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INTRODUCTION



IKTPODUQTI ON

Tlie object of the following research is to attempt 
to determine -he normal physiological function of the 
thyroid gland, and particularly its relation to exoph- 
thalmic goitre 8nd myxoedema. N eif iier of polri^r
safe at a n  cleanly understood. The normal physiologi
cal function of th° thyroid gland is at prevent un— 
known. The thyroid gland does not lend itself to in
vestigation by any of +he usual methods of physiologi- 
c r 1 j’poppyeh - Int ̂ vv bp0 1 ? in j b c t i on of byit s o f r ttibc!b 
from the thyroid gland produce no other effect than a 
fall in blood—pressure, comparable to that obtained 
from any tissue extract. The results of its in
volvement in disease in man are now firmly establish
ed, and we associate exophthalmic goitre with a condi
tion of increased functional activity of the gland, 
and myxoedema with an atrophy. On the oaher hand, 
if the thyroid gland does not develop, a condition 
ariees which is Known as cretinism. It is at pre
sent a matter of dispute and uncertainty, however, 
as to the way in which the symptoms characteristic ot 
these diseases are produced by excess and diminution 
respectively of the internal secretion of the tnyroid 
gland, and the reasons why an involvement or this 
gland /



glcno. should "take place under die^e conditions a^e 
also unknown.

My object here is to try and determine the 
physiological action of the thyroid gland by a study 
of the effects produced by excessive activity and 
diminution of its secretion respectively, since its 
physiological action must be intermediate between 
these two conditions. '"hat the internal secretion of 
the thyroid gland is of the greatest importance in 
the animal economy is obvious from the effects which 
are produced by its removal in animals, but the re
sults are complicated by the fact that various animals 
react in different ways +o each other, and that the 
sympt ores produced are often somewhat different from 
those which are found in man.

It is quite obvious that our treatment of these 
conditions must necessarily be unsatisfactory until we 
understand the essential nature of the ie«ion. The 
complete cure of my xo edema by thyroid feeding proves 
the intimate relationship between this disease and 
absence of thyroid secretion, but the relationship of 
increased functional activity of +he thyroid gland to 
exophthalmic goitre is still a matter of great uncer
tainty and dispute. Many writers are inclined to 
Place /



place the essential lesion in the central nervous sye 
tern, especially in the medulla oblongata, and are in
clined to think that exophthalmos, tachycardia and 
thyroid changes are all the result of a central ner
vous lesion. Other 'writers, on +he other hand, tend 
to believe that it is the sympathetic system which is 
primarily effected, and they point to the fact that 
almost all the symptoms of exophthalmic goitre may be 
completely explained on the theory of a general sym
pathetic stimulation. But although this is so, the 
great difficulty in accepting this theory lies in the 
fact that if the symptoms are the result of a general 
sympathetic stimulation, this stimulation must be 
permanently end continuously acting over a period of 
months, or even years, and it is very difficult to 
understand what cause could produce such a permanent 
stimulation of +he sympathetic system.

Most observers are at present agreed in regard to 
the involvement of the thyroid gland. The matter 
which is really under dispute in this connection is 
the cause which has produced the changes in the thyroi 
gland which are found in exophthalmic goitre. These 
have hitherto received no satisfactory explanation, 
although it is now an accepted fact that exophthalmic 
goitre i° associated with an excessive secretion of 
th e j



What I wish to do in the following pages is to 
work out carefully and systematically the condition of 
the thyroid gland in health, its anatomy and physiology 
to show how it may become affected in diseases and 
hc-w by a careful record of experiments upon animals 
we may gain an insight into the action of this gland 
which will affolli a complete explanation of these two 
conditions under consideration. Then I wish to exam
ine thoroughly both the central nervous system and the 
sympathetic system in exophthalmic goitre, and to show 
the nature of the changes which occur in these tissues. 
I then intend *e discuss the various theories in regard 
to the function of the thyroid and its relationship to 
myxo edema and exophthalmic goitre, and to put forward 
a theory which appears to me to offer a complete ex
planation of *hese two diseases and to throw consider
able light upon the true function of this gland. I 
next wish, in the light of this knowledge, to discuss 
the correct treatment of these diseases, and to «how 
what a large amount of the treatment which is at pre
sent under trial has no accurate scientific foundation.

Lastly, I wish to di «cu«« the problem which has 
stimulated a great deal of interest within recent 
years, namely, tir problem of the involvement of the 
other /
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other internal secreting glands in the same disease.
It is a very frequent thing to find that when one inter
nal secreting gland becomes involved, the others show 
similar pathological changes, but why the involvement 
of on© gland should produce changes in other internal 
secreting glands has not yet been satisfactorily ex
plained. I wish here to put forward a theory upon 
this subject ai«c, which affords us such a complete ex 
planation of the simultaneous involvement of the dif
ferent internal secreting glands that it may be re
garded as a foundation upon which future work along 
this line may be conducted, and which would appear to 
be a further step towards the solution of +1:1« most 
import, an t sub j ect.

I n  th e  f o l l o w in g  pages , t h e r e f o r e ,  I p ropo se  t o  

I n v e s t ig a t e  th e  f u n c t io n  o f  the t h y r o i d  g la n d  from  the  

f o l l o w in g  p o in t s  o f  v iew  :

(1 j I propose to study what may be le- rned from 
intravenous injection, perfusion experiments, etc., 
nd from extirpation of the-thyroid gland in different 
r irr.a Is ;

(p ) Then I propose to examine in detail the 
i  vriiioli oo ̂ i*r* in tii6 obntral nBT*von^ nvbtbtq in
Exophthalmic goitre, and in myxo edema in man, and afte: 
t hyr o id e t omy j



(3) Then I propo°e to examine carefully the 
changes which are found in the sympathetic ganglia in 
exophthalmic goitre and in other conditions in man, 
and after thyroidectany in animals ;

(4) From these and other facts I have constructed 
a theory which offers a wonderfully complete explana
tion of the function of the thyroid gland in health, 
and explains how increase and diminution of this se
cretion would produce exactly those symptoms to which 
we apply the names exophthalmic goitre and myxoedema.

(5) I then propose to discuss the relationship 
of the parathyroid glands to the thyroid gland, and I 
have put forward a new explanation of the occurrence 
of "tetany and its relationship to the thyroid and para
thyroid glands.

(6) I have then proceeded to investigate the re
lationship of the thyroid glands to the suprarenal 
capsules, pituitary body and other internal secreting 
glands, and have been enabled to propose a theory 
which allows us to understand the mechanism by which 
functional alterations in the thyroid gland may pro
duce functional alterations in other internal secreting 
glands.

I particularly wish to draw attention to the fact 
that /
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that this investigation does not profess to be a mere 
confirmation of the results obtained by previous in
vestigators. It is essentially an attempt to break 
new ground. My method has been to collect the liter
ature on this subject, and after satisfying myself 
about the accuracy of the statements, to accept these 
as correct and to attempt to carry our knowledge a 
step further forward. For instance, I have not dis
cussed the structural changes in the thyroid gland in 
myxoedema and exophthalmic goitre, because these have 
already been satisfactorily established and are now 
fully understood. That an atrophy of the secreting 
tissue with excessive formation of fibrous tissue 
occurs ir. myxoedema, is. now accepted by all, and if I 
were to attempt to describe these changes in detail,
I should simply be confirming previous work which is

.

already firmly established. Similarly, the struc
tural changes in the thyroid gland in exophthalmic

0goitre are typical of those denoting increased func
tional activity. Greenfield (Brit. Med. Journ., 1893, 
Dec. 9, p. 1263) states that the "change in the thy
roid in typical eases, of Graves’ disease corresponds 
so closely with that seen in glands undergoing evolu
tion for increased function, that it must have some 
profound /



profound effect both on the quantity and quality of 
the secretion". The typical changes in the thyroid 
gland in -exophthalmic goitre are to be found in practi
cally every large article upon the subject, and within 
certain limits, all workers are agreed upon the main 
facts, namely,that in exophthalmic goitre there occurs 
in the thyroid gland a series of changes which are es
sentially of the nature- to produce increased function
al activity of the gland. And all investigators are 
agreed that this condition may be succeeded by fibrous 
overgrowth. This fibrous overgrowth starts from the 
septa, invades the glandular stricture and in parts 
completely obliterates it. The lining epithelium 
undergoes atrophic changes similar to those seen in all 
interstitial overgrowth in glands. It becomes small, 
separates from the subjacent tissues, and then die— 
ap p ears ent irel y.

In this paper I have simply accepted facts such 
as these, e.g., that the thyroid gland is atrophied in 
myxoedema, and exhibits all the changes characteristic 
of excessive functicnal activity in exophthalmic 
goitre, and "that this latter condition may gradually 
pass into the former. In accepting these facts, how
ever, I do not it to be cone bided that I have
not studied them myself. I have done so, having 
obtained /



obtained four unusually good specimens of thyroid 
glands from exophthalmic goitre eases, through the kind
ness of Dr Shennan, and I have also been so exceeding
ly fort tin ate as to obtain a specimen of a thyroid 
gland from a ease of' exophthalmic goitre immediately 
after removal by Mr Stiles in October 1910, in Chal
mers Hospital. I was thus enabled to study the 
microscopic appearances of the thyroid gland in man in 
exophthalmic goitre in a perfectly fresh specimen.
T h is  specim en showed the most t y p ic a l  appearances.
The cells were columnar and showed an extraordinarily 
increased proliferation with papillomatous projections 
into +he spaces. The vascularity of the gland did no 
appear to be greatly increased, as has already been 
emphasised by Greenfield (loc. cit., p. 1262).

My object, therefore, in this monograph is to at
tempt to make a definite advance in our knowledge o f  

exophthalmic goitre and myxoedema, and to show how 
alterations in the functional activity of the thyroid 
gland may produce such conditions. Because if we 
could only understand the essential lesion which leads 
to these alterations in the thyroid gland and produce 
these diseases, we would be in a position to place 
their treatment upon an accurate and scientific basis.

The /



The treatment of exophthalmic goitre is particul
arly unsatisfactory. Oppenheim (Text-book of Nervous 
Diseases, 1911) states that the trea+ment of exophthal
mic goitre "consists in anything which the patient be
lieves in". And the multitude of substances which 
are used by different physicians is a sufficient proof 
of the slight knowledge we possess of the true nature 
of the disease. A very good example of this is seen 
in the treatment of exophthalmic goitre by "Rodagen". 
Rodagen is the dried milk of thyroidectomised goats.
The goat is able to stand thyroidectomy without any ill 
result. According to the theory that the thyroid 
elaborates a secretion which passe« into the blood 
and there neutralises toxins in the circulation (which 
if they accumulate lead to the clinical symptoms of 
exophthalmic goitre from their cumulative action upon 
the tissues) it is supposed that the goat is immune 
from the effects of thyroidectomy, as its tissues may 
be able to manufacture some substance which can also 
neutralise these 'toxins and prevent them from accumu
lating in the tissues. It was supposed that the milk 
of the goat, therefore contained these antibodies, and 
if given to man might benefit patients suffering from 
hyperthyroidism. The results have proved very unsat
isfactory indeed. And this is exactly what was to be 
expected /



expected, as the reason of the apparent immunity of the 
goat from the effects of thyroidectomy is simply that 
it possesses one or more accessory thyroid glands under 
the sternum, and, os I shall afterwards show, if any 
thyroid tissue be left after thyroidectomy, it is able 
to hypertrophy and carry on the usual functions of the 
whole thyroid apparatus. Hie reason why the Podagen 
treatment of exophthalmic goitre, therefore, is so un- 
satisfactory is very easily understood, since the 
principle which underlies this particular line of 
treatment is utterly without foundation. The few 
cases which have improved under this line of treatment 
receive quite a different explanation if the full sig
nificance of the value of complete rest in benefiting 
this condition be fully realised.

I also wish to discuss a line of research which 
is at present in a very unsatisfactory condition, 
namely, the possibility of the formation of antibodies 
to the internal secretions. Many writers clain to 
have discovered antibodies to various internal secre
tions, and several lines of treatment have been based 
upon such work. Evidence of the accuracy of these 
observations is still, however, uncertain, and if it 
be correct that the tissues have the power to form 
antibodies, we have obviously a line of treatment of 
the /



the greatest clinical value in diseases in man, but if, 
on the other hand, it is not possible to obtain anti
bodies to internal secretions, then a great part of the 
present treatment, is without any accurate or scientific 
basis.

The following pages, therefore, represent an at
tempt ;

(1.) To place our knowledge of the normal physio
logical action of the thyroid gland upon an accurate 
basis ;

(2) To show that alterations in this secretion 
must lead to the diseases which we know as exophthalmic 
goitre and myxoedema ;

(3) To show how the thyroid gland is related 
functionally to the parathyroid glands ;

(4) To demonstrate the nature of the involvement 
of one or more of the other internal secreting glands 
in the same individual, and finally

(5) To place our knowledge of the possibility of 
the formation of antibodies to internal secretions upon 
an accurate foundation.



THE THYROID GLAND.

A Short Account of its Anatomy and Physiology.



The Thyroid Gland

That the thyroid gland is a gland which supplies an 
"internal secretion" to the tissues of the body is
obvious from its structure. It consists of a frame
work of connective tissue amongst which a large number 
of cubical epithelial cells are placed. These cells 
are usually arranged round oval or circular vesicles, 
the interior of which is filled with a substance known 
as "'colloid". Between these vesicles in the connec
tive tissue run the vessels and lymphatics. The 
thyroid gland in man is not provided with a duct, and 
thus the gland is essentially an "internal secreting 
gland". The secretion passes from the vesicles into 
the lymphatics, as is shown by the fact that colloid 
matter is found in the lymphatics of the thyroid gland 
in conditions of excessive functional activity, e.g., 
in exophthalmic goitre. We must therefore loos upon 
the thyroid gland as an internal secreting gland, 
which absorbs certain substances from the blood, 
which it elaborate« into a specific secretion. This 
secretion is then passed into the circulation again 
via the thyroid lymphatics.

A detailed description of the structure of the 
thyroid gland is to be found in any text-book of 
histology /



histology, and in any of the earlier papers upon this 
subject, e.g., Baber (Phil. Trans.), etc., and I do not 
propose to refer to it here.

There is one point, however, to which I should like 
tc refer, namely to the presence of "colloid" in the 
thyroid gland. The presence of colloid distinguishes 
the thyroid gland from the other internal secreting 
glands.

Galeotti (Arch, f. mikros. Anat., Vol. ivi) was 
able to separate two constituent« in the epithelial 
cells lining the vesicles ;

(l.) A ’colloid* secretion ,which is formed in the 
cytoplasm of the cell and passes directly 
out into the vesicles; and

(2) Small grannies, which stain brilliant red
with acid fuchsin and which are formed in 
tie nucleus. They then pass into the proto
plasm of the cell and finally into the 
vesicles.

These granules which are formed in the nucleus very pro
bably represent the real internal secretion of the thy
roid gland, which is thus to be carefully separated 
from the "colloid" matter.

The presence of these "colloid vesicles" distin
guishes the thyroid gland from the other glands, and at 
one e j



once raises tie question of their significance. why 
should the thyroid gland have developed these peculiar 
vesicles ? As far as I am aware, no explanation has 
yet been suggested which offers a satisfactory explana
tion of their presence.

The first point which I wish to investigate in 
this paper is the function of the thyroid gland in 
health, and I hope to prove that the internal secretion 
of the thyroid gland is necessary for the normal meta
bolism of nerve cells ; it is, as it were, the "raw 
product" which is elaborated by these nerve cells and 
from which they draw their supply of kinetic energy.
It is thus of the utmost importance to the organism thajt 
a continuous supply of such a secretion should be flow
ing into the circulation, since if it were by any chance 
to fall short, acute nervous disturbances resulting 
from such metabolic changes would follow.

I have shown in my paper upon the suprarenal glands 
that any acute infective or similar process which throws 
a strain upon the cardio-vascuiar apparatus may produce 
a temporary exhaustion of the suprarenal glands, and as 
their internal secretion is necessary for life, a tem
porary exhaustion is fatal. I have also shown that a
imiiar condition of exhaustion is also found in the 
pituitary gland, and apparently in the parathyroid 
¿'lands f



glands, since their cells become exhausted of all their 
granules in acute infective conditions. such a condi
tion indicates diminished functional activity of these 
cells, if we regard tie se granules as evidence of the 
secretory activity of these cells. Any condition 
which throws any sudden strain upon the organism may 
produce an exhaustion of one or more of these internal 
secreting glands, the consequences of which are so 
serious. Exhaustion of the thyroid gland must also 
occur under similar conditions, and as the internal se
cretion of this gla nd is very complex, a condition of 
exhaustion will have most serious consequences to the 
nerve cells, and will lead to grave functional and 
other disturbances. The presence of colloid matter in 
the vesicles of the thyroid gland must be regarded as 
a means of storing up the secretion so as to prevent 
exhaustion, and in connection with this point it is 
particularly interesting that apparently the thyroid 
gland should be the only gland which has succeeded in 
producing a permanent store of its secretion, which 
may be utilised when any sudden strain is placed upon 
the gland, and a demand is made for an extra supply of 
its secretion. The absorption of thyroid secretion is 
by the lymphatics, and it cannot therefore be so rapid 
as /



as if it passed directly into the blood ; and. such a 
store of material in the gland supplies it with the 
means of meeting sudden excessive strains without 
undergoing acute exhaustion.

The action of thyroid extract upon intravenous 
injection into animals has been so frequently in
vestigated that the following experiments are to be 
regarded simply as confirmatory of these results be
fore proceeding further.

1. Intravenous Injection

I have investigated the results of the intravenous in
jection of thyroid extract in the following three dif
ferent cases :

(1) In the normal animal ;
(2) After thyroidectomy ;
(3) After excessive thyroid feeding.

1. In the normal animal :
1. The action of thyroid extract upon intra

venous inj ection into the normal animal is to produce 
a fall of blood pressure. This fall of blood-pressure 
is in every way similar to that produced by extracts 
from any tissue, and cannot be considered in any way 
specific /



specific for thyroid extract. it is uninfluenced by 
section of one or both vagi and by atropin.
2. In the thy roideot arrived animal :

Injections of thyroid extract in a thyroid- 
ectomised cat (four months' duration) exhibited an 
identical reaction to that produced in the normal ani
mal, the fall in blood-pressure being neither greater 
or less than tie t in the normal animal.
3• In the animal after excessive thyroid feeding : 

The results of intravenous injection in such 
cases did not differ in any way from those in the 
above two conditions.

We are therefore unable to obtain results of any 
significance from intravenous injection of thyroid 
extract.

2. Perfusion Experiments 
The action of thyroid extract upon the heart is of 
very great importance, as tachycardia is the most con
stant of a 11 the symptoms in exophthalmic goitre.
This may be very readily produced by the administration 
of thyroid extract by the mouth, a dose of 2x grains 
daily for a week being sufficient to produce marked 
tachycardia. It is usually considered that this 
action is the direct result of the thyroid secretion 
acting upon the cardiac muscle.

Vamossv and Fas (Munch, med. Wehr.sehr., 189?)
found /



found that they could not obtain any effect upon the 
strength, rhythm and rate of the isolated frog's 
heart, or of the heart of rabbits and dogs in situ.

Hutchison (joum. Physiol», 18S8) confirmed 
these results.

In order to ascertain whether there is not a con
dition of vaso-diiatation from large doses of thyroid 
extract, I perfused the vessels of the frog in the 
ordinary manner, with large quantities of thyroid 
extract prepared from the fresh ox's thyroid gland 
and from Burroughs and Welcome's tabloids. 1 was
Quite unable to obtain any evidence of an increased 
rate of flow. If any change was present, it con
sisted in a slight vaso-constriction. The vaso
dilatation which is present in exophthalmic goitre, 
therefore* and which causes low blood-pressure is not 
a direct reaction to the thyroid extract upon the ves- 
s el s.

Injection of thyroid extract intravenously does 
not produce any difference in the reaction to adren
alin administered before and after thyroid extract.
I have repeated this experiment in the normal and 
thyroidectcmised animal, and in animals after ex
cessive thyroid feeding, and could obtain no differ
ence in the reaction to adrenalin before and after 
thyroid /



thyroid extract.

The action of thyroid extract upon the heart has 
been frequently investigated, invariably with negative 
results. I attempted this by injecting thyroid ex
tract into the veins of the frog and observing whether 
the acceleration of the heart's action took place. My 
results were always negative. I then attempted pieth4 
ysinograph experiments, but perfusion of the frog's 
heart with thyroid extract produced nu acceleration.

On one occasion I perfused the isolated mammalian 
heart (cat), with large quantities of thyroid extract, 
but could not obtain any evidence of increased rate 
of action. As an actual fact, I obtained a slight 
slowing, possibly of no great significance.

These changes show quite clearly, therefore, that 
there is no specific action of thyroid extract upon 
the cardio-vascular apparatus, and as this is invar
iably involved in hyperthyroidism, it must necessarily 
be secondary to functional alterations elsewhere.



