
larger doses, but not constantly. Some diminution of vascular tension was, however,
a usual result of repeated doses; equivocal in the case of V-Xm doses; decided in
the case of X-XXm doses.

Heart.

The action of aldoxime was experimentally investigated on the frog’s heart. For
this purpose various apparatus was used: RoY's Tonometer, CoAts’ apparatus, and
that of Wirriams. Rov’s-Tonometer was found to give the most typical tracings,
and from these, representative ones have been selected for description. The absolute
power of the heart was measured by Coars’ apparatus. |

Aldoxime can no more be described as a cardiac poison than it can be said to
poison voluntary muscle. On the contrary, when present in anything like moderate
doses, aldoxime is a stimulant and tonic to the frog’s heart.

In the experiments with Roy’s Tonometer, the perfusion fluid used has been a
mixture of one part of RiNeER’s fluid, or of normal salt solution with two parts of
defibrinated sheep’s blood. | ,

When dissolved in this fluid, in proportions ranging from 1 in 500-to 1 in 5000,
the action of aldoxime on the frog’s heart has not been found to vary but in degree.

This action shows itself in an increased rate of beat and an increased heart tonus.

‘The systole of the heart is rendered more perfect and under the influence of the
stronger solutions the heart dilates less in diastole.

Perfusions of the same quantitative solutions, by means of Coa1s’ apparatus, have
shown a primary increased contractile power in the heart, followed later by a
diminution of such power.

A control experiment showed, however, that the ultimate loss of contractility is
brought about just as soon when normal solution is alone perfused.

The action of stronger solutions of aldoxime has not been so constant. The
variations noted are comparable with the varying action of aldoxime on voluntary
muscle, and are explicable by reference to the presence of blood, as was also seen to
be the case in perfusion through the vessels.

At times the heart is arrested in systole; at others in diastole. This difference
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partly depends upon the strength of solution. Aldoxime in solutions exceeding 1 per
cent. usually arrests the heart in firm systolic contracture.

Solutions of one part of the drug to 200 of the normal fluid differ in their action
according to the length of time which has elapsed since the mixing of the
solution was performed. The longer the aldoxime remains in contact with the blood,
the less is the tendency to systolic contracture, and the greater the tendency to
diastolic paresis. ’ :

Two effects of aldoxime are to be seen in all cardiac tracings taken with Rov’s
tonometer, and these are accelerated speed and regularity of rhythm.

The action of aldoxime on the frog’s heart is well illustrated by the accompanying
tracings, which were all taken with RoY’s tonometer. The normal fluid was in each
case a mixture of normal salt solution and defibrinated sheep’s blood.

Fig. 10. Perfusion of 1 part of aldoxime to 200 parts of normal fluid. The drug
was mixed with blood immediately before commencement of experiment, and its
perfusion replaced that of the normal fluid at P. Here the rhythm was at once

Fig. 10.
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accelerated. The ventricle dilated less and less in diastole, reaching a partial
condition of contracture.

This contracted condition soon passed off on resuming the perfusion of the normal
fluid. _

Figs. 11 and 12. These show the action of a similar solution, only this time the
mixing of the aldoxime was performed at 9.45 A.M. and the perfusion was commenced
at 10.45. | |

Fig. 11 is the normal tracing. Fig. 12 was traced after perfusing the aldoxime
solution 15 minutes.

The rate of beat is again increased. There is a slight decrease in amplitude of beat
due to increased tone of the ventricle. The heart was contracting perfectly, but
dilated less in diastole. This increased tone is a minor degree of the contracture in
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Fig. 11. Fig. 12,
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the preceding perfusion and was produced almost immediately. It reaches a certain
degree and then advances no further, as shown by the length of time the solution was
perfused.

Tigs. 13, 14, 15, 16, and 17. These tracings typically represent the action of
aldoxime on the frog’s heart when the drug is mixed with the blood some time before
perfusing. The action might be taken for that of a nitrite, except that the rate of
beat is more markedly accelerated. There is no longer any contracture or even
exalted tonus. There is a slight and gradual diminution of amplitude of beat, seen to
be due not to imperfect relaxation of the ventricle, but to the opposite condition, to a
greater diastolic dilatation and less complete systole. There is a gradual fall in the
summits of the curves ; in fact, there is a slowly progressing paresis of the ventricle.

Fig. 15, Fre. 16, Fig. 17

That aldoxime cannot be considered a cardiac poison is shown by the fact that the
perfusion of this strong solution was continued three hours, and at the end of that
time the heart was still beating fairly well (fig. 17). At the end of two hours the
perfusion of the drug was suspended and the normal fluid contirued, with the result
that the normal beat was almost restored (fig. 15). The solution of aldoxime was
again perfused and caused an immediate return of the accelerated rhythm and
diminished tonus (fig. 16).

Figs. 18, 19, 20, and 21. These tracings again illustrate the comparatively non-

MDCCCXCV,—B. 2 L



258 DR. H. W. POMFRET ON ORGANIC OXIMIDES.

poisonous action of aldoxime on the frog’s heart. A 1 per cent. solution in equal
parts of lamb’s blood and normal salt solution had been standing all morning in an
open vessel. Perfusion was commenced at 2.16 P.u. Fig. 19 shows the tracing eleven
minutes later. On comparison with the normal tracing (fig. 18), there is again found

Fig. 18, Fig. 19. Fig. 20. Fig. 21.
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evidence of accelerated rhythm and less perfect systole. At 2.31, return was made
to the normal fluid, and under its influence there is very soon a return to the normal
beat (fig. 20).

At 2.37 the sclution of aldoxime was once more perfused. Seven minutes later
fig. 21 was traced. :
Tig. 22. TFig. 23,

O

Figs. 22 and 23. These show the action of a weaker solution of aldoxime, viz.,
1in 400. -The chief influence is again seen to be the acceleration of the rhythm.
Fig. 22 is the normal tracing. Fig. 23 shows the tracing one hour later, the drug
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