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THE AUTACOID SUBSTANCES

IN RELATION TO

THE AUDTONOMIC NERYVES,

TEH BT H Y REOET DG L AN De

INTRODUCTION = CHIEFLY HISTORICAL.

The investigation offkhe action of the thy-
|oid gland has occupled the attention of physiologists!
for many years. Its function has been studied by not-
ing the effects resulting from congenital deficiency,o%
%ost-natal atrophy or removal; and these observations
have been supplemented by the investigation of the

results following "substitution therapy", or those



e

which occur in consequence of the administration of
the gland or its preparations to intact animals.

Some observers have used either the entire
gland or extracts prepared from it, whilst others, in |
an effort to discover the active principle, have con=
centrated their attention more particularly upon the
physiological effects of the administration of spec=-

ific bodies prepared from the gland. i

|
| CHEMISTRY OF THE THYROID.

The earliest attempts to investigate the
{chemistry of the thyrold gland were made'by_Bﬁbnow
;(1884)(1) who found that aqueous or saline extracts of|
!this organ yielded a precipitate on the addition of !

‘acid. He was able to show that this substance waé a

|
%protein, and in view of 1ts origin he named it thyreo-|
|

‘ Gourlay (1894)(2) in an attempt to recog=
|

inise the chemical nature of this protein, concluded
ithat it was a nucleo=-albumin, because of the presence

iof phosphorus in its molecule. His conclusion however|

!
was scarcely justified, owing to his omission to test |
for the presence of purin bodies, and by his failure |
| |

to observe if it gave a reducing substance after acid

ihydrolysis.
|

Baumann(1895)(3) obtained evidence to show
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that the gland contained iodine, and to the compound |
in which this was present he gave the name'thyroioding
He obtained this by hydrolysing the whole gland with

| 10% sulphuric acid, and dissolving the alcoholic ex-

étract of the precipitate so produced, in 1% caustic

' soda solution. This was made faintly acid, and the

resulting precipitate was the thyroiodine. It con-

tained 0. 5% of phosphorus and 10% of iodine.
i We are indebted however to Hutchison
;(1893)(4) working in the Department of Physiology,of
' Edinburgh University for the first systematic exam=
!ination of the chemical nature of the thyrold. He

' was able to classify the ingredients of the thyroid
'as follows:=- |
| 1. Nucleo=albumins, from cells lining the |

acini,

2. Colloid material, containing a large
amount of iodine, and a small amount
of phosphorus. This gave no reducing
substance on boiling with mineral

acids, and ylelded no purin bodies,

3. Extractives, Xanthin, hypoxanthin,

lactic acid, creatin.

| On subjecting the colloid material to
' peptic digestion he was able to divide 1t into two

 componentsi=

2. Non=proteld, containing much iodine
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and a small amount of phosphorus,

be Proteid, containing some iodine and

no phosphorus.

The c¢olloid material was the only one

;effectual in combating the effects of thyroidectomy,
|
'and he found this property depended almost entirely

upon its non=proteid component, which he consildered

to be identical with Baumann's thyroiodin.

In further iuvestigations (1898)(5) Hutch= |

| :

|

|1son found that the activity of the colloid was-pro-
portional to the amount of the iodine present. The
artificial addition to this&iodine as such, produced

no more effect. In control experiments using thymus

Eextracts with iodine added, no "thyroid" effects were

obtained. The conceptlion of iodine as an important

ingredient of the thyroid is strengthehned by the

presence of that element in this gland in Elasmobran-l

'chil, Amphibia, Reptilia, Aves and Mammalia.
[ 2
Many other workers have investigated these

' substances, and it was shown by Oswald (1899)(6) that

gthe iodine present is contained in a globulin, to
iwhich he gave the name iodothyroglobulin. Digestion
iwith trypsin completely dissolved the compound, and
!the resulting solution contained no iodine, but much
;tyrosin. From this he concluded that the iodine was
‘not present originally in the tyrosin groupe.

In later investigations (1909)(7) he

4,
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formed the opinion that the iodine is contained in

'the indole radicle of the protein.

| Finally, Kendall (1919)(8) as a result of

‘leight years research on the chemical nature of the

Egland was able to isolate a crystalline compound of i

iodine of definite composition, which he named thyroxin.

.ThlS substance was obtained by alkaline hydrolysis of |
:the fresh glands, filtering the solution and then

)acidifying. The resulting precipitate is purified

iby re=precipitation with acid. It is then air=-dried, |

Edissolved in alcohol, purified with baryta, and the
sodium salt repeatedly re-precipitated to purify it.
!Finally, the addition of weak acid throws down the

;
thyroxin in a pure condition.

i Thyroxin contains 65% of iodine, and this |
latter represents 25% of the total iodine contained ini

the gland. This ratie between thyroxin-iodine and the

Femaining iodine has been found to be constant.

chemically it is a derivative of tryptophane, and is |

supposed to be trihydro=-trilodo-oxybeta=indole propion*

?c acid.

! It may exist in three forms with either a
%eto—, enol, or open=-ring formation. The last is the
%ondition in which it is supposed by Kendall to be
%resent in the bodye.

' Kendall considers that the iodine of the
'foodstuffs is gradually built up into iodothyroglob=
ulin, which product forms the non=toxlc method of

storage. As the iodine is required it is liberated

De
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into the bléodstream in the form of thyroxin.
Experiﬁental evidence (9) supports the
conclusion that thyroxin can replace the whole thyroid
in respect of its power to relleve all the symptoms of
écretinism and myxoedema. Kendal 1is of opinion that it
acts as a catalyst.
Whether it reproduces all the functions of
thyroid secretion still remains to be solved, and no
finality will be possible until the actual functions
of the thyroid gland have been more fully delineated.
Sammartino (1922)(10) claims to have isol= ;
;ated another constituent of the thyroid, obtained by |
?fractional precipitation by picric acid, of a protein
free acetic acid extract of the gland. This differs
ifrom other thyrﬁid components by having calcium in

%1%3 molecule.
l



THE ACTION OF THYROID UPON

NERYVE.

| Evidence is not wanting to show that'the
%hyroid gland has a controlling influence on the
metabolism of the body; 5ut whether it has any spec=
hfic action upon the activities of nerves, is more
difficult of demonstration.

! To investigate the latter point, it has
%een customary to administer either the whole gland,
Pr one of the preparations just enumerated. Alter=
hatively, some workers have attempted to increase the
émount of thyroid secretion in the circulating blood
ﬁy‘stimulating the afferent nerves of the gland.

| Subsequent to such preparatory treatment,
the tonicity of certain nerves were investigated,
Fither by noting the alterations if any, in their
normal functioning; or by observing any alteration in
their degree of response to artificial stimuli.

| Amongst the earliest workers in this field

was Heinatz (1894)(25) who consistently found in dogs,

7e



Thyroid upon Nerve.
!
'as the result of thyroid injections, increased pulse
'rate and increased bloodpressure. Section of the
vagus nerves had no effect upon these results. His

i
‘findings however have not been confirmed.
|
|

Cyon's Work.

Cyon (1898)(11) investigated the action of
ithe thyroid secretion upon the depressor nerve, and
fgn the cardiac fibres of the vagus. His method con- E
isisted in removing the thyroid glands from animals and
Iobserving what effect this had upon the cardio-vascular
'system. This was followed by injections of thyroid
}substance. Frequently he adminisfered the injections
ito intact animals. |
The preparation which he used was iodo=
thyrin freshly prepared and dissolved in normal salineL
} He found that in rabbits thyroidectomy gave
rise to high bloodpressure, tachycardia and slowed i
respiratory movements, with a great diminution in the !
Etone of the vagus centre. The evidence which he pro- :
'duces in support of the latter conclusion is however
not convincing. After the injection of iodothyrin, .
the sensitivity of the vagus and depressor were greatl&
Iincreased. In the normal rabbit injection of iodo=
thyrin increased the sensitiveness of the depressor

and vagus fibres to stimulation. .

| Dogs treated similarly exhibited the same

Ephenomena.

1 In all the animals the injection of iodo-
|



| explanatione.

Cyon's work.
:thyrin was accompanied by a fall in the bloodpressure%
| frequently assoclated with a slowing of the heart.
| Cyon was able to demonstrate this slowing of the heart
in dogs whose vagl had been cut previous to the inject-

ion. He suggested from this observation that the

drug acted either on the nerve trunk or on the endingé

| of the nerve in the heart. Whilst the former possib=
111ty could not be excluded, it was unlikely, and he

concluded that the latter suggestion was the correct E

| bloodpressure, and acceleration of the pulse, due to

Action of alkaline iodides.

As these effects bore a propoftianate
~relation to the amount of iodine present in the iodo=
thyrin, Cyon suggested to Barbera that he might in-
vestigate the responses obtained by the injestion of
alkaline iodides under like conditions. |

The results obtained were the direct antit£-
esls of those obtained by C¥on with iodothyrin.
Barbera (12) found that the injection of 2cc. of 2%

sodium iodlide into a rabbit gave a large rise in

stimulation of the sympathetic nerves. On further
increasing the dose, the depressor nerves and the
cardio=inhibitory fibres in the vagus were rendered

ineffectual, and the animal developed "Krampfe".

Injections of sodium phosphate neutralised these

effects.

9



Cyon's conclusions.

Cyon concluded that the thyroid had a
protective influence in safeguarding the cardiac and
lvasomotor nerves from the poisonous effects of in=

organic lodides.

Observations by other workers.

| Boruttawn (1899)(13) was able to confirm
Fhe sensitising effect of thyroid injections upon the
vagl, but Asher's pupil (14) was unable to confirm
byon's statement regarding the lessened tone of the
gagi by sodium iodide injectiocns.
| Fiirth and Schwartz (1908)(14) could not
%gree with Cyon's findings regarding the action of |
iecdothyrin in the vagus endings. In cats during in-
&ection they obtained a fall in bloodpressure, and |
retarded pulse rate, but they concluded that this was
gue to an action on the vagus centre as 1t ceased on ‘
%ection of the vagus nerves. Such a deduction is _
|

however scarcely warranted on the basis of this experi=
1 |

&ent. It is possible that the injection acted on the .
Lagus centres and increased their tone, or that it |
écted upon the nerve endings and made them more res=

ponsive to the normel impulses reaching them. Section
of the nerves would prevent any impulses from reaching.
the endings anli hence any increased sensitiveness there

Would be remiered lneffectual becéuse of the inability

to utilise it in the conditions of this experiment.

They confirmed Cyon's observations that in

10.



Other workers.