©entrai Nervous System in Exophthalmic Goitre

1. Literature :
(a) Macroscopic Lesions
(0) Microscopic Lesions 
(c) Experimental lesions in Animals.

2. Discussion
3. Present Investigation

(1) Examination of central nervous system in
three cases of exophthalmic goitre ;

(a) eleven months' duration
(b) three months' duration
(c) six years' duration.

4. Changes in Nerve Cells in Man :
(a) Post-mortem changes
(b) Atrophic changes from Peripheral Lesior 
( c ) Chr am at olys is ;
( d j Tetanus.

5. Changes in the central nervous system in animals
after Thyroidectomy and after Excessive Thyroid 
Feed in g.

8. Discussion.
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Macroscopic Observations on the Central Nervous System
in Exophthalmic Goitre.

I

Brack (Casper’s Wochenschrift, 1840 and 1848 ) may, in a 
certain sense, be regarded as the author of the 
"neurogenousH theory, as he at that time called 
attention to the resemblance between those nervous 
symptoms which we now associate with exophthalmic 
goitre and hysteria, an observation which has beer, 
quite overlooked.

Macroscopic observations in which it is stated that 
"the spinal cord and brain were found to be normal" 
have not been included in the following list, as they 
are of doubtful value.

Kaumann (Deutsche Klinik, No. 24, 1855) found, in a
case of exophthalmic goitre with ophthalmoplegia, 
softening of the corpora quadrigemina, of the 
superior cerebellar peduncle and of the eerebello- 
oiivary fibres, all visible to the naxed eye.

Geigel (Wurzburg med. wochenschrift, 1856) describes 
considerable congestion of the vessels on the 
surface of the spinal cord.

Johnstone (Journ. of Mental Science, I860), in a case 
of exophthalmic goitre, found numerous haemor
rhages and areas of softening in the right 
cerebral /



cerebral hemispheres, cerebellum, optic thalamus, 
and great congestion of the vessels on the floor 
of the fourth ventricle, without any actual 
lesion being visible to the naked eye.

Herrmann (Deutsche med. Zeitschr., No. 55, 1890) found 
great congestion and dilatation of the vessels of 
the skull and of the third and fourth ventricles,

Lamy (Bulletin de la Soc. anat. de Paris, 1891, p.181 
described a subependymal haemorrhage on the left 
side, between the eminentia teres and the locus 
coeruleus.

Lesvenes. (Morbus Gravesii, Mannheim, 1894) found in 
a typical case of exophthalmic goitre, haemor
rhage in the region of the floor of the fourth 
ventricle.

Gibson and Grainger Stewart (Brit. Med. Journ., Sept.
1895, p. 676) describe shortly three cases of
exophthalmic goitre. «In one there was no
change in the nervous tissues. In another there
was a haemorrhage into the fourth ventricle
which had caused the development of the so-
called colloid bodies. In the third there was
a small suppurating cyst on the lower aspect of 
t he /



the pons Varolii. No other changes in the ner
vous system could be detected”.

Peymord (Bull, de la Soc. anat. de Paris, 1893, p. 456 
in a typical case of exophthalmic goitre found a 
general dilatation of all the vessels of the 
central nervous system, especially well marked 
upon the floor of the fourth ventricle.



Microscopic Observations on the Central Nervous System
in Exophthalmic Goitre.

Hsle White (Brit. Med. Journ., 1389, March 30, p. 699) 
describes the results of a post-mortem examination 
upon the body of a woman who died from exophthal
mic goitre at the age of thirty-one. Enlargement 
of the thyroid had been noticed ever since she 
was nineteen years old (i. e., only one case).
The spinal cord "was found to be normal, save for 
one or two inconspicuous haemorrhages, which were 
very small and quite recent." "At the level of 
the lower part of the olivary nucleus there was, 
just under the posterior surface of the medulla, 
evidence of slight inflammation, as was shown by 
engorgement of vessels, a little blood in their 
sheaths, and a few wandering cells in the poster
ior median nucleus on each side". Above this 
the brain was quite healthy, until the level of 
the nucleus of the sixth nerve was reached, and 
there, "immediately under the posterior surface of 
the medulla, extending from the middle line as 
far out as the restiforra bodies, which were 
slightly implicated, were numerous haemorrhages, 
which did not implicate the sixth nucleus itself". 
"The haemorrhages seemed almost entirely limited 
to /
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to the posterior superficial part of the reticular 
formation, hut there were two or three small deep
er ones which extended up to the level of the 
lower part of the aqueduct of Sylvius. They 
always occupied the posterior part of the reti
cular formation. The haemorrhages were not old, 
but probably they did not take place immediately 
before death, for some of the corpuscles had 
altered considerably in shape".

The writer goes on to state that as far as 
he is aware, this is the first case in which 
changes in the central nervous system have been 
recorded in association with exophthalmic goitre 
"and which could in any way explain it". "My 
interpretation is", he says, "that the exophthal
mic goitre was due to changes in certain parts of 
the floor of the fourth ventricle which ordin
arily escape detection because they are so fine.
We Know that in fevers - and this woman had 
pneumonia - minute haemorrhages in the brain 
are particularly liable to take place shortly be
fore death. They occurred in this case in the 
floor of the fourth ventricle, for, being dis
eased, it was the weakest part of the brain, and 
thus /



thus we have had revealed to us the seat of a 
disease which has hitherto evaded discovery. I 
have, like many others, constantly seen capillary 
haemorrhages which took place in the brain shortly 
before death, especially in fevers, but I never 
saw anything in the medulla at all comparable to 
the condition we had here. The punctifcrm 
haemorrhages were visible to the naked eye, and 
markedly discoloured the floor of the fourth 
ventricle. No one present at the necropsy had 
ever seen there so evident in the medulla. Con
sidering it is probable that this is the seat of 
the disease in exophthalmic goitre, it is diffi- 
cult to believe that the incidence of the haemor
rhages here is the result of chance".

I have quoted the above opinion at consider
able length as the paper may be regarded as one 
of the chief of those supporting, and in fact 
strongly putting forward the theory, which I 
shall later discuss in full, that exophthalmic
goitre is a disease of the central nervous sys- 

«tern primarily, and that all the other changes 
are secondary to this lesion. Hale White, how
ever, was not actually the first to discover a 
lesion of this nature in exophthalmic goitre and 
to pot forward the above view, as he had, unknown 
to him, been, forestalled by Cheadle.

Cheadl e /



Cheadle (St George's Hospital Reports, 1878) described 
a case of exophthalmic goitre in which he found a 
marked dilatation of the vessels in the region of 
the nuclei in the medulla oblongata and the cran
ial nuclei in the pons V&rolii, as well as between 
the two arms of the inferior olivary nucleus.
Near the floor of the fourth ventricle he found a 
few atrophic cells. He considers the condition 
to be "a neurosis and the result of a primary 
lesion in the upper cervical part of the spinal 
cord and medulla oblongata, the region of the 
cardio-inhibitory, accelerator, vaso-motor, 
vomiting and glycogenic centres, all of which 
were - some constantly, some occasionally - 
involved in the disease».

(Later (Brit. Med. Journ., Jan. 4, 189 0, p. 19) 
he again put forward this view at a Meeting of 
the British Medical Association, where he showed 
a case of exophthalmic goitre of twenty-one years’ 
duration).

As far as I am aware, this is the first case 
in which the condition of the central nervous 
system in exophthalmic goitre had been at all 
fully examined and reported upon. Cheadle thus 
forestalled Hale White by eleven years. It is 
interesting to note that they arrived at somewhat 
similar /



similar conclusions independently of each other.

Bristowe (Brain, 1885; vol. viii, p. 315) described a 
typical case of exophthalmic goitre, complicated, 
however, by ophthalmoplegia externa and right 
heirdanaesthesia. He considered the whole condi
tion to be due »to some degenerative change oc
cupying the floor of the anterior part of the 
fourth ventricle and the walls of the iter, with 
extension into the neighbouring tract on the left 
side, while the exophthalmos was due to paralytic 
weakness of the ocular muscles". At the autopsy, 
however, "the most diligent naked-eye search fail
ed to detect even a trace of disease in the brain 
or cord, or any of the intracranial tissues. And 
after hardening and staining, the most careful 
microscopic examination revealed no morbid change?; 
whatever in any part of the cord, medulla or 
mesocephale."

Roosevelt (Med. News, Philadelphia, 1888, p- 353) (1
have been unable to read the original article my- ; 
self), described "a typical case" of exophthalmic 
goitre, in which the central nervous system was 
at the autopsy found to be quite normal.

Brulli /



Bruhl (Gaz. des Hop., 1891, p. 683), in a case of ex
ophthalmic goitre of four years1 duration, found 
haemorrhage, visible to the naked eye, under the 
ependyma of the fourth ventricle. The rest of 
the nervous system was not examined.

Mendel (Neurol. Centralbl., 189.9, p. 31) examined the 
central nervous system in a typical case of ex
ophthalmic goitre of five years' duration, in a 
man of forty-eight years of age. fie found the 
spinal cord., basal ganglia and cerebrum normal, 
but there was atrophy of the left restiform body 
and of the left fasciculus soiitarius.

Siemerling (Neurol. Centralbl., 1892, p. 114) found in
■a case of Oppenheim's, of at least four years’ 

duration, that the restiform body and fasciculus 
soiitarius were quite healthy, but that there were 
haemorrhages into the tenth and twelfth cranial 
nuclei, which showed evidence of both old-standing 
and recent origin.

Koppen (Neurol. Centralbl., 1892, p. 114) found in a 
case of exophthalmic goitre which he investigated 
microscopically, that the central nervous system 
was normal, except for a large haemorrhage into 
the grey matter.

Goldseheider j



Go Id s che icier (Neurol. Centralbl., 1892, p. 114), in a 
case of exophthalmic goitre found no abnormal 
changes of any kind in the central nervous system

Oppenheim (Neurol, Centralbl., 1892, p. 114) states
that he had frequently found atrophy of the resti- 
form body and of the fasciculus soiitarius in 
tabes and that lie considers the difference in 
^ize between the restiform body and the fascicul
us soiitarius on the two sides, which Mendel had 
described, as being due either to obliquity of 
the section or simply to the usual variation in 
size which may be found in any case and which 
does not necessarily constitute a pathological 
condition.

Müller (Deutsche Arch. f. klin. Med., 1893, LI, p.335) 
examined a case of exophthalmic goitre of three 
and a ha.lf months' duration, and found numerous 
small recent haemorrhages on the floor of the 
fourth ventricle, especially in relation to the 
tenth and eleventh nuclei, but also as high up as 
the sixth nucleus. These were associated with 
dilated vessels and some leucocyte infiltration. 
The superior olive also showed haemorrhages into 
its substance. The condition of the nerve cells 
themselves /



themselves is not described, but the axis-cyiin-
.

aers we re stated to be greatly swollen, and there 
was considerable increase in the connective tis
sue. Degenerated fibres could be detected in 
the vagus. The central canal of the spinal cord 
was obliterated and was surrounded by a greatly 
increased number of neuroglia cells.

In a second case similar to the above, of 
only two months' duration, Muller also found 
numerous small haemorrhages into and around the 
tenth and eleventh cranial nuclei, one actually 
being in the centre and amongst the cells of the 
vagus nucleus. The cells of this nucleus and 
of the nucleus ambiguus are described as being 
normal, and no change could be found in the 
restiform or trapezoid body. The spinal cord 
was not examined.

In a third case of ten months' duration, no 
haemorrhages were found on the floor of the 
fourth ventricle, and in fact, with the exception 
of two quite recent haemorrhages in the region of 
the tenth and twelfth cranial nuclei, no abnor
mality could be discovered. The cells in the 
seventh, ninth, tenth, eleventh and twelfth 
cranial nuclei were all normal, and no change 
could be detected in the restiform body.

In /



In commenting upon these results, Müller states 
his opinion that the haemorrhages in the region 
of the ventricle occurred at the time of death 
and have no relation to the disease itself (com
pare this view with that expressed by Hale White}. 
He considers that many of the symptom« of ex
ophthalmic goitre may be related to a lesion in 
the neighbourhood of the medulla oblongata, but 
our methods are not sufficiently delicate to 
determine this. At present we must regard the 
lesions found in the central nervous system in 
exophthalmic goitre, not as occurring in a de
finitely limited ares, of the medulla oblongata, 
but as attacking the whole nervous system more or 
less, producing changes the exact nature of which 
had not up to the time of his investigation been 
accurately examined in detail, partly because 
the methods of post-mortern examination of nervous 
material were not yet sufficiently delicate.

Greenfield (Brit. Med. Journ., 1893, Dec., p. 1266)
examined the pons and medulla in two cases of ex
ophthalmic goitre. He makes the following 
statement : "I regret that owing to the long
time since I examined these parts and the methods? 
employed, many of the sections have deteriorated 
and /



end many have been mislaid. I can, therefore, 
only show some of the more prominent changes.
These are seen throughout the pons and medulla, 
but are especially to be observed in the medulla 
oblongata. They are closely analogous to those 
seen in the sympathetic ganglia. In various 
parts, especially in close relation to the 
ganglion centres, there are here and there di
lated vessels filled with leucocytes, some of 
which are escaping or have escaped into the sur
rounding tissue. Together with these, minute 
haemorrhages are frequent. Many of these are so 
minute as to escape detection. Some of the 
microscopic changes are found to be in process of 
absorption. In addition to these, in one fatal 
case with high temperature, numerous small 
haemorrhages were found in the floor of the 
fourth ventricle, but not limited to it.

In many groups of ganglionic cells examined, 
some of the cells were found to be in process of 
atrophy. This was of a kind allied to cloudy 
swelling, the nucleus being invisible ana the 
protoplasm staining imperfectly. In some celxs
s. «ort of vacnolation was seen. The presence of
these changes suggests that a slight and 
persistent j



persistent condition of irritation was present, 
with subscute inflammation in parts. I should 
add that the change« were not confined to the 
centres, but that patches of leucocyte emigration 
were seen here and there in some of the nerves 
shortly after their emergence, from the brain.

I have not been able to make a sufficiently 
exhaustive examination as yet to determine which 
nerve centres were specially affected. The 
changes seen resembled in general character those 
seen in tetanus and hydrophobia, less in degree.»

"The presence, in the nervous tissues, of 
changes, slight in degree, but widespread, espec
ially affecting those centres or nerves which we 
should suspect from the symptoms to be involved, 
and the fact that these alterations are of a like 
nature to those seen in toxic diseases, for 
example, hydrophobia and tetanus, suggest, that they 
also may be of toxic origin."

Hexel (Deutsche Ztschr. f. Nervenheilk., 1893, p. 353) 
in a typical ca«e of exophthalmic goitre with 
very marked tachycardia, found no changes of any 
kind in the central nervous system, i. e., in the 
cord, medulla, pons or mid-brain. The resti
form bodies and fasciculi solitarii were spec
ially examined and found to be normal, and the 
nerve cells are all described as being "normal •



however, he fixed hie tissue in Müller’e fluid 
end cut it in celloidin, hie observations upon 

the condition of the nerve cells cannot be ab
solutely relied upon, because Muller’s fluid des
troys all the finer structures of the nerve 
cells.

tToffroy et Achard (Arch, de Med. Experiment., 1893,
p. 404 ) investigated the spinal cord, medulla ob
longata, pons and mid-brain in three cases of ex
ophthalmic goitre, all of which were of several 
years’ duration. They were quite unable to dis
cover any signs of change in these tissues, and 
they considered, that there was "heine Läsion des 
Kervensystems bei Basedow."

Later (p. 807) they investigated three other 
cases, and again found no pathological changes in 
the central nervous system.

These six. cases appear to present very 
strong evidence in regard to the absence of any 
nervous changes in exophthalmic goitre, but the 
evidence is not actually so strong as it at first 
sight appears to be, because two of the cases were 
complicated by tabes dorsali" and all the typical 
changes characteristic of this condition were 
found /



found at the autopsy. a third case suffered from 
epilepsy and marked mental symptoms, and at the 
post-mortem examination cavities were found in 
the spinal cord and also in the right occipital 
lobe in the cerebrum, so that this case was com
plicated by a syringomyelia. A fourth case pre
sented marked mental symptoms which, in themselves 
were suite sufficient evidence of considerable in
volvement of the central nervous system (apart 
from or associated with the thyroid condition).
A fifth case showed considerable "Intelligenz- 
Schwäche", and thus there remains only a single 
case which was not complicated by manifestations 
of some pathological condition in the central 
nervous system. In this case also the writer 
describes "spärliche Degenerationen" in the 
fibres of the vagus, and, although he does not re
cord it, there must have been some change in the 
vagus nucleus associated with such a degeneration 
in the fibres.

Marie et Marinesco (Pev. Neurol,, 1893, No. 10),found 
degeneration of the posterior columns and of the 
fasciculus solitarius, together with degeneration 
of the ascending root of the fifth, in a case of 
typical exophthalmic goitre of thirteen years’ 
duration /



duration, which was complicated by tabes dorsalis. 
The change® in this case, however, appear to be 
mostly the consequence of the tabetic element.

^andervelde et Leboeuf (Journ. de Med. de Brux., 1894) 
describe three cases of exophthalmic goitre, in 
two of which they were quite unable to detect any 
change in the central nervous system, but in the 
third they found small capillary haemorrhages in 
the floor of the fourth ventricle, which they con
sidered to be of recent origin.

Farner (Virchow's Arch., 1896, ho. 143, p. 509) could 
detect no change in the central nervous system in 
a case of exophthalmic goitre of two years' dura
tion, but in a case of only nine months' duration 
he found a large number of recent fresh haemor
rhages into the medulla oblongata and mid—brain, 
especially in+o the nuclei of the fifth, sixth, 
tenth and twelfth cranial nerves, into the right 
fasciculus solitaries and right superior olive, 
and to a less extent into the restiform body.
He considers that these haemorrhages on the floor 
of the fourth ventricle occurred shortly before 
death, and simply show that the support of the 
vessel /



vessel walls is less firm and resistant at this 
site than at other places.

Foxwell (Brit. Med. Journ., 18S6, p. 144) relates the 
following case : a woman, aged forty-one, pre
sented all the three cardinal symptoms of ex
ophthalmic goitre, with in addition uncontrol
lable vomiting which came on without any relation 
to food, and often without retching or nausea, 
from which she died. On post-mortem examination 
the vermiform process of the cerebellum was found 
to have undergone fibrous change; the adjacent 
surfaces of the optic thalami were in parts 
softened and in parts sclerosed. There was 
specially marked sclerosis of the floor of the 
fourth ventricle. Sections of the medulla show
ed that this sclerosis extended somewhat deeply, 
involving the gracilis column and nucleus on 
each side, and also the nuclei of the cuneate 
bodies and of +he tenth pair of nerves. There 
was also excessive vascularity of the surface of 
the brain, of the internal capsule, of the cere
bellum and of the medulla, which,in the medulla 
at any rate, led to occasional haemorrhages.

Askanazy (Arch. f. kiin. Med., 189S, p. 118) described 
two cases of exophthalmic goitre, both of six 
years'j



years» duration. In one ease, part of the 
thyroid gland was removed, bat the patient died 
suddenly on the following day. No changes were 
discovered in the central nervous system. The 
other case showed a. few small capillary haemor
rhages in the neighbourhood of the inferior 
olive, with emigration of lymphocytes from the 
vessels in the neighbourhood and accummulation 
in the surrounding tissues. He considers that 
these changes are to be regarded simply as an 
expression of some disturbance of the circulation 
in the course of the disease, and that they are 
of no significance as regards the origin of the 
condi tion.

Benvenuti ( Polioclinico, 1898 - Abstract in Schmidt's
Jahrbuch., No. .958 ) found in a typical case of 
exophthalmic goitre small haemorrhages in the 
meduli-8 oblongata, with hyperaemia of the vessels
and a very abnormally formed central canal, which

'
was completely surrounded by proliferated neuro- 
glia cells. The spinal cord was not examined.

Paure (Presse Med., Sept., 1899) could discover no
changes in the medulla oblongata from a case of 
exopht ha Imi c /



exophthalmic goitre with symptoms also of myx- 
oedems. The rest of the nervous system was not 
examined.

Glmbsult (Prance medicale, 189S - Abstract in
Schmidt’s Jahrbuch., No. 240) described hyper- 
aemia of the cerebrum in a case of exophthalmic 
goitre with mental symptoms, but microscopically 
nothing abnormal was detected in the medulla, 
which was the only part examined.

