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The increased electrical execitability of the neuro-
muscular apparatus has been taken as one of the most
reliable clinical signs of the presence and severity
of idiopathic tetany in children ever since Erb 1) in
1874 .gecribed this hyperexcitability of the peripheral
nerves to galvanic stimulation. The value of the various
therapeutic measures suggested and adopted has been measured
by the influence ﬁhey have on the electrical excitability.
That this increased electrical excitability is due to an

action upon the peripheral as opposed to the central parts

of the neuro-muscular system is clearly shown by the work

(2) P PR

of MacCallum . This investigator circulated the blood
of a parathyrecidectomised dog through thbe blocod-vessels of
the gmputated leg of a healthy animal and found a marked
increase in the electrical excitability of that leg. It
has further been shown that this increase persiste after
the peripheral part has been separated from the central
nervous system by section of the nerves,

A knowledge of the ultimate factor or factors of the
increase in the electrical excitability of the neuromyone
is of great importance in any attempt to prevent the onset
of such a pathological condition and when it has developed,
in the scientific application of therapeutic measures.

The work detailed in the following thesis was undertaken

to/



-(1iy
to determine the cause or causes of increage in electrical
excitability of the neuro-myone. Although all the work
was done by myself, I should like to thank Prof.D.Noel

Paton, F.R.S. for his h€lpful criticism and advice through-

cout the course of the research.
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By the term neuro-mycne is meant the peripheral
neuro-muscular mechanism, The various elements that go
to0 make up this mechanism are still somewhat in doubt.
The axon-fibre, the nerve-ending and muscle are the three
constituents which have long been kngwn, and‘the famous
curare experiment of Claude Bernard(O) was taken to0 mean
that the poison acted first on the nerve-endings as being
the most susceptible part of the neurone. This view was
gupported by the statements of Kuhne(4) that there were
distinct changes in the nerve-endings in the nuscle of pas
lizards after curare-poisoning. Adrenalin was found byrfﬁ“
Elliott(s) to produce its normal constrictor effect on
the frog's sartorius 6 weeks after denervation when all the
nerve-endings had disappeared. He concluded that it must
therefore act on some substance on the place of entry of
the nerve-fibre, which he called the "neuroc-myal junction",
Langley(e) showed that nicotine produced a marked contraction,
if anything greater than normal, when applied to the denervated
gastrocnemius muscle of the fowl. Curare, he found, was
capable of reducing and, if in sufficient dose, entirely
ébolishing this nitetine effect on the denervated nmuscle.

These drugs must therefore act on an intermediate substance
which must be on the muscle-gide of the place of entry of

the nerve-~fibres. This substance Langley termed the

Receptive/



Receptive Substance,

Support for this view was forthcoming in the experiments
of Lucas(7)who found that, on stimulating the frog's sartorius
muscle with condenser disdharges there were two distinect
optimal stimuli in one of which the rate is very low, in
the other very high. Stimulation with the lower rate is
unaffected by curare poisoning whereas the higher optimal
rate of incidence of energy showed signs of abolition after
moderate doses of curare and had no effect after large doses.
The nerve itself Lucas(s)showed had a low optimal rate not
differing greatly from the low rate he found in muscle.

Thie work suggests tlhat the higher optimal rate stimulates
thé“ueceptive Substancé‘of Langley. The experiments of
Noel Paton and Findlay(g) throw further light upon the
characters of the receptive substance ghowing that it
generally remains unaltered for some time after the nerve
has ceased to act. They suggest that the development

of the slow generalised contraction with the increased
regsponse to galvanic stimulation which is characteristic

of the reaction of degeneration, may be a result of the
degeneration of the "receptive substance®. After consgider-
ting the evidence as to the causal factor of increased
electrical excitability of the neuromyone a suggestion will

be put forward as to ite influence in producing this

reaction/
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reaction of degeneration.
Meanwhile the neuromyone can be considered as consisting
of nerve-fibre, nerve-ending, receptive substénce and muscle-‘
substance, In this investigation no endeavour has been
made to determine the part played by each component of thé
neuromyone in the variations of electrical excitability. The
evidence, however, leads one to think that the receptive substance
is the part, changes in which produce variations in excitability.
As regards the plan adopted in this thesis, the general
methods used in the experiments will first be described.
Thereafter will be considered some of the views that have been
held as to the cause of increased excitabiliﬁy of the neuromyone,
following on which will be detailed the evidence on which has

been based the view that anoxaemia is the ultimate factor.
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1. lethod of Measuring the Strength of Current causing Contraction

A. Apparatus:- As regards the method of testing the
electrical excitability, I have followed that described by
(10)

[ ]

Noel Paton, Findlay and Watson Tl.e current was taken
from the main and passed through a rheostat, A milliamperemeter
of the d'Arsonval tjpe was introduced lnto the circuit as well

as a mercury key by whichi the circuit was made and broken, |

The electrodes were of copper covered with chamois leather,

the smaller or active one having a diameter of 0,5 cm., the
larger or neutral elactrode measuring 5 cme. in diamster, During
their work, Noél Paton, Findlay and Watson found that i1t was
advisable to commencé with a weak current, gradually strengthen=
ting it until a definite contraction was induced, and then
weakenlng it until the smallest current that would elicit a
contractioh was reaclieds In this way they found that they
obtained much more constant results and also that very often

the strength of cuvrrent by vwhich a contraction was ultimately
~induced, was about one half or one quarter of that originally
required, vhile ascending the scale, These results I héve
confirmed (Tagle A.)

TABLE A,
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(1)
(<)
(8)
(4)

(1)
(2)
(8)
(%)

KeCeCe [Cat

n

[ ]

COoOO® HIbk®

OO~

¢ o 0 o
OO w O mW

)

- Dog

K.0.Ca |Cat

e
VMY WHO O

*» 8 &

=
H oW
Gl OO VOO O

Dog




- -
The same investigators state that occasionally th3y could
not elicit a cathodal opening contraction, although 50 "
milliamperen}?ters were used, I have found that a curreh’t ‘5/
of 20 milliamps. was always more than sufficient to elicit
the K.0,C., even when ascending the scale,

B, Nerve Selected. The nerve s2lescted in animals was

the posterior tibial, and it was stimulated on the outer aspect
of the ankle where 1t is very superficial, lying as it does in
front of the tendo Achilllis, The hair of the leg was cut

so that the electrode would be placed directly on the skin.

The index of a successful stirulation was the flexion of the
toes due to contraction of the flexor brevis ‘muscle. ~ Noel
Paton, Findlay and Watson investizated th= question as to
whether direct stimulation of the long flexor nlayed any part

in this movement of the toes by cutting the long flexor tendons,
They showed that under noral conditions the flexion of the

toes is due entirely to stimulation of the flexor brevis,
MacCallum ,(2) however, bellieves that there is a transmission

of movements from the stimulation of other muscles, and advises
that the tendons of all the long muscles be cut, This contracte~
iion arising out of the stirulation of other muscles I found

to occur only when strong currents were applied, and the move=
tments produced were quite different from those.due to contract-
tion of the short musclesy and provided the method detailed in
the previous paragraph of gradual ascending and descending

current s/
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currents is used, I do not think there arises any confusion

as to the correct reading. When I was testing the electri-
tcal excitability of the neuromyone in children, I used the
ulnar nerve and took flexion of the digits as the index of
stimulation. This is the nerve commonly used by most workers,

C. Limlts of Accuracy. No8l Paton, Findlay and Watson(10)

in a duscussion as to the limits of accuracy of the mathod here
detailed, came to the conclusion that while the actual readings
in one experiment are not striectly comparable with those of
another, as the conditions of conduction in different
animals may vary, a series of successive tests on the same
~animal are strictly comparable, In the following series of
experiments the impoftant points to be noted are (1) the presence
of any marked change in the electrical excitability whether in
the upward or downward direction: and (R) the relative increase
or decrease rather than the actual values, Thus for the purpose
oéﬁgresent work the method used is sufficiently accurade,

As the aim of the present research was to discover.
tﬁe cause of variations in the electrical excitability, I have
not burdened the work with figures for the anodal contractions,
Clinically the cathodal onening contraction is the one used as
the index of the electrieal excitability. Experimentally, also,
we find that it is subject to the greatest range of variation,

so that the value for the cathodal opening contraction has been

recorded/
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recorded as being'the clearest indication of any change

in excitability. Normally K,0,C, givés the highest wvalue
and K,C.C. the smallest, but ACC, sometimes a higher,
sometimes a lower value than AOC, Von Frankl=-Hochwart (11)
has recorded these variations, Noel Paton, Findlay and
Watson~(10) taking seventeen experiments at random from their
series, show that in ths normal state the majority give the
smaller values for AOC, than for ACC, (i.e. AOC was induced by

a weaker current than was ACC), I have obtained similar

results both with animals and with children, (Table B,)
TABLE B,
KCC. ACC. AOC, KOC,
Cat 2 A 0.5 0.0 0.6 0.8
" 4 1.6 3¢5 3.1 11.0
" 5 1.2 2.7 2.1 10.0
" 7 0.5 1.9 2ol 4,8
Dog 2 1,8 3.8 3.8 7.0
G phild | Acdcage .
) 8 mths, 0.9 2.9 2e4 5
fenale,

" |{W.L.age %
1%% mths. 1.1 1.5 4,0 5
male,

" (M.C.age =
16 mthse 0.7 1.5 1.5 5
female,

¥
5+ indicates that the K,0,C, was not got witli a current

of 5 milliamps, Beyond this strength too much pain was
caused to allow of any determinations being made.

Thus *h=2 cathodal contractions give clearer

indications/



"XM K

I maTi

m./Kv.

A2
Nztz 4 C

kcc:

}C
C



—8-

indications of any change in excitability than do the anodal

4)

12 '
ones,  Falta ( ), Von Pirquet(lz), and Pineles(l in their

papers on idiopathic tetany, lay great stress on the
qualitative change in the electrical reactions, but the
records of Hochwart(ll)and Noel Paton and Table B, above,

all tend to supnort thz view that quslitative chénges are

not constant and cannot meanwhile be considered of much
Importance in tlie diagnosis of the state on which the electri-
scal excitability depends.

D. Variations in the E.E. o normal animals,

Before proceeding to a cbnsideration.of'the factors
modifying the clectrical excitability of the neuro-myone,
tlhere 1s to he noted the daily variation in this excitahility
found in patients and animals annarently quite healthy and
normal. Hochwart (11), was the first to point this out and
his results have been confirmed by NoZl Paton, Findlay and
"Watson,and a chart (Fige. 1) of the electrical reactions in a
nommal child over several days shows the variations that may
be gote

The reason for thsse variatifins has not been deter—
tmined, and with the inéufficient data at our disposal it
would be useless to attempt to theorise, As all the experiments
on animals to be recordsd were cormleted on the one day this
daiiy variation need not be considered as a disturbing factors
In the case of children, however, although there may bhe a

marked/
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marked variation both in the cathodal and anodal
reactions, the cathodal opening reaction n.ever fallsf
to below 5,0 mnless there is some condition present
causing i\yper—e:-:citability of the neuro-myone,

2 Operative Teclinique,
.’ 3 L

A, Cats and dogs were the animals used .in all
the experiments lLiere recorded, Each animal was
anaesthetised with chloroform, and when full arfesthesia
had been produced efilier was used. In order to render
the intake of anaesthetic as constant as possible ”
fchroughout the experiment, tracheotomy was performed
and ether ad:inistered thirough a tracheal cannula, The
animal could tlus be kept under the same depth of
anacsthesia th—ou hout thc exneriment, The cormon cafotid
arteries and jugular veins were th-n exposed and a cannula
inserted into th: left vein. The venous cannula which
previous to insertion was filled witkh saline free from
a.11 air bubbles, was connected by thin rubber tubing to a %
'.i"t‘i);ﬂl,‘rette. Into the bueette was put the fluid which had to
be injected, In this way the rate of administration was
‘consta.nt, being regulated by a screv clamp on the tubipge
Trhe electrical reactions were taken several times
~before the injection was comrenced and it was found that in

the majority of cases the excitability varied 1little, 1if at
all/
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all, despite the fact that in some of my earlier experiments
the animal was under the effects of the anaesthetic for over
an hour before any fluid was injected, Nor had the operat=-
:ion any effect on the values for the eledtrical reactions,
Noel Paton, Findlay and Watson (*®) nave shown that
anaesthetics have very little actions on the electrical
excitability and the results recorded here confiﬁn their
findings,

As various estimations had to be made on the blood
.before and after injection, the arterial blood was wilkdrawn
into a 5 c,c, éll-glass syringe rendered air-tight by a
thin film of oil. When oxygen detenﬂinations were being
made blood was also taken from the right external jugular
vein, The loss of blood caused by these procedures was
never found to produce any alteration in the values for
electrical reactions,

B, Blood Pressure, In a few cases tracings of the

blood pressure were obtained by means of a three-way cannula
inserted into the right carotid and connected with the

(15)

electric manometer described by MeCall,

- Ce Respirations, Tracings were obtained by a

stethograph arra ngement.consisting of a balloon bound by a
towel to the chest wall and connected to a tambour with @
writing lever by a closed system of rubber-tubing, Every
expansion of the chest wall caused an up-stroke of the lever,

D. Movements of Auricle and Ventricle., mMhe chest was

opened/
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opened and the animal kept alive with artificial respiration
from a motor pump, The pericardium was opened and by means
of a clip, it was attached to the chest muscles so forming a
bed for the heart, Clips were attached to one of the auricles
and to the left ventricle, From the clipsy threads ran to a
straight writing double recorder of the same kind as that used
by Cathcart and Clark(ls) in their work on the effect of carbon

dioxide on the heart movements,

3, Methods of Estimating various changes ln the Blood,

A, Alkalihe Reserve,  The alkaline reserve was

17
determined by th: Van Slyke method( )and by a method commnicat-

ted by Ced Martin, as yet unpublished.