¢he rabbit, thyroidectomy caused a loss of tone in the |
ﬁepressor nerves, partially recovered from after iodo-z
thyrin injections. In dogs and rabbits they falled to
find any unmistakable effect upon the clrculatory i
apparatus, as a result of injection of lodothyrin. i

Asher (1911)(15) could not get this paresis?

of the depressor, neither could Gerhardt (1911)(16), |
;aﬁd they concluded that it was not a regular phen-
;omenon. §
Kocher (1906)(17) states that neither
%complete nor incomplete functioning of the thyroid i
%gives rise to variations in the rhythm or type of the |
;heart's activity. Asher however states (loce.cit.) |

?that thyroid secretion partially restores the excit=

:ability of the vagus, which has previously been de-

‘pressed on adrenalin injection. He could not accept
;Cyon's statement regarding increased sensitivity of
:the depressor after iodothyrin, but found that he got
ithis result after injection of thyroid extract.

| Kraus (1906)(18), Friedenthal (19) and

|Oswald (1915)(20) could not observe any effects such
!

Eas Cyon obtained during the injection of iodothyrin.
'The latter however agreed that it increased the

isensitivity of the depressor, cardiac vagus and sym=
_pathetic nerves to stimulation. : .
| The apparently divergent views of other i
 workers could be partly explained by his conclusion |

| that the thyroid secretion stimulates the ehtire



Other workers.

|

‘autonomic nerves. Contrary to the observations of
Eprevious workers he found the sensitivity of the vagusi
iincreased to atropine. Investigating the extent of

'these responses in relation to the iodine content of

fthe iodothyroglobulin he found that they ran pari passu.

éIodothyroglobulin without iodine was not quite without
iaction, but the addition of iodine to this artificially,
Edid not increase the response. Ionised iodine or

1odo= casein did not have the above properties.

Recent observations.

More recent workers are equally divergent
in their views. Albertoni (1916)(21) fed his animals
Eon fresh thyroid glands and found that small doses in=
écreased, and large doses decreased the sensitiveness
éof the vagus. The latter effect was likewise obtain—i
éed on prolonged administration of the druge.

Levy (1916)(22) using thyroxin found that |
there was no appreciable effect upon the cardio-vascul;
ar system as a result of its injection. He found, i
however that after a latent period of 5 to 20 minutes !

that it increased the response to adrenalin. Stim=- !

ulation of the cérvical sympathetic nerve, which he
%assumed contained secretory fibres to the thyroid
;gland, gave increased response to adrenalin after a
élatent period of about an hour.

] Marine and Lenhart (1920)(23) using the
!variations in the respiratory exchanges after adren=

|
ialin injections as an indirect method of investigation,



Recent ohservationse.

:failed to findlaﬁy effect from thyroid injections
within the 1limits of an acute experiment.

Asher (1920)(24) in some later work states
ithat active thyroid extracts have absolutély no direct
geffect upon the strength or the rate of the heart beat;
?or upon the bloodpressure. He sti1ll maintains how=-
éever that the thyroid substance increases the excit=
éability of all the autonomic nerves, and concludes
éthat the ultimate effects depend upon whether the
sympatetics or parasympathetics are predominante.

; Boclmann working at Berne (26) found that
}thyroid extracts had a dilating effect upon'the kidney
Ivessels. Richardson and Kakel (27) found no differ=-
ence between the surviving mammalian hearts of a |
|

thyroidectomised and a normal animal; and got no in=
fluence upon the former with thyroild substances

| Eiger (28) investigating the reflex function
| :
iof the isolated spinal cord, found that small doses i

lof thyrold substance increased the responses, whilst

large doses had an inhibitory efrfect.
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GENERAL.

We have seen from the literature just quoted,

‘that there 1s no uniformity in the results of the

%various workers regarding the action of thyroid prepar}
?ations upon certain of the autonomic nerves. There |
éare many possiblilities of error in such investigations;

'and the conditions under which the experiments are

conducted lead to the introduction of many variables.

The object of the present research was a re-invastig-'

ation of some of the experiments to which referemce

has been made, with a technique less open to criticism.

The significance of the different factors

%has received a varying degree of recognition, and

evidence is not lacking to show that much of the work

has been rendered less valuable through failure to

14,



General.

;adopt recognised methbds, by means of control experi=
i

ments, for the evaluation of the effects due to certain

!of the variables.

i Leaving out of consideration at present,

Ethe nature of the preparation administered, a large
!majority of the experiments have consisted in finding |
|the amount of response obtained from the electrical j
Est.tmulation of a nerve, before and after the adminis=
tration of the substance. Frequently, the effect of
such administration upon the response of the nerves to

some other drug, has also been utilised as an indicat~

ion of the action of the thyroid.

| For the former method of enquiry, to be of
évalue,a stimulus of constant strength must produce an
éunvarying deéree of response in a nerve=effector com=
ébination when the conditions remain unaltered.

Even 1f this premise be assumed it will
then be necessary to produce evidence to show that
Ethere has been no alteration in the conditions of the |
;experiment before and after the administration of the _
édrug, other than those caused directly and specifically
 by such druge.

The possible causes of variations affecting
‘the condition are many, and in the course of this
?research, attention was directed more particularly to

;the followinge.

The degree of anaesthesia,

The depth of anaesthesia has a bearing upon



Degree of anaesthesia.

?the response obtained from the stimulation of a nerve.

|
‘ance seems to have been overlooked by some of the
workers whose papers I have quoted. During the

course of a prolonged experiment, when a volatile

anaesthetic is used, 1t 1s practically impossible to

ikeep the animal in the same condition throughout unless

iSpecial means are adopted for the administration of
|

%the anaesthetic.

The strength of stimulus applied.

In all the experiments recorded, the stim-
ulus applied to the nerve for comparative effects was
electrical. This has been obtained from an induct=-
lorium, an interrupted induced current being used. It

has been assumed by all the workers, that provided mo

That this is not so, I have been able to demonstrate.
For the purpose of obtaining the interruptions in the

primary circult, 1t is usual to employ a flattened

plece of metal firmly clamped at one end. This
jmetal is springy in nature and when it is set in
Evibration the primary circuit is made and broken at
it.he end of each period of 1ts oscillation. In some

Pf the coils the necessary contact is made by a piece

This has been long known, but its signific~|

voluntary alteration was made in the adjﬁstment of the

colls, the strength of the stimulus remained constant.

of platinum attached to the spring, striking a platin-f

um pin firmly fixed to a support. In others, a

16.



| Degree of anaesthesia.

!platinum projection on the spring makes contact by
idipping into a cup'of mercury suitably connected in
 the circuit. This method is the one adopted gener-
!ally in the Kroenecker inductorium, in which
the surface of the mercury is kept clean by means of
alcohol or a running stream of water.

| In nelther of those methods can one be
iassured that the same strength of stimulus is always
being obtained from the secondary coil. The causes
of variation are several:=- the presence of subsidiary

|
\vibrations in the springs; varying degrees in the dur=

lation of "make" and of "break"; and the production of

'waves on the surface of the mercury (where used) caus=
. . |
ing inequality in the period and duration of contacte.

These factors are known to physidists, but
| = I
there does not seem to have been a due appreciation of

ftheir importance in much of the work to which reference

= |
‘has been made. ’

The manner in which this difficulty was

surmounted, will be discussed later.

The method of applying the stimulus,.

In all the papers which I have read, no

§specia1 emphasis 1s laid on the method by which the

|
exposed nerves were stimulated, nor is there any i

iindication as to what precautions, if any, were taken

'to maintain the physical condition of these nerves

iconstant. Evidence will be adduced to show that the
| Te

17.



Method of application. - 18.
iomission to standardise the method of application of
!the stimuli, may account for many of the phenomena

|
observed.

METHODS EMPLOYED.

General.

| So that due allowance might be made for the
idiosyncrasies of the animals, it was declded to
ispread the observations over as large a number as
!possible. Over ninety animals have been experimentedi
iuﬁon, the bulk of these being cats. The remainder i
Ewas composed of rabbits and dogs. So that seasonal |
variations, if any, might be noted the experiments
were conducted throughout the course of two years. !
All the experiments were "acute" in nature. i

That is, a fresh animal was taken for each experiment,g

gto it was administered the preparation to be examined, |
gand the observations were completed in the course of |

| |
'a few hours, after which the animal was destroyed. !

Anaesthetics used.

All the animals were put under general

;anaesthesia. In order to ascertaih whether the
‘anaesthetic had any bearing upon the response, various
drugs were tried. In the course of this research

‘there were used ether, chloroform,urethane, and



19.
Anaesthetics used.

| |
Earaldehyde. For the dogs, ether with and without
%orphia was the anaesthetic of choice. It was found
Ehat when the volatile anaesthetics (ether etc.) were
5eing used variations in the responses were obtained,
corresponding to differences in the degree of anaes- |
ihesia. For this reason preference was given to the |
%on-volatile type (e.g.urethane). It was assumed
that if this anaesthetic had any effect upon the res=-

ponse of the nerves, its effect would be progressive

%nd unidirectional.

Thyroid preparations used.

For these investigations I used extracts
made from the dried thyroid glands of the sheep; and f
solutions of thyroXin. The glands were obtained !

fresh from the slaughter house; immediately on receilpt
i

I freed them from any adherent fat, or parathyroids,_ .
%nd decapsulated them. They were then cut into thin |
%1ices, and immediately placed in a hot air oven to
}emove rapidly the bulk of the water. The residue

?as then reduced to a rough powder and heated at 80°C
hntil it ceased to lose weight. After being finel&
gowdered it was placed in a dessicator for 24 hours,

?nd then transferred to a closely stoppered wide-mouth~
%d glass bottle, and collected until a sufficient bulk
had been obtained. This was stored in a cool dark

place and sufficlent extract made up as occasion arose,

to last a few days.



Preparations used.

; The extracts were made either by triturating
Ethe dried powder with warm distilled water and filter=
ing under pressure in a Buchner funnel, or by boiling
;such a mixture for five minutes, making up to volume, |
%and then filtering. In each case the finished pro=
Educt wag of such a strength that 1 cc. of the liquid
represented the extractives from 1 gm. of fresh thy=
‘roid gland,
i The same batch of thyroid powder was used
ithroughout the whole serles of experiments. Its
!iodine content was estimated by Kendall's (1914)(29)
;method, and the amount of this element present was
|found to be 0°21%.

The thyrdxin used was manufactured by

\Squibb, New York, and was obtained from them in the

'solution of sodium hydroxide (0°002N) as recommended

|
crystalline condition. This was dissolved in a weak

|

i

?by the makers. Sufficlent of this solution was made
for a large number of observations, it was then filled
;;nto ampoules, sterilised by heat, and hermetically
Esealed.

THE STIMULUS EMPLOYED., |

The choice of a suitable source of elect-
;rical stimulus caused considerable trouble and delay

gin the earlier part of this work. It was decided to

i
éutilise a Kroenecker inductorium activated by a single

‘cell lead accumulator. The interruptions to the

20,



Stimulus employed.

primary clrcult were effected by means of a vibrating:
{éteel spring carrying a platinum pin which dipped 1nt&
ia cup of mercurye. The spring was fixed at one end
to a rigid boss screwed to the base of the inductorium
iand the mercury cup was held in a mount, the height |
Ipf which might be altered by means of a rack and
ipinion.