Dinkier (Arch. f. Psych, u. Nervenkrankh., 1900, p. 335) 
described a very severe and acute case of exoph
thalmic goitre, with mental symptoms and hemi- 
anaesthesia, terminating in bulbar paralysis. The 
degeneration found was very extensive! both pyra
midal tracts were degenerated, the right to a 
greater extent than the left. The tracts of 
Gowers and Flechsig both showed Marchi degenera
tion, which was also present, in both the anterior 
and post, erior root fibres. Marchi degeneration 
was also to be seen in the restiform body, in the 
ascending root of the fifth cranial nerve, in the 
eleventh and twelfth roots, and to a less extent 
in + he eighth and ninth roots. it was well 
marked /



marked in the internal and external arcuate 
fibres. The fasciculus solitaries was not de
generated and there were no haemorrhages.
Isolated-fibres in the cerebellum were degenerated, 
as were others in the right motor area of the 
cerebral cortex. All these changes were regard
ed as being due to "Intoxikation durch Basedow- 
gift".

Kedzior und Janiedowsky (Neurol. Cent^albl., 1901), in 
a typical case of exophthalmic goitre with epi
leptic fits, found marked atrophy of the left 
restifoim body, with numerous old and recent 
haemorrhages throughout the whole length of the 
medulla, and dilated vessels especially in the 
region of the left inferior olive, and left tenth 
nucleus. The authors thought that these changes 
in the left restiform body were concerned in the 
fundamental origin of exophthalmic goitre.

Dana (New York Med. Journ., June 14, 1903) described a 
case of exophthalmic goitre in which he found a 
haemorrhage into one of the nuclei of the vagi.
The spinal cord and remaining parts of the cen
tral nervous system were not examined.

Klein /



Klein (Deutsche ztschr. f. Nervenheilk., Bd. 25, 1904,
p. 451) found in a typical case of exophthalmic 
goitre numerous haemorrhages at the level of the
pons in the floor of the fourth ventricle, many 
fresh, many old, with great emigration of leu
cocytes and signs of inflammation, most marked in 
the grey matter. There were haemorrhages into 
the tenth, eleventh and twelfth nuclei, but even 
more markedly into the ninth. There was absence 
of myelin in many of the fibres of the restiform 
bodies, as well as in many isolated fibres scat
tered through the different regions of the medulla, 
pons and mid-brain, but these were particularly 
numerous in the tracts passing towards the cere
bellum, i. e., the two spino-cerebellar tracts, 
the cerebello-oliv-ary fibres and the middle 
peduncle. Similar degenerated fibres could also 
be found in the tracts of Gowers, Plechsig and 
Helweg in the spinal cord.

Gordon (hew York Med. Journ., 1905, ho.4, p. 953) des- 
cri fees the case of a woman who suddenly noticed 
that she could not rai*e her eyes in the normal

of both eyeballs gradually developed, and after a



week the neck became enlarged anteriorly, cardiac 
palpitation and tremor of the hands appeared. 
Exophthalmos, von Gräfe's sign, goitre, tachy
cardia and tremor, with paralysis of the third, 
fourth and "ixth cranial nerves, unequally dis
tributed on the two sides, were present. The 
author regards the case as a valuable contribution 
to the subject of the nervous origin of exophthal
mic goitre, pointing specially to its probable 
origin in the medulla.

Duncan (Studies in Pathology, Bulloch, Aberdeen, 1906, 
p. 11) in describing a typical case of exophthal
mic goitre of two years' duration in a girl of 
sixteen, states that »sections were made at dif
ferent levels of' the upper cervical cord, the 
medulla and the pons, and were stained by various 
methods. The parts seemed to be quite healthy».

Bruce and Plrle (Eev. Neurol, and Psychiat., vol.V,
1G07, p. l) describe degeneration of the cells of 
the intermedio-lateral tract (the spinal local
isation of the sympathetic) in a case of exoph
thalmic goitre of eleven months' duration, These 
cells showed chrom8tolyais, lateral displacement 
of the nucleus and vacuolation.

Hector /



Hector Mackenzie (Clifford Allbutt 'a System of Medicine 
Vol. iv, Hart i, 1908, p. 569), as the result of 
"a most careful and thorough examination of the 
pons, medulla and other parts made at St. Thomas's 
Hospital in a case in which there had heen ophthal 
moplegia externa and hemiplegia", were unable to 
find any microscopical change«; and they consid- 
ered that all the changes hitherto described "are 
in all probability secondary change«, the result 
and not the cause of the disease".



EXPERIMENTAL WORK upon the CENTRAL NERVOUS SYSTEM 
in EXOPHTHALMIC GOITRE.

Filehne (Phys.-Med. Soc. zu Erlangen, July 14, 1879) 
cut the upper and inner quarter of the restifonn 
bodies on both sides in dogs and young rabbits 
with a fine cataract knife. This generally gave 
rise to one or two of the cardinal symptorris of 
exophthalmic goitre, the most frequent being the 
palpitation and rapid action of the heart, the 
next the exophthalmos, which was not always equal, 
owing, lie considered, to the fact that the resti- 
foim bodies were not always equally divided.
Thyroid enlargement was rarely present, but in 
one case (a dog) all these symptoms - tachy
cardia, exophthalmos and hyperaemic swelling of 
the thyroid gland - were observed. The writer 
considered that he had. thus produced experiment six / 
a genuine condition of exophthalmic goitre.

Durdufi (Deutsche med.. Wochnschr., 1887, vol.xxi,
p. 448) made a small lesion with a sharp knife 
at the lower level of the tuberculum acusticum 
and found widening of the palpebral fissure with 
slight /
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slight exophthalmos on the same side, and tachy
cardia. These became gradually and progressively 
worse, and the writer considered his results as 
confirming thise of Filehne.

Filehne et Bienfait (Bull. Acad. Roy. de Med. de
Beig. Brux., 1890) repeated some of their previous; 
experiments in imita*ing certain of the symptoms 
of exophthalmic goitre by lesions upon the resti- 
form bodies in dogs, and they considered their 
results as fully confirming those obtained in 
their previous worh.

Bienfait (Ext. des Ann. de Is Soc. med.-chir. de-  —

Liège, 1895) also divided part of the restiform 
body on both sides in cats and rabbits, and found 
alteration in the cardiac rhythm, fine irregular 
tremors and exophthalmos as the result. He con
sidered that he had thus produced s. true exoph
thalmic goitre.

Lauder Brunton (Article on Graves' Disease, Textbook
of Medicine, Gibson, Vol.ii, 1901, p. 835) states 
as follows : "It appears to me not improbable
that the origin of the disease may yet be found 
in / >



in the corpora, quadrigemina, but this is hypo
thetical". He arrived at this conclusion from 
the fact that he had noticed marked "emotional 
excitement" resembling that in exophthalmic 
goitre in some of *he animal0 on "galvanising 
the corpora quadrigemina".

Tedesohi (Riv. di Patol. nerv. e ment., June 19OS,
vol.vii, f. 6), starting from Filehne's work and 
assuming that lesions of the restiform bodies pro
duce typical symptoms of Basedow's disease, at
tempts to determine the relation of such injuries 
to the thyroid gland. As the result of his ex
periments he concludes (l) that Filehne's work is 
correct and that lesions of the restiform bodies 
(especially of the anterior portion) produce 
marked symptoms of Basedow's disease; (2) that 
if the thyroid gland be removed, lesions of the 
restiform bodies do not produce any symptom of 
exophthalmic goitre; (3; that the symptoms of 
exophthalmic goitre produced by lesions of the 
restif oim body may completely pass off or diminish 
and that when they do so, feeding upon thyroid 
may reproduce all these symptoms as if no oper
ation hsd previously taken place; and (4) 
finally /



finally that if the symptoms of Basedow's disease 
be produced by lesions in the restiform bodies, 
removal of the thyroid diminishes or causes com
plete disappearance of the greater part of such 
symptoms.

Otto Maas (Changes in the Spinal Cord after Ligature 
of Thyroid Vessels, Berl. klin. Vochnschr., 1901, 
Ho. 32 j performed ligature of the vessels of the 
thyroid in the dog. On the following day the 
animals were normal, but a few days later the 
well-known symptoms of hurried respiration, 
tremor in the muscles of the trunk, marked ataxia 
and. rigidity of the extremities, increase in the 
knee-jerks and diminution of the cutaneous sensi
bility to pain presented, themselves. Epilepti
form convulsions, however, were never observed. 
Death occurred between the fourth and the seven
teenth days after operation, except in one dog 
which was killed on the forty-eighth day. In 
all the six cases examined, degenerative changes 
were found in the white substance of the spinal 
cord, chiefly in the posterior columns. In the 
brain also, some pathological change was observed, 
chiefly in the animal which survived the operation 
by forty-eight days.

Edmunds /



Edmunds (Pathology of Exophthalmic Goitre, Brit. Med.
Journ., Sept. 21, 1901, p. 773) considers that 
"the secretions of the thyroid and parathyroids 
have much to do with the nutrition of the central 
nervous system". He removed the thyroid and 
parathyroid glands in one or two stages from 
eight dogs, and found that "the Nissl bodies' 
were no longer defined : the substance some
times appears as fine dust, and sometimes the 
chromophilous elements seem fused together, and 
had in fact undergone "chromatolysis"; sometimes 
the substance in the cells, in specimens which 
had been properly prepared, took the stain too 
deeply. In some of the cells the chromophilous 
substance was absent, only the network within the 
cells being visible : in some of the cells there
was considerable swelling of the nucleus ; of 
some of the cells the processes were wanting, and 
in fact, cells might be found in every stage of 
destruction". The changes resemble those shown 
by Mott to occur in some forms of acute poisoning. 
The author states that "it appears that athyroidea 
is a form of acute poisoning affecting the centra., 
nervous system" and that "Graves’ disease is due 
to partial aparathyroidea". He suggests that the 
condition of the parathyroids should always be 
ascertained in cases of Grave«’ disease.
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If we now examine the cases above referred to in 
detail, it will be noticed that up to the present time
there have been recorded in which an examination
of the central nervous system has been carried out.
In of these the observations were limited to the 
appearances which were visible to the nakeV eye, while 
in the remaining cases a more or less complete 
microscopical investigation was made. in many of 
the cases published I have found remarks such as this - 
«the nervous system was examined and found to be nor- 
rnal", etc. I have not included macroscopic observa
tions of this kind in the above list. Such a cursory
examination could not possibly reveal whether the ner
vous system was normal or not, as many of the changes 
actually described by other observers are of such a 
nature that they could only be found by a oareful and 
systematic microscopical examination. When it is 
stated that "the central nervous system was carefully 
examined microscopically, and nothing abnormal could 
be noted", I have always accepted the case as of 
value and have included it in the above list, so that, 
so far as I am aware, it comprises every case recorded 
in which a careful examination of the nervous system 
has been made, whether alterations have been found in 
it or not.

From/
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From the above list it will be seen that definite 
lesions have been described in out of the
cases. The changes which have been found in the ner
vous system may be divided into several groups, firstly 
according to the nature of the lesion :

1. Dilatation of vessels; Haemorrhage ;
Emigration of leucocytes ;

2. Atrophy of nerve cells ;
3. Degeneration of nerve tracts with sclerosis;

i. fasciculus solitarius,
ii. restiform body,
iii. other tracts;

and, secondly, according to the position of the lesion :
1. Spinal Cord,
2. Medulla oblongata and pons,
3. Cerebrum.

If we consider the position of the lesion, it 
will at once be noticed that the most common site 
for the lesicn is in the medulla and pons, especially 
along the floor of the fourth ventricle and in relation 
to the cranial nuclei. A lesion in this position has 
been recorded in every case in which there was a posi
tive result from the microscopical examination.
Lesions /



Lesions in the spinal cord have only been recorded in 
a very few eases, nine in ail, but in many of those in 
the abo^e list the spinal cord was not subjected to a 
complete microscopical examination. The actual num
ber of cases, therefore, in which lesions of the spina 
cord may have been present but unrecorded is probably 
considerably, larger than one would be led to suppose 
by the results given above.

In three cases the lesion consisted of great con
gestion of the vessels, with haemorrhages into the tis 
sues round about, slight in one case (Hale Thite), 
rather more extensive in the other two (Cheadle; and 
Bruce and Pirie). In the remaining six cases the 
lesion was of the nature of a sclerosis of various as
cending and descending t r a c t I n  three cases the 
sclerosis was limited to one tract - the pyranidal 
(Foxwell), the left direct and right crossed pyramidal 
tracts (Bristowe). The latter case is of consider
able importance, as I shall afterwards show. In the 
case cited by Muller, the column of Goll was thought 
to be poor in fibres. In Parmer's case, slight degen
eration was noted in several tracts. One of the most 
interesting cases, however» is that recorded by Dinh— 
ler, in which Marc hi degeneration was found in a large 
number of fibres distributed irregularly throughout 
a grpat many of the ascending and descending tracts
of /



of the cord, medulla and pons. a somewhat similar 
case of irregularly distributed degenerated fibres 
was recorded by Klein, i.e., there was no definite 
distribution of degeneration or sclerosis in certain 
well-marked and sharply defined tracts, but simply an 
irregular distribution of fibres, scattered without 
any definite relation through many different tracts, 
obviously the result of.some general condition and not 
of a localised lesion.

There are two sites at which degeneration has 
been specially localised, viz, (1J the restiforrn body 
and (2) the fasciculus solitarius. Atrophy of the 
fibres in the re at i form body has been recorded in six 
instances (Mendel, Müller (one case), Farner, Dinkier, 
Kedzlor and Janiedowsky, and Klein). This is the 
lesion which has most frequently been found, and to 
it we must, therefore, devote particular attention.
It must also be noted that in four of these cases the 
degeneration was a sclerosis, while in two (Dinkier 
and Klein) it was partly a sclerosis, and partly 
stained, with the Marchi method, showing that it must 
have been, to some extent at least, of recent origin.

Degeneration in the fasciculus solitarius has tee 
described in four cases (Mendel, Joffroy and Achard, 
Marie and Marirteseo, Farner). I propose to discuss t 
'question /
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question of the degeneration of this little bundle 
at a later point, but should like here to point out 
the fact that at this stage it is interesting to note 
that this bundle, so small in itself, should have been 
selected for notice on four separate occasions by ob
servers who were apparently quite unaware of each 
others' work, if the fact that they have neglected to 
refer to it in their publications can be regarded as 
evidence of this.

In three cases (Hale White, Muller and Farner) 
haemorrhages into the region of the rest.iform body 
were present, and in one case (Farner) a haemorrhage 
into the solitary bundle is recorded.

Atrophy of the nerve cells has been described in 
only five cases, but it is quite evident that it must 
have been present in a much larger number of cases, as 
it is not possible to have a sclerosis of any nerve 
fibres without a corresponding atrophy of the nerve 
cells from which they arise.

By far the most frequent lesion is that consist
ing of congestion and dilatation of vessels with 
haemorrhages into the surrounding tissue and emigration 
of leucocytes. Mere congestion has been recorded in 
three instances, congestion with haemorrhages into 
the spinal cord and medulla oblongata in two, and



which this congestion and haemorrhage has been found 
it has been situated in the medulla oblongata. it has 
only been recorded as having occurred in the spinal 
cord in five cases, but the explanation of this number 
being so small is probably that the spinal cord has 
only been systematically examined in a few cases al
together. The haemorrhage may take place into either 
the white or the grey matter, or into both. In most 
cases it is recorded fir having taken place only into 
the grey matter; in instances it was specially 
noticed in the white matter. The most common site 
is along the floor of the fourth ventricle ( cases) 
the next in order being the neighbourhood of the 
ninth, tenth, eleventh and twelfth cranial nerves 
( cases), chiefly in the nucleus of the vagus nerve] 
and in several cases the haemorrhage has occurred into 
the centre of the nucleus itself, right amongst the 
nerve cells.

In some cases the haemorrhages have been of very- 
recent origin and may have taken place just before 
death, but in the great majority of cases they were of 
some considerable age, and in one (Bristowe) no haemor
rhages were present, but there were instead the. re
mains of old-standing haemorrhages.

At this point I should like to draw attention to 
a very important fact in regard to the cases quoted 
above j



above, namely, that in thirteen of these the central 
nervous system was found to be normal, a careful micro
scopical examination failing to show any changes. a 
lesion of the central nervous system is not, therefore, 
to be found in every case of exophthalmic goitre, but 
what is of special importance is the fact that in 
every case in which such changes were absent, the dis
ease had been in existence for several years, while in 
all those cases in which marked haemorrhages are re-

icorded the disease had been of short duration, the 
longest being nine months. In other words the con
clusion seems quite justifiable that these marked 
changes in the circulation are found only in acute 
cases. In no acute case on record has the nervous 
system been said to be normal. In the slower and 
more chronic eases, on the other hand, the changes 
referred to have not been present. I consider this 
point as of considerable importance, and shall return 
to it later.

The most frequent site of such vascular altera
tions is undoubtedly the medulla oblongata and pons, 
especially the floor of the fourth ventricle ( 
cases). The next most common site is the spinal cord 
(eleven /



(eleven ease«); then the cerebrum (six eases) and 
lastly the cerebellum (three cases).

It is possible for us to trace a gradual sequence 
of cases from those in which no lesion of any kind 
could be detected (Roosevelt), through that of Bristowq 
in which no abnormality except the remains of old 
haemorrhages could be noted, to that of Vandervelde, 
in which there were only a few recent haemorrhages on 
the floor of the fourth ventricle, and to Askanazy's 
first case in which the haemorrhages were more exten
sive, until finally we come to those described by Hale 
White, Muller and others, in which numerous haemor
rhages were found all over the medulla, pons and cord. 
Similarly in regard to the tract degenerations, which 
in the case of Foxwell were limited to the pyramidal 
tract, in that of Mendel to the left restifcrm body and 
right solitary bundle, in that of Joffroy and Achard 
to the posterior root fibres, in that of Foxwell to a 
sclerosis of several tracts in the medulla, and which 
finally, in the cases of Dinkier and Klein were very 
extensive, involving the greater number of all the 
ascending and descending tracts, and being partly de
monstrable by the March! method.

Several authors have made special mention of the 
fact that they have found haemorrhages into the white 
matter. It is quite possible that the degeneration of 
a single tract, recorded in the cases above referred 
to, may be the result of a haemorrhage amongst its
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fibres, or possible into its nucleus of origin. These 
are probably the causes of the degenerations which 
have been found in the restiform body and tie poster
ior root fibres. Such a lesion is quite sufficient 
to cause a general sclerosis of the fibres of a tract. 
At the end of this monograph I have carefully drawn 
out on e. normal medulla the different areas in which 
haemorrhages have been reported, and it will at once 
be noticed that the restiform body is greatly and fre
quently involved. A lesion of the restiform body 
will cause a sclerosis of the fibres of the direct 
cerebellar tract In the spinal cord, and the fact 
that such a degeneration is usually said to be accom
panied by degeneration of Gowers's bundle can be under- 
stoon when we remember that a great number of the 
fibres of Gowers's bundle enter the cerebellum by way 
of the inferior cerebellar peduncle (Bruce ; Quart. 
Journ. Physiol., 1.910). The probable cause of the 
degeneration in the restiform bodies which has been 
described is an extension of the haemorrhageinto and 
involving the inferior cerebellar peduncle. If the 
accounts of the degeneration in the restifoim body 
be carefully read, it will be noted that it is not 
described as being a general and complete sclerosis of 
the entire peduncle, but rather as a sclerosis of a 
large number of its fibres. Now in one case ( 

there was found degeneration of the right, 
restiform /
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restiform body and of the left solitary fasciculus, 
suggesting rather that the lesion had in this instance 
involved the cuneate and caudate nuclei, and by causing 
a degeneration of the arcuate fibres had led to a 
sclerosis of many of the fibres in the opposite resti- 
form body (see Fig. )

The degeneration of the fasciculus solitarius is 
interesting, as it has been so frequently described. 
This fasciculus is a small bundle of nerve fibres 
arising in the upper level of the medulla and passing 
longitudinally downwards throughout its whole length. 
Its exact position is shown in Fig. , where it lies 
immediately to the outside of the vago-glosso-pharyn- 
gesl nucleus and is intimately associated with a column 
of gelatinous grey matter, in which its fibres end.
The great bulk of its fibres is derived from the glosso 
pharyngeal nerve, as shown in Fig. , while a smaller 
number come from the vagus. This bundle of nerve 
fibres is situated within the area in which haemiorrhage 
is so liable to occur, and the degeneration of this 
bundle must almost certainly have been due to some 
such haemorrhage having taken place into or around that 
tract, resulting ultimately in a sclerosis of many of 
its fibres. The involvement of this tract, therefore, 
t>ecomes of much less significance when we realise that 
its degeneration is, as it were, accidental, being 
due I



due simply to the fact that it happens to be situated 
close to the region where haemorrhage is so liable to 
occur. .

Although this is a satisfactory explanation of 
many of the points above referred to, it is not suffi
cient to account for the occurrence of such an exten
sive and wide-spread degeneration in all the tracts of 
the cord and the medulla as was present in the cases 
recorded by Klein and by Dinkier. This point I must 
defer for consideration later.

At this stage it will be convenient to classify 
the Interpretations which various observers have placed 
upon the results of their investigations ; these 
may be divided into two great groups :

1, Those who consider the lesions as primary 
and of great importance in the elucidation of the 
disease ; and

2. Those who regard the lesions as having oc
curred shortly before death and as being of no signi
ficance in connection with the disease.