The principle of Martin's rmethod is that dilution of
a well buffered solution such as plasma does not alter its pH
'and,if an indicator is used which has 2 low protein value the
plasma may be titrated witl acld, The titrating value indicates
the acid-combining power of the plasma, The apparatus used |
consists of a small wooden stand to hold three non-sol glass
test tubes (8 x 0.8 cm,) vertically in a row and close together,
The central tube at its upner end runs thﬁoﬁgh tha rubber
stopper of an inverted non-sol flask (100-150 cc.) The
flask is removed from the central tube and 0.5 cc, of plasma
or serum and 2 ce. of neutral 0,94 sodlum chloride sdded. The
side tubes are almost filled with phos-hate bpﬁ@%r niXture of %;/
PH7 . 4. These stondard tubes are'ooloured byfthe addition of'J

a/
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a drop or two of aqueous solutlons of burnt sugdr and flavine
(1/100,000) till they match the fluid in the central tubé.
To all of the tubes are then added 2 drops of 0.0S%valcoholic
solution of neutral red. The optical effect of the turbidity
of the plasua xay be countsracted by placing a sheet‘of white
tissue paper behiind tha tubes. The plasma mixture is titrated
with N/BO HCL from a 2 cc., burctte with fine nose, till its
colour matches “Le standards, This is done by running the
plasﬁa into the flask, adding a few drops of acid and rotating
gently but steadily for 1 minute, the flask meanwhile being in
communication with the alr, This readily allows the thin film
of plasma to give up the liberated 002. The fluid is run back
into the tube and compared with the standards, The orocess is
repeated as oftelh as neccessary, Rotation for at least one
minute is necessary after cach addition of acida

Example of a dstermination ofCO2 content of a plasma
by Martin's method.

- Titration value for 0,5 cc, nlasma 0.4 cc. N/50 HC1,

- d,e. Alkaline reserve of O,5cc, " O.4cc. N/50 Na'HCO3

L " %00 cc. " 80 CCe v oo

le6c.ce N/ T "

= 1.6 x 22,4 cc, 002
i.e. 41,84 volumes per cent of CO, are bound as bicarbonate

in the plasma,

B, Hydrogen=I on concentration, This was estimated by the

method/
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method described by Bayliss(ls) The blood was run direct

from the carotid arter¥ thirough an arterial camnula into a
conical centrifuge tube (156 ~c,) containing a few grains of
chemically pure neutral potassium oxalate and about 4.cc. of
internol brand of liquid paraffin so that ths blood did not

come intO\COHtaCt with the sxternal air, About 10 c.c.fof
arterial blood was thus collecteds the centrifugs tube was then
filled with internol, The tube waz inverted sevsral times so

as to diffuse the oxalate throush the blood and then §1acedvin

a centrifuge to separate off the plasma, If one nlasma was
stained red owing to haemolysis,as very often havpened after
injection of acid,a trace of haemoglobin was added to the tube
containing the clear nlasma so that it should resemble the other,
Three drops of O.l%fneutral red were then added to the upper part
of each plasma by means of a fine pipette inserted through the
internol, This indicator was mixed with the upper part of the
plasma layer by gentle stirring with the ptpette. The colour
produced was noted and compared with that of a similarly prepared
sample taken after the snecific treatment of the animal,  The pH
was estimated in accordance with the tablevgiven by Bayliss,

J used

In a few cases, the dialysis indicator method described

(19) but found it rmich more

by Levy, Rowniree and Marriott
cumbe rsome and got no better results,

Ce Oxygen-content of the Blood,

The oxygen content of both artsrial and venous bloods

vas/detemined by Baveroft's Differential Method, (°°)  Results
are given in pércentage-saturation,

T S S . W g D W s R e~ R S . o P
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Numerous theories have been advanced to explain the
inérease in the excitability of the neuromyone in the varioﬁs
clinical and experimental conditions in which such an increase
has been demonstrated. Of these the principal are the
following: -

A. The presence in the blood of excess of sodium,

‘B. Decrease in the calcium content of the organism.

C. A conditiom of acidosis.

D. A condition of alkalosis.

E. The presence of a toxic substance.

Of the toxic substances suggested one may mention
ammonla, xanthin, B-imincazolylethylamine, guanidin, and
xanthin. This last substange suggested itselfl as a poesiblé\
cause to Berkeley and Beebe( l)beeause of its similarity to
convulsant drugs like caffein, and of the possibility of its

increased production along with cognate purins in conditions

of tetany. These investigators record one experiment

where the intravenous injection of xan%hin caused generalised
‘ ’2)

convulsions. MacCallum and Voegtlin repeated this work

but could not confirm Phe previous findings as they failed to
get any tremors or increase in electrical excitability. One
may, therefore, dismiss the possibility of xanthin being the cawal
factor in the production of increased electrical excitability.
The remaining hypothesge it is necessary to deal with

more fully.

NN o ] § T+ PP
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(23)

Ringer when experimenting with isolated nerve-mmscle
ipreparations, obgerved an inclination to contracture in muscle
§that had been kept in pure normal saline solution. Later
;Carslaw(24)found that on circulating pure sodium chloride
'solution through the vessels of the posterior end of a frog,

. gpontaneous excitation phenomena (tetanic contractions)
;appeared very quickly, and lasted for several minutes. The

- effect was minimal when isotonic solution was used, suggesting
that the difference in the molecular strengths of the solutions
‘msed might have had something to do with the causation of

‘the increagsed excitability. Biedermann(zs)previously had
"shown that the excitability produced by pure sodium chloride
§solution was very evanescent, but when small quantities of

gsodium carbonate were added to the neutral solution, the

| immersed miscle sets up rhythmical contractions. 0

; As regards the effect of sodium on mammals Mﬁnzer( 6)1n
{1898 stated that he could produce tftany by injection of

‘gvarious sodium salts. Rosenstern(é7)maintains that by the
éadministration of comron salt (6-8 grms.daily) to "spasmophilic®

.%children recently cured of tetany, a recurrence of all the
‘symptonﬁ was produced. In one experiment which he cites,

~he gave 100 c¢.c. of 3% NaCl by the mouth, The A.D.C. changed
from 4.6 to 1.8 but the‘K.O.C. showed little diffefence
(remaining practically at 4.4); there was a rise in temperature

(28)
from 37.0 to 38.,4°C. Nothmann, following up Rosenstern's

work/
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wofk found that in children disposed to tetany, feeding with
salt produced an increased irritabiility of the nervous system
as well ag the fever-reaction previously noted. Parhon and
Ureche(zg) had previously shown that injection of‘one per
cent. sod.chloride into animales suffering from total thyreo-
parathyeoldectomy, caused a marked increase of symptoms. In
all these casges it 1s seen ﬁhat administration of sodium | |
merely precipitated an attack of nervous gyper—excitabilrty
in an organiam with a spasmophilic diathesis. Chyosbek(EO)
degcribes a case of a tetany attack folkowing tuberculin injection:
he concludes that tuberculin 2ike toxaemia, pregnancy and other
causes, is simply an exciting factor in an organism predisposed
to tetany. It is quite possible that the cases of tetany
attackse deaoribeé by Rosenstern and Nothmann following
adminigtration of salt were precipitated by the disturbance
of metabolism caused by the salt, such disturbances being
evidenced bythe fever reaction.

More recently tetanoid éeizures have been reported by
Campbell(sl), following a rectal injection of saline. This
last case seems rather anomalous as rectal administration of
galine is frequently used with advantage in the prevention
and inhibition of convulsive attacks, The following are
noteg of a cage occurring in my own practicei-
Bab%a%i%& §§§?%§§ oﬁegbzﬁgi?gséid§o€%%%egiigﬁﬁedBiggggngggio

functional nervous troubles.

14/9/20. Convulsgion involving trunk and all the extremities:

glight traces of carpopedal spasm: faclial sign not
present/



O TCatTWE TN [AML. 0T | B.R.DeIOre expt. E.Re | | CO.capac |Temperatur

R { Kg. [soln. [.C.C. K.0.C, after | ofRPlasma |t

a injected. 1 expt. %1 in vol.pepBef. |Aft.

é.C. o K.C.C. K.O.;P 100 c.C.

(4 3 : » | Bef dAfter,

ije. |Fem 3.1 | 250 | 0.4 | 9.0 [0.6 | 9.0 |34.6 [ 51.3| 99.0| 105"
.4 .I‘.

1 {11.| Fem.| 2.5 220 0.9 4.5 0.9 4.% 148.1 [47.5 |100.0|101.6
b :

i1R. Malel 2.7 2560 1.1 11.0 1.1 10.0 |30.2 28,9 99,5(10%.4

present. Examination revealed nc abnormality in any of the

: crgang. '

115/9/20. Frequent slight convulsions.

E K.C.C. l.4. A.C.C, 2,1, A.0.0, 5.0, K.0.C.e + 5.0

118/9/20.  Freguent convulsions continuing but all very mild.

: Now on two feeds of barley water and milk in addition

: to breast feeds.

29/9/20. Frequent convulsions continued severer in type. Stop
breast feeds. Start Allenbury No.l. two feeds in
addition to barley water and milk. Injection of
normal saline (5. 0z.) per rectum twice a day. Also
on Hydrarg. © Cret.gr.> and Sod.Bic. gr.3. ‘
K.C.C. - 1.6. A.C.Co - 2.0. A.O.Co - 4.5. KQO.C. -

1/10/20.  Convulsions although still frequent become very slight.

12/10/20. No convulsions.

'3/10/20. A few very slight convulsions.,

) K.C.C. - 1.60 AoCoCo - 2.5- AoO.C. - 5.0. K.O.C. + 5._
No further convulsions.

4/10/20.
3y

Further Midd Henderson in the course of some work (untyublished)

-l

From now onwarde progress favourable,

"on the effect of administration of common salt to children found

s that the electrical reactions were uninfluenced,

xﬁo disprove the theory that administration of sodium salts

{

)iincreased the electrical excitability, the following experiments

mwere performed:-

0.9% NaCl was injected. e

In érder finally

0.

i

It will be seen from the above table that the electrical

reactions/
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reactions were unchanged by injection of normal saline. The
alkaline reserve is also unaltered. There is to be noted,

however, a rise in temperature during the administration of
the sodium chloride solution. In one cagse the temperature
rose from 99.0°F. to 103.0°F. thus confirming the &indings of
Nothmann with regard to the rise in temperature.,

As regards the onset of tetany after administration of
godium chloride to children with a spasmophilic diathesis, Tad
Cushny's observations on the presence of excess of chlorideé -

are of interest. He points out tnat an excess of chloridees in

the body fluids tends to an increased elimination of calciume.
The work of Loeb(sz)indicates that the irritability of a
tissue hag some relationship to the relaﬁive proportions of
godium and calcium in the body. The disturvance in the
gsodiun~calcium ratio in apasmophilic children may be sufficient
to precipitate the ohset of a convulsion. *he evidence adduced
is against the view that excessof sodium salt is of itself the
cause of increased électrical excitability. Thig conclusion 1is
further stirengthened .by the findings of Hastinge, Murray and
Mnrray(ss). These investigators found that in dogs with
experimental pyloric obstruction there were ﬁarked siagns of
nervous hyperirritability, but an actual decrease in the
concentration of sodium in two out of three cases.

It must therefore be concluded that although exceés of
sodiun may be a predisgosing factor in the production of an

increase in the electrical execitability, it cannot be

regarded as the ultimate cause of this increase.
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In his experimente on the effects of various salt solutions
(84)
on the excitability of frog's muscle Locke showed that the
high tetanic contractions caused by immersion in a sodium chloride

Ay

golution soon disappeared if a 10 per cent. saturated solution f
of calcium sulphate were added. Loeb(ss)When working on the
effectg of various electrolytes found that injection into
the animal body of any salt liable to preipitate calciunm
produces twitching of the muscles, Bancrof't (26) rom work
done on the isolated sartorius of the frog stated that elegtrical
gtimulation of muscle is dependent upon the relative concentration
of the calciun ions. He maintained that the effective galvanic
gtimulation of muscle must either consist in or be associated with
a diminution in the ratio of the concentration of the calcium to
that of sodium.  Previous to this Sabbatan§(37%quoted by
MacCallum & Voegtlin) had shown that the electrical excitability
of the cortex cerebri was diminished by the application of
isotopic solutions of calcium chloride, and raised by a
eolution such as sodium oxalate which precipitated calcium.
Roncoroni(SS)confirmed Sabbatani'a work and further showed
that the same regults could be obtained with other salte of
caleium such as the iodide, nitrate and acetate.

Quest , (39), on the hypothesis that a calcium-deficiency
in the brain tissue might be the cause of tetany, analysed
the braing of children who had died of this disease and found
a marked reduction in the calcium content, In the following

year/
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(40)
year Weigert analysed the brains of two puppies from the
garie litter, one of which had suffered from tetany when on
cow's milk. In the normal there was 0.1598 per cent.
of calcium, in the other 0.152 per cent. Leopold and

(41)
Reusgs estimated the total calcium of rats who were suffering

from experimental tetany but could find no diminution. They
urge that this cannot be taken as evidence against the

calcium deficiency hypothesis as a great part of the calcium
might have been rendered inactive. They cite the observations

(42) :
of Erdheim on the remarkable changes in theteeth of rate

guffering from tetany, as evidence of the disturbance in the
(43)
calcium metabolism. Parhon, Dumitresko and Nissipesko

produced tetany in cats by total thyreo-parathyreoidectomy

and actually found a?zg?crease in the calcium content of the
brain, Rosenstern criticised their work on the ground

that complications were introduced by ablation of the thyreoids.
Despite this, it is d&fficult to understand why a condition

of tetany should have been produced in their experiments

if a diminution of calcium in the brain was the causal

(44)
factor. Conn also had found no decrease in the calcium

content of the brain in two out of three infants who had

died of tetany. In(iggs dying in a condition of experi-
imental tetany Cooke )found actually a greater calcfum

content than normal.

. (22)
MacCallum and Voegthen  examined the blood in cases

of/
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of parathyreoidectomy and found.the calciumpconcentra%i%?

of the serum markedly lowered. Hastings and Murray

working on the same lines found that the calcium content of
the serum decreased after a parathyreoidectomy from a normal
value of about 11 mg. per 100 ¢.c. to about 5 mg. per 100 c.c.
Howland & M@rriott(47)made analyses of the blood in cases of
idiopathic tetany in children and got a distinct diminution
in the calcium content.