It was essential for the success of these
experiments that there should be no alteration in
!the interval of time between successive stimuli. For
this purpose 1t 1s not sufficient that the number of'i
;contacts in a given period of time should be constant.
The explanation of the fact that the rate of contacts
may remain constant while the rate of stimull varies

i
is as follows.

It will be kept in mind that a secondary
| current and, therefore, a stimulus occurs each time E
| that the platinum in its downward movement makes |
écoﬁtact with the mercury ("make"), and that a secondﬂé
| ary current and stimulus also occur each time that |
!the platinum on its upward journey leaves the surface |
| of the mercury ("break").

Let 1t be assumed that the spring is giving
60 double vibrations per secénd, and further that the
|mercury cup is placed at such a distance below the
platinum point that the latter at the extreme 1limit
of 1ts excursion 1s just enabled to make contact withé

the mercury. - Under these circumstances the interval

 between "make" and "break" may be less than the re-

21l.
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‘Stimulus employed.
fractory périod of the nerve, and so the stimulus at
%break" may be rendered ineffectual 1f the "make"
%timulus be of an effective strength. This would
%esult in 60 effectual stimuli being given every
Qecond. Graphicaliy these stimuli might be shown

thus =

If now the mercury cup be raised td a small[
extent, the intérval of time between the successive i
}pstants at which the platinum on its-downward-journey%
}eaches the surface of the mercury will be, as before,é
é@ secid. But the time between "make" and "break" will!
be increased by the time spent by the platinum point

in moving within the mercury from the surface to the |

1imit of its vibration and back again; and the time !

between “break" and "meke" will be decreased by the
same amount. -The interval between "make" and "break"
hay now exceed the refractory period of the nerve and
there will be an effective stimulus at "make" and also

at "“break", not, as in the previous case, at "make"

Fnly. Whereas under the previous conditions only 60 !

%ffectual (and available) stimuli per second were being

delivered, there will now be 120.

This might be represented thus:=-

Jolllalt |

0l sec,

22,
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Stimulus employed.

TRRCING No.l shows the results obtained in

a nerve=muscle preparation which was subjected to

stimilation under the varying conditions just enumer-

i
‘atedy,  Examination of the graphs will show that an

appreciable difference is caused in the responsese.

Causes of variations in the stimuli.

During the course of the earlier experiments
' =, !
it was discovered that there were at least two means

by which such alterations in the effectiveness of the i

stimulating curfeht might éccidently arise. The
mercury cup was held in position by rack and pinion,
and it was found that during the course of an experi=
ment, the constaht vibration of the spring'tended to

cause an alteration in the level of the cup. The

‘other factor which modified the time interval between

the contacts was the production of waves upon the sur=
face of the mercury.

To overcome these difficulties, I replaced

;this means of interruption by a mercury turbine

interrupter. This depended for 1ts action upon a mass
(of mercury being sprayed in fine jets upon metal seg-
ments. The mercury and metal plates were immersed
in alcohol to prevent undue oxidation. This proved
:satisfactory, and the interrupter was introduced into

‘the primary circuit of the Kroenecker coils

23
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ELECTRODES »

The application of electrical stimuli to an
exposed nerve in order to test its excitability, pres-
ents difficulties if the experiment is a prolonged one;
:and if fallacies are to be avoided. This point seems
to have been ignored in the papers quoted. In my
earlier experiments I used shielded platinum electrodeé,
lcomposed of two platinum wires lying upon a bed of
vulcanite, and having a moveable cover of like materia},
fbut it was obvious that the mechanical irritation
which they produced,caused eventually a loss of funct-i
ﬁon in the nerve at the site of stimulation. |
Plain platinum electrodes emerging from the

end of a glass holder were then tried, but difficulties

%ere encountered with these also. Owing to the length

of each experiment, the nerve if left on the-electrodes
ﬁid not maintain aﬁ even degree of moisture, even when
precautions ﬁere taken to assure this. If it became
drier than normal 1t was either more irritable or

Fuite irresponsive. In the latter event a fresh porte
hon had to be utilised, and I éonsidered this totally
@nsatisf&ctory for comparative results.

| If the nerve was moistened with warm Ringerts
éolution the degree of moisture affected the conduct-
1vity between the platinum points, and this was made
evident by wide variations in the responses obtained

to stimuli of identical strength. To overcome these

difficulties I tried the method of removing the nerve

24.



TRACING No. 2.

A" and A" electrodes moved to fresh
part of nerve.

Stimuli;, in order of application: -

15, 20, 15, 20, 20,15, Kroen: units.



Electrodes.

~from the electrodes by means of its attached thread,
between each set of stimuli, and laying it on the

ad jacent tissues which were kept molst with Ringer's
solution.

This procedure did not satisfy me because
ﬁhere was no assurance that the nerve was of the same
ﬁegree of moisture throughout an éxperiment, or that
}t was replaced in exactly the same position each time,
br that the same degree of contact with the electrodes
ﬁas obtained on each application.

TRACING No.2 shows the variations in resulté
obtaiged by placing different portions of the cervical
&agus nerve upon the electrodes. It will be noticed
&hat previous to the first adjustment (A), a stimulus
of 20 units has an appreciable effect upon the heart,

after the ad justment the same strength of stimulus has
|

po effect. On again shifting the nerve (&), a stimu=

;us of 20 units gives a response comparable with the
ifirst-

i Inequalities in the degree of moisture
'give variations in the execitability of a nerve. This
very important point does not seem to have been stressf
‘Bd by the other workers in this field. It is con= |
:ceivable that in many of thé experiments quoted where
progressive excitability of a nerve was found, it was
idue to the progressive drying of this tissue.

i This problem presented difficulties in the

earlier part of this research, but, I have overcome

25
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| Electrodes.

these by designing a new type of electrode of the
hfluid" variety. These electrodes are fully describ-
ed elsewhere (1923)(30), but the illustration opposite
ghows the principle. The instrument is made of glass,
with the exception of the two hollow clay plugs A.
These are closed at theilr lower extreﬁities, and cont=-
ain a saturated solution of zinc sulphate. Into these
ﬁip amalgamated zinc terminals and the current is cone |
auctad between them through the Ringer's solution

Fhich fills the rest of the apparatus. The horizcntai
iimb B has a hole at each end, and through these holes
the divided nerve is pulled by means of its attached
%hread. This 1limb lies in the tissues in the space
ponmally occupied by the nervee.

| By means of these electrodes the same'port.-E
#on of the nerve is stimulated throughout the coursé

éf the experiment, the moisture is maintained_constamt E
and sufficient, and any risk of polarisation is entire=

|
}y eliminated.

THE PREPARATION OF THE ANIMALS.

In all the experiments the animal was placed

?nder a general anaesthetic. After the insertion of a |

B )
tracheal tube, the left vagus was exposed in the neck
| i

ﬁnd (in the case of the cats and rabbits) dissected
q1ear from the sympathetlc nerve. The vagus’ was

Q1v1ded, and the central and peripheral ends dissected
|

dlgar for about 2 cm. The animal was now put on art=-
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-TRACING No. 3.

Showing no effect upon: heart.



?reparation of animals.

'ificial respiration,and after ligature of the internal
‘mammary arteries the thorax was opened by removing the

sternum and the sternal portions of the ribs between

_the levels of the fourth and seventh ribs. The

pericardium was opened and the ventral portion removed.

' The right auricle and the right ventricle were atéach=

ed respectively to the recording levers of a Schafer'é
cardio-myograph. The opening in the thorax was
coversd lightly with a thick layer of cotton wool,

_ The insertion of a vein-tube into the left
external jugular vein, and the linking up of the right
carotid artery with a recording mercury manometer !

completed the preparations.

EFFECT OF INJECTION OF THYROID

EXTRACT, UPON THE BLOODPRESSURE.

In rabbitse.

The effect upon the bloodpressure during

| and immediately following the injection of thyroid

extracts, varies with the species of animal which is

| being experimentad Upone In rabbits there may be

' a slight rise; and occasionally a fall of about 3 mm.

' may be noted.

No evidence was obtained from the experi=-

ments with these rodents which would indicate that

their bloodpressures are modified to any great extent

' by such injections.

27



As alrore.

TRACINGS 'Nos, ‘4 and 5.

No. 4, showing diminished rate and amplitude,

No. 5, showing increased rate and amplitude.

“A”;-inject;on-of thyroid extract.



Bloodpressﬁre - in cats.

In cats however the results were different,

and, in one particular,were consistent. In every

instance the injection of thyroid extract was accom=

panied by a fall in the bloodpbessure, usually pre=
ceded by a slight rise. This fall was observed in

' 40 animals so treated. Although this fall in blood=

pressure was always obtained, the effect upon the

| heart varied. Of the above cats 13 showed a slowing |

of the heart concurrent with the fall in bloodpressurse,

| 26 showed no change in the rate, whilst 1 indicated

| an increase in the heart rate. This is dealt with

'more fully later one

TRACINGS Nos. 3, 4, 5, illustrate these

?varying effects upon the heart. The first tracing

shows no effect on the heart as a result of the
injection; the second shows a decrease in rate and
amplitude; whilst the third record indicates an
increase in the heart ratee.

These phenomena are not uncommom during

' the injection of tissue extracts. The fall in the

| bloodpressure has been attributed partly to cholize.

| Lohmann (1907)(31), and Furth and Schwartz (1908)(32)

state that this 1s the responsible substance for the
depressor effecte. b

On the ather hand Poplelski (1909)(33)

ds of opinion that choline is not responsible for

' the depressor action of organic extracts in general,

-and Modrakowski (1908)(34) states that pure choline

28
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A. Injection: of 5 mg. choline,

B. Injection-df 0°33. mg. atrooine,



Bloodpressure = in cats. £

' causes a rise, and not a fall in the bloodpressure.
!

INVESTIGATION OF THE

DEPRESSOR PROPERTY.

This point was considered worth further

'investigation, and I procured a sample of pure choline

hydrochloride manufactured by the Hoffmann la Rocke
1 |

| Chemical Company. This extremely hygroscopic prepar%

| |
'ation was accurately weighed under appropriate condit-
!

| ions and dissolved in normal saline soclutione

Action of choline.

5 mg. of the drug was injected into the
external jugular vein of a cat. This was accompanied
éat once by an acute and pronounced fall in ﬁhe blood—‘
;pressure, the recovery to normal being almost as napi%.
The experiment was repeated on several cats with the
game result. That this effect is due to.an action
upon the vessels may be observed from an examination |
of the records, whereby it is seen that the rate of i
the heart beat remalns umaltered. |

It has been recorded by other workers.that'
this depressor.effect of choline 1s abolished by

atropine. In order to confirm such observation I

| répeated the injection of a similar dose of choline,

- after having injected 0°33 mg. atropine. The result

| of this procedure was a.rise in the bloodpressure,
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-TRACING No. 7.