The former view was supported, in IS^S by Chesdle, 
who considered that his case was of great value as 
giving a definite pathological foundation to such a 
theory, and it was still more strongly emphasised in 
1888 by Hale white, who thought that this was the only 
theory capable of explaining the disease. Since that 
time j



time, however, this theory has fallen into insignifi
cance, as it. has been gradually recognised that it 
vías insufficient to explain the whole pathology of 
such a condition, and as the thyroid and sympathetic 
theories gained in importance. Another attempt was 
made, however, in 1901, by Kedzior and Janiedowsky to 
bring it back into notice, but apart from this, no 
serious effort has been made to ascribe the whole 
pathology of the condition to a primary lesion in the 
nervous system, if we except Lauder Brunt an's hypo
thesis that "the origin of the disease may yet be 
found in the corpora quadrigemina".

(As I hope to show, shortly, the probability of 
a lesion in the central nervous system being the cause 
of the disease is far nearer the truth than has pre
viously been recognised).



HISTOPY Of CASH 
Woman, aged forty-seven, married, was admitted to 

Chalmers* Hospital on 22nd May and died on 5th June.
The illness had lasted altogether for eleven months.
It began with an attack of diarrhoea eleven months pre
viously, since when she had been nervous and weak. 
Swelling of the neck first became apparent in January, 
but no exophthalmos was noticed by her friends before 
her admission to Hospital, when it was present, but 
only to a slight degree.

On admission she was found to be very nervous and 
weak. There was marked tremor, and the thyroid was 
considerably enlarged, mostly, however, on the right 
side. The pulse varied from 120 to 130, and presys- 
tolic and systolic murmurs were present. There was 
no albumen or sugar in the urine.

Throughout all her time in Hospital her temperat
ure was above normal, for the first week between 98 
and 100, for the second from 99.5 to 100.5, and just 
before death it rose to 1133.4. Nothing was found in 
the lungs to account for this.

On 1st June she became very noisy and excited; 
the pulse became weaker and more rapid, and the heart 
became dilated. Speech became inarticulate, the 
sphincters were affected, and on 4th June she became 
unconscious, dying at 6.10 a. m. on the 5th.

The /



The post-mortem examination was made on the same 
day by hr Wade, who found the following conditions :

Thymus large; thyroid large and pale ; very 
little colloid, active proliferation of gland tissue, 
so that it presented the appearance of a secreting 
gland ; some fibrosis. Left supra-renal large and 
cystic. Kidneys showed some chronic interstitial 
nephritis, with an acute toxic condition superadded. 
Liver showed chronic venous congestion with some fatty 
change and areas of recent cirrhosis. Spleen, recent 
infarcts, acute congestion. Stomach, congestion and
haemorrhagic infiltrations. Heart, right auricle
dilated; other cavities small; chronic thickening of 
mitral and aortic valves; no recent endocarditis; some 
fibrous change in the myocardium. Lung ; no pneu
monia; certain amount of oedema and congestion. Mar
row was lymphocytic, not myelocytic. No other ab
normalities were found in the body.

I consider that the above ca^e is a very typical 
one in which to make a thorough and systematic exam
ination of the nervous system for the following 
reasons :

1. it is a pure case of exophthalmic goitre,
■

and death was apparently due to hyper

thyroidism ;



2 .  no other complications (e. g. pneumonia) 
were present ;

5. the case was an acute one (of only eleven 
months* duration) ;

4. the post-mortem examination was made a few 
hours after death and the tissues were at 
once placed in 10% formalin solution.



Examination of the Spinal Cord

Macroscopic 5yamina1 1 on :
The spinal com, upon removal, appeared to be of 

normal sice. The meninges exhibited no special change. 
Considerable congestion and dilatation of1 the veins 
upon the surface of the cord were seen, and were spec
ially marked upon the upper dorsal region and upon the 
lumbo-sacral region. Upon section the grey matter in 
the lumbo— sacral region specially appeared to be so 
rich in blood-vessels that the general colour was red, 
and many minute haemorrhages could be made out with 
the naked eye. These were specially developed in the 
lumbo—sacral region and not so well marked in the 
lower dorsal region. They appeared to s slight ex
tent in the upper dorsal region, and disappeared again 
in th e c ervi ca 1 re gi on.

Micro sc oplc Examine 11on :
The most marked feature found on examination of 

transverse sections 0f the spinal cord was the extreme 
congest! on and dilatation of the vessels, and as this 
condition varied in different situations it will be 
best t-o descrj be it under the following four headings

(1) The cervical region ;
( 2 )  The lower dorsal region ;
( S i  /



(5) The upper dorsal region ;
( 4 ) The lumbo—sacral region.

(l ) The Cervical Peg!on :
In this part. 0 f the cord there was a degree of 

congestion of the smaller vessels, well marked both in
the white and grey matter, although not visible to the
naked eye. The walls of the cells showed slight 
hyaline degeneration. In the white matter the dilat
ation was not so well marked, but it appeared never
theless distinctly between bundles of both ascending 
and descending fibre0.

Phlte matter : The fibres of both the ascending
and descending tracts appeared to be more or less nor
mal. Staining with the Weigert-Pal method did not 
show any absence of myeline, so that in this region the 
fibres themselves were not degenerated. In certain 
case« the amount of myeline present appeared to be 
rather diminished, but it is very difficult to «ay de
finitely that this represents any marked deviation from 
the normal condition.

C-rey matter : The central canal at this level
appeared to be slightly enlarged. The vessels in its 
immediate neighbourhood were very greatly dilated, es
pecially those in the anterior median fissure. From 
the foot of this fissure the vessels, turned towards 
the /



the base of the anterior cornua, and here marked thick
ening could easily be detected. The grey matter it
self was studded with numerous small dilated vessels, 
both in the anterior and posterior cornua, especially 
marked, however, at the anterior cornua, but not part
icularly prominent at the lateral horn. At this re
gion, however, the lateral horn is only slightly de
veloped. In numerous places, small minute haemor
rhages are found, occasionally, but not always limited 
to the immediate neighbourhood of different nerve 
cells, These haemorrhages never reach any great ex— 
tent, and appear to be mostly of suite recent origin.
The grey matter appeared to be normal with the except
ion of the nerve cells, which I shall describe in de
tail later. There was no marked proliferation of the 
neuroglia cells, nor signs of softening or thrombosis 
in any of the sections.

( S ) The Lower Dorsal Region :
Sections at this level showed a more advanced 

stage of congestion than those already described. It 
was more pronounced in the grey matter than in the 
white, and was associated with a slight degree of 
hyaline degeneration. Most of the fine capillaries 
in the anterior horn were greatly injected and tortuous, 
and /



and ml mite haemorrhages were particularly common, be
ing present in nearly every section examined. This 
congestion was specially marked at the base of the an
terior cornua. It did not involve the posterior 
cornua to any great extent, but was very well narked 
at the lateral horn.

( 5 ) The Upp er Dorsal Region :
The congestion of the vessels -in this region is 

more marked than in the lower dorsal region. It is 
most prominent in the anterior cornua and in the lat
eral cornua, where it is accompanied by numerous 
haemorrhages, some of a considerable size. In many 
cases there haemorrhages may be found completely sur
rounding various nerve cells, which appear in the 
centre in a state of early degeneration. Hyaline de
generation was very well marked in the vessel walls. 
The grey matter did not show any marked changes, and 
most o f  the haemorrhages appeared to be of somewhat 
recent origin. They werp also present in the poster
ior cornua, but not to any great extent.

( 4 ) The Lumbo-Sacral Pegicn :
The degree of congestion and dilatation of the 

vessels in this part of the cord, was very intense. 
These were well marked both in the white and the grey 
matter j



matter, but were most pronounced in the latter. The 
haemorrhage^ were particularly well shown, and in s o m e  

cases reached a ^ery considerable size. In many cases 
these haemorrhages involved the whole of the posterior 
cornua, as well as part of the anterior cornua. Num
erous small capillary haemorrhages were also present, 
obviously cf recent origin, but in many places it was 
quite easy to detect that old haemorrhages had been 
present, as the remains of red blood corpuscles in a 
somewhat advanced degree of degeneration were found.
In fact, the whole of the grey matter in this region 
appeared to be simply a net-work of greatly distended 
vessels, in some case«? thrombosis had taken place in 
the vessels, and a considerable amount of softening 
of the surrounding grey matter was visible. In some 
cases this occupied quite a large extent of grey mat
ter, and resulted in an .atrophy of all the nerve cells 
surrounding it. Destruction of the grey matter was 
also seen in association with some of the old haemor
rhages, and there is apparently no doubt that the 
extreme vasculari+y of this part of the cord, assoc
iated with an advanced degree of hyaline degeneration, 
cannot be regarded as being merely of quite recent 
origin. It must obviously have been present for some 
considerable time before death, as the presence of old 
h a em orrhag es /



haemorrhage® with marked softening of the grey matter 
in places could only be accounted for by lesions des
troying the grey matter in this neighbourhood and 
existing for some considerable time before death. 
Thrcmbosi s of the vessel® was ,rery well marked, parti
cularly in association with many of the smaller ves
sels, in the foimatio reticularis, this was specially 
well developed, and was therefore most visible in con
nection with the cells of the intermedio—1st, eral tract , 
The median lateral artery was very often unusually 
well marked, but the vessel most affected was the an
terior spinal artery. This artery runs down the 
anterior median fissure and then enters the grey mat
ter of one of the antericr horn®, being distributed 
to the anterior and central grey matter in this re
gion. The peripheral arteries often stand out ^ary 
clearly, but never quite ®o markedly as the anterior 
spinal artery and the median lateral, i.e., the artery 
which runs in from the surface of the ccr d to reach 
the grey matter at the level of the intermedio-lateral 
tract. This great congestion of the vessel® in the 
immediate neighbourhood of the intermedio—lateral tract 
has already been described by Bruce and Pirie (Pev. 
Neurol, and Psychiat., 190*7), but it is not limited to 
the intermedio-lateral tract. The anterior cornua is 
also greatly affected.

The /



The Nerve Cells : The most important change of
all, however, in regard to the spinal cord, is that 
which takes place in the nerve cell® themselves. -'tfe 
may divide these into three classes : (i) those in
the intermeiio-iatsral tract; ( 2 ) those in the anter
ior motor nerve cells, and (3) those in the posterior 
horn and other cells. Degeneration of the intermedio 
la'era 1 tract in exophthalmic goitre has already been 
described by Bruce (loc. cit. ), who found marked 
chroma to lysis with replacement of the tigroid bodies 
by a turbid, finely granular cytoplasm, in which 
vacuoles of different sizes were not infrequently seen 
often associated with masses of golden-yellow gran
ular pigment, sometimes sufficiently marked to fill 
the whole cell. The cells were mostly swollen ; they 
has lost their polygonal outline, and showed great re
traction of their dendrites. As a rule, the cells 
cf the intermedio-lateral tract of both sides of the 
cord were markedly affected. The nucleus was mostly 
eccentric, the cells were swollen, the Nissi granules 
had disappeared, and the body of the cell consisted
of a protoplasm, stained more or less homogeneously.
On examining these eeiis in detail, it was found that 
in this case not e single one of them exhibited a nor
mal structure. This is a point of considerable im
portance, because or examining the average human cord 
post-mortem /



postmortem, the cells in thi° tract are not degenerated, 
and such a marked degree of degeneration as was ore- 
sent. in thi® case,in which no single normal cell could 
be detected, must necessarily be a pathological condi
tion.

The great majority of the cells showed, what can 
only be described as an extreme degree of ehromatolysis 
The Nissl granules had entirely disappeared, and no 
trace of them was to be found, even at the periphery 
of the ceil. The nucleus had migrated towards the 
periphery, and instead of being circular in outline 
was markedly oval. The nucleolus was usually lost.
The finer structure of the nucleus had completely dis
appeared, and there was visible merely a dark-staining 
ring filled with a homogeneously staining protoplasm. 
The cytoplasm of the nerve cell appeared to be quite 
structureless, and to show that homogeneous staining 
which is associated with complete degeneration of the 
cell. There was not even a fine remnant of the Nissl 
granules in the shape of powder ; they had completely 
disappeared. The ax on could usually not be detected; 
the dendrites were markedly retracted ; the whole of 
the outline of the cell was markedly different from 
the normal. These particular cells are characterised 
by their somewhat peculiar shape. They are long and 
thin /



thin end narrow, appearing as if they had been com
pressed by + he surrounding nerve fibres into this 
peculiar shape, and in examining than great care must 
be taken not to mistake them ^or abnormal cells. in 
this case, however, very few of these cells showed 
this appearance. They had mostly a quite irregular 
outline. The peripheral margin of the cell in many 
places could not be detected. When the nucleus was 
present, it usually lay extruded from the surface of 
the cell, but in the great majority of cases the nuc
leus could not be distinguished. I think that there 
can be no doubt that the cells in the intermedio- 
lateral tract in this case exhibited an advanced de
gree of degeneration, which we must presume involved 
a very marked alteration of function.

The Motor Nerve Cell0 : The changes in the
motor nerve ceils in the anterior cornua in this case 
are of a very important character. These cells do no 
show an extreme degree of degeneration such as char
acterises the cells of the intermedio—lateral tract. 
They °how a degree of change, however, which is very 
characteristic of the spinal cord in exophthalmic 
goitre, and which consists in an absence of Nissl- 
granules, without any other pronounced change. As a 
general rule, the nucleus is situated in the centre 
of /



of the cell, the nucleolus stains faintly, and the 
chromatin r.e + - wo rk is present in the interior of the 
nucleus, although it does not stain well. It is 
rather exceptional to find the nucleus at the side of 
the cell, and so far as i can see, there is nothing 
abnormal in its position. The most characteristic 
change, therefore, is the absence of Nisei granules. 
This differs in the different ceils. In most cases 
the eb°enoe of the Ni®sl granules is shown immediately 
round the nucleus. They are stiJl present at the 
periphery of the cell, but occasionally they are first 
lost here and ore still present round the nucleus.
They become smaller in °ise, however, and in a large 
number of cells they are distinctly present but in 
the form of a fine powder scattered throughout the 
protoplasm of the cell. The outline of the cell does 
ro+ seem to be greatly altered. The axon ic usually 
present, and the dendrites do not, appear to be greatly 
retracted. The protoplasm of the cell does not show 
the condition of homogeneous staining which is assoc
iated with complete degeneration of +he cell. The 
whole condition is that of exhaustion of the nerve 
cell, but of an exhaustion which is not usually ac
companied by migration of the nucleus from +he centre 
to the periphery. In order to detect the®e changes, 
a large number of nerve cells must, necessarily be 
examined /



examined. in thin case the changes are particularly 
v.rell seen in the lumbar region of the cord. In the 
cervical and dorsal regions the tendency of the cells 
is to show Nissl granules, which although smaller in 
sise and greatly diminished in number, are not alto
gether absent. what the meaning of this is I propose 
to discuss at a later period. The points which I wish 
tc emphasise here as typical of the condition are :

(l) The absence of Nissl granules ;
(r ) The absence of migration of the nucleus to

the periphery ;
(3) The somewhat feeble staining of the nucleus ;
(4) The fact that the axon and dendrites do not

appear to be greatly involved in the change.
The condition i« essentially one to be regarded 

as an exhaustion of the nerve cell, but not an e x h a u s 

tion similar to that which we associate with fatigue, 
because whiie we have here absence of Ni°si granules, 
we h a v e not migration of the nucleus towards the peri
phery .

The Medulla Oblongata. : The medulla oblongata
in this case was cut into serial sections and was very 
carefully examined because of the number of cases in 
which marked changes have been recorded in this region 
(vide /



(vile supra). But although such *rery pronounced 
changes were present in the cord, the medulla does not 
seem to have been affected to the sanie extent. There 
was congestion and dilatation of the vessels along the 
floor of the fourth ventricle, but not to any great 
extent, and mostly confined to the minute capillaries. 
These were specially well seen in sections involving 
the vagus nucleus and the vago-acces^ory and hypo
glossal nuclei. The other nuclei were not affected 
to any marked degree, with the exception of the facial 
which showed some slight capillary dilatation. The 
vagus nucleus is to be regarded as the medullary con
tinuation of the intermedio-lateral tract, and there
fore the spinal localisation of the symps+hetic sys
tem. The cells in this nucleus showed a degree of 
degeneration comp arable to that found in the inter
medio-lateral tract, but not to the same extent. The 
cells of this nucleus are very small ; they were 
mostly in a state of degeneration. The changes in 
the facial nucleus were similar to those in the motor 
cells of the spinal cord.

It is thus interesting to notice that the extreme 
changes present in the lumbo-sacral region of the 
cord were not also present in the medulla, which 
showed /



showed changes not more advanced than those already 
existing in the upper dorsal region.

The cell s of' the inferior olivary nuclei and other 
cranial nuclei in this region did not exhibit any 
degree of change worthy of special note.

Mid Brain : This part was al«0 examined, and
although considerable dilatation of the vessels was 
present, comparable to that already described in the 
medulla, no other notable changes were found.

Cerebral Cortex : Sections through the cerebral
cortex in this region also showed a degree of capillary 
injection with small haemorrhages into the grey matter 
often «urrounding the pyramidal cells and resembling 
those already described in the spinal cord, showing 
that the changes involved the whole region of the 
spinal cord, medulla, mid-brain and cerebral cortex.
But all those structures were not involved to the same 
extent. In the spinal cord, the intermedio-lateral 
tract ceils in the lateral horn were specially af
fected. The motor cells in the lumbo-sacral region 
of the cord al°o showed very marked degrees of change, 
which at first sight appeared to resemble the changes 
of exhaustion. The great congestion of vessels, as
sociated with this region of the cord was not so 
marked in any other part, of the central nervous system.



Acute Exophtha lmic Goitre

Clinical History :
The following ca«e was particularly interesting 

on account cf the short duration of the symptoms. The 
patient showed a condition of exophthalmic goitre fol
lowing pregnancy. The symptoms ran an acute course 
for two months, when she got influenza and died. She 
completely failed to re spond to any treatment.

The spinal cord and brain were obtained 28 hours 
after death.

Spinal Cord : Tie most marked changes here were
the great congestion and dilatation of the vessel«, 
with numeren0 haemorrhage« into the white and especial 
the grey matter, both of resent and early origin, 
since tl:e remain« of old haemorrhages were found. in 
the lower dor «a 1 region, the whole of one of the post
erior columns of grey matter on one side was the site 
of a n e xtensive haemorrhage. Numerous haemorrhages 
were also found in the region of the lateral horn, 
and similar haemorrhages were situated near the an
terior cornua. The nerve cell« themselves did not 
exhibit a great degree of degeneration. Most of. 
them at first sight appeared quite normal, with the 
exception of those of the intermedio-lateral tract, 
which /



which showed extensive de genere ti on. The celle of
the anteri or corona, however, showed in many sections 
a peculiar condition in which the Nisei granules ap
peared to stair, unusually intensely, and in which they 
appeared to be greatly increased in number. The cells 
seemed to be pacKed with those granules, which were 
masses together in close groups, such as I have not 
seen in any other condition at this time. The main 
changes, in fact, in the motor cells consisted (l) in 
the few degenerat ed cell« present, and (8) in the 
large number of absolutely normal cell'3 and the curious 
condition of many others which appeared to be over
crowded with darh-stsined Nis^i granules.

In this case the medulla showed extensive haemor
rhages. Mgny of the cells of the vagus nucleus had 
also been destroyed by haemorrhages in this region, 
and most of the other cells appeared to be in stages 
o f advano ed d e gen er a t i on.

The facial nucleus did not show the great heaping 
up of Nissi granules which was found in the cells of 
the anterior cornua.

A small portion of the cerebral cortex did not 
show any great change in the cells, but there was 
great congestion end dilatation of the vessels, with 
haemorrheges in +his region also.



Care of Myxoedema following Exophthalmic Goitre

Clinical history :
The patient war a cook, aged 46, who had suffered 

from exophthalmic goitre for the last six years, and 
had improved under treatment. She remained well for 
some time, and then her friends began to notice that 
r~ Y ‘ 0 ws 04 2f3*t tin  o  t*s '‘I 0T 0 'tjd  ̂ t.0 sttfini. + o

her work, and subject to attacks of great palpitation 
and fainting, with profuse perspiration.0 at night.
She wae sent in to the Poya 1 Infirmary, where she v; as 
found to show s fairly typical appearance of myxoedena 
following exophthsimlc goitre, with mark°d mental symp
toms . The skin in the front of the neck was ioo°e ; 
the thyroid appeared to be somewhat enlarged. It 
was con side xe a advisable to give her thyroid extract, 
upon which she at first seemed to improve, but the 
tachycardia bee ere still m o r e  rapid and she died five 
weeks af i er a dmis0i on.