In cases of tetany produced by methods other than that
of extirvpation of phe parathyreoids, there is much divergence
in the repultg. MacCallum, Lintz, Vermilye, Leggitt and -
Boas(48)deecribe a case of pyloric obstruction accompanied
by tetany in which there was a decrease(%g the serum calcium
content. Hastings, Murray, and Murray ) produced a
pyloric obstruction in dogs and they state that using a
better method of calcium analysis than MacCallum and his
colleagues they found a slight increase rather than a

(49)
decreagse in the calcium content of the serum. Harrop

describes a case of adult tetany caused by injection of

sodium bicarbonate, but with no decrease in the calcium
content of the blood., Goldman & Grant(50)produced attacks
of tetany by hyperpnoea but found that the calcium content
actually increased from 12.84 to 13.44 mg. per 100'0.0. We
may conclude, therefore, that although a calcium deficiency

in the serum may be produced by parathyreoidectomy, it is
not/
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not necegssarily an accoumpaniment of tetany produced in
other ways.

Calcium metabolisn in(ggnditions of tetany has received
much attention. Cybulski )made a 8tudy of the calciun
metabolism of a seven-wmonths' infant who suffered with
tetany and who had no obvious signs of ricketts.  The
analyses were done at three different periods (1) at the
height of the illness when the infant was being fed on two
parts of milk and three parts of barley water along with some
sugar, (2) shortly after the commencement of breast-feeding
when the symptome of tetany (convulsions, laryngeal spasms,
and increased E.E,) were diminishing in intensity and (3) a
month after breast-feeding had been started. His results
show that in the first period there was a retention of 20.8%
of calcium, in the second period 53.74, and in the third
8742%. An obvious criticism to be levelled at any coﬁclusion
being drawn from this experiment, is that the rise in
calciun~retention and the disappearance of the tetany symptoms
may be both due to the change in the nature of the feeding and
that the relief from tetany may be a result of this change
and not of the 1nc?gg§ed retention of calcium. Cattaneo
and Cotta Ramusino made numerous determinations of the
oalciﬁm metabolism of healthy, sickly and spasmophilic
children but did not find any noteworthy dififerences. Most
of his tetany cases, however, were rachitié and this diminishes

(45) ~
the value of his experiments. Cooke failed to find any

disturbance/
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jisturbance in the calcium-metabolism after parathyreoidectomy.
Quest tried the effect of calcium-poor diet. He fed fow
puppies from the same litter, two oﬁ normal diet, two on calcium-
poor food and after eight weeks got the following results qn

testing the electrical excitability.

Normal Diet. Cal-poor diet,
1. 2. 3. 4,
K.0.C. 10. 14, Bel 4,2
But no confirmation of this e%periment has been forthcoming

54)

except for an observation of Arouns that convix lsions developed

(65)
in a dog fed on calcium~poor food. Stoltzner repeated

Quest's experiment but found no difference in the E.E. after six
and twelve weeks respectively. He also stated that, despite
calcium poor feeding, Voit's experimental animals showed no
signs of convulsiong even although analyses of the brain revealed
a marked diminution of calcium. Stolzner as a matter of fact
put forward the view that tetany is caused by an excess of
calcium on the grecund that children fed with cow's milk developed
tetany-symptoms which disappeared when breast-feeding was resorted
to. (The cow's milk, he stéxed, contained 5 times ags much calcium
ae did the other.) Boggen(ss)and von Pirquet(57)oould not
confirm this although the latter gave 339 gme. of calcium to a
.child in the course of six months. Rosenste!n(27)quotes Rigel
as having produced a fall in E.E. in eleven out of twenty-four
cases by treatuent with calcium acetate.

‘Various attempts have been made to lessen the calcium

(68)
content of the blood experimentally. Sarvonat and Roubier

administered/
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administered oxalates bythe mouth with production of such
hyperexcitabidity that it could be measured electrically.
MacCallum and Vogel(sg)performed perfusion experiments with
kblood from which the calcium had been dialysed and found that
an increase in electrical excitability was produced., There

ig always the danger that in such experimentis anaemia plays

an important part. Carlson(GO)found that tetany develops
very quickly six to twelve hours after removing the parathyreoids
in lactating animals and ccncluded that the early onset was due
to the great call for calcium in these animals. Marine(sl)
cites an old observation by Halsted that pregnancy and
lactation induce a relative parathyreoid insufficiency since
partial parathyreoidectomy in doge causes tetany symptoms

late in pregnancy. It is queétionable how far the calcium
metabolism can be blamed for the tetany symptoms. It secms
Just as probable that the increased demands made on pregnant
and lactating animals may reduce the resistance of the

animal to the effects of partial parathyreoidectomy.

The therapeutic effects of calcium aaministration in
tetany-like caseg has alsoc been closely dtudied. Rosenste3h§37)
quotés the experiments of Flamini who found that animalé which
had received injections of calcium had a greater resistance
to cenvulsion-producing poisons thén untreated controlled
animals, Langley and Kato(Gz)quote Loewi's experiment
showing that the tonic¢ contractions caused by physostigmine

were stopped by injection of calcium chloride. Parhon and

Ureche/
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(29)
Ureche obtakned a diminution in the symptoms of tetany

following thyreo-parathyreoidectomy by the injection of 1%
" calcium chloride. Rosenstern(27)gave 100 c.c. of 3%
calcium chloride by the mouth and found a reduction in
the E.E. of the K.0.C. from 1.8 to over 6 in one case, and
2.0 to 8.0 in another: the A.0.C. he also found reduced,
Arthus and sChaffermann(63) performed total thyreo-parathyreoid -
:éctomy in pupries and found that those treated with calclum
lived longer than those kept on ordinary diet, also, that if
those on intensive calcium therapy survived a month they
remained free of tetany symptoms even when on ordinary diet,
One would like to be sure, however, in this last series that
no acdéssory parathyreoids had been left,

Marine(sl)kept pregnant parathyreoidectomised dogs
in a subtetanic state by the administration of calcium salts
qntil the end of pregnancy when an uncontrollable parathyreoid.
insufficiency developed, ending fatally. Howland and
Marrioth(47 gbtained beneficial results in gﬁiopathic : é/g/
tetany in children by calcium therapy. A; cases of tetan§
very often clear up without any specific tréatment it is
difficult t0 know how much the administration of calcium

(64)

really influenced the recovery. Barach and Murray .

/

however, repart a case of sprg# complicéted by typical
tetany: there was a reduction Qf the calcium serumpcbntentf
1o 6.5Img..(normal 9-11 mgz.). No relief was obtained by //\\
injection of calcium lactate, not evenm am increase of the

blood/
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They'suggest that the condition of the

blood célloids was such that the calcium present existed in

saturated solution and that any additional calcium was

‘immediately precipitated or claimed by the lime-starved

cellé.

content rose after injection of norma}_b;gpd,

They support this view by showing that the calcium

It would therefore seem from a counsideration of the

evidence that no definite cocnclusions can be drawn.

Paton and Findlay

(65)

Ag Noel

remark, "there is no conclusive evidence

as regards the relationehip of calcium to the condition of

tetany.

The following experiments were done to throw some light

on the influence of calcium on the electrical excitability.

They are divided into two groupsi-

(L) To show the effect of calcium administration.

(2) To determine if there were any changes in the

calciun content of the serum when the electrical

- excitability had been altered by some other method.

1., Effect of Calcium Administration.

1.94 calcium chloride was injected into the juzular vein

with the following resultsi-

Eat. | wt. Amt_of E.R,before} E.R.after. |Alk.Res.
‘ in Xz.| Soln. KeCo.C.| Ko0.C{ K.C.C] K.D.C. Bef)Aft.
‘ :

L8.Maleg. 3.35 20 c.c. 1.5 1.7 3.8 6.0 «36 | 34
bd.Fems 2,40 6 c.c. « 35 2.2 o7 4.5

20.5 " v " o7 5.0

4.0 " " " .8 5.0

43.0 " " " .8 9.0
ZOQFem. 2.70 15.0 '" .60 lol l.l 4 O,




In cat 53, methyl alcohol had been injected in order to
raise the E.E. Previous t0 imjection of the alcohol
the reactions were as follows:- K.C.C. = 0.8. K.0.C. = 10.0.
The results indicate quite clearly that calcium has
a cedative effect on the electrical éxcitability of the
neuro-mycne, even when as in cat 53 the E.E. has been
previously raised by some ot her method. This probably
explaing the beneficial effect of therapeutic administration
of calcium salte in cases of tetany. In estimating the
curative value of calcium in tetany oue must bear in mind
the fact that £etany attacks very often terminate quite
favourably without any treatment and it is accordingly
difficult to know how much credit to apportion to the
calcium in the inhibition of the attack.

2. Changes in the calcium content of the serum after increase

of Electriaal Excitability.

10.c.c. of arterial blood were withdrawn from the
carotid artery both before ana after the increase in
excitability. The calcium was estimated by a method
used by Noel Paton, Findlay & Sharpe in a large series of
experiments shortly to be published; and I am indeﬂted t0

Mr.J.Sharpe for the analyses.

o?of Wwt. Soln.used. | “.R.beforeti.R.after.) Cald |

imal. in K4. K.C.C}K.0.d. KCCLROC. Bet ATt, |

. . |

_ : - . ~

Eat.é:&).Fem. 2.9 | Alcohol 18ce. «6 | 6.0| .5]1.5}.0194 .019
0g8. 4.,Fem.| 7.4 fia . C0,-200cec, 1. 8.0 | 1.0 |5.5 [s0179}.01

Cat .73.Malel.2.8 H61-§5cc.m/2o ’25 2.8 .6l6.0 ¢|

. 027 .ogz!
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It will be seen that the calcium content remains
practically unchanged, both when the E.E. im raised and when
it is lowered. These results harmonise with those of Givens

(66)
and Mendel who find that administration of base or acid

produceg no significant effect upon the calcium balance of

the dog.

Conclugiong:- We can therefore conclude from the above

experiments that calcium def'iciency does not enter as a causal
factor in the change of electrical excitability.  Any change
in the calcium concentration of the serum would probably
alter the excitability of an animal with the "diathesis
spasmophile™, a diminution such as may be produced by the
administration of chlorides precipitating an attack, an
increase in the calcium content having a sedative efiect.
There is, of course, the possibility mentioned by Grant and
Goldman(50)aﬁong others that the calcium may be present in
normal amounts but in great part inactive, for example, pre-
cipitated és very minute particles held in solution by the

colloids of the serum.
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following administration of acids, this is not in accord with
(72)

the experiments of Wilson Stearns and Janney' ~'who have shown

that some of the symptome of tetany can be relieved by acid

' injection.

The following experiments were carried out to determine
the effect of acid on the electrical excitability of the neuro-
myone, HC1 (M/7), Lactic Acid (N/100) and Phosphoric Acid (N/10),

were used,. ﬁAé
’5 i :}_4:"' ,‘f

ST U S SIS F I

o4 TABLE 2,
No.of/] Wt.in| Soln,. |Amt.of| E.R.Before| E.,R.After, |CO_cap. Cj0 cap.
Animal.| Kg. |[inje. [Sol.in (VSSlyke) (ﬁarti%%
C.C. in c.c. [Bef. te
KCC,. | KOC.| KCC.| KOCJ per 100cd|.
2.male,| 2.8 |HC1 170 | 048] 2.5 | 1.0 | 8.0 32.5 35.8 |2 .
- 8.male.| 2.4 | ® 250 | 0.4| 2.0 | 0.7 | 9.0/ 35.1 ;4? 55.8(;§;
=§9.Fem. .l | " 220 | 0.5| 1.7 | 0.6 |11.0| 28,7 22.3| 8.9
| 88.males) 2.7 | " 210 | 0.9] 7.0 | 1.0 | 7.0| 31.9{18.4 =~ | -
| B4.male.) 2.8 | " 1256 0.5| 2.8 | 0.6 | 6.0| 34.7(|26.d =~ | -
;:55.male. 2.4 | " 150 0.5 R.7 | 0.7 | 445! 32.4|20.,4 -~ -
[ 18.fem. | 2.3 |Phos.d 10| 0.6] 1.1 | 2.5 | 2.0 - - -1 -
l4.male.| 3.0 |Lactid.A%00 | 6.7| 3.5 | 0.9 | 6.5| 32.9|21.1] 36.7|26.6
15.fem, | 2.5 | ® 250 | 0.6| 2.7 | 1.0 | 7.0| 30.1|13.1] 34.8|13.5
| 56.fem, | 2.9 | ® 150 0.3| 1.1 | 045 | 3e2| = 4 -] -
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TABLE 3. (Showing effect of M/7HC1 on pH.)

Value for Ph.
dﬁNo.of Wt.in Previous to 50cc.inj. [100cc.inj. | 150cc.inj.
Cate Kge any injection,
. 33 2.7 74 74 7 ol 7.2
j{
V% 35 2.4 7.4 7e4 7 od= 7.2
§ 4+ indicates a value slightly above figure indicated.
mé - " " . " below " : v
gL
- PABLE 4. _ Effect of HCl,
~ Cat 2. Wt. 2.8 Kg.
{;ﬁ, Temperature 100° throughout the experiment.

1.0 a.me Anaesthetic commenced.

’ 1

11l.10
"11.25
k11.40
¢ 12 0
412,15 p.m.
12.28
12,50
1.50
2.40

Qele

s S g S i B Dew M Sy e e P S e . e N >

1.18 Vessels cut and cannulse 1nserted. K CeCom 0B K.0uCm 2.5

il le B4 Blood drawn from carotid, K.C.C.=m 0.8 K.0.C.e 2.5

11.50 KeCeCe = 068 K.0.Co m 2.5

r Injection of M/7 HCl. commenced.