A. 'Injection 2°5 cc. thyroid extract.

B. Inmjection: 0°33 mg. atropine."



Action of choline.

' instead of a fall.

TRACING No.6, is one of such records obtain=
eéd by me. It will be observed that the injection of
the choline is accompanied by incfeased respiratory |
movements. That this is not due entirely to anaemia
of the brain may be inferred from the fact that the
same phenomenon occurs even when the choline causes
a rise in the bloodpressure.

It was now declded to see i1f atropine had

such an effect upon the depressor properties of thy=-

roid extract. The experiment was conducted under

similar conditions to those just detailed for the
choline injectionss

TRACING No.7, is typical of the results
obtained. It will be observed that atropine lessens
to a slight degree the depressor effect of the thyroid,

the greater part of this property however still being:

. retained. This experiment does not negative the

suggestion that choline is one of the depressop prin=-|
ciples present, but seems to indicate that it is not |
the most active of these subsfances in thyroid ex=- |
tracts. :

With a view to lnvestigating the properties
of thié depressor substance I submitted various batchs
es of the thyroid extract to treatment by hydrolysis,i
dialysis, and incineration‘respectively.

30.



A. Ingection: 2'5 ce, thyroid extract,

B. Injection: 2'5 cc. acid hydrolysed thyroid.
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EFFECT OF HYDROLYSIS.

Hydrolysis was effected at 100°C by two
different ﬁeans - by acld, and by alkali. That was
effected by boiling a measured volume of the extract
‘with the additlon of 5% hydrochloric acid for five
hours under a reflux condensere. The alkaline hydro=-
1ysis was conducted similarly using 2% sodium hydro=
xide. These preparations were carefully neutralised
by the addition respectively of sodium hydroxide and
hydrochloric acid.

It was found that the acld hydrolysis had ‘

‘no appreciable effect upon the depressor response,

g

Ewhich still occurred during the injection even after
|

;the administration of atropine.

| TRACING No. 8, shows the effect of such

'an injection, compared with untreated thyroid extract.
It is stated that choline is reddily des-

troyed by alkaline hydrolysis, being broken up into

‘trimethylamine and.glycol. It was not known what i

!physiological effects these might have, and so, as a

|contr01 to use with the alkali hydrolysed thyroid

|extract I submitted some choline to alkaline hydrolysis

under conditions similar to those applied to the |

thyroide. This solution likewise was carefully neut=

ralised with hydrochloric acide |
In these neutralised hydrolysates there-
‘was of necessity an appreciable excess of sodium

chloride. The amount was caloulated, and there were
|
|



TRACING No. 9.

“Injection: thyroid extract with NaCl.

“Injection' alkali hydrolysed thyroid,

Injection: alkali: hydrolysed choline,
(A1l equivalent doses.)

Injection: 0°33. mg. atrooine.



Effect of hydrolysise.

' used as additional controls unhydrolysed thyroid

extract with the appropriate amount of sodium chloride
added, and also a solution of the latter substance |
in water.

These solutions were then injected into
a cat in the following order; unhydrolysed thyroid. g

with sodlum chloride, thyroid extract hydrolysed withé

alkali, choline similarly treated, and the solution

of sodium chloride. The resulte from these having

been noted, there was then injected 0°33 mge. of

. atropine, and this was followed by a series of injects

|
ions similar to, and in the same order as, those giveﬁ

previouslye.
TRACING No. 9, is a reccrd of such an
experiment, It will be observed that the alkaline |

hydrolysis has reduced considerably the depressor

- effect of the thyrold extract. On the other hand,

| whatever changes have occurred in the cheoline as a

result of such treatment, the solution retains pro=
necunced depressor properties. The administration
of atropine is seen to lessen to a slight degree the

fall in bloodpressure resulting from the injection

of the untreated thyroid extract = this result being

similar to those of previous experiments. But with
the other injections changes are noticed.

An examination of the tracing will show
that after the atropine injection the administration
of the alkali - hydrolysed thyroid and the similarly

treated choline now give a slight rise followed by

32
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Effect of hydrolysis. '

g scarcgly perceptible fall in the bloodpressure,
| We have seen from the records of previous
experiments, and from the action of the untreated
ﬁhyroid in this one before and after atropine, that
the more active depressor principle present cannot be
#holine. On the other hand, when such extract is
hydrolysed by boiling with alkalil, it gives results
on ihjection both before and after atropine, which aref
comﬁarable to those obtained from choline sc treated.
At least two possibilities might be offered
in explanation of these phenomena; (a.) choline is not
desﬁroyed, as stated, by alkaline hydrolyeis, but the
other_depressor substances present in thyroid are,(b.)
some of the products of hydrolysis of the depressor
éﬁbsﬁances present in thyroid have prOperties gimilar

to those of hydrolysed choline, amd some are inert.

'; Products of hydrolysise |

% . In order to investigate this, the solution ;
bf the hydrolysed choline was examined for the presencé
Ef choline by Rosenheim's test (35), and no evidence

?f it could be obtained. It was thus apparent that the
depressor effect of the hydrolysed choline was due to
the trimethylamine or the glycol, or bothe |

- Into a cat weighing 2770 grm. there was
injected 5 mg. of trimethylamine dissolved in 2f5 cce
Binger's solution. This was followed immediately Dby

% fall in the bloodpressure of 34 mm., with a quick

?ecovery. 'The heart rate was not affected. A
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Products of hydrolysis.

;similar dose of glycol had no effect upon the blood=
ipressure.

Atropine was next administered, and the
Eprevious injections repeated. They were without
effect upon the bloodpressure. ~ Both trimethylamine
and glycol were then injected simultaneously with a
like resulte. Finally, the injecticn of a solution
of sodium chloride of a strength similar to that
present in the hydrolysed thyroid ( or choline) was
followed by a slight rise in the bloodpressure similar
to those'obtaineé_previously from the hydrolysed ﬁre-;
_parétionsu ' i

| - TRACING NB-IO, shows these results. From

them it may be inferred that alkaline hydrolysis has |

' the effect of reducing the depressor bodies in thyroi%
to a substance or substances having physiological pro=

perties similar to those of trimethylamine.

OTHER TISSUE EXTRACTS.

Control experiments were undertaken with

extracts of liver and of tonsgil, both untrgated and

'hydrolysed. In these also, the effect of hydrolysis!

was to diminish considerably thelr depressor propertiese.

When however atropine was administered, and the inject=

' icns were then repeated, a difference was observed 1n§

| the response obtained from hydrolysed liver as compar=

'ed with that from hydrolysed tonsil. The latter had

|
iits depressor properties almost abolished, and in
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Tissue extracts.

this respect resembled thyroid extract. The hydro=
lysed extract of liver however, gave as great a f£all

in the bloodpressure, when it was injected after the

| administration of atropine, as that which occurred

| the record of a similar experiment, using extract of

before the atropine. f
 Summarised, it may be stated that atropine
has the effect of abolishing the fall in bloodpressuré
which occurs on the injection of hydrolysed extracts
of thyroid and of tonsil but that it fails to prevent
the fall in bloodpressure resulting from the ingection
of liver extract so treated. |
TRAGING Nos: 11, shows these results asg

obtalned with liver extracts, and TRACING No.l2, is

| tonsil.

- 35.
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DIALYSED EXTRACTS.

A portion of thyroid extract was dialysed
thfough a collodion thimble, which I made speclally
resistant to the passage of protein, verifying this
resistance by appropriate tests. The dialysis was
harriéd out against distilled water, and 1t was
pbserved that during the process a sediment appeared |
hn_the solution contained within the tube. The
Eistilled water was changed several times until exam--i
ination gave no indication of any further dialysis
%roceeding. These batches were mixed together and
évaporated under réduced pressure until of correc£
volumee
i Three éolﬁtions were obtained from such
dialysis; the liguid surrounding the tube (the dialys=|
ate), the liquid within the tube cleared by centri-
fuging (the dialysed extract); and the sediment within

the tube dissolved in Ringer's solution.



-TRACING No. 13.°

A. Imjection 2°5 cc. “dialysate®;
B. Do. - 25 cc.“dialysed extract”,

G Do.- 2°5 cc. solution of ‘residue.-



Dlalysed extractse.

The strengths of these three solutions

were so adjusted that equal volumes of them represent=

' ed the equivalent in volume of the original extract.

These solutions were examined qualitatively for the

'presence of iodine and this was found to be present

in the dialysate and in the solution of the sediment,

but it was absent from the dialysed extracte.

Effects during injectione.

They were injected into a cat in the

following order, in each case equivalent doses being

given; dialysate (4), dialysed extract (B), and
ésolution of sediment (C). The effects upon the

:bloodpressure were as follows:=

A, Fall in B.P. from 60 mm.to 25 mme
recovering to 52 mm.in 180 secs.

B, Fall in B.P. from 36 mm.to 22 mm.
recovering to 44 mm.in 55 secse.

Ce Rise 12 BeP. of 4 mm.,then a fall of
mm. below normal,recovering _
n 45 secsSe |

This experiment was repeated upon another'i

5 cat; but with a variation in the order of the inject=
| ions. In this instance the order was B'= A - C,

- The resulis were qualitatively the same, and confirmed
. the previous experimenﬁ. From these it may be seen

? that the dialysate has the greatest depressor effect,

é the solution of the sediment the least, whilst the

é dialysed extract occupies an intermediate positione.

TRACING No. 13, shows a record of such an

| experiment, It was frequently observed, and this

37
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Effects during injection.

' tracing shows 1t, that after the fall caused by the

' dialysed extract (B), the bloodpressure returned to

' a higher level than that which it had before the

' injection. In one experiment the dialyseé thyroid

;extract gave a rise with scarcely any preliminary

| falls. TRACING No.l4 is from an experiment in which

éuch an effect was obtained.

It is possible that this pressor effect

| may be due to the presence of putrefactive productse

Iihe collodion tubes are somewhat difficult to render

' Schafer, that I might try adding a little chloroform

sterile, and the prolonged dialysis (in some cases
two days) are favourable for bacterial growth. It

was suggested to me by Professor Sir E. Sharpey

to the freshly boiled extract in order to inhiblt

 putrefaction during the dialysis. This precaution [

-;was adopted with a fresh batch of thyroid, and the

=injections were repeated upon fresh animalse.

In two cats so treated, both gave a fall

' in the bloodpressure after the dialysed extract,in }

one case returning to the old level, and in the other

again attaining a level above that preceding the

' injection. In the latter experiment the increased

5height was certainly not very much, reaching_133 mme

in place of 121 mm; but it is of note to observe that |

' this gain in the level was agaln obtained when the

iinjection was made after the administration of atropiﬁe.