Txeraination of the central nervous °y°tem :
The spinal cord and brain were obtained thirty— 

sia hours aft-er death, and were carefully examined, as 
the ca.se w a s  a very typical one of myxoedema following 
exophthalmic goitre.

Spinal Corl ; Congestion of the vessels of the 
spinal /



spinal cord was not specially visible. Slight hyalin 
degeneration was present, but there was no evidence of 
recent haemorrhages in the grey matter. The nerve 
cells presented a very typical appearance, specially 
seen in those of the in termed io-lat eral tract and in 
the cells of the anterior cornua. The cells of the 
interrceiio-l at err.l tract showed an advanced degree of 
chromatolysis, many of then appearing to be in the last 
stages of degeneration. Most of the cells in the 
anterior cornua were also degenerated. It was scarce
ly possible to find a single normal motor cell in any 
region of the cord. The changes consisted principally 
of an exhaustion of the cell, in most cases apparently 
succeeded by a degeneration, the nucleus being eccen
tric and protruding from the «ide of the cell, and in 
many instances having entirely disappeared, and the 
whole ceil presenting a homogeneous ms*s.

Medulla Oblongata : The region along the floor
of the fourth ventricle involving the vagus nucleus, 
in particular showed great congestion of vessels and 
haemorrhage. Numerous snail haemorrhages were spec
ially present in the vagus nucleus. The great major
ity of the cells snowed a marked degree of degeneration 
comparable to that found in the cells of the intermedio 
lateral /



lateral tract.
SirilS T  h a e m o r r h a g e s  were also found in the facia 

nucleus, where most of the cells showed a degree of f 
genera+ion comparable to that found in the anterior 
cells of the spinal cord. The nerve cells In the 
inferior olive also showed extensive degeneration, 
but not accompanied by congestion of vessels or haemor
rhage.

A small part of the motor area of the cerebral 
cortex was examined, and the cells here were also 
found to be in an advanced stage of atrophy, the larg 
pyramidal cells being particularly affected.



POST—MOPTEM CHANGTS IN NTPVT CTLLS.



Post—mortem Changes in Nerve—ceils.

In order that an accurate knowledge may be obtained 
of the nerve-cell in man as the result of micro-
-scopic examination made from tissue which has often
remained t „in the body from two to three days before removal,
and where considerable changes must and have taken
place during this interval, it i° necessary to make
careful and. systematic investigation of those
alterations in the nerve-cell which are due to
such post-mortem changes, so that we may be in a
position to distinguish between these changes which
result from such causes, and those which are due to
condition0 which were active before death had
occurred.

Before doing so, however, I wish briefly t 
disc u s s  the nerve cell itself. I propose to do so 
under three headings;-

I. The nucleus;
P . The Nissi granules.
5. The protoplasm.

Schafer, in a Presidential Address to the Keurolog- 
-ioal Society in 1893, and published in Brain, Vol.
7 Vi, 1893, p. 135. has given a resume of our know- 
-ledge on this subject up to this date; and 
Ford Pobertson (Brain, vol. y yn, 1399 ) in a 
’critical digest1 has summarised the more important 
observations which- had been made from I3S3 until 
1899 /



1 3 9$, but since this date there is no subjeot 

which has made more rapid progress in our know- 
— ledge than Neurology, and to attempt to summarise 
our knowledge of this subject at the present date 
is a problem too gigantic for me to attempt here, 
but I venture to affirm that the following account 
of the literature is quite sufficient to base the 
conclusions which I wish to draw in the following 
monograph.

The nucleus.
The nucleus of the nerve-cell, e.g. a cell 

of the anterior cornua of the spinal cord,”is 
generally large, clear and spherical, with a 
single large and distinct nucleolus”. Schafer,

(Essentials of Histology.) The nucleolus is very 
very strongly acidophile (Levi), (Cajal),
( Lenhoseek) and (van Geirichien). The basic part 

of the nucleus undergoes a number of delicate 
changes in different states of the cell, but I 
do not propose to refer to these in detail at 
this stage. I shall return to this question later, 
as it is necessary that we should understand 
clearly the problem of the Nissi granules.

Th e K1s si g r  anui e s .

had been observed by Jjileming (Beitr. a, Anat.
u. Embry. 1882, Bonn. p. 12) who described 
granules /



within nerve cells which stained. with nuclear dyes, 
aao-dyes, and with haematcxylin, but hie observation 
did not attract much attention.

hiscl ( Tagebl. d. 58 Versamml. lent. Haturf« 
u. Aerate, Strassburg, 1685, p. 506.) published a 
series of articles in which he laid stress upon the 
fact that peculiar structures could be distinguished 
in the interior of nerve cells which had been 
hardened in alcohol, and stained by basic anilin dy 
such as methylene blue, etc. It was this obse -ration 
of Nissl's which first seriously directed attention 
to this sub.1 ect, when it was recognised that we 
now had a method at our disposal which permitted of 
an exact morphological analysis of the interior of 
ner^e cells.

Nissl himself (Neurol. Centralist, 1894.) 
considered that this method of staining distinguished 
two separate constituents within the cell, one 
of which was stainable by his method, while the 
other was unstainable. He applied to the former of 
these, the term visible, formed or stsinable part 
of the protoplasm, and to the latter unorganised, 
sno01ance. Barker (The Nervous System, 1899 ) points 
out that these terras are not desirable now, since 
we know that they are formed upon an erboneus idea, 
bu t /



but suggests that there can be no objection to use 
the term "stsir.able by Nissl's. method". Nisei, 
however, has rediscussed this matter more fully 
( see later).

V on Lenho°seh (Verhandl. d. Anat. Gesell. 1896 
Vol. T . p. 15.) finds that thionin blue gives just 
as good results a« methylene blue, in regard to the 
staining of the Nisei granules. He objects to the 
term "granule", however, as the etainable is much to 
coarse to be so termed. He states that this stainable 
substance varies in appearance with the thickness of 

the section, and exhibits great differences in differ- 
-ent species of animals, being particularly large 
and coarse in the rabbit. He further points out 
that the appearance of the 'granules' varies in 
different parts of the name cedi, being often quite 
different round the nucleus from that at the peri- 
-phery. He calls these granules "ehromophile 
corpuscles" or "the tigroid substance11.

De Quervain (Arch. f. Path. Anat. Vol. cxxxiii, 
p. 481) considers that the 'Nissl granules' are 
aggregations of small granule®, and points out that 
they are seldom sharp in outline and usually have 
irregular margins as if broken up into small 
granules.

Von Lenhoseek later made a careful study of 
the relation of the Nissl granules to the dendrites, 
and finds that they are present, that they disappear 
when /



the dendrite has reached a certain «stage of thinness, 
and that they usually present an entirely different 
sppss.Tanoe from those in the body of the ceil .itself, 
being long, straight, rod-like masses with their long 
axis parallel to that of the dendrite.

Schaffer ( Neurol, centralhi. Vol. xii. 1393, 
p. 3 4S). was the first to discover that the axone 
and the portion of the axone next the cell, the "axon 

hillock", were quite devoid of Nissl granules.
Barker (The Nervous System., 1899, p. Ill) points 

out that this hillock is marked off by a tolerably 
sharp curved plane from the rest of the cell body, anti 
shows at its margins often a layer of very fine gran- 
-uies.

Benda (Neur. Centralhi. Vol. xiv. 1895, p. 759) 
makes a rather curious observation in regard to this 
point, which I have neither **eeii confirmed or contra— 
-dieted, namely that the giant cells of Betz in the

cerebral cortex «how one large triangular shaped
granule just‘ at the base of the axone, the axone itsel
however, being free from Nissl granules.

Campbe1 1 (Localisation of Cerebral function, 1905) 
does not, refer to this condition; nor does Brodmann.

Ford Robertson (Pathology of Mental Disease«, 190 
discusses the shape of the Nissl granules, and points 
out, that, as a rule, on examination with a low or medium 
•power, they appear as rounded, oval or quite irreg- 
-ularly soaped particles, which generally are arranged 

concentrically round the nucleus, and parallel to the



adjacent edge of the cell towards the periphery. In 
the dendrite« the granule« are usually rather elong
a t e d  and rod-shaped. The cone of origin is always 
devoid' of ' ohromophile' or ' Nisei1 granules.

Lugaro (Riv, i. patol. uerv, e merit, 1895). 
however, pointed out that the arrangement of the 
particles is of no practical significance, as it 
is that part of the cell which is inter-fi’oriiiar 
which stains by this method, and thus preparations 
by Nissl's method give only a negative picture of the 
true structure of the cell. He considers that these 
particles are composed ultimately of minute granules, 
lying between the inter-fibrillary network of the 
cell, and that the 'Nissl bodies’ are composed of 
simply local aggregations of these granules.

Donaggio (Riv. di «per. 1398). studied this 
question by the vital methylene blue method, and 
comes to the conclusion that the 'Nissl granules’ are 
composed of minute granules which incrust the 
fibrillary network of the cell, and of its protoplasmic 
prolongations during life.

van Gehuchten (Revue Neurol. 1898.) also concludes 
that the Ni« «1 granule« are an incrustation upon 
the fibrillary network of the cell, but, as has been 
pointed out by Ford Robertson (Pathology of Mental 
Diseases, 1900. ), his work applies to the cell 
stained after fixation.



Tiie nature and significance of the 'Nissl granules' 
has given rise to endless discussions

N issi himself states that we are not yet in a 
position to make any definite statement about 
their nature, but that they represent a definite 
morphologies.! entity which is always to be found in 
the healthy state, and which undergoes certain 
definite alterations under definite conditions, 
and if the same method of staining be employed, 
will give exactly the same result every time; 
and that, although we do not know the nature of 
these granules, we are quite justified in drawing 
conclusions from the changes which they undergo 
in different, condition« in disease, as such changes 
are constant, and of a similar nature under 
similar condiiions.

Bosin (Neur. Centralbl. 1893 and 1394) has 
compared the ’Nissl granules' to the basophil 
granules which are found in the basophil leucocytes,
( Mastzellers of Ehrlich). He states that the same 
stains which stain the one, also stain the other; 
and he concludes that the granules are to be regards 
more from a chemical than from a morphological 
p oi nt o f vi ew.

Bends (Neurol. Centrarci. £895), supports the 
above view, and considers that too much importance 
is attached to the mere presence of "Nissl granules 1



in nerve— cells, as he has been able to «how that 
bodies of an exactly similar nature are present in 
leucocytes, and al«o in secreting cells such as 
tho«e in the liver and pancrea«, in sarcomatous 
tumours, in certain connective tissue ceils and 
especially in normal and pathological lymph glands, 
these appearances being particularly well seen in 
tissue« fixed in formalin and frozen.

Cajai (Rev. trimest. micros. Madrid, Vol. i•
1896, p. I) agrees with these results and considers 
that the Nissl granules are not specific for nerve 
ceils, as he has found them in leucocytes and in 
connective tissue cells.

Held (Arch. f. Anat. u. Physiol. Anat. 1895,
p. 398), has made a most complete examination of the
nature of the Nissi granules. He has used paraffin
embedded sections in all his work, and he specially
emphasises the +>jtct that careful embedding in paraffin does not produce

, any more artefacts than when no embedding at all is 
employed. (Nissl himself holds that embedding in 
paraffin injures the cell structure). Barker ( The 
Nervous System, 1900 p. 128) has also found that 
embedding in paraffin does not only not alter the 
cell structure, but enables sections to be cut 
far thinner than is possible in any other way.
Held studied the Nissl granules in stained specimens, 
in fresh ganglion ceils, and in cells which had 
been exposed to various influences.

Hi« /



Hip. work may be described under three headings :
( i ) Ex am in at ion of the nerTre ae..l with methylene 

blue after fixation : If sections be out in paraf
fins of | - 1 micron thick, he found that the Nissl 
bodies always present an exquisitely granular struc
ture, and under the oil emersion are seen to be made 
up of small rounded masses of granules of varying 
size. As a rule the whole protoplasm of the cell is 
found to be riddled with such granules, which are col
lected together into clumps here and there. Under 
the lew power these clumps are termed "Nissl granules". 
In some of the cells in which the«© granules are very 
close to one another, it is often very difficult to 
make out the granular structure, but he succeeded in 
every case in satisfying himself that the Nissl bodies 
are sirnply ccmposed of rcas«es of grsnules. Occasion— 
ally when these bodies stained very darkly, he found 
this to be due to some of the substance in which the 
granules were embedded taking on the stain also.

(2 ) Examination of the fresh cell in normal 
saline solution ; Examination of nerve cells when 
fresh shows complete absence of any sign of granular 
structure, the protoplasm being absolutely homogeneous 
and transparent.

Barker j



Barker (loc, cit. ) confirms these observations, 
and states that if fixe ceil be examined immediately 
after removal from the living body, a homogeneous ap
pearance of the protoplasm only 1° seen, but after the 
lap«e of a certain time, masses corresponding to the 
tigroid bodies become visible. Held thought that 
various fixing agents seem to precipitate granules in 
the protoplasm resembling Nissl bodies, and he conclud
ed that methylene blue and other «tain« act upon the 
nerve cell in two different ways, first, as fixing 
agents precipitating the Nissl bodies, and second, as 
staining agents after fixation.

( 3,) The nature of the Nls«l bodies : Held
found that the Nissl bodies are insoluble in mineral 
acids, in boiling alcohol, ether, or chloroform, but 
are easily dissolved by dilute alkalies. Pepsin and 
hydrochloric acid digest the whole of the nerve cell 
with the exception of the Nissl bodies, which are left 
behind, undigested, while treatment with an aqueous 
solution of lithium carbonate for four days dissolves 
cut the Nissl bodies and leaves the ground substance 
of the cell unchanged. He also found that the Nissl
bodies do not give the reaction to the test for iron,

\

bxxt do respond to phosphorus, and he comes to the 
cone lusion that t-riey arc of the nature of nucleo— 
albumens j



albumens. Halliburton h a s  found in the grey matter 
nueieo-albumens containing as much as phosphorus. 
This is in agreement, with Hell1 ° results. Held think! 
that these nuc 1 eo-albumens are Invisible in the fresh 
protoplasm, but are present in it in solution, and the 
when the protoplasm is subjected +o the action of 
fixing reagents, they are precipitated. He shows 
that different strengths of fixing reagents precipitate 
the Kissl bodies in different forms.

Barker (loo. cih) considers "that the view that 
the condition of the Hissl bodies yeilds an index to 
the state of the internal metabolism of the nerve cell 
protoplasm is entirely reasonable, and that through 
fixation and staining, we can obtain an idea of the 
stock in trade, os it were, at the moment of the nerve 
cells".

Kissl himself' emphasises the fact that for the 
study of pathological alterations, it does not matter 
whether the Nissi bodies are preformed structures 
existing during life, or are the result of precipita
tion. The important point is that under normal con
ditions the same method produces perfectly consistent 
microscopic pictures, and. Kissl has proposed the term 
"AEquivalentbild", by which he understands a micro
scopic picture of a nerve cell fixed and sitained in a 
eerte. in /



certain definite manner. Any deviation from this 
"AHquiiralentbiId" indicate0 some alteration in the lat 
ter, and by studying these changes a definite guide 
may be obtained to the internal function of the cell.

II1* Aohr era at ic Sub° tance

This is a subject with which we are not greatly 
concerned here. it is probably more important tip n 
the Kissl bodies themselves. This part of the nerve 
cell is largely concerned with the fibrils and other 
structures of the nerve cell, which I do not at pre
sent propo se to di sc us s.



Post-Mortem Changes In the Kerve Cells

The post-mortem changes which take place in the 
nerve cells are of the greatest importance in the study 
of the nerve cells in disease in man frcm post-mortem 
materiel, and in order that we may understand fully 
the nature of the changes in exophthalmic goitre, it 
is necessary first of all to eliminate those changes 
which are simply the results of post-mortem alterations.

Tire 1 1 i (Ann. di Freni at., 1893) considered that 
post-mortem changes might be found nine hours after 
death, and that these consisted in a gradual diffusion 
of the kissl bodies into the surrounding cell proto
plasm. The cell therefore assumes a finely granular 
aspect.

Colucci (Ann. di Nevrol., 1897) thought that the 
chief changes were s. diffuse granular disintegration, 
the Kissl bodies staining faintly and indefinitely.

Keppi (Fiv. di Patol. nerv. e ment., 1897) studied 
these changes very carefully in the dog, and found 
that after sublimate fixation and thionin staining, 
no visible changes took place within forty— eight, hours 
after death, but that after that time the Nispi bodies 
began to stair badly and ultimately disappeared entire- 
13'-. He specially points out that the cells do not 
swell /



c'well, a* in chroma tolysis,, but that they shrink.
Barbseci and Cgmpscci (Piir. di Patel, nerv. e 

inert., 1897 ) investigated m i s  subject. thoroughly in 
rabbits, and con eluded that the essential change is a 
gradual disintegration of the Nisei bodies, which 
stain faintly and become smaller and smaller, until 
they disappear entirely. Ultimately the whole cell 
has a powdery aspect.

Levi (Eiv . di Pat oi. nerv. e ment., 1898) des
cribes an early post-mortem change in which the Nisei 
bodies stain unusually darkly. This is succeeded by 
a change in which they stain faintly and break up into 
irregular masses.

Tire H i  (Ann. di Freniat., 1898 ) investigated the 
nerve cells in the rabbit with the silver method, and 
found + hat even advanced putrefaction did not cause 
me rked changes.

Fwlng (Med. Pec., 1898) discusses this subject 
fully. He found at an early stage deep, diffuse 
staining of the nucleus, followed by shrinkage. The 
Kissi "todies tend to break up and ultimately disappear 
and vacuoles are found in the cell protoplasm. He 
regards the latter as one of the most constant post
mortem changes.

I have investigated this matter in a great many 
spinal /



spinel oords, and I wish specially to draw attention tc 
the changes in one cord, +-o which I devoted special at
tention. This was the cord of a microcephalia idiot, 
which was not removed from the body until the third 
day after death. Marry of the cells showed very cur
ious changes, so that it became necessary to study the 
post-mortem alterations, and I ^ound that many of the 
cells, Which were apparently normal, showed an unusual 
irregular disintegration of the Nisei bodies, « 0 that 
on -examining an apparently normal cell, e.g., in the 
anterior horn, the Nisei bodies in one small area were 
found to be absent, while in the remaining parts of 
the cell then did not appear to be greatly altered.
The principal lesion in the nerve cell produced, by 
po«t-mortem' changes, is, in my experience, an irregular 
decomposition of different patches of Nissl granules, 
so that on examining the cell a curious type of struc
ture is seen, namely, apparently healthy patches assoc
iated indiscriminately with scattered patches contain
ing no Nissl granules, Later the Nissl granules stain 
faintly, but they do not disappear by the end of the 
fourth day.

then, these post—mortem changes in nerve cells are 
once clearly reo<gnised, they can be distinguished from 
other changes which are the result of disease.



Atrophy of the Nerve Cells

A pure atrophy of the nerve cells is found in the 
condition of pseudo-hypertrophic paralysis, which I 
have carefully investigated. In this disease the essen
tial lesion lies in the muscles themselves, not in the 
central nervous system. It produces an atrophy of the 
muscles, with subsequent fatty infiltration. The 
nervous system is not primarily affected. It seem0 to 
:ne that in all probability the essential lesion is to 
ne found in the motor nerve endings, which for some 
reason, become degenerated. The muscles have their 
supply of nervous energy cut off, and in consequence 
they have become atrophied. The nerve cells, on the 
other hand, also undergo a degree of atrophy secondary 
to these peripheral lesions. in this disease, there
fore, we have to deal with a condition in the nerve 
cell which is secondary to a peripheral lesion.

Erb (I). Ztschr. f. Nervenheilh., 1881) found in 
this condition a great diminution in the number of 
nerve cells, with atrophy of those remaining, together 
with great proliferation of the neuroglia. The case 
in Question was of two year0’ dura+ i on.

Kahler (Ztschr. f. Hoiik., 1884) found atrophy and 
pigmentation of the cells, which were also diminished 
in /



in number.
Frohmaier (D. raed. Wchnschr., 1896), in a ca«e of 

eighteen years’ duration, found mar Iced atrophy of the 
nerve cells, with pigmentation.

Brejp^ (Arch. f. Psychiat., 1889), in a case of 
eight years' duration, found marked at-ophy of the 
nerve cells, with great increase of neuroglia .

Strumpell (P. Ztschr. f. Nervenheilk., 1393) des
cribes shrinkage of the nerve cells, with atrophy and 
gre at d iminut i on in t hei r m  -mbe r.

Gabrazes and Breupes (Nouv. Ivon de la Salpet., 
1899 ) also found marked atrophy, without, however, 
any diminution in the number of the cells.

Ingbert (jjoura. Nerv. and Ment. Pi®., 1907 ) found, 
in a case of pseudo-hypertrophic paralysis, great 
diminution in the number of the nerve cells, with 
atrophy. ih tho °e still present.