£ 50¢.c. of M/7 HC1 injected. K.CoeCum 0.9 K.OuCom 343
e 100¢.c. of HC1 tnjected. K.C.Coew le0 K.0.Coem 8.0

£ 150c¢.c, of - HC1l injected, K.CoCem leO K.0.Cuom 8,0

of 170¢c.c, of HC1l injected, Animal died,

: (3 minutes after death) KeCoCom 1e0 K.0.Coz 3.7
.&@

IABLE 5. Effect of NaoCQOz followed by HCL

Cat 1. Wt. 3.2 Kg.

Anaegthetic commenced,
E.R. ta.ken. K.C.C.- 1.0 K.O‘C.- 7.0

Vesaels cut. Cannulae inserted. KeC.Coda 1e0 XK.0.Com7.0

Blood withdrawn., K.C.C.mle0 K.0.Com 7.0
K O Co..".‘ 7.0

Injection of 1,97 Na,CO

...=.O

commenced,

40c.c. NaglO, inject®d.® K.CoCom 1,0 K.0.Cux 6.0
120c.c.Na 00, injecteds KiCuCuzm 1.0 K.0.Cox 3.3
Twitchings of -

right hind leg.
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DABLE 5.  Contd.

.50 200 c.c. NAZCO injected., K.C.C. = 1.1 Ke0uC.m 1.9

.2 Rhythmic cofitrBctions of both hind legs.

<20 240 c.c. NagCOz injected. Blood withdrawn .K.C.C.=1.1
.45 Injection of M/7 HC1 commenced. K.0.C.=1.0
«15 100 c.c. HC1l injected.KeC.Ce= 1.2 K.0.C.z 7.8

<45 200 c.c. HC1 injected.KeC.Co= 1.4 K.0.Com 8.5

47 Animal killed. |
.52 KeCoCox 1.0 K.0.C. = 3.5 %

Llectrical Excitability. The electrical excitability is .

always lowered by the addition of acid unless the excitab- 5
tility is previously low as in Cat 33. Excitability that

has been raised by administration of alkali is also quickdy
lowered by injection of acid. (Table 5.) X

Usually there is a change in the vglues'for the

e

e

istered but the extemt of the chamge varies in individual cases,
In no cage was there any suggestion of tremors or
convulsive movements as are commonly seen in parathyreoidecto-

mised animals or in idiopathic tetany. Bven the administra-

tion of phosphoric acid which according to Elias is especially

potent in producing hyperirritability did not tead to any

increase in excitability. While engaged on some work in

' testing.the efficiency of the kidney to acids, I injected

intravenously in rabbits on several o0ccasions, acid
sodium phosphate but found no signs of increased
irritability of the neuromyone systen.

(I have no figures for the electrical reactions as

these/
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&hese were not taken.)
f

Alkaline Beserve, There is a raplid decrease in the alkaline

*

keserve immediately following the injection of acid, but as

mlth the alkali there is no clear ratio between the change

;of the Coz combining power of the plasma and the amount of

iacid injected. The changes depend on the sensitiveity of

§the respiratory centre. Bayliss(ls) has pointed out that

gthe reaction of the kidney to acid is not as good as to alkali.
sThe experiments of Dr. J.H. Paul and myself on the efficiency
;of the kidneys after administration of acid indicate that thare
gis comparatively 1little excretion by the kidney when acid is
‘finjected intravenously.

© Hydrogen-ion Concentration in the Blood. Administration of

. acid is much slower in producing any change of the Pchan is
: the alkali. In a ocat of three kilos weight 100 c.c. of M/7 HC1
{ must be injected before there is the slightest change in the

&‘values of the Py (i.ee 0.17 grm. pure HC1l per kilo body-weight).

This corresponds to the figure given by Bayliss (18) who has
% showen that this stability of the P, is due to the x¥me immediate
! response of the respiratory centre.

Head of Oxyzen. As to the effect of acid on the head of

oxygen, this hag been clearly demonstrated by Barcroft (20) vho
has shown that blood becomes "meionectic" in pregence of acid,

Oxyhaemoglobin is more easily dissoclated so that the head of
oxygen/
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The effect of alkalis in raising the excitability of
the neuro-myone hae been noted for guite a considerable

(25) in a description of the effects of

time. Biedéﬁann
various sodium salts on the excitability of the frog'é
sartorius notes that weak solutions of sodium carhonate
and sodium hydrate produce a rore striking increase of
response to artificial stimuli than do solutions of sodium
gulphate.

(78) in 1913 reported in a patient suffering with

L. Blum
diabetic coma the occurrence of convulsions following the
administrations of sod. bicarb. and ceasing when the sod.
: bicarb. was stopped. Palmer and Van Slyke (74) quote 8
communication by Tileston of the occurrence of severe

convulsione in a case of Weil's desease following the intra-

tvenous injection of sod. bicarb. solution which produced a

%
i

plasma Coz-combining capacity of eighty volumes per cent,

‘They urge that therapeutic administration of alkalis should

be guided by an estimation of the alkaline reserve. Harrop(49)
reports a case of tetany fdllowing the intravenous 1nj¢ction
of gsod, bicarb. without any diminution in the calcium
concentration of the serum.. Howland and Marriott (<7)

lsalthough they support the calcium deficiency hypothesis as

the cause of tetany state that it ig not unusual to see

SRy

- 8ymptoms of tetany develop in cases of acidosis treated with

 sod. bicarb. P.S.Henderson (75)however, who investigated
the/
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{the effect of sode.Bicarb. on children, could not confirm
‘their results, finding that doses as high as 0,92 grm. per

! kilo body-weight per twenty-four hours had no influence on

the electrical excitability of the neuromyone even when tlie

 bicarbonate was continued for as long as twenty-three days,

' nor were any tetany symptoms produced. On the experimental

side, Collip and Backus (76) injected large doses of 5% sod.

Carb, in distilled water intravenously into dogs, but in two cases

- only found the least sign of tetany. They did not however

test the electrical excitability.

In tetania parathyreopriva, the work of Wilson,K Stearns

and Janney(Vé) pointed to the presence of an early

i alkaloslis as demonstrated by the sudden diminution in the

£
|

urinary excretion of acide and the decrease in the hydrogen-
ion concentration of the urine, These gsame investigators
found that injection of acid relieved the symptom of parathy-
ireoidectomy. Wilson Stearns and Thurlow (77) followed up
this work by showing from a study of the dissociation constan

of oxyhaemoglobin and the alveolar CO pressure that there wa
2

~&n increage in the alkalinity of the blocod. They found that

this alkalosis may be neutralised during tetany periods. The
actual increase in the alkaline reserve of the blood as
demcngtrated by the Cochmbining Capacity of the plasma was

soon afterwards demonstrated by McCann(7O). Later work -
’

- however, by Hastings and Murray (46) who worked on dogs,failed

to/
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to confirm the worky{ of McCann, In connection with this
point it has to be noted that it is often very difficult .
to take the blood for examination during the period of
alkalosis which sometimes lasts for a very short time.
This probably explains the greaﬁ variation in the results
published.

McCallum and others (48)have shown that when the
pylorgs is obstructed and the gastric jvice with ite hydroch-
:lecric acid constantly removed there is produced an increase
in the E.E. of nerves with spontaneous twitchings ending in
mogt cases in violent convulsions. Hastings, Murray and
Murray (38) peyformed the operation of pyloric'obstructiom
in dogs and found evidence of nervous hyperirritability but
did not test the electrical reactions. They found a marked

increage in the CO2 combining power of the ~lasma and an

~insignificant rise in the numerical value of the Ppe

The evidence in favour of the view that an alkalosis
is the cause of an increased neuromyal exéitability is thereitre
not conclusive. Itnwas necessary to investigate the full
effécts of alkalis on the E.E. of the neuromyone, In the
Tirst series of experiments 1.94 sod. carb. was used with the

results given in the following tables.
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(g TABLEn 6., Showing Effects of injection of NagCOz 1.97 -
?ﬂgiﬁgl. W%éfn éﬁiiiﬁ E.R.zefore.| E.R.After. ggzgigém. C%ﬁi?fin) |
% c.c.|KCC, | KOC. | KCC. | KOC. éz§§lv§§g.89f- Aft,
J§Cat 1. | 2.2 | 240 [1.0 | 7.0 | 1.1 { 1.0 [81.0|67.1 - |~
.@ m 4,0 2,1 | 100 /1.6 [11.0 ml.0 | 1.4 (28,2 | 61.6| 31.0 | 71.6
‘% m 5. | 2.7 | 200 1.2 [10.6 | 1s0 | 1.8 |51.9 | 6843 55.8 | 75.7
w6 | 27| 150 0.8 | 6.0 | 0.7 | 1.1 |55.5| 69.9 58.5| 75.7
“w g | 2.9 | 250 0.5 | 4.8 | 0.5 | 0.8 [50.8 | 72.8 51.9 | 80.6
%wo1ea. 2.3| 220 0.5 | 0.8 |10.5 | 0.8 |51.0| 69.4 50.8 | 74.8
bl 2.8 | 160 (1.1 | 9.0 | 1.0 |25 | = | =| = | =
! 2.9 | 200 (0.6 | 4.5 | 0.4 | 09| - | | - | -
T vse | 2.a| 200/1.0 | 6.5 0.6 | 1.2 - N I

6.8 | 220 |2.1 | 5.0 | 1.1 | 1.0 |40.8 | 76.8{44.8 | 72.1

7.0 | 250 | 1.8 | 7.0 | 1.5 | 1.5 |42.7 | 78.7 44.8 | 76.53
_ TABLE 7. Showing Effects of injection of Nagpozron Value of PH.1
:gNQ'of Wt.in Value for PH, -
3;An1ma1‘ Kz. Before inj,. after d0g.c. After 100ce |AfL150
| %0 2.8 7e4 744 7.7 8.0

31 1.9 7.4 1 8.0 9.0-

i e 2.4 7.4 7.7- 8.0~ 8. 0}

~- indicates a value slightly below figure indicated.

+

above
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TABLE 8. Effect of Na/,CO

Vessels cut and cannulae inserted. K.C.C.= 1le0 K.0.C.= 8.0
9.0

- 39 -
P

vTemperature 99.0° throug -
tout the experiment.,

Cat IV. Wt. 2.1Kg.

Anaesthetic commenced.
E.R. takeno K.C.C.: 106 K' OQCQ= 11.0

Blood drawn from carotid. K.C.Cex 1.0 K.0.C.z
K.C.C.: l.o K.O.C.: 9.0

Injection of Na,CO, commenced.

50 c.c. of NaCl, Sinjected. K.C.C.z 1.0 K.0.Coz 7.0
Clonic movementse of both hind limbs.

loo CeCo Of Na CO injected KQC.C0= 1.0 K.O.C.-—- 2.2 .
K.C.Coz 1.0 2 8 K.0.Co= 1.4

Blood withdrawn.

Animal killed.
K.C.C.= 1a0

K.O.C. - 1.4

Blectrical Excitability. After all injections of carbonate there

high,

wag an increase in E.E. unless the excitability was previously
In the latter case as in cat 12 A, there was no change.
The increased excitsbility was always very makked, but there is
not apparént any definite relationship between the amount of
alkall injected and this increage of excitability. Occasionally
there occurred twitchings resembling those got in parathyreoid-

tectomiged animals, but they were not constant phenomena.

Thug many cases in which there was produced a markedly increasal

E.E. by alkall administration might have been put down asg being

| unaffected by the alkali if the electrical reactions had not

been taken.




o

- 40 -

3 Alkaline Reserve,. The COz—cqmbinirlg pover of the Pj.a,sma.

: as indicated by the alkaline reserve is increased by the |
injection of the carbonate, So far as can be seen frbmlthe
results recorded in Table &, ther€ is no clear relationship

E between thie change of the COB—combining power of the plasﬁa

| and the awrount of élkali injected. The changes depend

oli  nossibly on two factors, (1) the sensitivity of the

®{ resniratory centre which anparently varies in individual

kanimals and (2) in large part on the functional efficiency

i of the kidney.,

ol In connection with the sehsitivity of the fGSpirato:y

¢ centre the effect of the anaesthetic is of great imvortance.

Scott (78) gives detalls of two experiments on cats in both

Eﬁﬁ of which the animal was made to breathe an atmosphere contain-

Ymi- ting 54 002, In oné, anacsthetised with urethane, the tidal

j@ air per minute was incresased 214~ over that when breathing

vil%® atmospheric air, in the other whicl: was decerebrated 414.,

But the sensitivity varies even wiien the same method 1s used
;4 as shown in the follo~ing Table 9, adapted from Scott ('78).

0 MR

TABLE 9,
R 4
oo
- |Cat No. | Wt, Experimental Percentile Increase in Minute volume
L b Number, as the insnired COz increased from
.’ , 1w to 6/ o .
v 1| B 3/ | 4 5/ | 6/
4| =20 |1.8 1 25 | 65 |140 | 255 | 450 | 600
: 21 | 1.3 6 10 80 | 75 | 185 | 210 | 300
22 R.1 10 32 80 150 240 330 | 400
E 26 2.9 15 20 50 95 4 150 220 300
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It may be that the difference in sensitivity of

the respiratoty centres of various animals account for the
differences in the reaction of the neuro-myone to alkali
adninistration, and exnlain in part at any rate, the varying
results got by nrevious workers, In connection with the
electrical excitability however, it has also to be noted
that, as I have mentioned, if the reactions are previously
; very excitable, injection of alkali will not render them
more excitable, What the cause of this initialvhigh
excitability 1s, I have hot been able to determine,

That the renal efficimncy varies in different
animals is shown by a series of experiments done by Dr, J.H,
Paul and myself (unpublished), They show that there is an
increased excretion of alkallne, urine commencing shortly after
the injection of alkali hut that the increase varies in different
animals, (Gissts

Hydrogen=-ion Concentration of the Blood.