It was inferred from these observations

58
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Effects during injection.

that the more potent of the depressor substances are
dialysable, and it remained to be seen if any of these
solutions depended ﬁpon choline for its depressor pro=

perties.

Effect of atropine on dlalysed solutions.

This was investigated by repeating these
injections upon another animal, administering atropine,

?nd agaln giving the injections in the same order.
| TRACING No. 15, shows the results obtained
from such an experimente. It will be observed that

;the atropine has little effect upon the depressor
bPOperties of the dialysate, the fall in the blood= |
Ipressure caused by this before and after the adminis=-
tration of the atropine being 62 mm. and 60 mm. res=-
pectively. The dialysed extract however has iis
potency more affected, giving a fall of 24 mm. after
zthe atropine, in place of a previous 38 mm.

i In view of these findings it became of
interest to see if choline itself waé dialysables
%ccordingly a collodion tube was set up, and a solution
of choline hydrochloride was dialysed against distilled
water. Its presence was investigated by means of

Rosenheim's test (u.a.) and 1t was found that the

drug passed freely through the membrane.
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EFFECT OF INCINERATION.

A portion of thyroid extract was evaporated

to dryness and ignited. The residue was extracted

with distilled water, and this solution after filtratﬂ;

ion was injected into a cats A very slight rise in

;the bloodpressure was observable, due no doubt to the

ésaline contents of the injection.

|
EFFECT OF THE INJECT ION OF i
THYROXIN UPON THE BLOODPRESSURE,

)

In the course of these equiries, 21 animals |
s |

received injections of thyroxin. Of these, 18 were

cats and the remainder were rabbilts.

It was observed that thils drug differed '

haterially from thyroid extracts as regards its result

hpon'the bloodpressure. In general, no effect was

ﬁeen, but in several instances slight alterations in |

hhe level occurrede. I submit herewith the results

ﬁn tabular form, the only outstanding instance belng

where a rise of 20 mm. was recorded in one of the catsﬁ

This rise was maintained throughout the greater part

of the experimente.

It will be observed that one of the rabbits;

showed a slight rise after the injection of the thy-



Effect of thyroxin upon bloodpressure.

roxin solutione.

When however a control injection

was made with a solution of NaOH similar in strength

:and amount to that present in the thyroxin solution,

a similar rise was obtained.

CATS.

RABBITSs

Totals,|

RISE. NO FALLL
4 mm.; 20 mm.| CHANGE. 4 mm.

g 11 3

o o

Al kg 13, 3

21.
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THE 'EFFECT OF THYROID EXTRACTS
UPON THE SENSITIVENESS OF THE

CARDIAC FIBRES OF THE VAGUS.

Reference has already been made to the
effect upon the heart which occurs during the inject=
lon of thyroid extracts. It 1s intended here to

discuss this more fully, and also to analyse the

;results obtained from stimulation of the cardiac

fibres of the vagus after such injections.

DURING THE INJECTION.

An examination of the records which have
been reproduced in order to show the effect which

injections of thyroid extract have upom the blood=




.’B.'RE...N}

TRACING No. 17.°

A. "Injection: of extract of tonsil.-



During injection.

-y

bressure, shows that occasionally there was some mod=
ification in the heart's action; Sometimes there was:
a diminution of the amplitude only, but more éften < |
%hen this occurred it was accompanied by a retardation |
in the rate. This has been noticed by previous work=
Ers, and has been interpretated by them as indicating
an increase in the sensitiveness of the cardio=inhib-
;tory fibres of the vagus specificially caused by the
ihyroid substance. In my experiments this slowing

of the heart heat was not a consistent feature of

%uch injectionse. In 35 cats so treated, the élowing
bccurred in only 13. It did not occur in any of four
rabbits siﬁilarly injected. These results do not
%upport the conclusion that thyroid injections have
%he effect noted above, and further experiments have

shown that this slowing of the heart is not a property

specifically belonging to the thyroid.

EFFECT OF OTHER TISSUE EXTRACTS.

| This point was demonstrated by making ex=-
#Pacts of liver, and of tonsil, and injecting them
%nder conditions similar to those used with the thyroid
%xperiments.

' TRACINGS Nos. 16 and 17 are typical of the

?esults obtained. An examination of these will show

that in both,the heart was slowed during the injection
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Effect of other tissue extracts.

of the extracts.

As already noted certain workers contend that
thyroid preparations have a special affinity for the
cardiac fibres of the vagus, but my experiments dc not
bear this out.

Oswald (1915)(36) however explains these
varlations in response, by the hypothesis that thyroid
gtimulates not the para-sympathetics alone, but the
entire autonomics. The result of an injection will
therefore, according to him: depend upon the relative
preponderance of the two main divisions of the auto-
nomic nerves. Whilst this view is attractive, it is
difficult of proof when applied to the regulating nerves
of the heart. So far I have been unable to find any
substance which will paralyse the sympathetic nerves
to the heart, without affecting also the cardio-inhib-

itory fibres.

EFFECTS OF STIMULATION OF THE

CARDIAC FIBRES OF THE VAGUS,

Generzal.

In order to test the effects which the
injection of thyroid preparations might have upon the
subsequent response to stimulation of the cardiac fibres

of the vagus, it was necessary to fix upon a standard.

44,
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Effects of stimulation of the vagus.

As the result of trial experiments two standards were
adopted. One method was to find the minimal stimulus
‘which, when applied to the peripherél portion of the
5divided cervical vagus,was just sufficient to cause a |

'slight inhibltion of the heart, with a consequent fall

|
'in the bloodpressure. The injection was then admin=-

:1stered, and a stimulus of exactly the same strength
lapplied to the Vagus and the effect upon the heart
notede. The alternative method was to find the minimal
stimull necessary to give equivalent inhibitlons of
éthe heart, before and after administration of the

‘thyroid.

Determination of a standard stimuluse.

i .
The fixing of a standard caused no little

ftrouble, and I am convinced that many of the results
of earlier workers are rendered less valuable as a
result of want of precaution in this respect. The

routine followed was to pass a stimulus for 15 seconds|

and note the result ; the strength was adjusted if !

of 40 seconds j
necessary and after a lapsefanother stimulus was

Iapp‘lied. This was repeated until a suitable strength

had been found.

After this had been obtained, a space of
time was allowed to lapse which would be equivalent
}o that occupied in the administration of an injection,.
&he stimulus was then repeated, and very frequently

it was found that the response of the heart had altered
l



Showing variations in response at
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-TRACING No. 18.-

different periods of time.

300 Kroenecker units,

400
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do.
do.
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do.
do.




46,
Determination of a standard stimulus.

considerably. The strength was again adjusted,and
the procedure repeated until there was a reasonable

consistency in the resultse.

Variations in the response.

%Examination of the records of some of the work quoted |

ishows an entire absence of this precaution. The
!response of the heart to stimuli of similar strength
!applied-to the cervical vagus In the cat 1s not alway%
-1dent1§al. In illustration of this point I submit
herewith TRACING No. 18. Examination shows that at
;5‘50 p.m., the passage of 500 Krbenecker units failed
!entirely to affect the heart, whilst at 4°2. 400

| Kroenecker units both slowed the heart and decreased

its amplitude. Likewise 600 units at 3°51 had only

ia slight effect upon the heart and bloodpressure,

i

whilst at 4°1 a stimulus of similar strength had a
| pronounced effect upon both. A similar increased

|
response may be observed from the 300 units applied

at 4°15 as compared with that at 4°3.

| The effects were not always those of an
‘increased response. TRACING No. 19, taken from the
isame experiment shows that at 4°28 p.m., 400 units
?gives an appreciable result, whilst the same strength
of stimulus applied five minutes later has no effect
Iwhatever upon the hearte.

All the animals did not show these phen=

Eamena -~ some exhibited them more so than otherse.
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-gVariations in the response.

If any animal was found particularly irregular, the
experiment was either not proceeded with, or if
completed, the results have not been included in the

summing upe

I have already indicated many of the factors

which no doubt contributed to these irregularities in

the earlier experiments, but although they have been
individually and severally remedied this "vagus

phenomenon" still appears, and requires further

éinvestigétion;“

Method of observation.. !

During the course of the experiments to
be described, the procedure was as follows. After
the "standard" stimulus had been found, and verified

as detailed above, the drug was lnjected wvia the

| external jugular vein, and the stimulus was then

repeated. As it was possible that the effect of t.hei
thyroid might not be manifest for some appreciable

time, the stimuli were repeated at intervals of 5 - 10

| minutes for the remainder of the experiment. This

'usually lasted for 1% hours after the injection had

been given. Occasionally a second, and sometimes

a third injection was administered. . Experience

éshowed this prolonged recording to be necessary.

Any transitory variations in the response, unless

they were always in the same direction, were not

considered of wvalue.



-TRACING No. 20.

A. Injection: 25 cc. thyroid extract.
B. 100 Kroenecker units,

C. 150 do. do.



RESULTS OBTAINED WITH THE

CARDIAC VAGUS.

Increased response.

The results @erived from the stimulation
of the cerwvical vagus after injection of thyroid
extracts were widely divergent.

Some animals showed an increased response
;after such treatment, indicating inferentially a
igreater sensltiveness of the vagus as the result of
ithe thyroid administered. This increase in the res=
%ponse was often manifest 1mmediately after the 1nject-i
;ion was completed, more frequently 1ts onset was de=
.layed. In the latter event it did not usually appear
until about twenty minutes later. = TRACING No. 20,
uis typical of such an effect following the administrat-

-

1on of thyroid extract.

Decreased response.

These results however were never consistent,
and the opposite effect happened just as frequently,
Eamely an apparent decrease in the sensitiveness of
the cardiac‘vagus. The record of such an experiment
Fs shown in TRACING No. 21, wherein it may be seen
that a stimulus of 8000 units applied to the vagus
nerve after the injection gave only a slight inhibition

of the heart, whereas before that was administered, an

appreciable effect was noticed by a stimulus of the
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-TRACING No. 21.-

A. Injection: 35 cc. thyroid extract.-

B. 8000 Kroenecker units.



Decreased response.

' same strength.

No alteratione.

In a large percentage of the animals how=-
ever, no variation in the sensitiveness of the vagus

' could be demonstrated with certainty. There are

‘many possible explanations which might be produced to

explain these varylng results. During this research,
|as each hypothesis was formulated, an effort was made |

ito test its value experimentally. The results of

' such investigations will now be considered in detall. |

CONTROL EXPERIMENTS.

The object of these investigations was
'principally to see if support could be given to
'Asher's findings. We have seen that he holds the
iview that thyroid extract has a specific sensitising :
ieffect upon the cardiac fibres of the vagus. So fari
EI had been able to observe in some animals an incr'eas--i
'ed response to stimulation of the vagus, following

such injections. This was discounted however by

finding that in a larger number of exXperiments no

'such increased response could be obtained. Further, |

|
'in those instances in which greater sensitlveness was

éshown, there was no evidence that such variation was

due specifically to the thyroid preparation.