Gordon Eoim.es ( pev , Neurol. and Psychiat., vol. 6, 
19 08 ) found, in a case of three years' duration, 
marked diminution in the number o r the cells, v/ith 
atrophy in those remaining.

In my case the nerve cells showed s very typical 
condition. The diminution in their number was not 
so great as that described by the writers quoted 
above, but. the cells presented a tpyieal appearance 
of /



of atrophy. They were not degenerated c e l l s .  There 
was no chromstolysis ; the cell's had. simply shrunk.
The nucleus was usually in the centre and surro-'mled by 
well-fomed Nissl granules, but the outline of the 
cell had been greatly reduced in size. There was, in 
fact, simply a condition o 1’ gradual shrinkage of the 
cell, and every transitional stage could be seen from 
the fully developed, typical normal cell to one which 
seemed to contain nothing but a nucleus and a slight 
ring of protoplasm surrounding it, in which a few 
deep-staining granules could .just be detected. In 
this case the altera.tions in the nerve cells were 
limited to the lower motor neuron, the cerebral cortex 
appearing tc be normal.



I do not propose to enter into any long discussion upon 
the condition of  "chromatolysi s", because after enter
ing into such a full and detailed description of the 
nature of the Mi«si granules, I have made it suffi
el en.tly clear for my present purpose that the signi- 
fieance of the changes which occur in the Nissl gran
ules of the nerve cells in various conditions may be 
interpreted very exactly, and that it is quite jusii- 
fiabie to draw fine conclusions from results obtained 
by this method.

"ChrcBU|.tolysis", in the general sense of the word, 
is usually used to indicate the whole series of 
changes in the constituent elements of the cell, of 
which dissolution of the chromatic particles is merely 
the first that is recognisable. Marinesco (Hev.
Neurol., 1896, p. 125), however, applies the term to 
the mere disintegration of the chromatic particles of 
the protoplasm, i.e., of the Nissl granules. In this 
paper I shall use the word in its general sense. The 
exact mechanism of the production of chromatolysis is 
not satisfactorily understood. In some instances it 
is undoubtedly due to an increased consumption of the 
chromophiie substance, in others to an arrest of its 
formation /

III. Chromatolysig



■form eti.cn.
Pyrexia itself is sufficient to produce marked 

changes in nerve cells.
Goldscheider and Flat an (Neurol. Centralbl., 1897 ) 

studied the effects of temperature upon the nerve cells 
of rabbits by placing them in a tliermostat, and found 
that marked changes did not occur until a temperature

O Qof 57 c. (109.5 p.) was reached, when the cells became 
swollen, presented a homogeneous appearance and stain
ed bright blue. The Nissi granules completely dis- 
appeared. In three days the cells returned to normal. 
This latter observation is of great importance, as it 
shows how very extensive changes may occur in nerve 
cells and be completely recovered from, and it also 
shows how rapidly such changes may take place, a point 
which has not been -folly grasped by many workers on 
the nervous system in nan.

'After section of the axis-cylinder, Hchromatolysi s" 
takes place in the corresponding nerve cells. Waller- 
ian degeneration takes place in the peripheral end of 
the cut nerve. In the nerve cell, the first change is 
a disintegration of the Nissi granules, taking its 
origin first from the base of the axis-cyUnder, the 
ceil otherwise preserving its normal form and the nuc
leus its position. The Nissi granules in the body of 
the j



the cell then begin to diminish in size and to stain
■

more faintly with methelene blue. They then assume 
a powdery appearance and finally disappear altogether. 
The nucleus then becomes displaced from the centre of 
the cell and wanders towards the periphery ; its 
finer structure becomes lost. It then becomes ex- 
truded from the cell and disappears altogether, while 
an irregular, homogenous mass remains representing 
the remains of the nerve ceil.

In poliomyelitis, the condition of the nerve cells 
resembles the above description, i.e., they show ad
vanced chromatolysi s.

I should, however, particularly like at this stage 
to draw attention to a condition of the nerve cell 
of which we understand very little, namely the struc
tural changes which accompany over-excitation of nerve 
cells ; i.e., nerve cells which are undergoing ex
cessive functional activity. I have tried to in- 
vestigate this problem by studying the changes which 
take place in nerve cells in tetanus. In tetanus 
the condition of the nerve cells is one of excessive 
functional activity, as we know from the work of 
Meyer and Pansorne that tetanus toxin attacks the nerve 1 
cells /



To study this question myself, I obtained two 
spinal cords from cases of tetanus in man ; one 
through the kindness of hr Edwin Bramwell, the other 
being admitted to Chalmers Hospital while I was Re
sident Physician there. They were both typical cases, 
the wound in the former ease being in the foot, in 
the latter in the hand. Symptoms did not develop 
until the end of the second week, but both cases died 
in spite of treatment.

I examined the cords myself. They showed very 
great congestion to the naked eye, and microscopically 
the vessels were full of blood, and in many cases 
haemorrhages had taken place into the grey matter.
The appearance is very similar to that found in acute 
exophthalmic goitre. This condition of the nerve 
cells, however, was essentially one of ohromatoly°is. 
The changes in the nerve cells had led to exhaustion 
at the time of death. It is, however, not possible 
to obtain any structural changes corresponding to ex
cessive functional activity by this means.

I accordingly injected two guinea-pigs with di
phtheria toxin into the sciatic nerve. The first 
animal died in six days, with typical spasmodic at
tacks. The nerve cells here showed, marked ehromatol- 
ysis. Hie second animal, however, received the sarne 
| dose /

cells themselves.



dose of toxin, and was killed on the third day, while 
the spasmodic attacks were at their maximum develop
ment. The nerve cells here did not show chromatolysis 
to any extent. The principal change consisted in a 
dark staining of the Nissi granules, which appeared to 
be greatly increased in number. The whole of the 
protoplasm of the ceil appeared to be completely filled 
with these Nissi granules. I could obtain no other 
evidence of changes typical of excessive activity of 
the nerve cells, except changes in the Nissi granules 
of this nature, and such results are in agreement with 
those obtained by Goldsoheider and Flat an (Fort, der 
Med., 1898), by whom the subject is fully dismissed.



Discussion

I have altogether succeeded, in examining the 
central nervous system thoroughly in eight separate 
cases of exophthalmic goitre and myxoedema. Four 
of these cases were acute, i.e., of less then nine 
months1 duration. In all of these, very marked 
dilatation of the vessels, with old and recent haemor- 
rhages into the grey matter were found. One case was 
of a year and a half’s duration. It showed slight 
vascular changes only. Three were from two and a 
half to three and a half years’ duration. Vascular 
changes were not present in these, and the last case, 
of six months’ duration, showed no characteristic 
vascular affetions.

We see, therefore, that vascular changes only oc
cur in the more acute types, and consist of congestion 
of the vessels with haemorrhages. These haemorrhages 
may be extraordinarly extensive and may destroy large 
tracts of grey matter. Although it has been so fre
quently Found that these haemorrhages occur in the 
medulla, at the floor of +he fourth ventricle, they 
are by no means limited to this region, and in two of 
my cases I found them in the lumbar region, with 
scarcely any evidence of such changes in the medulla. 
In one case they were specially developed in the 
medulla, and in another were chiefly seen in the upper 
dorsal /



dorsal region, where the accelerator cardiac fibres 
emerge. The intermedio-lateral tract ares, is always 
specially affected ; next comes the anterior cornua 
and central canal, and lastly the posterior horns. 
Clarke’s column is usually not particularly involved. 
These changes may be found in the mid-brain and 
cerebral cortex slso, and are of the same nature as 
those in the spinal canal. The changes in the nerve 
cells must, in particular, be carefully studied.
The essential condition is an exhaust ion of the nerve 
cell. I have shown that these can be carefully 
separated from post-mortem changes and. from atrophic 
changes secondary to peripheral lesions. They are 
not of the nature of a chromatolysis either, but are 
simply those of exhaustion of the cell, which in more 
chronic cases may lead to chromatolysis. In the 
more acute stages, a curious type is very frequently 
seen, in which there is great increase of Nissi gran
ules in the eell, a condition which I have also found 
in tetanus, and which is considered by some writers 
to represent increased functional activity. Why 
such a condition should be present in the nerve cells 
in acute exophthalmic goitre is a point of very great 
importance, and would suggest that in these cases such 
cells j



cells are in a similar condition to those in tetanus.
I never, found this condition in the cells of the inter- 
medio-lateral tract. They always showed chromatol
ysis, but they are so minute that it would be diffi
cult to be certain of the nature of such changes.

Summ ary

(1) The essential picture of the nerve cells in ex
ophthalmic goitre is simply that of exhaustion.

( 2 )  In advanced cases it may lead to chromatolysis.
(3) In actite cases there may be seen a condition

possibly charecteristic of excessive functionel 
activity.

ever
How typical of exophthalmic goitre these changes 

are, the large number of intercurrent factors which may 
be present in man always render the results obtained 
from the examination of post-mortem material, however 
carefully conducted, of uncertain significance. The 
proof consists in determining whether it is possible to 
produce similar changes in animals after thyroidectomy 
and after thyroid feeding. This I have attempted in 
six cases, three of thyroidectomy and three of ex
cessive thyroid feeding. In all six cases I obtained 
most extensive changes in the spinal cord. After 
thyroidectomy, chr ornate lysis of most of the cells in 
the /



the spinal cord is to be found, and this affects almost 
all the nerve cells present. The change ia a most ex
tensive one. After thyroid feeding similar changes 
are also present, but not to the same extensive degree. 
Sere, however, grea+ly increased vascularity is a pro
minent feature, and although the great majority of the 
cells rather tend to present chromatolytic changes,
:lumbers of tie large anterior horn cells show an ex
tensive heaping up of Nissi granules, which in the pre
sent state of our knowledge we must regard as evidence 
of increased functional activity.



Sm-nrnayy

(1) In exophthalmic goitre, marked change«? are found 
in the nerve cells in the spinal cord.

(2 j These are typical of exhaustion of the cell, as
if its metabolism had been slowly and gradually 
dimini sh ed.

(5) In more chronic cases, chromatolysis is present ;
in more acute cases evidence of excessive acti
vity is found.

(4; Although these changes may be of doubtful value 
in man, the fact that they may be reproduced 
in animals by excessive thyroid feeding and by 
thyroidectomy allows it to be concluded that 
they result directly from the alteration in the 
norma l amount of thyroid secretion. .



CNS OF TITS CEPVICAL SYMPATHETIC AND 
OTHEP GANGLIA 

IN EXOPHTHALMIC GOITRE IN MAN.

Literature.
(a), where ganglia altered.
(b). where ganglia normal.
(c). in other diseases.

Present investigation.

Discussion.



Lesions of the Cervical Sympathetic Ganglia 
in Exophthalm ic Goitre in Man

Trousseau (Gaz. hebd., 1864, Ho.xii, p. 180 : Abstract 
by Eulenberg, 1873) first suggested that the 
cause of exophthalmic goitre might be found in a 
permanent excitation of the cervical sympathetic, 
and based his conclusions upon the result of an 
examination of the cervical ganglia from a case 
of exophthalmic goitre, of seven years' duration, 
with great palpitation and very marked exophthal
mos .

The ganglia were found to be larger than nor 
ira.I and darker in. colour. On section a great 
diminution in the number and sise of the nerve 
cells was found, the remainder being reduced to 
small masses of pigment. The greater part of 
the section simply showed a great proliferation 
of fibrous tissue, with numerous dilated vessels, 
and veiy few nerve cells.

Feith (Med. Times and Gaz., 1865, No. xi, p. 521 ) des
cribes the cervical sympathetic ganglia in a case 
of exophthalmic goitre in a man of twenty-four 
years of age. He found them enlarged, firm and 

hard /



hard, loaded with granular matter, obscuring the 
nerve cells and fibres, and surrounded by dense 
fi brou s ti s s ue.

Cruise and M*Donnell (Dublin Quart, bourn, of Med. Sc., 
1865, Nov., p. 344), in a short note on the re
sults of an autopsy on a case of exophthalmic 
goitre, states that "the inferior cervical sym
pathetic ganglia were almost obliterated, being 
supplanted by cellular and adipose tissue".

Traube and von Pecklinghausen (D. Klinik, 1863, No.29, 
p. 286), in the case of a girl who died from ex
ophthalmic goitre, considered that the sympath
etic ganglion was extraordinarily thin, but show
ed very little change on microscopic examination"..

Bierror (whose reference I could not find), reports 
a case of exophthalmic goitre in a man, (age not 
stated), in vhich he found "hochgradige Atrophie 
besonders des rechten Hals— sympathies?"« No fur
ther description is given.

Virchow (Die krankhaften Geschwülste, Vol. iii, p. 81) 
in a. case of long-standing palpitation and 
exophthalmos /



exophthalmos, with enlargement of the thyroid, 
found very considerable increase of fibrous tis
sue in the sympathetic ganglia, especially the 
superior and inferior.

Geigel (wiirzb. med. Ztschr., 1866, Vol.vii, p. 84) des 
cri bed pigmentation of tin cells with increase of 
the connective tissue in a case of exophthalmic 
goitre in a man aged, forty-eight.

Knight (Boston Med. and Burg. Journ., 1868, Vol. 19, 
April) found in a case of exophthalmic goitre in 
a man of thirty-three years of age, that the sym
pathetic ganglia were smaller than usual, with 
great increase in the connective tissue, while 
the nerve cells themselves were small and pig
mented.

Hale White (Brit, j/ed. Journ., March 30, 1889, p. 699); 
examined the superior cervical ganglia in a 
case of exophthalmic goitre and found the nerve 
cells healthy, though the sections were crowded

.

with lymphocytes. He considered this of no sign 
niflcance whatsoever, "os they are to be found in 
many other maladies, for lymphatic engorgement 
of /



of the sympathetic ganglia is met with in the most 
diverse diseases".

Greenfield (Bri+. Med. Journ., 1893, p. 1265) examined 
the middle cervical ganglion in two cases of* ex- 
phth&lmic goitre and found very marked changes.
The ganglia were swollen. Marked hyperaemia, es
pecially in the more superficial parts has been 
constant, accompanied by subscute inflammatory 
changes, as shown by leucocyte emigration from the 
small venules, with active invasion of the tissues 
by leucocytes, especially the «paces in which the 
ganglion cells lie. There were also degenerative 
changes in the cells. in myxoedema, the prin
cipal changes found were marked interstitial over
growth, wi th degenerative changes in the nerve 
cells accompanied by marked pigmentation.

"There can be no doubt the sympathetic ganglia 
are the seat of a subacute inflammatory process.
It may fairly be assumed that this leads to 
changes in function, either by irritation or by 
degeneration".

Hezelf p. ztschr. f. Nervenheilk., 1893, p. 353), in a 
typical ease of exophthalmic goitre, found that 
the /



the vessels in the eervieal sympathetic ganglion 
were greatly congested, but no haemorrhages had 
taken place. The ganglion itself was swollen, 
and showed great, increase in the connective tis
sue ; many of the nerve cells showed degenerative 
changes and there was a considerable infiltration 
of the surrounding tissue by leucocytes.

Aekanazy (Arch. f. kiln. Med., 1898, p. 118), in a
case of exophthalmic goitre of six years' duratioi, 
found in the superior cervical ganglion, dilated 
vessels with numerous masses of lymphoid cells 
scattered throughout the ganglion.

Horend (Fey. Neurol., Oct. 15, 1910, p. 344 ) examined 
the right cervical sympathetic ganglion in a case 
"d'un goitre exophthaimipue typique". The gan-

Iglion was found to be much altered ; the nerve 
cells were greatly diminished, and many showed 
very pronounced chromatolytic changes. Many 
cells also seemed to be compressed and degener
ated as the result of the great proliferation of 
the connective tissue. Occasionally a number of 
small round cells were seen surrounding a normal 
cell. The vessels were mostly absent, owing 
to the large amount of connective tissue 
proliferation /



proliferation. This condition 1« quite differ
ent, he states, from that found in a ganglion re- 
moved by Professor Jaboulay for epilepsy, where 
the vascular changes predominated.

Jafcoulay (Lyon Med.,) has studied the lesion in the 
cervical sympathetic ganglia in many cases of 
exophthalmic goitre in which lie has removed the 
ganglia for exophthalmos, but I have been unable 
to obtain his papers.



2. Cases of Exophthalmic Goitre 
in which the Sympathetic Ganglia were considered

to be Normal

Paul (Berl. Klin. Wchnschr.,' 1865, No. 27) examined the 
cervical and thoracic sympathetic ganglia in a 
case of exophthalmic goitre, and found that the 
nerve cells and fibres were of normal size, the 
former staining with a clearly defined nucleus 
and here and there pigment. This he considered 
wa s a p e rfe c tiy no ima 1 conditi on.

Fournier et Ollivi.er (Union Med., 1868, No.8, p. 90) 
were unable to find anything abnormal in the 
cervical, thoracic and semi lunar ganglia in a 
case of exophthalmic goitre. They describe the 
nerve cells as being well-formed, with a well 
stained nucleus and a variable number of brown 
granules,

Rabe.jac (Du goitre excphthalmique, Paris, 1869 ) states 
that he examined the sympathetic ganglia in a 
case cf exophthalmic goitre in a woman of 58 
years of age, and found them entirely normal.

Wilks /



(Guy's Kosp. Reports, 1870, Vol.xv, p. 1 7 ) 
found the sympathetic ganglia whiter then usual, 
with some increase of the connective tissue, but
otherwise quite normal.

s

Fulenburg and Guttmann (Pathologie des Sympathicus, 
1873) point cut that this does not destroy the 
theory of the involvement of the sympathetic, as 
it may be involved functionally, with corres
ponding histological change.

Cheedie (St. George's Hosp. Reports, 1878 ), in a
typical ease of exophthalmic goitre, could not 
find anything to be noted as abnormal in the 
cervical ganglion, although there were consider
able changes in the medulla oblongata.

Roosevelt (Med. News, Phila., 1883, p. 353) considered 
the cervical sympathetic ganglion to be normal in 
a case of typical exophthalmic goitre.

Lewin (Inaug. Piss., Berlin, 1888) examined the sym
pathetic ganglia in thirteen cases of exophthalmic 
goitre and found them normal in all.

Mendel j



Mendel (Neurol. Centralbl., 1892, p. 31) gives a few 
short, notes on a ease of exophthalmic goitre, and 
mentions •*Sympathicus und Vagus normal".

loldscheider (Neurol. Centra lbl., 1892, p. 114) also 
records «bel einera Sektionsbefund von Morbus 
Basedowii war der eine Syrapathicus grauer als 
andere».

fuller (D. Arch. f. klin. Med., 1893, Vol. li, p. 335) 
in thr ee cases of exophthalmic goitre, found that 
there were shrunken cells and congested vessels in 
the sympathetic ganglia, but he did not attach any 
significance to these changes.

<Toffroy and Achard (Arch, de Med. Experiment., 1893, p.
4 04) were quite unable to detect any changes in the 
sympathetic ganglia in eight cases of exophthalmic 
goitre, none of which, however, were pure cases, 
and have already been described in connection with 
lesions of the central nervous system in exophthal
mic goitre.

Marie a na Marinesco (Rev. Neurol., 1893, No.-̂) simply 
state /



state that they could detect no changes in the 
sympathetic ganglia in a case of exophthalmic 
goitre which was complicated by tabes.

Askanazy (Arch. f. Klin. Med., 1898, p. 118) considered, 
the cervical sympathetic ganglia normal in a case 
of exophthalmic goitre of six years' duration.
(In two other cases he found considerable changes 
(described elsewhere) present).

Dinkier (Arch. f. Psych, u. Nervenheilk., 1S0Q, p. 335 
found the cervical sympathetic ganglia normal in 
a case of ex ophthalmic goitre with numerous com
plications and very extensive changes present 
pest-mortem in the central nervous system (see 

P. )

Kllen (D. Ztschr. f. Nervenheilk., Vol. 85, 1904, p. 
436) examined the inferior sympathetic ganglion 
in a ease of exophthalmic goitre, and found many 
of the cells shrunken and surrounded by numerous- 
round cells, but otherwise be could discover no 
pathological changes, and he attributed no signi
ficance to the above condition.

Duncan (Studies in Pathology, edited by Bulloch, 1906, 
Aberdeen , ) examined the superior cervical 
sympathetic /



sympathetic ganglia in a case of exophthalmic 
goitre in a girl of sixteen, and found that "both 
ganglia presented a noimal appearance".



Sympathetic Ganglia in other Diseases

It is curious to note how very little the condi
tion of the sympathetic ganglia in man has been in
vestigated. We have records of a somewhat small num
ber of cases of Addison's disease and exophthalmic 
goitre in which the sympathetic ganglia have been sys
tematically examined, but apart from these, they have 
been investigated in veiy few conditions. This point 
is one of great importance, because it is not possible j 
for us to draw any conclusions from changes found in 
the sympathetic ganglia in exophthalmic goitre and rayx- 
oedema until we have a perfectly clear and concise 
account of the normal structural appearance of the cells 
of these ganglia.