Injection of alkali raised the value of the Pp, the
rise depending on the amouht of carbonate injected (Table 7)e
In no case however did the value of the Py rise beyond 9 which
is well within the limits possible in a living animal,

o

;jﬁ Haemoglobin, There was a reduction in the percentage of

haemoglobin (&as detemmined by the Sahli method), corresponding

,, to the amount of fluld injected, and nrobably due to dilution of
N :
f:

Jhe blood. Similar results for the haemoglobin content were
got/




got whatever fluid was injected thus showing that thetotal

amount of Haemogldbin was not markedly influenced by the
nature of the solution used, |

Head of Oxygen. By this term I mean the difference between

the percentage amounts of arterial and venous oxygen, and it
indicates the arount of oxygen used by the tissues, Barcroft(zo)
has shown that the dissociation curve of oxyhaemoglobin denends
upon the balance which is maintained between the acid and

alkali in the blood, The addition of acids greatly accelerates
the reduction of the blood, whareas alkalis retard it.

(

7 _
Wilson Stearns and Thurlow 7) have shown that the
value of K (the dissociation constant of oxyhaemoglobin) always
rises in tetany parathyreonriva, The following table (10)

gives the figures obtained from the oxygen-analysis of the blood,

'4

7
TABLE %0, Showing effect of Na2003 on ﬁﬂﬁ‘saturation.of oOXyge:.
No,of | Wi, |Amt,of 4 Satur,0f0y Befowre., \MSatur,of 0, After|
Animal, S01.in ' o’
CeClu arter, | Venous, | Diff, |arter, | Venous{ DF
30, fem. | 2.8 | 150 ' 94,0 58,6 5.4 | 88,1 | 69.8]/18.3]
3l,feme | 1a9 200 94,8 52,0 42,8 80.1 72.6 | 745|
d2.,maled 2.4 200 22.4 47,8 44,6 84.5 70,9 |13,6

It will be seen that there is always a reduction in
the head of oxygen after injection of alkali, thus indicating

a diminished suonly of oxygen %o tha tissues, This is in line

with/
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(79) (80)

with the conelusions of Tanigutil and Jawsin who

maintained that oxidation in “he tissues of man was decrecased

by adrinistration of alkalis,

Effect of other Alkalis, Having demonstrated the effeci of

Sodium carbonate in raising the electrical excitability, one
had to determine whether its action was a srnecific oné, or
whethser it was cormon to all alkalis, Accordingly in three.
experiments sodium hydrate was used ard in order to obviate any
effect of the soidum ion, in three others ammonium hydrate wés
injected,

1., Sodium Hydrate, 2/ sodium hydrate was injzcted with the

results detailed in table (11),

TABLE 1l. Shovwing effect of NaQH., 2/,

No,of Wt,in lamt,of 'E.Re Bef, |[B.R,aft, C0 ~Comb, capacity in c,cj

Cate Kge [Sol.in == ne® 100¢.c, vlasma, __i
o.c._ﬂgcc. KoC, |KCC, |(KOC, | Before, After,

|

15, feme] 2.9 | 100 o6 |53.0 o5 1147 34,9 : 66,9 |

%6.mMahel. 1.6 | 25 6 (6,0 | o4 |1.5 29,1 60,35 ]
37.mald.2.7 | 150 1.4 (9.0 |1.0 {2.6 31,1 . 67.9

i

These results show that sodium hydrate has an action similar to
the carhonate both on the electrical excitability and the
alkaline reserve,

‘ An examination of tracing (3) showing the effect of

NaOH on bhlood pressure and respirations reveals the following

facts,
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1. Circulation, These is a fall in the gensral lesvel of

the blood pres-ure immediately following injection of the sodium
hy drate, The diastolic prescure shows a more marked drop than
the systolic, leading to the nroduction of an increased pulée
pressure, Thees is also a slowing of the heart rate of 114,
Thesp phenomena of increased pulse pressure and diminished pulse
rate I have found as constant accompanlments of all conditions
in which the head of oxysgen is reduced. There is a very slight
rise after the initial fall, the pulse pressure, however, still
remaininglgreater than normal, Theveafter the pressure remains
more or less steady until the administration of sodium hydrate:
is stopped when thé pressure slowly rises with concomitant
decrease of pulse pressure,

2. Respiration, Théese 1s a decrease of 25ﬁ/in the frequency

of the respirations following adninistration of Sodium Hydrate
and also a slight decrease in the amplitude, The respiratory
trace is not sufficiently well marked to indicate proverly any
decrease in amplitude although it clearly shows the lessened
freQuency.

(21

Effect of Ammonia, Berkely and Beebe ) found that

muscular twitchings were produced by intravenous administration

(81)

of ammonia, Bostock also got tremors and convulkdons
follewing on intravenous injections of ammonium carbonate, and
persisting even when the animal is under full anaesthesia, No&l

; 6 .
Paton, & Findlay (65) In a discussion of the ®vidence as to the
possibility/ |
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possibility of ammonia being the causal factor, in tetany,
and quoting the results of Jacobson, Greenwald and Albergoni
and others come to the conclusion that the evidence is quite
definite that the symptoms of tetany are not due to an
increased production of ammonia. As Noél Paton, Findlay

(10

and Watson )have, however, pointed out, there is no direct
relationship between the severity of the nervous symptoms and
the electrical excitability of the neuromyone, and the latter
cannot be taken as a measure of the severity of these symptoms,
Thus although some increase in the E.E, 1s a constant
accdmpaniment of tetany the converse is not nscessarily true,
Armonia is an alkalili and unless the increased excitability got
by administration of sodium carbonate or #odium hydrate ware
due to a specific action of these substances, the intravenous
injection of ammonia ought to nroduce an increased electrical
excitability.

The following exXperiments were done, to determine whether inject-

tions of amronia had any effect on the E,E, of the neuromyone,

N/10 NH4OH was injected,

TABLE 12.  Showing effects of NH OH, N/10,
4

Nosof |Wt,in|Ant,0f E.R.,Before, |[EsR,After, | CO,cap,0f plasma,
Cat Kz. |Sol.a - &
at. S ol.dsed, ' (V.Slyke,)

KCC. |KOC. | KCC. | ROCSEET: ATLeD,
38 3.1 200 1.3 | 9.0 91! 3.5 52.5 43,9
59 2.9 190 1.8 |[1.2 1.7 1.0 - -

67 2,9 200 1.2 75 4| 1.5 51,9 5l.1
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These results indicate that ammonia causes an increase in the

. o 81
E.,E, of the neuronyone, The findings of Bostock( )as to the
occurrence of convulsions were confirmed,

Alkaline Ressrve, An dncrease in the alkaline reserve as

determined by the Van Slyke circulation and resniration 1s wnroduced
Tracing 4 shows the effect of injection of ammonia on
the blood-pressure and respirations, It will be seen that the
,resuits_are similar to those got with sodium hydrate vix,,

(1) Circulation,

(1) Blood-pressure, Initial slight fall
followed by incomplete rise and sub-
tsequent gradual fall,

(R) Pulse pressure markedly increased.

(3) Pulse rate diminished 187,

(R) Respirationg

(1) Frequency of resnirations decreased
37.5/00

() Amplitude of Respirations markedly
diminished. '

Conclusions de the Results of Alkali Adninistration,

(1) Alkalis produce an increase in the electrical
excitability of the neuromyone unless that excitability X AR
ﬁﬁa&@myeae-uﬁéeee Sad eﬁeééebéiééy 1s previously high,

() The alkaline-reserve is increased,

(8) The hydrogen=-ion concentration is diminiched,

(4) The "head of oxygen" to the tissues is deoreasedAand

the tracings of the blood-pressure after treatment of +the animal

with/
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alkalis show pheanomena which have been doscribed as occurr=
ting in cases of anoxaemgla produced by a low pressure of

OXy g6l

From a perusal of the effects of alkalis and acids it
would secom on superficial observation as though the alkaline
reserve and the hydrogen-ion concentration were the COntroil-
ting factors of the electricai excitahility of the neuromyone,
varying directly with the fbnner and inversely with the latter,

M.H. Grant (82) working on the isolated nerve-ruscle
preparation of the frog showed that the only Cpcapable of
induecing increased excitability is 10-9 and this is gn excess.
of what 1s found in the mammalianlorganiSm suffering with
tetany. She concludes, therefore, that £he H-ion conéentration
is not thes clilef factor in the production of increased electrical
excitability. It is difficult to know how far experiments on
isolated organs such as the frog's gastrocnemius are applieable
to the organism as a whole, Still, the rssults of other
éxperiments on the neuromyone in situ tent to support this /7
view, It will be shown later that alcohol, potvféyanide an
other substances have é distinct action in increésing electrical

excitability without any action on the C Further it is to

H.
be noted that injections of acid produce a marked decrease in
electrical excitability before any noticeable change in the
CHis produced,

As for the alkaline-vsserve, the following expseriments

(Téblg/
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(Table)”will show that there may be an increase in the E,E,
despite a fall in the dkaline-reserve,

WeB, - Gwuord oad Sodmtiy

TABLE 13,
No,of Wt.in Subst.inj.‘E.R.Before. E ReAfter, {CO combing.cap. in
Cat.e |Kg. ] c.€. per 1l0c.c. plas
CC,| KOC. | KCC, | KOC, Wetore, After,
49, fer, 2.9| Ethyl Alc, | .6 | 6,0 «5 | 1.5 3440 25,8
50, femp 341 " " S| 2,7 o3 1.6 34,9 24,5
53,malp,3,0| Methyl Alc.| 8 [ 10,0 e85 | 24,2 38,7 R7.8
62, fem, 2,7| Pot.Cyan, N 5¢5 b 2.2 33,9 18,4

Collip and Backus(vs) showed that one of the effects of
hyperpnoea was a cramp-like contraction of the muscles and that
thiswas accompanied by a fall in the CO2 combining nower of the
plasma, a decreased acidity of the urine and a diuresis, . They
suggested that this tétany-like muscle contraction was due to
the alkalosis produced by the hyperpnoea, Grant and Goldman(5o)
investigated this point still more fully and by hyperpnoea
actually produced some of the symptoms of tetany including dn

increased electrical excitability of the :euro-myone, The PR

both of the blood and urine doring the hyperpnoea indicated a

blood-alkalosis, wvhile the plasma 062 fell from an average figure

of 59,5 vols., per cent, to one of 44,9 per cent, They performed

one/
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one control experiment where washing out of the COB was
prevented by the subject breathing through a tube connected

to a 15 litre vottle while the observer at the same time
breathed through a seoond tube connected to-the bottom of

the bottle, No symntoms of tetany resulted nor were there
vany signs of an alkalosis, They suggest that alkalosis is
the condition at the root of all the various forms of tetany
whether idiopathic, toxic, or experimental, Vernon(85) was
one of the first to state that a condition of cramp-like spasm
was often present while hyperpnoea existed. Hill and Flack(BSA)
while engaged in observations on the effects of hyperpnoea

on the circulation and muscular efficiency, made notes of the
spastic conditions of the ruscles and in one case twitchings
of the facial muscles ERAXIRXEXREXRZXE during the hyperpnoeic
state. Their polygraph tracings show that the radial pulse
becomes weak and may even dlsappear with sach insbiraficn, and
they conclude that the forced ventilation by ité mechanical
interference with the circulation lessens the oxygenation,
"But the most interesting point about Hill and Flack's work is
that when forcible breathing of oxygen was tried, the pulse
remained strong ahd none of the twitchings or other uncomfortable
signs of hyperpnoea were manifest,

From a consideration of the evidence it rust be eoncluded

that neither the C_ nor the alkaline reserve is the primary

H
controlling/
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coritrolling factor of the electrical excitability,

. . / . . 7
Hill and Flack's work is strong/resumptive evidence ,ff
AN I

that the oxygen supply to the tissues 1s of great

importance in this connection, Further evidence in

favour of this view will be led in the following sections,

s o o o 7t .000__..——.-.—.-..
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The effects of acids and alkalis on the electrical
excitability and the supply of oxygen to the tissues
suggest that anoxaémiq is the causal factor in production
of an incresse in the E.E. of the neuromyone. It has
long been known that asphyxia raises the excitability of
the central nervous systen and it seens probablg that
lack of oxygen might produce a similar result in the
peripheral parts of the neuro-nuscular system.

Haldane (84) has divided the causes of anoxaemia
into: -

(1) Defective saturation of arterial blood with oxygen.

(2) Slowing of the circulation so that an excessive
proportion of the oxygen is used up in the systemic
capilliaries.

{3) Defective orovortion of available haemoglobin.

(4) Alteration in the dissociation-curve of oxyhaenoglobine

jp—

'in the following work, experiments will be detailed to

show the effect on the E.Ee of the neuro-myone of each

of the above causes of an anoxaenia. Defective satura-
tlon of the arterial blood with oxygen was produced by
the induction of aSphyxia, slowing of the circulation by
a diminution in the temperature, a defective proportion

- of available haenoglobin by the production of an anaenia,
and an glteration in the dissociation-curve of oXyhaeno-
globin by adninistration of not. yanide, Thereafter the
effects of m® some other substantes on the E.E. ond

oxygen/supply to the tissues will be considered.

e
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The efTects of agnimiia ia raising the excito: 1Litr of
(85)
central nervous system has long been known. Bethe in

1906 cut t.e spinal cord of a dog and found that novementg
of its hind limbs could be much more easily elicited

and were nore excitable vhen the dog respired an atmos-

80)
phere of hydrogen. Later Sherrington showed

that the precence of a certain degree of asphyxia favoured

the elicitation of the scratch and other spinal reflexes.