49 (&



A

Vet
BR
R
Sefna,

k4t 4571 MR

300 L

B B
¢ e c

-TRACING No. 22.°

A. Injection liver extract.
B. 400 Kroenecker units,
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Control experimentse.’

A large number of control experiments was

ftherefore-undertaken in order to test this point.

Effect of injection of tissue extracts,

upon: the response to stimulation of the vagus.

Extracts were made by boiling minced tissues
in Ringer's solution, and using the filtrate from such
édecoctions. The organs were obtained from freshly
ékilled animals, usually cats. Extracts were made of |
iliver, and of tonsil, These were administered under |
iconditions similar to those used for the thyroid, and
the stimuli applied to the vagus as in those experi-
;ments. : :
| It was fdund that with these extracts effecis
!could be obtained on the vagus similar to those which g
Asher states follow thyroid administration. a1 submiti
;a photograph of TRACING No. 22, in which an apparent
%sensitising of the vagus occurs after the injection
%of liﬁer extract. Here also it may be seen that the
maximum effect is obtained, not immediately after the
iinjection, but twenty minutes later, Examination
shows that before the injection, 400 Kroenecker units
pad no effect on the heart, twelve minutes after
%administra.tion 400 units had a decided effsct, and nine

@inutes after this 2 response even greater, was obtaln-

ed by the application of only 300 units.



“TRACING No. 23.°

‘A. “Injection 5 ce. Lbcke’s solution.’

B. 70 Kroenecker units.



Effect of Locke's solution, etcs

|
|
igation of the condition of the vagus consequent on

These controls were extended to the invest=-

the injection of Locke's solution, and of glucose.

All the animals used were cats, four were examined for

‘the effecté of Locke's solution, and nine for the acti?n
Iof glucose. This was made into a 16% solution in
Locke. The doses were S0 adjusted that each injection
Iraised by 0° 2% the glucose content of the animals'
bloode .

Three of the animals receiving the Locke's
! ;
and one a decreased. In the experiments with glucose%
six indicated a greater susceptibility, one had no -
effect, and two were doubtful. TRACING No. 23, is |
illustrative of those whereln an increase in the sensit-

iveness of the vagus was obtained after an injection |
|

of Locke's solution. At 12°54, 70 units were just ablei
to show an effect upon the heart and bloodpressure, |
whereas at 12°58% (after injection of Locke's solution?
the same strength of stimulus had a much more power= '
ful effect upon both. |

The effect of an injection of glucose in=

creasing the response of the vagus is seen in TRACING

No. 24. The method of investigation was similar to
|

that employed for the last experiment, and the necess=|
| |
Pry data are given under the tracinge.

solution showed an increased sensitiveness of the vagus,
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B. Injection: 3 cc. 18% glucose solutiony
C. 40 Kroenecker units,

D. 50 do. do.



Bffect of Locke's solution.

| ; These experiments show that the injection
Eof a relatively simple substance may be followed by
galterations in the sensitiveness of the vagus. Results
;smch as these, are sufficient to cast doubt on the
gconclusions formed by Asher and his co=-workers. It
was decided however to investigate the action of

thyrold extracts still further, by subjecting them to

treatment before injection.

EFFECT OF DIALYSED THYROID EXTRACTS.

On the assumption that these variations in
éthe sensitiveness of the vagus were due to, and not
herely coincident with, the administration of the
ithyroid extracts, those might be caused by the preseno%
;in these of different active substances having antagon%

istic physiological effects. For example one ingred=

|
hent might be a stimulant of the cardio=inhibitory

| :
fibres, another of the cardio accelerators. Or again,

there might be only one active ingredient which stimu=-
;ated all the autonomics = as suggested by Oswald, and |
&hs varying responses might be due to the relative
éffectiveness of the sympathetic and parasympathetic

Perves in the wvarious animals.

! As a substance could not be found which

|
would paralyse the accelerator nerves to the heart, and

at the same time leave the ihhibitory fibres intact,it

52



| the thyroid extract,to separate the active principles, -

Dialysed thyroid extracts.
was decided to see if it were possible by dialysing

and thus obtain preparations which would have consist=

ent effects upon the sensitiveness of the cardiac fib-

res of the vaguse.

The dialysis was carried out as already :

'detailed, and the three solutions so obtained were

'injected in the usual manner.

It was conceivable that the results follow=

ing the injection of any of these solutions might be

|
due to the cumulative effects of the substances admin=

| i1stered, and not to the immediately preceding inject=- |

| ion. In order to avold erroneous deductions from

' this cause, the order in which the injections were

given, were varied in the different animalse.

Effect of the dialysate.

In three cats and one dog, stimulation of |

'the cardiac vagus gave a greater response after the

finjection.of the dialysate. In one cat a slight

'decrease in the response was observed.

Effect of the dialysed extract.

Administration of thé dialysed extract (the

| solution remaining within the collodion thimble) had

\a different effect from that of the dialysate. In

-‘two cats and one dog the sensitiveness of the vagus

53
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l Effect of dialysed extract. '

| was decreased after such an injectlon; in one cat thei

| response obtained was slightly increased. ‘

"_ In these experiments there is evidence of
an antagonism between the ingredients present in the ‘
two solutions. Indeed, in one of the cats the in- !

= ‘creased response of the vagus to stimulation occurriné

\after the injection of the dialysate, was brought back

'to normal by a subsequent injection of the dlalysed |
extract, and the response was again increased after

'a further dose of the dialysate. TRACING No. 25,

‘illustrates this "neutralising" effect of the dialysed

| extract upon the change of sensitiveness following an |

‘injection of the dialysatee

Effect of solution of sediment. '

|
The effect of the injection of the solution

'of the sediment appearing in the collodion tube was

|tried on two catse. In one animal no effect was app-
arent, in the other a decrease in the response was
obtained. It may be worth observation that the
latter cat gave a decreased response after each of
:the three injections. The number of animals treated.
| with this solution of the sediment however is too few
| to warrant any definite conclusions being formed.

Variation in the order of the injections
did not seem to have ﬁuch effect upon the results.

There were indications that the effect, if any,




Solution of sedimente.

attributable to the dialysed extract was more apparent

‘'when this was administered after the dialysate.

iQuantitative measurements however of this nature are
%not of much value, owing to the varying degree of i

response obtained from different animals.

DELAYED EFFECTS ' OF THYROID.

It has been suggested by various workers,

'that in an "acute" experiment, the time elapsing be~-
Itween the injection of thyroid extract and the obser-
vation of its effects, is too short. Some observers

‘have stated that the effects are not apparent until

two hours have elapsed after the administration of
i
the thyroid. In many of my experiments this interval)
i
has been exceeded, with results that did not differ

materially from those observed over a more limited
interval., i
In those experiments of other workers ﬁhere
46 was cound: that thyroid injections increased the
sensitiveness of the vagus, the postulating of the
long time interval as a necessary éondition for the
appearance 6f this effect strengthens the suspicion
that the increased response was due to an alteration |

in the physical condition of the exposed nerve.

It is possible however that changes might
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Delayed effects of thyroid.

|

‘occur in the thyroid substance as a result of the

' prolonged contact with the blood or tissues. Alter=-

inatively some ingredient in the blood or tissues mighﬂ

'be altered by the action of the thyroid, and such pro=-

!dnot might be able to affect the sensitiveness of the|
{nervas under examination. This could be investigated
!by the administration of thyroid spread over several |
IIda.gars or weeks, to be concluded by an acuite experiment.
'Difficulties however present themselves.
It is obvious that before the observer

‘could decide whether or not an increased response wasI
|bs:l.ng obtained from the cardio=-vagus fibres of animals
so treated, it would be necessary to know the response
‘given-by normal animalse. This latter is a matter of
difficulty. From the results I have obtained by the

iinvestigation of over one hundred animals I find that
}there are wide differences between the strengths of
;the minimal stimull necessary for the inhibition of
ithe heart to én equivalent extente. |

! In an effort to meet some of these diffi-
gculties within the compass of an écute experiment, I

utilised another expedient.

l THYROID EXTRACT INCUBATED WITH BLOOD.

As it was possible that the thyroid extract

underwent a change after contact with blood, some of I
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éthis was optained from a cat. The blood was immediate=
_1y defibrinatedv and a portion of 1t mixed with an
eqpal voluma of thyroid extracte This was placed in

lan iﬁcubatof at 37°, and kept there for six hours.

~ The remainder of the blood was mixed with an equal

- volume of Ringer's solution and kept under similar
l;fcogdftiﬁﬁsgl-
. . A fresh cat was obtained for the experiment,

“Qand in order ta aoclimatise iu to the injection of the

:'r "‘b. -..:-

 'b1ood of the ﬂirst cat, several injeetions were made
j;_of the mixture of blood ‘and’ Ringern. The usual fall
‘f;in hloodpressufe‘occurred after each of these, and
-f'although this got progressively less with each sub=
.‘Bgduent injection, it was not abolished altogether.
The sensitiveness of the vagus was tested i
Iafter each of thése injections, and found to remain
_constante. .

‘ Afﬁer administering seven of these inject=
fiansl_gn_equivalent dose of the blood was then given |
but containing thyroid extract with which it had been |
fih;ubated for six hourss The resulting fall in
bloodpressure, as was to be expected, was greater than
in the previous injections. On now testing the sen=
Sitiveness of the vagus, it was found to be unaltered,
and a 1ike condition succeeded a subsequent and similar
injection of blood and thyroid extracte

TRACING No. 26, shows the essential part of

this experiment, and the description thereunder gives




Thyroid extract and blood.

the details of the injectlons.

From these results there is no evidence to
show that contact of thyroid extract with warm defib=-
:rinated blood for a period of six hours has any effect
;upon the extract or upon the blood, which will enable
;either readily to effect the sensitiveness of the
cardiac fibres of the vaguse Whilst this single

experiment is not conclusive, 1t is at least suggestive.

lIt however still leaves undetermined the effects, if |

|
any, which prolonged contact of thyroid extract with

:the tissue cells may have upon the responsese.
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A. Injection 1 mg. thyroxin
B. 150 Kroenecker units,
C. 200 .do. - do -

D. 250 do. - do.-
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. THE EFFECT OF THYROXIN UPON SUBSEQUENT

STIMULATION OF THE CERVICAL VAGUS,.

Investigations, upon similar lines to those

'used for the thyroid extracts, were undertaken regard=
|

Jing the effect of thyroxin 1njections upon the response
'of the cardio=vagus fibres to stimulation. |

These injections also, gave variable results.