Saundby (Brit. Med. joura., 1883, vol.i, p. 51) exam
ined the semilunar ganglia in three cases of 
Bright's disease. The first case was a boy of
five years of age. He found the cells normal ;
the vessels were not congested, and pigmentation 
was absent.

The second case was that of a man aged twenty- 
four. There was slight increase of pigmentation, 
with dilated vessels and some increase of fibrous 
ti ssue /



tissue.
The thirl case was that of an old man, with 

granuiar contracted kidney. The vessels were di
lated. The cells were few in number, shrunken 
and undergoing "advanced pigmentary degeneration".

He considers that these were markedly patho
logical changes and discusses the point as to 
whether they had any relation to the nephritis, 
but concludes that they must not be considered as 
a primary lesion of the disease, but rather as 
secondary to the kidney change.

Gowers (Textbook of Nervous Diseases, 1883) describes 
atrophy of nerve cells with pigmentation and in
crease of fibrous tissue in the semilunar gan
glia in diabetes.

Giovanni (Patoi. del Sympatico : Abstract in Brit.
Med. Joum., 1883) found cellular infiltration of 
the cells of the sympathetic ganglia, especially 
the semilunar, in a large number of diseases, 
and concluded that structural changes are present 
in the organs without being accompanied by any 
clinical signs of irritation of the ganglia.

Da Costa (Amer. Journ. Med. Sc., 1884) also investi
gated the sympathetic ganglia in a large number 
of /



diseases and concluded that advanced structural 
changes may be present without any clinical symp
toms.

Hale White(Journ. Physiol., 1887, p. 66) states that 
the variations in the structure of the human 
superior cervical ganglion found post-mortem in 
various diseases,are very great and bear no relat
ion to the cause of death. He divides the cells 
into three separate classes :
(1) Celle lying in the centre of capsular «paces 
staining deeply with haematoxylin, with sharply 
defined margins, the nucleus not contrasting 
strongly with the rest of the cell ;
(Pi Cells which fill the capsules, stain moder
ately with haematoxylin, with margins not well de
fined, and
(3) Cells which fill the capsules, without pro
cesses and staining faintly with haematoxylin.

He points out that a peculiar granular pig
mentation is found in all these three types of 
cells, the cell being often reduced to s mere 
mass of granular, brilliant yellow pigment, in 
the centre of a capsular space. He found all 
stages between cells with a small amount of pig
ment, and those which consisted of a mass of 
pi Orient /



pigment alone. He says that pigmentation is not 
a post-mortem change. Out of forty-one cases he 
found "pigmentary degeneration" in 83<S, and did 
not consider the remaining 17$ free from degener
ation. He thinhs that possibly his idea of de
generate itn is really normal for sympathetic cells, 
but that it is impossible to conceive that the 
minute masses of pigmented granular matter can be 
normal in nerve cells.

Hale white (Brit. Med. Journ., 1899, and Guy's Hosp.
Reports, 1899 ) states that the human adult ganglia 
vary in sise as much as the largest and smallest 
of other mammals, and that the sise of the gan
glion varies directly with the sise of the animal. 
The human superior cervical ganglion presents pig
mented atrophic cells.much more frequently than 
those of other animals. This condition is pre
sent to some degree in the monhey, but diminishes 
regularly as we descend lower in the mammalian 
scale. He tlien points out that this extreme de
gree of pigmentary change is not found in the 
nerve cells of the central nervous system to the 
same extent, and considers that we must regard the 
sympathetic n^rve cells as becoming less and less

functionally /



functionally important as we ascend the animal 
scale, until in man it reaches its stage of mini
mum importance. He concludes that "it seems 
therefore that a study of human pathology confirms 
the results to' which comparative anatomy, physio
logy and embryology lead us, namely, that in man 
the sympathetic fibres have the same function as 
in the lower animals, but the larger sympathetic 
ganglia are funetionless in the adult human bang".

Present Investigation

(1) Sympathetic Nerve Cells in the Cat :
The following is a description, of the stel- 

late ganglion of the cat, fixed in 10$ formalin, and 
stained with methylene blue by the Nissl method.

A large number of ganglion cells are found lying 
indiscriminately amongst nerve fibres. These ganglion 
cells in the cat do not contain pigmentary deposits.
The most striking fact about them is that their proto
plasm does not show a net-work of Nissl granules sim
ilar to the cells of the anterior cornua of the spinal 
cord. Instead of these there is found a thin deposit 
of powdery substance, as if the Nissl granule, instead 
of being deposited in the cell in large masses or 
clumps, was scattered in small fine granules throughout 
the /



the protoplasm. In various places these granules
tend to accumulate into somewhat larger masses, which
may be grouped in a ring round the periphery of the
cell. They are never, however, sufficiently extensive
to completely occupy the whole of the cell protoplasm,
as in the spins.i eon cells. The nucleus itself is
rarely situated in the centre of the cell ; it usually
lies towards one side, never projecting from the sur
face. One or two nucleoli are usually present, when
two nucleoli are present, the nucleus is often of a bi- 
icbed type, and in aboit a quarter of the cells in the 
stellate ganglion of the cat, there are two separate 
nuclei in each nerve cell. The general appearance of 
the cell is not at all typical of degeneration, and 
the structural condition may be summarised as follows :

(1) In the eat, the sympathetic ganglion cells 
do not contain well-foimed Nissl granules. They ap
pear to be of the nature of a powdery deposit scatter
ed through the eyt op 1 asm of the cells ;

(2) These cells often contain two separate 
nuclei ;

(3) Pigmentation is not present in these cells.

(2 ) Sympathetic Nerve Cells in the Monkey :
The structure of the sympathetic nerve cells

in the monkey resembles that found in the cat in many 
respects /



respects. Nissl granules are not at all well devel
oped in this animal. They also have the same ’powdery1 
appearance, with a tendency to be aggregated together 
into clumps in the periphery of the cell or round the 
nucleus, or at the two poles of the cell, but never 
irregularly distributed throughout the whole cell. As 
a rule, the margin of the cell stains unusually clear
ly and in Nissl preparations the outline is usually 
circ’iLar or oval. In the great majority of eases, 
the nucleus is situated in the centre of the cell 
and stains darkly, with a large deep-stained nucleolus. 
In this animal, I did not succeed in finding many cells 
with two distinct nuclei. One nucleus is the rule 
in the monkey. Pigmentation is very rarely found in 
the cells, but is not altogether absent.

The condition of the sympathetic cells in the 
monkey, therefore, resembles on the whole that found 
in the cat, and it is quite clear that in this animal 
degenerative changes are not present in these cells, 
and it is very easy to detect a degenerated cell in 
the cervical ganglia of the cat and the monkey.

( 3} Sympathetic Ganglion Cells in Man at Birth : 
The sympathetic ganglion examined in the 

following /



following case was removed from a foetus which had 
been kept in formalin for fourteen months. The cells, 
however, stained quite satisfactorily and presented 
an appearance not greatly different from that found 
in the ape. The eel Is were roundish or oval ; the 
Nissl g ranules were also present in the form of a fine 
powder, with the same tendency to be aggregated to
gether into small irregular clumps in different parts 
of the cell. These clumps are composed of very fine 
granules, quite different from those found in the 
nerve cells of the spinal cord. The nucleus is us
ually situated, in the centre of the cell. In no cell 
did I find two separate nuclei, and as a rule, I 
found only one nucleolus. Pigmentation was not pre
sent. The outlines of the cells were well marked, 
and no evidence of degeneration of the cells could be 
detected.

(4 ) Sympathetic Nerve Cells in the Child aged Twelve: 
Through the kindness of Dr Shennan, I was 

allowed to remove the Inferior cervical ganglia from 
a child aged twelve, who died from pericarditis after 
rheumatic fever. The ganglion cells here showed a 
slight deposit of pigmentation towards different poles 
of the cell. The same condition of absence of well 
formed /



formed Nissl granules was present,, although they ap
peared to be aggregated together into distinctly
larger clumps than those found in the previous case.
The nucleus usually stained well and was situated in
the centre of the cell. The number of cells in the
ganglia did not appear to be at all reduced.

(5) Sympathetic Ganglion Cells in Man aged Twenty-One: 
I have examined the inferior cervical gang

lion in three cases aged 21, 23 and 24 respectively. 
Marked changes begin to take place in the nerve cells 
of the ganglia at this age. The same absence of 
Nissl granules is always typical of these cells, with 
the slight powdery deposit which I have already des
cribed, and a tendency to form small heaps in various 
positions in the eell, usually towards one extremity. 
The nucleus usually lies in the centre and stains well; 
there is generally a single nucleolus. I have never 
succeeded in finding cells with two nuclei. Pig
mentation begins to appear definitely about this age, 
and is usually found in the form of a ring round the 
nucleus. It is often, however, aggregated to one 
corner of the cell, but on examining these cells, it 
is generally possible to pick out quite definitely 
normal /



normal from degenerated cells, since the nucleus is 
never extruded from the surface of the cell. No con
gestion of the vessels was present in any of the se three 
cases.

(6 ) Sympathetic Ganglion Cells in Man aged about 
Thirty :

I have been exceedingly fortunate in obtain
ing, through the kindness of Dr Shennan, several very 
typical examples of ganglion cells at this age.

Case I :
The ganglia in this case were removed from a 

man who died from a fracture of the base of the skull, 
the result of a fall. The semiiunar ganglion was re
moved eighteen hours later, and the changes found here 
were presumable/ not complicated by the injuries which 
had caused death. The cells were stained by methylene 
blue. They showed the usual structure which I have 
already described, with, however, marked increase in 
pigmentation. considerably over half the cells in 
the semiiunar ganglia were loaded with pigmentary 
granules. In these cells the nucleus was usually 
situated in the centre and stained well. The peri
phery of the cell was irregular in outline, and. us
ually several small lymphocytes were seen arranged, 
round /



round the periphery of the larger cells, often accom
panied by large vacuolated indentations in the peri
phery of the cell (see later). The great majority of 
the cells did not shovr changes which could be definite
ly described as of a degenerative nature.

Case 2 :

The following case is that of a man 
aged thirty-two, who died from an aneurism of the 
aorta, with marked pressure symptoms of the sympathet
ic, as shown by inequality of the pupils. I removed
the cervical sympathetic ganglion myself. sections
were cut in the usual way, and stained by the Nissl 
method. In the left inferior cervical sympathetic 
ganglion, great congestion of the vessels was found, 
together with degenerative changes in the great major
ity og +he nerve cells, with increased pigraentation.
It was very difficult to find a nerve cell here which 
did not show some trace bf pigmentation. The nuclei 
in many cases were extruded from the periphery of the 
cell, and the fine powdery appearance of the cytoplasm 
had given place to a homogeneous, even-staining as
pect. The number of lymphocytes ranged round the 
cell was very great, as many as ten to twelve being 
found round some of the larger cells. The cells did 
not /



not appear to be diminished in number, but the ganglion 
was not cut into serial sections and. the cells counted..

The right inferior cervical ganglion did not show 
marked degenerative changes such as those in the left. 
Pigmentation was prominent, but only about half the 
cells showed this feature. The ganglion itself did 
not show tie great congestion of the vessels found in 
the opposite one, and although many of the cells show
ed an aggregation of lymphocytes round their periphery, 
a degree of degeneration was not reached in the right 
cervical ganglion comparable to that on the opposite 
side ; i.e., it was possible to detect changes In
the cells of the ganglia in consequence of the irri
tation from the aneurism.

Case 5 :
This was also a case of aneurism of the

.aorta, but here there were no symptoms of pressure 
upon the sympathetic, Both ganglia were removed by 
myself. The cells showed marked pigmentation, but 
did. not actually exhibit a condition of marked struc
tural changes of a degenerative type. The ganglia 
were not specially vascular. The cells themselves 
usually contained a well stained central nucleus.
Nissl granules were not present. Pigmentary deposits 
were very abundant, and large numbers of lymphocytes 
surrounded /



surrounded many of the cells, but the whole appearance 
was distinctly not that of a general degenerative type.

____

(7) Sympathetic Ganglion Cells in Man aged Fifty :
Marker! structural changes are to be found in 

the ganglia at this age. The great majority of the 
ceils contain large masses of pigmentary deposits.
In many eases it is only possible to detect a nucleus 
lying in the middle of a large mass of pigment. These 
masses of pigment are found most abundantly in the 
mnaller nerve cells, which present an atrophied ap- 
p ears nee. The nucleus often seems to have disappear
ed, and the whole aspect suggests that the cell itself 
is atrophied, only a mass of pigment having remained. 
The larger cells almost all showed large accumulations 
of lymphocytes round their periphery, with vacuolated 
indentations of the cells, which are evidently in a 
process of gradual absorption. A great increase in 
fibrous tissue begins to take place at this stage, 
usually con side rob ly infiltrated with lymphocytes.



Discussion

It is necessary at this stage to have a perfectly 
clear idea of the normal appearance of the sympathetic 
ganglion cells in man.

At birth they are in every way quite typical, and 
no sign of a degenerative type is to be detected in 
Nissl preparations. About the age of twelve, slight 
pigmentation may be found in a few of the cells. At 
twenty-one, this becomes much more marked. At thirty, 
more than half the cells are usually found to contain 
large pigmentary deposits, and after this age these 
rapidly increase. The cells containing these deposits 
usually ultimately atrophy, ana a mass of pigment is 
all that remains. The presence of pigmentation in 
nerve cells has been the subject of a great many dif
ferent views. That most generally accepted is that 
the occurrence of pigmentation in nerve cells is to be 
regarded as a sign of degeneration, and in descriptions 
of the sympathetic ganglia in exophthalmic goitre 
"pigmentary degeneration" is frequently described. But 
this condition of pigmentary deposits in the sympathet
ic nerve eel la in exophthalmic goitre must be more 
carefully interpreted. It is not really typical of 
exophthalmic /



exophthalmic goitre. It is found in the normal sym
pathetic nerve cell in man, the degree of pi mentation 
of these cells reaching a far more advanced stage than 
that found in the cells of the central nervous system. 
At about the age of forty, pigmentation is found in 
every one of the cells of the sympathetic ganglia.

Schafer (Brain, 1893, Vol.xvi, p. 136), in dis
cussing the value of pigmentation in the cells, states 
that ''pigmentation in nerve cells is usually to be 
interpreted as a sign of activity rather than of de
cadence, for there is no doubt that in other organs 
the presence of pigment in cells is accompanied by 
marked protoplasmic activity-, which may be both chem
ical and physical. I need, only mention in this con
nection the hepatic cells, the pigment cells in the 
skin of the frog and the hexagonal cells which form 
the outermost layer of the retina of the eye, and it 
appears to me that the relative abundance of pigment 
in adult human nerve cells as compared with the nerve 
cells of the adult and of the lower animals, is 
rather an Indication of functional activity than the 
reverse".

Bevan Lewis (Textbook of Mental Diseases, 1899) 
regards extensive pigmentation as a sign of bygone 
functional hyperactivity, and. not as a sign of degen
eration of the whole protoplasm, although it may be 
accompanied /



accompanied by it or be its immediate cause.
Marinesoo (Rev. Neurol., 1899) regards pigmenta

tion as primarily a manifestation of the senile invol
ution of the nerve cell, and not a phenomenon of an 
absolutely pathological nature. As a rule, the 
quantity increased with age, but ir. chronic pathologi
cal processes it attains its maximum development.

Hunter (Glasgow Eosp. Reports, 1899) describes a 
case of gastric tetany of a few days' duration,with 
extreme pi an en tat i on of the nerve cells in the medulla 
and spinal cord, which he considers had developed in 
the course of only a few days,

Ford Robertson (Pathology of Mental Diseases, 1900) 
considers that pigmentation is to be regarded as evi
dence of a senile involution- of the nerve cell, and as 
a sign of loss of vitality and functional energy.

The full significance of pigmentation is therefore 
not yet understood, but the main point which I wish to 
emphasise is that pigmentary deposits are found in the 
sympathetic nerve cells at a very early period in life, 
and that they increase at a very rapid rate during the 
subsequent years. The "pigmentary degeneration" of 
sympathetic eells in exophthalmic goitre, which has so 
frequently been describes as evidence of changes in 
these cells in consequence of the exophthalmic goitre 
lesion /



lesion, is, therefore, the normal condition of such 
cells.

It is also very important to realise that Nissl 
granules are not present in the normal sympathetic 
nerve cell in man. There is found instead a powdery 
deposit of fine Nissl granules, which may here end 
there accumulate into small heaps, especially round 
the nucleus and at the periphery of the cell. Absence 
of Nissl granules is not therefore a sign of degenera
tion of the sympathetic nerve cells, either in man or 
in the lower animals ; it is the normal condition. 
Increase of fibrous tissue also takes place in the 
sympathetic ganglia as age advances. This is usually 
accompanied by marked lymphocytic infiltration.

The problem of the nature of the small cells 
which are found round the nerve cells undergoing de
generation is not clearly understood.

Marinesco (1897) thinks that these cells consist 
of proliferated neuroglia cells and lymphocytes.

Turner (Joum. Ment. Sc., 1897) thinks that they 
consist entirely of I3m1ph0cyt.es, which attack, destroy 
and remove these nerve cells.

Pugnat (Compt. rend, de la See. de Biol., 1898) 
describes the invasion and removal of degenerating 
nerve cells by lymphocytes in senility, and considers 
that /



that this is due to the diminished resisting power of 
the nervous elements.

Nissl (Arch. f. Psyohiat., 1898 ), however, con
siders that these small cells are mostly of neuroglia 
origin and that leucocytes are never found in such 
positions.

Ford Robertson(loo, cit., 1900) thinks that these 
phagocytes of the central nervous system mostly con
sist of neuroglia cells.

Mott (Clifford Allbutt : System of Medicine, 1910, 
speaks of these cells as "satellite neuroglia cells 
which have undergone proliferation-«.

Bruce and Dawson (Joum. Pathol., 1910, p. 169)
ihave shown, however, that in conditions in which these

'

cells are found round the periphery of atrophying and 
degenerating nerve cells, large numbers of similar 
cells are found closely packed together in the lymph 
vessels. They traced these cells outwards from the 
lymph vessels to the nerve cells, and showed that many 
of these cells absorbed fat in the form of clumps of 
degenerating myelin, and that these cells can be again 
traced backwards to the lymphatics.

Although we do not therefore understand the full 
significance of these cells, the present opinion of 
workers /



workers is that a large number of then certainly emi
grate from the lymph vessels and consist of lymphocytes. 
They attack and absorb degenerated nerve cells and then 
appear to wander back again to the vessels, usually con
taining large quantities of degenerated myelin in their 
substance. There is no doubt, therefore, about the 
fact that if nerve cells contain large numbers of such 
lymphocytes round their periphery, with evidence of 
their absorption, Tie may regard these cells as in a 
state of somewhat advanced degeneration, and that 
their normal function must be most seriously inter
fered with,

The large clear spaces round the cells which are 
seen in sections of the sympathetic ganglia in man 
have been shown by Bruce and Dawson (loc. cit ) to be 
pure artefacts, produced by the process of fixing and 
staining.



I have succeeded in obtaining the sympathetic ganglia 
in six cases of exophthalmic goitre, three of which 
were supplied to me through the kindness of Dr Shennan. 
These were all typical cases.

Case .1 : (See clinical history under the heading
of "Central Nervous System".)

Both inferior cervical sympathetic ganglia showed 
great congestion of the vessels. The cells appeared 
to be reduced in number. Pigmentation was very fre
quent. There was a distinct increase in the amount 
of fibrous tissue present, with considerable lympho
cytic infiltration. A large number of lymphocytes 
were arranged round the periphery, and a great many 
had been partially absorbed, the nuclei in most cases 
being situated at the periphery of the cell, and the 
general appearance being that of a homogeneous stain
ing of the protoplasm.

Case 2 : (For clinical history see as before).
This was an extremely acute case. Both inferior 

sympathetic ganglia were markedly congested and the
vessels were full of blood. The nerve cells showed a

_considerable degree of degeneration. Increase of 
pigmentation was not so marked, but mo^t of the cel_is 
showed /

Sympathetic Ganglia in Exophthalmic Goitre



showed eccentric nuclei extruded from the surface, with 
a homogeneous appearance of the protoplasm.

Case 3 : (For clinical history see previous re
cord. ).

This was a ca^e of myxoederna following exophthalmic 
goitre, of six years' standing. The patient, was 46 
years of age. The cervical sympathetic ganglia in 
this case showed an extreme degree of fibrous change, 
with atrophy of most of the nerve cells. I was unable 
to discover more then a few nerve cells in these gang
lia. Masse« of pigment were present, but no nerve 
cell protoplasm could be seen in their neighbourhood.
The few cells which had remained were in process of ab
sorption by lymph.ocyt.es, and the whole condition was 
that of an extreme degree of atrophy and degeneration.

The changes in this case were so advanced that 
they could quite well be separated from those found in 
the normal, sympathetic ganglia at this age, and we ob
viously have here a marked sympathetic lesion.