(87)
Keye & Starling produced an anoxaeenia in the spinal

dog with mixtures of nltro sen. plus a very little ongen
and found that all the gpinal centres were suddenly
exclted including.of course,the mqtor centres for the
skeletal nuscles. Spasm of the whole body and constric-
ttlon of tie vessels immedlately occurred, followed
quickly by a meriked denreszion. This closely resenbled
what 1is gqt during & convulsion i: a perathyreoidectomised
aninalg for immediatélv after the convulsion there is a

nariked 10?‘@1’*1(1(T of the prev1ously increased E.E,
- (em)
thison ¢01L0W1ag up the work of Kaya & Starling

showed that the stinulation of the skeletal nuscle centres

0

vas due to the lack of oxygen and not to the increase df
carbon dioxide ordinarily produced Dy asvhyxia. Further

proof of the influence of an anoxaenisa in exciting nerve

cenivres is got in the note of an experinent by Hooker,

filson & Connett(58> T

« these invedtisaltors nerfused 4

isol 58 = PELTsed the

ated medullg with bloogd verw poor in o )
J X -t OXygen, ang

®
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there regulied innediately an

inerezse in the regpiratory
acﬁivity before there was tine for any acid metabollc
products to be formed.
(10)

Noel Paton, Findlay & Watson investigated the
effects of asphyxia in the electrical excitability of
the neuro-myone, and found that no marked change was
produceJ. An examinstion of their protocols shaws
that from the cormencenent of the induction of asphyxia
to the complete re-establishment of breathing there

was at most an interval of five ninutes. Accordingly

only a very nild degree of asphyxia could have been

produced. In a series of experiments to determine

the changes in the oxygen-content ot the ?logd during
89

the onget of an anoxaemia, Adams & Morris have

shovm that there is practically no decrease in the
head of oxygen until there is a marked degree of
asphyxzia. This night explain the absgence of any change
in the electrical excitability in the asphyxia experiments
mentloned, for as Haldane & Priestley(QO)have pointed
out, there 1s a considerable nargin as regards oxygen-
supply and the percentoge of oxygen in the air breathed
cen be reduced to about two~-thirds of the ordinary
amount before any oxygen lack is evident.
xhe following experinents were undertaken to

demonutrate the effect of deep asphyxia on the electrical

excitability and determine the concurrent changes in the

oxygen~-content of arterial and venous blood.
Methodg./
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ethodse Asphyxia was induced at first by clonping the
tube leading from the trachea. This nethod causes an
accumulation of carbon-dioxide in the blood as well as
an anoxaenia. In ordér to obviate this complication of
excess of carbon dioxide in the laoter ezperiments asphyxia

was induced by making the animal breathe in & closed

circulit in which there was placed a jar of soda-linme

the available oxygen is slowly used up and there is a

gradual onset oi anoxaemia

through which the air inspired had to pass. In this way

moAL T T 4

i Resultg: - Iirke 14,

P.of |HL.|Degree TertebelforedueReafter.0,% content 0,% content
atb.lin of Lefore. i ofter.

Ip.|Asphyxiad K.C.CJ K.O.Q. KCC.{EOCLArt \Ver \\eed.%“rﬁ\Ve “e_d.

2.6 + e} 700 o) 7.5 95.4‘ b)o{ !‘077‘&'02})08 40.4

T4 .0 740 b 12.4105,4163.7 31.733.1@1 1:10.0
2eal vt 1.1 TS 5 1471 96.0]5843] 37.729.917.2, 12,7
L2.8]  +++ o8 10,0 4 |1.7194.1151.0 43.143 x20.1 23 2
2.4 ++41 .6 8.5 «2511,1{91.,0}57,5| 33.528, 6.0

Elect#ical Excitability. In the most marked stages of

asphyrzia, there is a distinet increage in the electrical
€Xcitability of the neuro-nyone associated with an
equally narked diminution in the head of oXygens When
the asphyxia is not so complete, the head of oxygen ig

Still/
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than 1n the systolic, thus leading to an increase in the
pulse-pressure. These two features, the fall in blood '
pressure and the risge in pulse-pressure are so characteristic
that 1t was alnost possible to estimate the extent-of the
anoxaenia by the appearance of the record of the arterial

pressure.

3

i
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(10)
Noel Paton, Findlay & Watdon investigating the

effect of wvaristions of tenperature on electrical
excitability came to the conclusion that the E.E. of tihe
nerve varies invereely with the temperature. I repeated
these experiments with the results ag given below:-
liethods. the electrical reactions on both hind legs were
taken and i1n all three cases there was bubt little
difference in the values for the two legs. One leg ®Was
then wrapped round with cloths soaked in hot water while
the other was covered with small pieces of ice. After
ten ninutes the electrical reactions were again taken.

The temperature of the legs was then brought back
to normal and the femoral veins exposed. Blood ﬁas

taken from each. The warm and cold applications

were again replaced and after ten minutes blood was

again withdrawn froq each vein. The abberial oxygen

content was estimated from blood drawn from the carotid

artery.
TABLE 15.
To,of wt.ing Electr. Reactions. Oz Content.
~Lat. 'Kg. | Normal. \Hot. | Cold. ‘ '
Rt sleg Nie LEZ. Rt.lez\l.Leg. AfjterialdVenous.
; KCC} KOCJKCC]KOCLKCC|{KOCJIKCCJKOC,| Normal. Hot .| Cold.
’640Fe1ﬂ. 2.4 X 04 7.0 D 705 D 7.0].2 2.6' 95.6 61.0 6909 52-8
65.Fem.| 2.9 | .5] 6.0 .4]6.0l .5 |5.51.4 | 1.9 95.0 65.4] 73.7|52.1
, ]
88.Malel.2.8 | .5| 2.2| .5(2.8/ .5 [2.4].5 1.]1 94.4 57.9] 66.5 49,2

[ —
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The electrical excitability is increased by decrease
in temperature. The head of oxygen 1s however apparently
increased as the blood trlken from the vein on the cold side
is more unsaturated than is the blood from the hot side.

The worlz of Burton Opitz(91)has conclusively proved
that the viscosity of the blood reacts very sharply to
outside influencez of temperature, cold increasing and
warmth decreasing the co-efficient of wviscosity. The
veloclity of the blood would thus be markedly decreased
br this increase in viscosity as well as by the increased
peripheral resistance owing to the contraction of the smaller
vessels as a result of the cold. It was noted during’the

course of these @Eperiments that it was much nore difficult

to obtain venous blood on the cold than on uhe warnm side but

“actusl measurenents of the rate of flow were not made.

There 1s however gome nore direct work to 'show that
decreasg of temperature leads to a cdecreased usge of oxygen.
Vernon(JE)when studying the metabolisn of the perfused kidney
showed that decrease of temperature to freezing point lowers
the metabolism %o one nalf or even one third. Scott(SB)
found later that oxygen-utilisation by fishes could be
lowered by reducing the teiperature of the water in which
they were kent. anner(9 )however, in calculating the
rate of diffusion through lungs oi warm blooded animal
assuned that the influence of an increased temperature is

to diminish the rate of diffusion since @iffusion is

- Propa- tional/



- 58 -~

@;proportionaL po the coefficienu of absorngg? ViilLoll wetlreases
papivdily wiul rise ol veaperature. Krogn - crivicised uwnis
assunptlon on uvne ground Dnat tine internal iriction in water
is greatly diminished by increasging tae temperature and urged
that 1t was quluie concelvabie uilal btils decrease of tie
internal friction night cause an 1ncrease i:a uvae rate 0T
giffusion of viie gas-molecules. in order 1o Tesy Tils View
hrogh nade o series ol deteralnations on vile perltoueal
nenbrenes got grom snall dogs and his resulis led hinm o
the conclusion that tire alrrusion constant ol oxygen tarough
aninal tissues increases with increasing temperature, about
one per cent. per wezgree centigrade.' Laxing 20°%6. as
. unity, ¥u woule vierefore seem that decrease of tenmperature
leads to a lowered utilisotion of oxygen by the tissues
both through slowing of the circulation and through
dininished rate of diffusion of the gas from the blood to
the tissues. This view is upheld by an observation of
Lovatt Evanstgé) on the reduced sensitivity of the heart
to adrenalln when the temperature is reduced. This
reduced sensitivity bears a strong resemblance to that shown
under the influence of oxygen-lack and seems to hint at the
possibility of a2 kindred nechanism in both cases.
Conclusion:- Decrease of_température produces an increase
in the electrical excitability of the neuro-nyone, This
can ppbably be mxplkained by the diminished supply of oxygen

to the tissues.
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EFFECT OF ANOXAEMIA

AS PRODUCED BY ANAEMIA,
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Effect of Anaeinia. MacCallum (R) showed that ligature of

an artery bringing about completu anaenla of the part mduoes

for a time a marked incrsase in the E,E. of the neuro-myone',

| but that later tlhe E,E. suddenly disa~pears probably due to

death of the tissues. Ho31 Paton, Findlay and Watson (10)
repeating this work confirmed MacCallum's results, The following
chart copied from loel Paton's paper gives one an 1ldea of the
extent to which the E.E, may be increased by a complete anaemia,
Compressiom of a vein on the other hand, MacCallum showed, |
induced a fall in the E B, This is probably due to the fact

that merely a congestion is produced with consequently a constént
supply of oxygen at hand and a moderate but steady increase of [
the Cy.  The phenomenon of a.n?amic convulsions is also well known .-
'indica.ting an inclﬂease of E.E, induced even by w»artial anaemila, |
MacCallum, Lambert & Vogel (5g>during their perfusion experiments
observed the most violent contractions and extreme rigidity duvihg
anaenia eveh when temporary, The following experiments were
performed in order to show the effect of anaemia on the‘ electrical
excitability. 'fhe animal was bled through a cannula in the
carotid artery and the electrical reactions taken and the oxygen

content of the blood estimated before and half an hour after

haemorrhage,
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TABLE 16,
No.of | Wt,in[Total Vol,of | C,C,of blood |-EaReBefore, E,R,Aft
Cat, K&, bloode % withdrawn, | KCC, | KOC, | KCC, | Kgg:
69 - 115.,5 60 e9 11,0 o4 2.1
70 2.8 154,0 50 1,1 8.5 o4 1.8
71 3.2 176,0 50 1.0 9,0 «3 2eD
l TABLE 16, (Contd.)
No,of |/# Sat,of 0 Before, | V3 Sat.of O_After, Hb#
Cat. [Arter, | Vefi, | DiPF, | Arter, | Vele | D1PF, | BeP, | After.
. Y
69 92.5 60,1 32,4 5le7 37,9 13,8 100 63
70 96.0 64,6 31,4 69,9 6046 9.3 100 71
71 94,4 63,4 33,0 74,1 59,1 15,0 . 100 76
®

Estimated on the assumption that the volume of the cat's blood
is eqmivalent to 5,5/ of the body-weight.

The electrical excitability is incréased by the
prdduction of an anaemia, In every case there occurred marked
general tremors of greater or less intensity, 0f other changes
that take place with the onset of anaemia the following are to
be noted, )A |

(1) lDiminutiOn of the amount of haemoglobin,the carrier
of oxygen to the tissues.

(2)
Saneyoshil (97)states that the viscosity of the blood 1s high

Increase in the viscosity of the blood.

in anaemia, This produces a diminished velocity of the blood-

stream thus allowing the tihssues to extract as rmuch oxygen as

possible/
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possible from the diminished amount of oxy-haemoglobin,

Burton-Opitz (9°)

§ however, has shown that within half an
hour of a loss of one quarter of the total blood volume, there
is HEMXXEXRMEER a decrease in viscosity owing to inflow of tissue-
lymph, making up the blood volume to its normial amount., The
percentage of oxy-haemoglobin is now reduced so that a qﬁicker
flow is required to give the tissues their proper supply of
0Xygenle

(3 Reduction in the alkaline reserve and increase
(99)

in the CH‘ T.H, Milroy

demonstrated & dintinct rise in the hydrogen-ion concentration

using the gas-~chain method,

of the blood after harmorrhage of a third of the total wvolume

(100)

of the blood. Buell , however, using the Van Slyke method,
found but alvery slight drop in the alkaline reserve of short
duration after a total loss of blood amounting to 1,34 of the
body-weight (i.e. about one-seventh of the blood volume), The
increase in the hydrogen~ion COncentratidn of the blood
facilitates the dissociation of tlhe oxy-haemoglobin and this may
account for the greater increase in CH after the lamger
haemorrhage when it is necessary for the tissues to extract the

greatest possible amount of oxyzsen from the tissues.

Conclusions, Marked anasmia whether local or general leads to

an increase in the electrical excitablility of the neuromyone,
The concomitant changes in viscosity and CH may be considered as
attempts to compensate for the diminution in haemoglobin by making

the dissociation of oxy-haenoglobin as thorough as possible,

e — e e O ) Qo e e




PR
pERPe R

IV. D. EFFECT OF ANOXAEMIA

5.




- 62 -

In 1866 Gathgens (101)showed that administration of
publethal doses off hydrocyanic acid depressed the oxygen
usage of the body. Geppert(loz) found that oxygen absorbed
by mammalian tissues is much lessened by hydrocyanic acid.
In moulds the oxidation procesges are arrested by cyanides,

no oxygen being absorbed and no carbon dioxide given off.

108
(Shroeder ( )). More recently Hyman (104) pae shown that
potassium cyanide has the same action on the planaria. Rhode
and Ugawa (lgs)obeerved that the response to adrenalin is

greatly lessened both in hearts deprived of oxygen and those
perfused with cyanide. Further, Lovatt Evans (106) has

shown that soaking in cyanide has almost an identical effect
on the frog'é sartorius as keeping it in an atmosphere of
nitrogen. He concludes that dilute solution of cyanides .
exert their effects entirely by reason of the oxygen laék.they
produce, in that they do not affect the contractile process,
but the process of recovery. The administration of cyanide
is therefore apparently an excellent means of inducing an
anoiaemia. Its action is probably in the nature of an

(107) mentions the fact

inhivition of peroxidase. Cushny
that the presence of cyanide prevents the splitting-up of
hydrogen peroxide by normal blood as occurs when blood and
peroxide are mixed.

Potassiﬁm Cyanide made up to M/100 in normal saline wase

used/
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was used. Thié solution was injected into the jugular vein

of cats anaesthetised with ether, if we assume that the blood

| weighs about 5.57 of the total body-weight (Meek and Gasser)(107A)
‘.then the administration of lec.c. of the above dblution per kilo
body-weight means a concentration in the blood of a‘.00012 M.

" golution of pot. cyanide. Hyman (108) yas round that 00001 me
godium cyanide causes apprreciable reduction in the oxygen intake
of sea-urchin eggs and of the marine sponge and planaria.