The alterations from the normal however, when they

occurred, were never so extreme as those obtained from
|

the whole extract. The general tendency was to g“

idecrease the amount of response, and such an effect
iis seen in TRACING No.27.

| It will be noticed that a stimulation of
5250 units is required after the thyroxin to give a
;reSponse equal to that obtained from 200 units before
ithe_injection.

| An apparent increase in the sensitiveness
%Of the cardiac fibres of the vagus was occasionally

‘noticeable, and in illustration of this I give a



-TRACING No. 28.°

A. Injection: thyroxin' 0 8 mg.

All stimuli 80 Kroenecker units.



"Effect of thyroxin.

| reproduction of TRACING No. 28, wherein the responses |
Eobtained from stimuli of unvarying strength may be |

observed.

Thyroxin incubated with blood.

4

i
|
|
|
! A rabbit weighing 1930 gm. was injected
!with 0°2 mgme. of thyroxin which had been incubated
with defibrinated rabbits' blood for six hours. As
2 control there were also injected equivalent amounts
fof blood which had been similarly incubated with _
:NaOH solution equal in strength to the NaOH containedl
in the thyroxin solutione.
| The sensitiveness of the vagus and the

depressor nerves to stimulation were investigated.

gNo decided effect upon the responses obtainable were
| observed after the injection of the thyroxin and

' blood so treated. Any slight deviations from the

| |
fnormal were obtained equally readily after the blood+ﬁ

iNaOH solutionse
|
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EFFECT OF THYROID ON THE

RESPONSE TO  ADRENALIN.

Experimental evidence.

Asher and Flack in 1910 (37,38) showed
{that stimulation of.the laryngeal nerves in rabbits
with intaect thyroild glands, increased the response to |
Isubsequent injections of adrenalin. These workers i
had assumed that such stimulation produced a secretiod

from the thyroid, and that the increased response to
;adrenalin was due to the sensitising effect of the
lthyroid secretion upon the tissues.

This work has met with much criticism, and
'in the 1light of more recent research (Cannon and

: Cattell, 1916)(39), it becomes still less convincinge.

It is exceedingly difficult to prove the

|
presenc® of the thyroid secretion in the blood.
i
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Response to adrenaline.

'Schafer (40) was unable to find any alteration in the
period of metamorphosis of tadpoles (Gudernatsch)(41)

'which had been fed with normal blood, or the blood

éof patients suffering from exophthalmic goitre. Wbak'

‘extracts of thyroid gland create a contractile res=-
ponse when applied to isolated strips of intestinal
muscle, and Schafer utilising this observation has

. observed a greater'contractile response after the

|application of the blood of exophthalmic patients
than from that of normal individuals, but this test
'is not specific.

Oswald (1915)(42) found that although the
injection of iodothyreoglobulin had no effect upon

the bloodpressure or heart rate, that a subsequent

dose of adrenalin give an increased and a more pro=
:longed effect upon the bloodpressure than that prev=
Eiously obtained. His statements are not supported
|by any tracingse. |

i Albertoni 11916)(43) as a result of pro-
' longed feeding of dogs with increasing, and large,

doses of thyroid substance, found a less response

‘than normal, to adrenalin injections. It is difficult

%however to form conclusions from his results because
!from the nature of these experiments he was unable
}to know the "normal" response of the individual dogs
ihe was using.

Levy (1916)(44) in an investigatiom into
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Response to adrenaline.
|
|
|

ithé secretory nerves of the thyroild, used an increased
|

response to adrenalln as an indication of the activity
of that gland. He found he obtained this result in
Icats after stimulation of the cervical sympathetic |
nerve. There was a latent period of about one hour,
but when he injected thyroxin he found an almost 1mmedh
iate effect in increasing the response to adrenaline

He used decerebrated and pithed animals.

Ascoll (1920)(45) states that infinitesmal

!quantities of thyroid markedly strengthen the action

lof adrenaline |

E Marine and Lenhart (1920)46) failed to get
:such results from thyroid preparations in the course

of acute experimentse. They used as their standard

of measurement, the variations which occurred in the

respiratory exchanges consequent on the injection of
i

‘adrenalin.

Levy's observationd could not be confirmed
by Lieb and Hymen (1922)(47), and these workers lent
support to the view expressed by Marine that there

wWas no evidence of co=-operation between thyroid and

adrenalin. They were able to produce evidence which
|suggested that the increasing responses to successive
adrenalin injections are due to a sensitisation of theé
|

Sympathetic nerves, caused by these repeated dosese.
: |

Clinical evidencee

The evidence produced from clinical cbser=



| Clinical evidence.

|

|

!

vations are equally divergent. Goetsch (1918)(48)

| |
finds that in a normal individual the subcutaneous '

|
'injection of adrenalin chloride (0°5 cc. of 1:1000)

|
gives a rise in bloodpressure of not more than 10 mm.

| 1
gIn cases of hyperthyroidism he obtains a local and genr

ieral reaction in excess of those obtained normally,the
rise in bloodpressure being more than 10 mm.

i Asher states (1920)(49) that if thyroid
|

medication be incorrectly employed it may lead td so

istrong an activation of the accelerans cordis that the
|

inconsiderable amount of adrenalin physiologically

\present in the blood may produce a powerful tachycardih.

Claude (1920)(50) observes that 1 cc. of
1:1000 adrenalin injected into a person with hyper=-
thyroidism results in intense tachycardia of immedlate

or delayed onsete. The increase in the pulse may be

!40 or more per minute, and there may be an increase
of 30=4C mm. in the systolic bloodﬁressure. In a
normal individual the acceleration in the heart is
very late and does not exceed 15 per minute, and the
increase in the bloodpressure is within the limit of
10 mm,.

of endocrine mal-functioning associated with mental

diseases conclude that "------- a preliminary admin-
istration of thyroid enhances the action of —------
'8uprarenal ------ to be given later".

Doubt is cast however, upon this hypersen=

Lewis and Davies (1921)(51) discussing cases

"
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|
I Clinical evidence.
|
|

:sitiveness being due to hyperthyroidism by the findings
:of Peabody, Sturgis, Tompkins and Wearn (1921)(52); E
and by those of Van Wagenen (1922)(53) who applied
Goetsch's test to fifty normal individuals, and found

'a positive reaction in 20% of these cases. i

ORIGINAL OBSERVATIONS.

| i
i Opportunity was taken during this research
to reinvestigate this suggested synergism between.thy-
roid and adrenalin.

I utilised for these experiments, cats and
rabbitse All the animals were under general anaes= I
thesia, the anaesthetics used being ether, urethane,
and paraldehydes. The method adopted was to inject. y

into an animal a dose of adrenalin sufficient to gilve

a submeximal rise in the bloodpressuree. This was
!then repeated several times in order to observe the
\normal response to repeated similar dosese.

Precautions were taken to see that the |
volume of each injection was the same, and that the
rate of administration was uniform throughout the
series. The vein-tube was washed out with Ringer's
Solution between each 1njectiona in order to prevent

any remainder augmenting a subsequent dosee. |

. After uniformity had been established, the
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Original observations.

animal was given an intravenous injection of the thy-
roid preparation to be tested, and this was followed
by further doses of adrenalin of the same strength
and volume as before.

Thyroid extract was investigated in four
cats, and the effect of thyroxin 1In eight cats and two
rabbits. After the thyroid had been administered,
the adrenalin injections were given intermittently
over a length of time varying from 13 minutes, to 68
minutes.

The dose of the extract administered varied
from 0°5 cc. (equal to 0°5 grm. of the fresh gland) to
1°2 cc. per kilo. The amount of the thyroxin for a

similar weight of animal varied from 0°1 mg. to 0°6 mg.

RESULT S.

Of the four animals (all cats) which were
treated with injections of thyroid extract, three gave
a diminished response to adrenalin, and one showed no
alteration. Of these three, two were under urethane
|anaesthesia, and one under ether. The remaining cat
;was anaesthetised with paraldehyde. In two of these
'the experiment was continued for 1 hr. 6 mins. after

the injection of the extract.

Thyroxin was administered to the two rabbits.

In one (under urethane anaesthesia) the adrenalin was
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-TRACING No. 29.

A. Injection of thyroid extract.-
B.'Adnenalin=shbwing very little -response.-

C. Adrenalin, crest of B.P. 108 mm.”; the
next injection reached 110 mm..

Previous to “A” tne adrenalin: raised the bloodoressure

to: 118 mm. and 117 mm. as shown on' tracing.



Resultse.

injected up to 23 min. after the thyroxin had been
given, and a diminished response was obtained; in the

other (under ether) no change was observed during a

period of 1 hr. after thyroxin administration.

In the remaining eight cats, all treated

with thyroxin, a diminution in the response was obtains~

!ed in three, one showed no alteration, and four -showed

a slight increase in the pressor effect. In two of
these latter animals, control injections were made
with solutions of NaOH similar in strength to that
contained in the thyroxin injections, and these gave
increased responses to adrenalin injections similar :
in magnitﬁde to those caused by the thyroxin. In
these eight animals there was no apparent correlation
between the anaesthetic used and the results obtained.
We have the evidence of Collip (1921)(54) that a de=
crease in the H lon concentration of the blood gives
an increased response to adrenalin injections, but it

is difficult to conceive this effect being brought

about as a result of the exceedingly small amount of

alkali present in the thyroxin solution.

Photographs of part of the rgcords of two
isuch experimehts are shown herewithe TRACING No. 29,
being that of one using thyroid extract; and TRACING
No.30, showing tﬂe effect of thyroxin upon the action

of adrenaline.

Conclusione

From the results of these experiments I
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-TRACING No. 30."

A. -Thyroxin 0’1 mg.-
Bi= Do. do.  with adrenalin.
C. Pnjection of adrenalin.

All adrenalinvinjections were of same strength
and volume.



an "acute" experiment.
t

Conclusion.

conclude that neither thyroild extracts nor thyroxin
have any sensitising effect upon the action of adren=-

[a1lin which is deménstrable in the limited duration of
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DISCUSSION.

This research was directed towards an !
investigation of the statements of Asher and his co-

workers that injection of thyroid extract into animals

‘had a sensitising effect upon the cardio=inhibitory

fibres of the vagus. The work was further extended
to the examination of closely related problems.

An enquiry of this nature is open to the _
introduction of many fallacies which would invalidate:
the resultse. Those have been discussed, and the |
methods adopted to prevent them have been described. |
The work resolved itself into the observat{

ion principally of two sets of phenomenas=-

a. Those occurring during the
administration of the injections,

b. Those arising subsequent to the
injectionse.

EFFECTS DURING INJECTION.

The effect upon the bloodpressure.

We have seen from the evidence produced
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; Effect upon bloodpressure.

here, that the injection of thyroid extracts into oats:
is always assoclated with a fall in the bloodpressure.
In 65% of the enimals this was not accompanied by any
:glteration in the heart rate, and in these therefore
the effect was purely a vascular one.

In the remainder of the animals, there was
an alteration in the pulse rate, more or less mérked,
which might be attributable to a direct action of the
drug upon the cardiac nerves or their centres, or whicﬁ
might be & secondary effect due to the anaemia of these

centres, consequent upon the fall in the bloodpressurel

The effect upon the hearte.

An examination of my records shows that
where a slowing of the heart did occur during the | i
injection, the alteration in the rate always succeededl
and never preceded the fall, although their incidence |
- was frequently very close. This does not preclude ‘
an effeqt of the thyroid upon the vagus centre or‘its

endings, but if such an effect is produced, the latent

Period 1s comparatively long compéred with that upon ‘
the vascular controle '

It became of intersst. to see if any light |
could be thrown on this, by severing the remaining
vagus nerve during the injection, and at a time when !
the pulse rate was reduced. This was tried, and the
Fffect was an immediate recovery in the heart rate.

This 1s shown in TRACING No. 31, which is a record of
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Effect upon the heart.

' gsuch an experimente.
From this 1t might be inferred that either
stimull of increased intensity passed down the vagus

as a result of the injection, or the vagal endings

were made more sensitive to the impulses normally
%passing. This point was investigated by cutting both
;the vagl in a cat, and subjecting the peripheral
portions to "continuous"stimulation by an induced
current, during which period the drug was injected.

By this procedure any variations in the tonicity of

the vagus centres would have no effect, and only such |

changes as might occur in the sensitiveness of the
nerves or their endings would be apparente

An examination of TRACING No. 32, taken

from an experiment of this nature shows that the in=

jection has no effect whatever upon the rate of the

[heart beats In this particular record, the stimu- i
|

:lation of the vagi was discontinued almost at the

|bottom of the fall, and it will be observed that theiln

Ecessation was followed immediately by a diminution inI

fthe ampiitude of the heart movemeﬁts, more particularﬂ

; |
levident in the auricle.

From these supplementary experiments I
conclude that when any alteration occurs in the heart |

rate, as a consequence of the injection of thyroid
extract, that it is due to an effect upon the cardio-i

: ;
irhibitory centre. Whether this is primary or secon@-

ary still remains to be determined, but the evidence
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Effect upon the heart. |

obtained from my experiments tends to the latter %

alternative.

Evidence has been produced to show that

!
this alteration in the heart rate is not a property "
| |
Pelonging_specifically to thyroid extracts, but may

be observed during the injection of other tissue ex~-

|
[tracts. ‘
{ |

The depressor principles.

The nature of the depressor principles i

present in the thyroid extracts has been examined,and
bome of their properties compared with the depressor !
Fubstances present in extracts of liver and of tonsil.

i The bulk of the bloodpressure lowering
%ubstances present in thyroid were found to be dialys—‘
a

ble, the dialysate having a much more powerful depresé-
cr effect than an equivalent dose of the dialysed ex-
tract. That this property of the dialysate is not
due principally to choline is shown by the negligible
effect that a previous dose of atropine has upon it.

| Independently however it has been shown
%hat choline is readily dialysable, and this bsing so,
%t may be assumed that any choline present in the
extract will have passed into the dialysate. The
Eomparative ineffectiveness of atropine to alter the
depressor property of this solution indicates therefore
that relatively 1little choline must be present in these

extracts,



‘Depressor principles.

Evidence is produced to’ show that even |
after prolonged dilelysis with frequent and voluminous |

changes in the surrounding water, an appreciable de=-

extract"s  This property however is lessened somewhat

by atropine, and may even be turned into a slight
' |
pressor effecte. As it is scarcely conceivable that i

|
|
| choline could still remain in this solution, it is
inferred that at least two depressor substamces are

present, one of which is affected by atropine and the‘

other note !

It is shown that these substances have
their properties materially effected by alkaline i
hydrolysis being reduced to a substance having prop= !
erties siﬁilar to those of trimethylamine; and furthe%
that -they are destroyed by incineration. i

From these observations it is concluded
that the depressor properties of thyroid extract

depend upon more than one substance, and there are

indications of at least four. Of these the more

|
i
%effective'are substances other than choline, which are

All the depressor substances are of an |
organic nature, and in view of their ready hydrolysis!
by alkali it is inferred that they have a relatively
large molecule.

Depressor principles having similar prop=

|erties to these are shown to be present in extracts of

pressor property may still be retained by the "dialyséd'

|
dialysable. |
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Depressor principles. |

‘tonsil; but from the evidence produced there are in=
%dications that the bloodpressure lowering substances
'in 1ivér preparations are not entirely similar to
‘those of thyroid,.

The variations in the bloodpressure con=
|sequent upon the 1njec£ion of thyroxin departed so i
1ittle from the normal, that the conclusion is formed:
this substance has no definite and unmistakable effecf

demonstrable in a limited period of observations

EFFECTS SUBSEQUENT TO THE INJECTIONS.

Cardio=inhibitory fibres.

The effects subsequent to the injection of
thyroid extracts have been investigated by determining|

the variations, if any, occurring in the response of

'the cardio-inhibitory fibres of the vagus to electrics

al stimulation; and also hy noting any modification

|
in the responses to subsequent injections gf adrenalinl
! * The difficulties associated with the control

jof the electrical stimuli have been discussed, and the
means adopted to overcome these are enumerateds

_ | From the records obtailned it is seen that I
injections of the whole thyroild extract may be follow=
ed by an inecreased, or by a decreased response to
stimulation of the vagus, or it may be that no alter= |

{
i

ation may be manifest.
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Cardio=-inhibitory fibres. '

It is possible that such diversity of results may be
;due to the presence in the whole extract of substances
ihaving antagonistic physiological propertiese. In
iseveral of the animals evidence was incidentally ob=-
it.ained to show that choline had a depressing effect
?upon the sensitiveness of the cardiac vagus to stim=
ulation. An attempt was therefore made to separate

jthese substances by dialysing the extract, and using

separately the solutions so obtained. By this means

indications were given of a greater speciflcity and

consistency in the effects. The number of observations

however are not sufficient to warrant any conclusions

‘being formed.

| The incubation of thyroid extract with |
blood, and its subsequent injection, left the sensit=
iveness of the vagus to stimulation unaltered. |
l It is shown from the records herein, that

iwhatever variations may be obhtained in the sensitive=-

ness of the vagus as a result of injections of thyroid

iextract,‘they are not specific. Similar results maj
be obtained after the injection of extracts of liver
and of tonsil; of Locke's solution, and of glucosee.
It may be argued that from the complex
nature of thyroid extracts, indefiniteness in the
results Waé to be expected.  Evidence is produced

however to show that when a chemically pure active

Iprinciple of thyroid=-thyroxin,is administered, there

are no specific and unmistakable effects upon the



Cardio-inhibitory fibres.

sensitiveness of the cardiac fibres of the vagus to

electrical stimulation.

Response to adrenalin.
Thyrold extract was injected into some

animals, and into others, thyroxin. After varying

was then injected. The rise of bloodpressure so

obtained was compared with those from similar doses

| of adrenalin administered previous to the thyroid

preparation.

No evidence was obtained of a synergism

: between these two autacqid substancese.

|
| intervals of time, which have been detailed, adrenalin
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CONCLUSTIO N,

Reviewing the whole series of experiments,
it might be suggested in explanation of such variations
as occurred that they were incidental to factobs other|
than those being sﬁecifically investigated.

Such criticism cﬁ£ be legitimately applied
to a research of this nature, and it may be of note
‘to record here what precautions were taken to prevent
;undue variatlons 1 the factors under my control, in
‘addition to those already discussede.

The condition of the animal. All the

animals used had received no food on the day of the
;experiment. No record was utilised from an animal
which showed obvious signs of distemper or "snuffles".

Degree of anaesthesia. When urethane was |

éused each animal received 1°6 gm. per kilo injected

' subcutaneously, one hour previous to the preliminary
édissection. These injections were invarlably made
Eunder ether anassthesia. At the end of the hour the
animal received a further dose of ether sufficient to

induce complete anaesthesia, and the ether was then

withdrawn, no further application being necessarye.
When ether alone was used, the animal was kept under
' just sufficient to }ose the conjunctival reflex.

| Temperature of the roome This was

regulated by electric radiators or by fans, SO as to

' be reasonably consistent.
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Conclusione

|
i Temperature of the injections. These
| were brought to the body-heat of the animals, and the

| syringes were warmed to a like temperature. |

| Of the factors outwith my control, the . |
'!following were noted dn every record obtained:=-
| Weight,
‘ Colour,
} Sex, (if fe?aleaghgggsf pregnant |
Any unusual feature,
Dates
Finally, in surveying the records of all
| the experiments, amounting to more than one hundred, |
:there have been taken into account the season of the

year, and the nature of the anaesthetic utllised,

together with the relative dose of the drug employed.
A systematic classification of all these
‘data together with the results obtained, indicates
that no relationship exists between any of these |
| factors and the variations observed in the reSponses.i
; As the same batch of thyroid gland was 1
used throughout, and as frequently the same batch of
extract, preserved aseptically, was used for succeedi@g
experiments, with divergent results, the conclusion
:is inevitably formed that these varying effects upon f
|

the sensitiveness of the vagus are due to some factor

undetermined, which might be conveniently referred to

‘as an "idiosyncrasy" in the animal; or they may be



'merely of an incidental nature.

2e

Se

4.

A historical survey of the subject 1s presented. |

Possible explanations of the divergent results

of previous workers are givene

A new type of electrode which I have evolved for

Conclusion.

SUMMARY,

this class of work is described.

Original observations on the action of thyroid
preparations are presented, from which the

following conclusions may be drawni-

e

be

Injection of thyroid extract invariably
produces a fall in the bloodpressure

in cats and dogs. This may or may not
be accompanied by an alteration in the
heart rates.

More than one substance is reSponsible/
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Summary.

responsible for this depressor effect,
all of which are readily hydrolysed

by alkali, to substances having '
physiological properties similar to
those of trimethylamines

The injection of thyroid extract has
no definite and specific effect which
is demonstrable in the course of an
"acute" experiment, upon the response
to subsequent stimulation of the
cardiac fibres of the vagus in the cate

Injections of extract of liver or of
tonsil may be followed by effects upon
the cardio=vascular nerves, similar
to those succeeding thyroid extracte

These phenomena may also occur after
the injection of Locke's solution, or
may appear apparently spontaneouslye.

Thyroxin has no definite and unmistak-
able effect upon the cardio-vascular
system, demonstrable in an “"acute"
experiment.

No support can be given to the state=~
ment that the injection of thyroid
extract, or of thyroxin, increases the
response to subsequent injections of
adrenalin. !

There are indications throughout these experiment&

which suggest that the minimal stimulus to be

applied to the vagus 1n order to produce cardiac

inhibition in the cat, varies in strength between

wide 1limitse.

Further investigation into the conditions affecting

the excitability of, and the onset of fatigue in,

the cardio=inhibitory fibres of the vagus, is

indicateds
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