(109)

| Weizsacker states that a .0005 me solution depresses the
gaseous metabolism of the frog's heart to less than 10% of its
normal value, while Allen (110) pag got similar results with a
:_.0002 m. pot. cyanide solution on planaria. It will be geen
therefore that the concentration of cyanide used in the present
work is such as would be expected to cause a definite and marked

depregsion in the amount of tissue oxidation.

- Results.

TABLE 17, Showing effect of Cyanide,
| MNo.of (Wt.hfl | Amt.of |[E.R.Before.lE.R.After, |Comb,CO_ per 100
Cat, Kg. Sol.inj.] c.c. pl8sma.
KCC, |KoC., |KCC, | KOC, |(V.Slyke,)
Before, After,
60 5.1 70.00 l.l 900 loo 1.9 haand —
61 Sed 4c.c. .9 |10.0 6| 5.0 3049 28.4
62 2.9 9C.C. o6 5.5 o6 | 2,2 33.9 18.4

(1) Electrical Excitability. These results indicate that,the

electrical excitability is markedly increased by the administrat-
; sion/
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administration of cyanide, In all three experiments marked
general convulsions were produced and in Cat 62 tremors of the

gbdominal muscles were particularly noticeable., This is in

(111)

accord with the work of Domtas, who found that, after

exposure to cyanide, muscle was still excitable, responding

with a bigger contraction than was given by the control in ‘ |

(112) / %ﬁ

plain saline,E.C.v. Leersum also notes that pot,’ cyanide

increases the tonus of the paraympathetic system,

(2) Alkaline Regerve, There is a fall in the 002 content of

the plasma just as if there were an acidosis as some (Evans and

others) have suggested but more probably as a result of the

initial increase in depth and rate of respiration.

(3) Circulation.  Tracings 7 and 8 give records of the blood
pregssures and regpiration during and following injections of
potassium cyanide. The fall in blood-pregsure is very marked,
the diastolic falling more than the stystolic as shown by the“
narked increase of pukge~pregsure, The rate of the pulse is
greatly diminished, 1o become again normal as the anoxaemia
disapreares. Tracing 9 of the auricular and ventricular ?
centractions indicates that the heapt tends to stop in diastole,
The heart becomes more and more dilated as the injection proceais;
- ¢contraction becomeeg slower andAless powerful and finally the

cardiac muscle goes into a state of weak fibrillation which is

rapidly followed by complete recovery as the effect of the cyanlide
vears off. In tracing 9 it will be geen that there is a perliminary
rige/
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rise of blood pressure immediately folkowing the administrat-
tion of cyanide.

(4) Respirations, The respirations are at first accelerated

and deepened and thereafter the rate is very slow probably
due to the over-elimination of the Co2 from the blood by the
preliminary acceleration. Gradually the respirations resume

their normal rate. In fact tracing B resembles somewhat one

of Cheyne~Stckes' breathing.

Conclusionse. The administrationd of cyanide induces an

increased electrical excitability of the neuromyone as well as
obher symptoms indicatgve of a profound anoxaemia,. This | ﬁ
lends still further support i& the view that anoxaenmia is
the essential factor in the producticn of ewedan increase in
the eleckrical excitability.

In order to render the evidence for this theory still

more gecure, there will now be considered some other methods
by which the E.E. has been increased, Thereafter will follow
a short description of geveral clinical cases which showed a

marked increase in the E.E. of the neuromycne,
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Alcohol injected intravenously decreases the blood
catalase (Burge (lls)and thus prevents the tissues from
obtaining their normal supply of oxygen. Thus if an anoxaemia

is the causal factor in ithe production of increased electrical

excitability, we should find the latter state after administrat-
tion of the alcohol.

Ethyl alcohol was used diluted with nine times the amount df
17 sodium chloride solution, making a solution of .9% NaCl of
which 10c.c. contained lc.c. absolute alcohol. It was injected

into the jugular vein. In one experiment methyl alcohol was

gubstituted and it gave th® same results except that convulsiors

' 4
and very marked salivation and sickness were induced. Hunt (H4)

states that with methyl alcohol the symptoms of gastric irritatinn
are generally more marked than those induced by ethyl alcohol
and very often some convulsive movements are observed. Pohl(lls)
sugzests that this:probably due to the action of formaldehyde

‘and formic acid.

(116)

- Small doges. Schweisheimer found in one case of drunken-
iness in man that the blood contained .153% of alcohol, and in
anotherrinstance, when the intoxication was more pronounced 2277,

1
7)found that in a dog when the alcohol of the blood

k Nellanby

reaches about 554“cm. per 100 gramg of blood there appeared signs
of intoxication and when the concentration reached 468 cm. per
100 grams, the dog was profoundly intoxicated. In the first

;four/
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four experiments an amount of alcohol was injected to produce

a concentration in the blood of 350 to 450 cm. per 100 grammes

i.e. a concentration one would expect to find in a

case of fairly marked alcoholic intoxication.

Resultgi=

Increase/

TABLE 18,
No.of| Wb | Amt.of Alco.|Concentr.of Alc.®e |E.R.Before. E.R.After.
Cat . goln. 10%. cmeper 100grms.blood KCC, | KOC.] RCC.| ROC.
4 | 3.0 6 3638 : o4 4.0 | .4 | 3.8
45 2.7 5 403 1.2 8.0 |1.0 7.5
46 2.3 8 395 o6 5.5 b 6.5
47 | 2.8 7 454 «9 7.0 | .7 [5.5
TABLE 18. (Contd.)
No.of Cat. €0, Combing.capacity in c.c. per 100 c.c.blab#
Before After,

44 34.6 21‘.9
45 31l.8 RR,.7

|| 46 3346 22.7

% 47 3504 | 18.8

! xx ' ,

The figures in this column were estimated on the assumption

| that the blood was 5.5% of thé total body-weight,.

| With such doses there is not produced any marked change in
electrical excitability. There is,however, a-grauual decrease
of the alkéline reserve indicating an increase in the CH. Thise
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increase in the CH of the blood renders it mesoneciic and

g0 neutralises the diminished action of the blood catalase.

Accordingly the tissues in general and the neuro-myone in

particular would receive their normal amounts of oXygZen.

(118
Higgina,h;s shown that the alveolar tension of the CO2

falls with alcocholic administration, indicating that the
respiratory centre is more sensitive, probably a result of the
increase in CH. This stimulation of respiration I found tp be
the case as wkll be seen in tracing\ 10. The heart rate was

wchanged.

Large dosese. When larger doseg of alcohol are injected so that

the concentration in the blood exceeds 17 there is produced a
marked increase in eiectrical-excitability as will be seen from

the accompanying table.

TABLE 19. Showing effect of large doses
of alcohol,

No.,of |Wt.in |Amt.of alcohol Concentr.of Ald?;& .EeReBef, E.R,Aft,
Cat o Kz 501n.10% in c.C./Cmeper 100 arm.blood.KCCe KOC, RCC.J EUG
48 2.4 10 757 Lle4d. [B.0 [e3 [3.5
49 2.9 18 1130 .6 [8.0 | .5 [1.5
50 301 12 706 B |27 «3 [l.6
51 2.5 10 724 1.0 |9.0 «8 [2.,6
53% | 3.0 12 727 .8 10.0 | .3 (2.2
|

Methyl alcohol was injected in thisg case.

xx The figures in this column were estimated on the assumption

“that the blood was 5.57 of the total body-weight.

|
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TABLE 19. (Contd.)

No,of Cat, CO, comb. capacity in c.c
- per 100c.c. plasma.
: Before. After,
48 : 874 20.9
49 34;8 18.2
50 3De B 23,7
51 35.9 26,5

The alkaline reserve is rather lower than with the smaller dosesa.
The increase of CH is now no longer able'to neutfalise the
reduced action of ihe blood ca£alase as can be geen from é

gtudy of the following table, which shows the £all in the

head of oxygen after large doses of alcohol.

TABLE 20,
go.of Wt. | Amt.of alcd. | Conctr.of ‘ Saturation of oxygen.
Cat. Soln. 10% in | alco.cm. Before., NATter.
C.Cae per 100 grm. . N
: blood, Arter,| Ven. [Diff. Art.| Ven.| Dif,
51 2.5 10 724 8944 | 60,7|28.7(80.4 [69.8[10.6
76 1.9 10 952 92,1 | 61e9| 3042{74,3|60.9| 7.4
77 2.8 12 779 9048 | D048 40,0]72.6{60,9{11.7

This fall in the head of oxygen is probably in great
bart due to the marked slowing and,at times,complete inhibition

on
of regpiration. This phenomeng was observed by Hooker (119), and

is/















is well marked in tracing 1ll.

The blood pressure may show a fall (Tracing 12)
which is usually a very slow one. This fall is not a
congtant phenomenen. The pulse-prescure is markediy
increased and the pulse rate diminished, these being
congtant accompaniments orf an excegssive dose of alcohol.
All these gradually wear off when the administration of
alcohol is stopped.

It is probable that alcohol in such excegsive
doses acts as a protoplasmic poison, lowering the sensitivity
of the respiratory centre especially and by this means as
well as by iis action on the tissue catalase, preventing
the utilisation of oxygen by the tissues. This lends
support to the view previously put forward that increased
elechrical excitability is dependent on a deficient supply

of oxygene

00 0mmmm
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(120) :
Dale after an exhaustive study of the pharmocology
of B-iminoazolylethylamine showed that its main action was on
the bronchial musculat y¢€ and the pulmonary arteries. He found

that it had but little effect on the figart itself but that it

f might produce a fall of the systemic blood-pressure owing to
its vaso~dilator effect on the systenmic vessels. Its action
j when applied directly to stripfd muscle was practically nil.
:'Thus the suggestion of Biedl(léothat tetany is due to the
pregence of this substance in the blood can not be supported.
Noel Paton, Findlay & Watson auministered B-I to a few animals
tgst the EE of the nivromponé. .
but observed none of the symptoms of tetany. They did not,. Biedl
however, stated that in a cat he saw, after repeated daily f
administration of 1 to 2 mg. an increase in the exéitability
- of the peripheral nervgs and fibrillar twitching in individual
muscles.
. (122) .
Anderes and Cloetta gtudied the effect of B-I on cats.
"~ Their tracings shov a marked rise in the pulmonary pressure, and
£ quite a marked fall in the lung volume aftler administration of
' 0.5 mg. while thé systemic blood-pressure was almost unaffected
exoépt for an increase in pulse-pressure. They state that
" it produces a rapid decrease in oxygen-absopption.
The following experiments were done to determine (1) whethef "
f administration of B-I caused a decrease in the head of oxygen aﬁd
(2) if this was the case, whether the E.%. of the neuromyone was
affected. 0.5 mg. dissolved in 1 c.c. of saline was injected

into the jugular vein. |

In/
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In cat 49, as the first dose produced but little effect

another 0.5 mg. was given 20 minuteg later.

| Results:- TABLE 21.

| N0.0f We.in|l  E.B.Deloras .Rhaﬁign_ngpnie T her OcContent after.
47.Fend2.6 [1.1 | 11.0| .4 | 3.5| 94.6]59.5 35.5|v7.9] 62.7] 15.2
48 , Mal1g3.0 <9 7.0 P 2.8| 836,9|51.0] 35.9}71.8 49,9 21.9
49.Fem.2.9 .6 7.0 -5 5-0I 93.7 59.9 55.81 81.2 56.7 245 ;'_
149, (af -

ter 2nd " " "l .4 8.0 {65.4) 50.1 15.8
dose) L, ‘

B.I. produceg an increased electrical excitability of the

{ neuromyone as well as a diminution in the head of oxygen., Tremors

were not seen in any of the three experiments performed, thus
confirming the observations of 0% Paton, Findlay & WaBson

mentioned above, T%e result obtained with cat 49 bears out
120)

the statement of Dale that the action of B-I on the regpiratory:

gystem of cats is variable.

Conclugion:— The action o B-imin@azolylethylamine on the
”felectrical excitability of the neuromyone and on the head of
';oxygen lends support to the view that the excitability is

Ldependent on the oxygen bBupply.
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Nof€l Paton and Findlay were the first to put forward the

suggestion that guanidin was the essential cause of the symptoms

. of tetania parathyreopriva. They produced symptoms very like

those caused by removal of the parathyreoids, when they injected
guanidin.- The elecirical excitability of the neuro-myone was
increased and this manifestation of guanidin poisoning they

showed was mainly if not entirely a result of i%s action on the
123)

nerves or the nerve-encings. Burng and Sharpe found a

marked increase in the amount of Zuanidin and nethyl-guanidin
in the blood and urine of dogs after removal of the parathyreoids
and in }he urine of children suffering from idiopathic tetany, and
Burns(lw4)demonstrated a Cloge similarity between the disturbances
of protein metabolism produced by parathyreoidectomy and those
induced by administration of salts of guanidin. Io¥l Paton and
Pindalay after a congideration of the evidence brought forward
come to the conclusion thiat by removal of the parathyrecid zlands
the metabolism of zuanidin is disturbed. They point out, however,
that on the administration of guanidin the electrigal excitability
is often not at once altered, ana suggest that there is "an
optirum concentration for causing an increase in the reaction of
the peripheral mechanism." This probably explaina the failure
to arrive at any definite resultis in the work here recorded.

The following experiments (Table 22,) were done to determine

whether the administration of guanidin had any effect on the

1§supply'of oxygen to the tissues. Guanidin-hydrochloride was

A the/
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the salt used and the amount used was dissclved in 20 c.cC. 5

spaline and injected into the jugular vein,
_TABLE 2&.

f Wt.inf Dose pJ  E.R.beforelE,R,after. %4 Sat. |of Og
Kz. [kilo.in {.C.C§ K.0.CLKCC,| KOC Refore, After,
. Arter.Ven{Diff| Arter/Ven/Diff.
1 (2.7 .074 0.5 o7 | 0.4|2.4(89.5/53.9]85.6/83.7|51.1|32.6
2.2 .14 0.4 7.0 0.2[6,0193.1|64.6|28.5|87.7| 63.,1|24.6
g |Bel .16 0.9 8.0] 0.5|7.5(94.5/69.1|25.4|89.3/56.1| 33.2
) |2.3 o2l Oe4 5.0 0.6|6.0]|90.6|72.2 {18.4{ 94,1| 71.9|22.2

As will be seen from the abgéve table guanidin seems to have
had very little effect on the "head of oxygen". But in no
experiment was there any marked increase in electirical excitability, |

‘nor were any tremors observed. Accordingly one cannot corme to

any conclugions as to whether the action of guanidin in producing

an increased electrical excitability is due to a diminished

supply of oxygen to the tissues or to some specific action of
its own.
In cases of parathyreoidectomy, it has been noted by Wilson,
Thurlow (7%)

- Steams and SmeRes that the dissociation-~curve of the blood
moved tc the left, that is, the blood became pleonectic and
the oxyhaemoglobin was split up with difficulty so that the
tissues obtained a poorer supply of oxygen. This would suggest

that, when guanidin does cause symptoms similar to those of

parathyreoidectomy including almost identical disturbances in -

metabolism, it might alsc¢ render the blood pleonectic, If
. guanidin does raise the dissociation-ccnstant of oxyhaemoglobin

one/ ' ﬁ
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one would be justified in thinking that it was because of the
poorer supply of okygen to the fig$ues that the electrical

excitability was increased.

Further, a consideration of the asphyxia and eyanide
experiments showe that the increase in excitability took place
very rapidly after the onset of the experimental condition,
certainly too fapidly for any such accumulation of guanidin tb
take place as has been shown necessary by lioél Paton and Findlay
to raise the electrical excitability. There is of course the-
possibility that conditions such as asphyxia lead to a lecal
accumulation of guanidin in the neighbourhood of the neuro-
myone, and so might produce an increase in its electrical

excitability. This would mean practically a sirmltaneous local

excessof guanidin with a diminution in oxygen-supply. Ir
this hypothesis is correct, then the question as to which is the

precurscr of the other and which the causa causang of the increased

electrical excitability must be left open at present, k

Conclusiong: - There is no conclusive evidence as to the action

of guanidin on the "head of oxygen", but there is reason to
believe that when guanidin does increase the electrical excitab-
ility #t does 80 because of the diminished supply of oxygen that

ig induced. The possibility is also suggested of anoxaemia ¢ 

leading to a local concentration of guanidin round the neuromyone.
Whatever the view as to the cause of the guanidin-symptoms

~ there is nothing in this evidence that can be put forward as

- being/ against the thesis that anoxaemia is the causal factor of

. increased electrical excitability.
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with the clinical conditions in which an increased electrical
excitability of the neuro-myone has been found. That it is
found in conditions other than clinical tetany seems to be
indicated from a preliminary investigation of the electrical
reactions swwh, which I am conducting on children who are not
suffering J!th tetany. The following are the notes of a few
casesbwhich have come under my observation during the past

gix months.

CASE I.
C.0. Female. Aet 7 mos. Normal birth. ,
. Breast feeding for first four months. Owing to "mother's
milk not satisfying" baby, Glaxo and Sister Laura's food
tried. Now on liestle's Condensed Milk. History of

tremors and spasms on and of'f during past three months.

14/10/20. When first seen,was sufierlns with convulsions and
tremors. Laryngeal spasm 4 + +. Facial vhenomenon + +. .
Child very emacisgted.

Put on olive-cil a teaspoonful every four hours, and egg-
albumén. Phenazont and Hexamine gr.2. or each, every four
hours.
21/10/20. Improving. Symptoms much diminished in inten31ty.
16/1/21 Looks very much better.
E.R: K.C.C.0.6 A.C.C.0.6. A.0.C.0.4 K.0.C. +5.
4/3/21. Mother says she noticed a lump in baby's left upper
arm three days ago. No history of injury. Examination
: revealed a complete fracture of the humerus.
16/3/21. Child doing well on cod liver oil.

Thie case is undoubtedly one of tetany. The pointg of

interest are (1) the disturbance in the calcium-metabolism as
revealed by the spontaneous fracture and (2) the marked

improvement cbtained by administration of oil. Probably the

cod/
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Mo attempt has been made in this section to deal exhaustively
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cod-liiver oil was the more efficient of the two but certainly
the child showed a marked improvement when olive-o0il feeding
was begun.
As regards the disturba?ce in the metabolism of bone, a recent
125)
paper by Hutchison anc Patel on the Etiology of Osteomalacia
in the City of Bombay, is of interest in showing that there is
a large preponderance of osteomalacia among the Mahomedan
women who use the purdah system which results in lack of
fregh air and exercise. This lack of fresh air, that is, an
inadequate supply of oxygen, they regard as the most potent
factbr in the production of the disease.
CASE II.
Baby McM. Male.aet 19 months. Normal birth,
Marked signs of rickets. Constpiation + +. "
Diet. ‘"porridge, saps add potatoes and 'kit chen!',
12/12/20. Pale pasty-locking child. Has suffered with
whooping~cough during past three weeks. At pregant
has marked spasms after cough. No evidence of tetany

but examination of chest reveals signs of commencement of

broncho-pneumonia.
18/12/20. Died. Cause of death -~ Bronchc-pneumonia.

This case is of interest in that there is present
hyperexcitability of the neuromyone associated with the onset

of broncho-pneumonia but with no signs oi tetany.

CASE III.
" R.McG.. Male. Aet 15 mos.
2/1/21. Suffering with whooping-cough of three weeks' duration.
Diarrhoea and vomiting. Marked ricketse. '
8/1/21. Improving but still a marked laryngeal "crow".
E.R. K.Cu.C. o4 A.C.C. .4. A,0.,C. .6. K.0.C. 1.8.
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One notes here the association of increased electrical
excitability with whopping~cough, another disease interfering
withkproper oxygenation. ”

CASE IV.

E.,F. Female., Aet 15 mos.
19/1/21. Histaory of diarrhoea and vomiting of two days' duration.
One convulsion. Terp.l04.2 ' '
21/1/21. Signs of broncho-pneumonia. :
EeRe KoCol. 1le2 A.C.C. 8. A.0.C. .8. K.0.Ce 3.0.
26/1/21. Marked bronchopneumonia.
27/1/21.  Died.

CASE V.

B.H. Female. Aet 13 mos.
18/3/21. History of convulsions during past fortnight.
At present shows symptoms of meningitis (retraction of
head, Kernig 4. etc.)
E.R. KoCuC. 1e2 A.C.Ce 2.0. AeQ0.C, 1e8. Ko0.C. 5,0 +.
26/8/21. Died of tubercular memingitis.

CASE VI. The following case is one of marked paralysis agitans

and is of interest because of the presence o0f increased
electrical excitabilitye.

Mrg.C. Aet 54 years.

~5/12/19. She had enjoyed good health up till ten years ago

when she began to suffer from tremorg of the hand. Now

she presents all the clasgsical symptoms of paralysis agitans.
All the back and neck rwuscles are rigid, so much so that she
cannot hold her head erect. Her chest is contracted and

gshe is very liable to bronchial catarrh. During an

attack of bronchitis the tremors become very nwuch worse.

E.R. KoCoCo 2.5- AoCoCo 6000 AoOoCo 2.50 K.Ooco 5050

The accompanying trace shows the periodicity of the tremors

:;of‘the forefinger. At point C. she was asked to try her hardest

b0 keep her handwidesg steady but it will be seen that her

attempt was of no avail.

Blood was taken from the median basilic vein and the

| alkaline/
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slkaline reserve estimated by the Van Slyke method. The plasma
jag found to contain 53.7 vols. per cent. of COB bound ag bicarbonate,
Imfortunately it was not possible tc determine the "head of oxygen".
The view has been put forward that paralysis agitans is due
t0 some lesion in the parathyreoids. The above patient was treated
for a few weeks on Parathyreoid Gland 1/10 grain three times a day

ind it seemed to0 me that she benefited somewhat from the treatment.

nfortunately a severe "infiwmenzal cold" developed, terminatiné
fatally. It is of interest to note that large doses of calcium
(30 grains of the lactate daily) were of no avail in lessening the
iremors.

The above caseg are too few in number to allow of any‘definite
fonclusions being drawn therefrom, The association of respiratory
ﬁsease and increased electrical excitability is, however, very
mggestive. Still(126)notes the read;ness with which pulmonary
jollapse occurs as a result of bronchopneumonia and bronchitis in
Infancy and early childhood. He Further remarks on the liability to
hlmonary collapse in infancy as a result of such conditions as

oryza, and enlargement of tonsils and adenoids. That pukmonary

‘follapse leads to a marked decrease in the oxygen-saturation of the

B ’ (89)
frterial blood has(Rggg shown by the work of Adams and Morris.
' Bassett~Smith records a case of sprue complicated by
lefinite tetany. Notes of the case show that there was a marked

Waemia, the red-cells being reduced to less than one and a half

llion/
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million per cub.centimetre. (The haemoglobin-estimation

is not given.) Oxyzen was administered by inhalation and
ether given per rectum with the result tet the tetany
symptoms subsided. Bagsett-Snith gives the ether the
credit but one wonders whether the oxygen was not also of
use. Still mentibns the adnministration of oxygen as‘one
of the methods of treatment recommended in tetany attacks
but makes no comment on its usefulmess. An emergency-
treatment in common use by the lay-public is the immersion
of the patient in a hot bath up to the neck. Undoubtedly
this has in many cases a sedative effect, and it leads oné
to consider whether its value lies in the stimmlation of the
circulation and increase of oxygen supply to the tigsues that
ig naturally induced by a hot bath.

The clinical material presented is too meagre to allow
of any definite conclusions being based on it.‘ A considera-
tion of the evidence brought forward in this section affords,
however, further sﬁpport to the view that aﬁoxaemia is the
esgential concition in the production ofvan increase in
electrical excitability of the neuro-myone.

A study of the home-conditions in tetany districts is
of great interest in connection with the view that has been
advanced on thercausation of increased electrical excitability.
Miss Ferguson(lAS)in a recent gtudy of sccial and economic

factors/
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factors in the causation of rickets showed quite conclusively”j,
(L) that tetany is closely associated with rickets, and

() that inadequate air and exercise seem t0 be potent factors
in determining the onset of rickets.

I had the cpportunity of investigating by means of Leonard
Hill'es "kaYathermometer" the conditiors of vemtidation in the
houses of the east-end of Clasgow, in itheose districts where
tetany and rickets are most prevalent. Hill's work(lzg) leads
him to conclude that for sedentary workers the dry kata qooling
power should not be below 6.0, and the wet kath cooling power
not below 18.0. On days when in normal houses the readings
were well above these figures, I obtained resultis of less than
5.0 for the "dry" and less than 12.0 for the "wet" readings.

In the case of the"semi-concealed bed" 55 common in Glasgow,

the readings were even less. By the kindnegs of the corpora-
ition sanitary-inspectors I was cenabled 10 visit thesec same homaes,
at night, (about 2 a.m.): ventilétion was practically non-

existent anda one felt absolutely exhausted after standing

- quite still for several moments in such a house. The dry and
wet kala readings were usually about 3.5 and 9.5 regpectively.
When infante are taken into the open-air they are usually well
mffled up by a shawl so as to limit the amount of oxygen
available, The infant is thus brought up in a state of
chronic ocygen-lack, surrounded by an aerial Jacket ;the

one/
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one characteristic of which is its low oxygen-content.
And it is in these districts, where such a condition of

affaire exists,that tetany and its allied disorders are

80 prevalent.
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The results of the investigations recorded here lead
one to put forward a suggestion as to the mechanism of the
reaction of degeneration. No?l Paton and Findlay(g)thinkj
that the developmentbof the q;éw generalised contraCtiohIWith
the increased responsé"to galvanic stimulation, may be a
result bf the degeneratign of the receptive substance.
But Langley and Itagaki(—go)have found that the oxygen-use
of denervated 'muscle is much greater than that of the normal
structure. The result is that there is a relative anoxammia
present rounda the denervated muscle, This anoxaemia would
increase the excitability of the whole neuromyone and so lead
to an increased response to galvanic stirulation. Whet her
or not this is the true explanation of the reaction of
degeneration, it appears a plausible hypothesis. It seems
also to explain the beneficial effects of gentle massage io
denervated muscles while thelir nerves are in process of repair.
The massage would induce a greater flow of blood to the part
and consequently a better supply of oxygen t0o the neuromyone.,
Thus the irritating effect of an anoxaemia and its resultant
increased excitability and generaldsed contraction WOuld be
prevented, and the break-down of the rmuscle tissue if not
prevented, at least inhibited.

A general survey of the evidence brought forward in

this/
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this thesis is given in the followhng table:~

Condition. . E.E. - Supply-of 05 - Caleium content
. T0 tissues. of serum,

Acidosis. - + 0

Alkalosis. + - -0

AspYyxia. + -

Cold. + -

Angemia. + -

Cyanide poisoning. + - - :

Alcohol poimoning. + - 0

(excessive dose)

B-Inm. + -

Guanidin. ’ S - B 4

* indicates‘an increase.
- a decrease.
0 no change.

It will be seen that in practically every case in
which fhere is an increased electrical excitability there
is also present a diminished supply of oxygen to the tissues,
The evidence as regarding guanidin is certainly not clear
and the action of guanidin on the head of oxygen will
require further investigation. A consideration of
the work previously done on the action of guanidin in the
animal body does not, however, oppose the view that
anoxaeria is tle causal factor. As regards the influence -
of calcium; tle evidence is still far from conclusive. It
may be that all the experimental conditions investigated
leadf to an inactivation of calcium. That there is not
neceggarily a diminution in the total amount of calcium

present/
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present in the blood is shown by three results given above.
These results, however, do not prove that calcium metabolism
is of no importance in conditions where an increasged
electrical excitability exists. It is quite »ossible
that anoxaemia and diminished amount of "active" calcium .
are both produced by the toxic or other factors inducing
tetany and cognate conditions. Even if this is the case,
the view that anoxaemia is the basal cause of increased
electrical excitability still holds good, unless it isg held
that each of the experimental conditions investigated
produces the increage by virtue of a specific action of its
own. This last hypothesis is so unlikely in view of the
evidence brought forward that it might almost be considered, ’

untenable.
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