The following three cases were those which I ob
tained from Dr Shennan, and which had unfortunately 
been preserved in formalin for several years, so that 
the minute structure could not be determined. All 
three were very typical eases of exophthalmic goitre 
with /



with extremely enlarged thyroid glands. The patients 
in all three esses died from the effects of hyper
thyroidism.

In these three eases the cervical sympathetic 
ganglia had fortunately been removed along with the 
tissues of the neck, and I was thus enabled to dissect 
them out and examine them micro sc epical ly. In all 
three I found marked diminution in the number of nerve 
cells, with great congestion of the vessels and in
crease in fibrous tissue. Pigmentation was well mark
ed, and lymphocytic infiltration formed a very promin
ent feature. The nuclei were mostly being extruded 
from the cell*?, but the tissue had not been sufficient
ly well preserved to allow of accurate examination of 
the cytoplasm, which appeared to be greatly vacuolated 
and to contain large deposits of pigment.



We see thus that it, is most unsatisfactory to come 
to definite conclusions in regard to the involvement 
of the sympathetic ganglia in exophthalmic goitre 
from the result of an examination of these ganglia post 
mortem in man, because marked changes are found in 
these cells in the normal process of development, and 
as the changes in exophthalmic goitre only accentuate 
these changes, it is difficult to say definitely 
whether such conditions as are found in the ganglia in 
exophthalmic goitre are really the result of this 
lesion, or whether they have not developed in conse
quence of other intercurrent factors. Although the 
general appearance suggests that the ganglia are af
fected, the matter must he carefully investigated.
Proof would be found if we could succeed in producing 
changes in the cervical sympathetic ganglia in animals 
after thyroidectomy and after excessive thyroid feeding 
I have examined this matter in two cases of each The 
experiments were limited to the cat and have been des
cribed in a separate part of this paper. The two cases 
of thyroidectomy made an uninterrupted recovery from 
the operation, but gradually became progressively weak
er and died about three and a half months later. I 
removed the stellate ganglia and placed them in formalin. 
They were stained by methylene brue. Very marked 
degenerat ive /



degenerative changes were found in the cells. The 
nucleus in almost every case was found either at the 
periphery of the cell or it was completely absent.
The protoplasm, instead of presenting the fine granu
lar powdery appearance so typical, had a homogeneous 
glassy aspect, and the periphery showed irregularity 
of outline such as one associates with acute degenera
tive changes. Pigmentation had not developed in these 
cells. The greatly increased vascularity of the 
gland, was always present, however, and the changes 
were so marked that one had no hesitation in saying 
that scarcely any normal cells were present in these 
ganglia.

In two cats which died from the effects of ex
cessive thyroid feeding, both stellate ganglia were 
rQiioved, and I found similar changes in these ganglia, 
but of a slightly less Intense character. There was 
practically not a single normal cell to be found, 
chromatolysis being present in every case. Pigmenta
tion had not developed, but an increase of fibrous tis
sue was undoubtedly present, with considerable lyrapho- 
cutic infiltration. Great vascularity of the gland 
was also found.

I consider that these experiments may be regarded 
as a conclusive proof that the sympathetic nerve cells 
are /



are primarily involved in exophthalmic goitre. The 
results obtained frcm examination of these ganglia in 
man are extremely sugges+ive that this is the case, 
but they are not conclusive. The actual proof is to 
be found in the structural changes which may be found 
in these ganglia in animals after thyroidectomy and 
after excessive thyroid feeding, and these are of such 
a marked type that it is quite conclusive that a 
great involvement of the sympathetic nerve cells has 
taken place in animals after thyroidectomy and after- 
thyroid feeding, results which are in agreement with 
those already described by various authors in man.



Summary

1. The nerve cells of the sympathetic ganglia in man 
in middle age are characterised normally by :

(1) Great pigmentation ;
(2) Absence of Nissi granules, which are re

placed by a fine powder in the proto
plasm of the cell ; and 

( 3 ) By lymphocytic infiltration.

2. These changes begin to appear about twelve or
thirteen years of age, and increase progressively 
during life.

They must be recognised to be the normal condition 
and not the result of pathological changes.

4. Definite changes are actually found in the sym
pathetic ganglia in exophthalmic goitre in man, 
but their interpretation is difficult.

5. In cats after t hyr oi dec t omy, however, advanced
changes are found in the cells of the sympath
etic ganglia.

6 - /



Similar charge? are found in cat? which have died 
from excessive thyroid feeding.

Since these change? may be reproduced in animals, 
we are justified in concluding that the sym- 
pathetic ganglion cells show marked, structural 
alterations in consequence of diseases of the 
thyroid gland.
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Discussion

The physiological function of the thyroid gland is not 
at pits sent at all satisfactorily understood, and we 
do not know upon what particular structure the thyroid 
secretion acts. te know that the internal secretion 
of the suprarenal gland acts upon the myo-neural junc
tions of the sympathetic nervous system, and we know 
that the internal secretion of the posterior lobe of 
the pituitary body acts upon the muscle fjfcores of the 
arteries and the secreting eells of the kidney and 
probably of the manmary gland, but we are not aware of 
what particular structure the internal secret ion of the 
thyroid acts upon.

The great difficulty in recognising and determin
ing this arises from the negative results obtained by 
physiological experiments with thyroid extract. It 
has been quite satisfactorily established by various 
authors, and I have confirmed the fact myself in the 
beginning of this paper, that extracts of thyroid 
gland produce no physiological effects except a slight 
fall In blood-pressure upon intravenous injection into 
animals, a result which is also obtained by intravenous 
injection of extracts from any other tissue in the 
body /



body, and which cannot be considered specific for the 
thyroid gland alone. Perfusion of the arteries of the 
frog with thyroid extract produces no vaso-dilatation 
at all. The only action which I could determine was 
a slight degree of vaso—constriction, too slight, how
ever, to be of any special significance. Perfusion 
of the heart of the frog also does not produce tachy- 
cardia, and perfusion of the mammalian heart, e.g., of 
the cat, does not appear to quicken its rate of action 
to any extent. Intravenous injection certainly has 
no effect upon the rate of the heart. The action of 
different secretions, such as adrenalin, before and 
after injection of thyroid extract does not affect it 
in any way, and no effect can be obtained by the in
jection of thyroid extract into thyroidectornised ani
mals, or into animals suffering from the effects of ex
cessive thyroid feeding.

All the usual physiological methods for deter
mining the functions of the various organs, and which 
have proved so signally successful in determining the 
function of the secretion of the suprarenal and pitui
tary glands, fall in the case of the thyroid, and thus 
we arrive at a state of affairs in which it is necessary 
for us to adopt other methods if we wish to determine 
the /



the structures upon which this internal secretion acts. 
We may compare the internal secretion of the thyroid 
to that of the anterior lobe of the pituitary and to 
the cortex of the suprarenal gland, because in both 
these two bodies no effect is produced upon intravenous 
injection, and we are therefore unable to obtain any 
definite evidence of their function by this means.
We have therefore to determine the function of such 
organs as will not give us any information by the 
ordinary physiological methods of research by studying 
first of a n  their effects in disease, and in removal 
in animals. Now evidence in regard to the alterations 
in function of the thyroid gland in disease is firmly 
established, because excessive functional activity re
sults in the disease of exophthalmic goitre and loss 
of this secretion results in the production of myx- 
oedema. The fact that myxoedema may be completely 
cured by the admin 1st ration of thyroid extract by the 
mouth is quite a sufficient proof that the disease is 
the result of absence of this secretion. We also 
know that if the thyroid gland do not develop, a con
dition analogous to myxoedema, known as cretinism, 
results, and that this may be cured by the administra
tion of thyroid extract.

The result of extirpation in animals had always
been /



been considered of -uncertain value, but there is no 
doubt whatever about the fact that if complete removal 
of the thyroid gland be carried out in the cat and rab
bit, a condition supervenes which may be considered as 
very closely resembling my xoedema. In fact it may be 
regarded as an analogous condition in the lower animals. 
This was first of all affirmed by Korsley and has 
since been confirmed by Murray, "Edmunds and others.
A few observers, such as Vincent and Jolly, failed to 
obtain any evidence of the production of myxoedema
after extirpation of the thyroid, and considered that

.
some other factor must be present in addition to ab
sence of thyroid secretion in order to produce this 
condition. But their experiments are open to the ob
jection that their animals did not live a sufficient 
time to allow the condition to develop. I have re
peatedly found in removal of the thyroid gland in 
animals, that iif' a small part of the gland be left be
hind, or even if only one parathyroid gland be left 
behind, the animal may not die, as any small particle 
left behind develops a most extraordinary growth which 
enables it to replace the whole of the removed portion 
of the gland. Now in the lower animals, accessor y 
thyroids are more frequent than is generally recog
nised. In man accessory thyroid glands are present 
to /



to an extent which has not heen recognised by previous 
workers, until it. was clearly shown by Forsyth. Mac- 
C_& 1 lum and others that small glands composed of tissxxe 
similar to that of tte thyroid may be found in any 
part of the neck. In the lower animals this in often 
still more the ease, and accessory thyroid glands may 
even be found as low down as posterior to the manubrium 
sterni. This is specially seen in the goat and sheep, 
and explains why it is that these two animals are able 
to withstand the effect® of thyroidectomy. As a rule, 
these animals do not show any symptoms whatever after 
apparently total removal of the thyroid gland, and the 
reason is that these accessory thyroid glands under 
the sternum, of which the operators were not aware at 
the time of operation, had been left behind and conse
quently carried on the functions of the thyroid gland. 
Thus no symptoms characteristic of absence of thyroid 
secretion developed. This point is of great import
ance, because the serum and milk of these animals 
after thyroidectomy have been used in the treatment of 
exophthalmic goitre in man. Such a line of treatment 
is obviously founded upon inaccurate knowledge, as 
there is no satisfactory evidence that tie milk and 
serum, of such animals differs in any way from the nor
mal, a point which I shall discuss later, however, 

fhere /



There is no doubt whatever that it is possible to 
produce a condition resembling myxoedema in the lower 
animals after thyroidectomy, and we may compare the 
relationship of myxoedema to thyroidectomy with the re
lationship of cardio-vaneular paralysis to removal of 
the suprarenal glands.

Schäfer has recorded the fact that the suprarenal 
glands may be removed in the rat without a fatal ter
mination, while in almost every other animal death 
takes place within 24 or 48 hours. If we were to con
clude that the suprarenal glands were not necessary for 
life in man because that may be removed in the rat 
without fatal consequences, we would obviously be draw
ing conclusions from insufficient data, because we know 
that the reason why the suprarenal glands may be re
moved in the rat without a fatal issue is that the 
accessory suprarenal tissue is able tc functionally re
place the glands removed. similarly, when myxoedema 
does not develop in the lower animals, it is because 
of the fact that accessory nodules have been left be
hind, which are sufficient to carry on the function of 
the thyroid gland. I have myself in a previous part 
of this paper shown that it is quite possible to pro
duce symptoms in every way resembling those of myxoedema 
in the cat and rabbit. The fact that tetany may de
velop after removal of the thyroid gland, especially in 
the /



the dog, is a point of the greatest importance, and en
ables us to understand the true function of the thyroid 
in a way which at first sight does not appear to be 
very clear, but which I shall discuss in detail later, 
since we associate the occurrence of tetany not so 
much with the thyroid gland as with the parathyroid 
glands.

The condition of exophthalmic goitre in man is 
related to an increased functional activity of the 
thyroid gland. This may or may not be accompanied by 
an enlargement of the gland, because increased func
tional activity does not necessarily produce any 
great degree of hypertrophy of the organ. To produce 
the symptoms of exophthalmic goitre in animals is not 
easy. I have myself shown that animals fed with one 
thyioid gland of the sheep daily, exhibited no signs 
of even slight tachycardia, but that if they were 
given three or four thyroid glands dail3r, they may 
develop marked tachycardia, wifh slight exophthalmos 
and great dinimution in weight. These results are in 
agreemen+ with those already published by Edmunds, 
and show clearly that a condition similar to exophthal
mic goitre may be produced in the lower animals if 
large quantities of thyroid extract be administered.
It /



It is also quite satisfactorily established that rayx- 
cedema may follow exophthalmic goitre, and it has been 
repeatedly pointed out by a large number of different 
writers that these two conditions are diametrically 
opposed to each other. The great difficulty in under
standing the cause of the symptoms of exophthalmic 
goitre consists in the fact that if they be due to 
sympathetic stimulation, this stimulation must be per
manently active, i.e., it must act continuously not 
only for months at a time, but for years, and it is 
very difficult to understand what cause could produce 
a permanent over-excitation of the sympathetic nerve 
cells. There is no doubt that the sympathetic theory 
of exophthalmic goitre affords in many ways a wonder
fully complete explanation of the condition. Tachy
cardia may result from a stimulation of the accelerator 
fibres to the heart, and exophthalmos may also be pro
duced by excitation of the superior cervical sympath
etic nerve. A close analogy of the symptoms char
acteristic of extreme fright with those characteristic 
of exophthalmic goitre has been known for a consider
able time, and it is now well established that any con
dition in which a severe nervous strain is placed upon 
the organism may precede the commencement of exophthal
mic goitre. The lesions in the nervous system found
in /



in exophthalmic goitre do not appear to be of a primary 
nature in most cases.

I have shown that the peripheral nervous apparatus 
is not affected by thyroid secretion, as far as it is 
possible to tell from physiological experiments. The 
problem therefore becomes one of determining whether 
the central nervous apparatus may not be affected.
There is not the least doubt that the central nervous 
system is seriously affected in exophthalmic goitre.
Now I have made a very thorough and systematic examin
ation of the central nervous system, both spinal cord, 
medulla and brain, and have found that in these cases 
3 general exhaustion of the nerve cells can be demon
strated microscopically, and that this is the essential 
lesion present. I have also sho’.vn that marked changes 
in the sympathetic ganglia are also present. 1 have 
examined this (1) in the normal individual, (2) in ex
ophthalmic goitre and myxoedema, and (3 ) in other dis- 
aases. I have shown that the results obtained from 
microscopic examination of the central nervous system 
and of the sympathetic ganglia in man must not be too 
closely interpreted, because so many intercurrent and 
other factors may have been concerned in the production 
of these changes, and that they need not necessarily 
have /



have resulted primarily from the thyroid lesion. But 
I have shown another very important point, which is 
that it is possible in the cat and the rabbit to pro
duce these changes both in the central nervous system 
and in the sympathetic ganglia by thyroidectomy and by 
excessive feeding with thyroid extract. These re
sults may be considered as due directly from the effects 
of the internal secretion of the thyroid gland.

Let us now contrast the symptoms of exophthalmic 
goitre with those of mysoedema, and for clearness and 
rapidity I have tabulated them below.

Exophthalmic Goitre 
Hypertrophy of thyroid 

gl and.
Rapid irregular pulse. 
Anxious and restless ap

pearance.
Exophthalmos 

Increased secretion and 
excretion 

Increased metabolism.
Thin, moist vascular 

shin. ;
8. /

Myxo edema
1. Atrophy of Thyroid

gl and
2. Slow regular pulse.
3. Quiet steady appear

ance.
4. Enoph thalmo s
5. Diminished secretion

and exeretion.
6. Diminifhed metabolism 

Thieh, dry, opaque
shin.



3. Short, thick and
broad fingers.

9. Sleepiness and rest
ituì sleep.

LO. Diminished, sensibility. 
LI. Absence of thought, 

feeling and mind.
,L8. Sluggish and awkward 

movements.
. Stiffness of limbs.

,L4. Bones thick and short.
15. General feeling of

coldness.
16. Slow, steady breath

ing.

L7. increase in body 
weight.

Myyoedema

Long, narrow and pointed 
fingers.

Sleeplessness and rest
less sleep

Increased sensibility.
Mania and melancholia, 

h a 1 luc in a t i on s, dr e sms .
Quick and restless move
ments.

Tremor.
Bones thin and weak.
Feeling of heat.

Superficial breathing, 
with diminished thoracic 
movement.

Loss of weight.

Exophth almic goi t.re

A study of these facts will show very clearly how 
the symptoms of these two diseases are directly the op i 
; p osite of each other, and it is too well known for it 
to be necessary for me to quote references to show th&.t 
:ryxoedema may follow upon exophthalmic goitre. If he 
above facts be all carefully and systematically 
examined /



ex ©mined, it w i n  be noticed that the symptoms of ex
ophthalmic goitre are all the result of increase of 
functional activity, while those of myxoedema are the 
result of decreased functional activity, and we assoc
iate exophthalmic goitre with increased functional 
activity of +he thyroid secretion. In exophthalmic 
goitre there in an increased amount of the internal se
cretion of the thyroid, gland continually passing into 
the lymphatics and from thence into the circulation.
In myxoedema there is a corresponding absence of this 
thyroid secretion. Now if we could only understand 
clearly upon what structure this secretion acts, we 
should be in a position to understand how the two dis
eases of exophthalmic goitre and myxoedema are pro
duced, arid how after they have once developed, we
can treat them.

The classical symptoms of exophthalmic goitre
are :

1. Tachycardia ;
2 . Exophthalmos ;

3. Enlarged thyroid gland.
Any one or more of these may be present without the 
others. Besides these there are a number of addition
al symptoms which may develop, e.g., intense and per 
sistent sweating, erection of the hair of the l...c.d, e t 
all of which have been shown by Langley am. others to 
be /



be the re milt of stimulation of the fibres of the 
symp stli et ic sy stem,

I have shov.ii that there is no evidence the t thyroid 
secretion can act upon the peripheral nervous apparatus 
I now wish to discuss the problem as to whether the 
thyroid secretion may not act upon the central nervous 
system itself, i.v, upon the nerve cells. The pro
blem of metabolism in nerve cells is almost untouched 
at present. LiXe all other cells of the body, the 
living nerve cells must take up food materials Into 
their «u’ostance, and from this gradually build up 
through a series of synthetic processes highly complex 
chemical compounds which will in turn undergo a series 
of decomposition reactions ending in more or less 
simple bodies, which represent the excretory products 
of the nerve ceil metabolism. These various chemical 
manifestation a provide the Xinetic energy by which they 
carry out their normal functions. The close depend- 
ence of nerve cells to nutritive disturbances is well 
shown in the simple phenomena of fainting, where any 
interruption, however slight, of an adequate supply of 
oxygenated blood to the brain produces instant uncon
sciousness. And the whole blood supply to the orain is 
especially adapted to maintain a constant stream of 
blood /



blood. The metabolic activities and the functional 
manifestations of the nerve cells are concomitant pro
cesses.

But we have very little definite information of 
the nature of the substances which form the raw food 
material of nerve cells. What I wish to propose in 
this paper is that the internal secretion of the thy
roid gland is one of the most important of the raw 
food materials necessary for the normal metabolism of 
nerve cells. I am not aware of this theory having 
been previously put forward. The evidence upon which 
it is based is tie t in myxoedema in man and in thyroid
ectomy in animals, and also in exophthalmic goitre in 
man and after excessive thyroid feedinf in animals, 
greet changes are found in the nerve cells. I have 
discussed these changes in great detail and have shown 
that in myxoedema they are essentially of the nature of 
exhaustion of the cells, and not such as would take 
place from post-mortem changes or secondary to a 
lesion of a peripheral part of the nervous system.
They are not of the nature of an advanced chromatolysis^ 
but simply an exhaustion of the nerve cells. And I 
have shown that although results obtained from examine- 
tion of nerve cells in man may be of somewhat uncer
tain significance, the fact that I was able to 
reproduce j



reproduce them in animals renders them of the utmost im
portance.

If thyroid extract be necessary for the normal 
metabolism of the nerve cells, thyroidectomy must re
sult in a condition of exhaustion of these cells from, 
as it were, starvation. And the symptoms of myx- 
oedema are essentially those which would be produced by 
such a lesion (see later).

But what will be the result of an excessive 
amount of secretion from the thyroid gland ? Obviously 
an excessive amount of raw material will pass into the 
circulation, and the normal metabolism of the nerve 
cells will be Increased. The result this must be 
an increased functional activity which will be, clearly, 
a permanent increased functional activity of the nerve 
cells, and the symptoms will be those of permanent 
excitation of these nerve cells.

Now the symptoms of exophthalmic goitre are es
sentially those of permanent excitation of sympathetic 
nerve cells. Tachycardia is the most constant symp
tom of exophthalmic goilre. This acceleration of the 
heart’s action cannot be produced by intravenous in
jection of thyroid extract or by perfusion of the 
amphibian or mammalian heart, and thus cannot be pro
duced by the action of the thyroid extract upon the 
cardiac /



cardiac muscle, which may be very readily obtained by 
the administration of thyroid extract by the moiith ; 
e.g., 2} grains of thyroid extract will produce a 
marked degree of tachycardia in less than seven days, 
so that the tachycardia is the direct result of the 
thyroid extract, Since it cannot therefore be produced 
by the direct action on the heart, it must be the re
sult of a nervous acceleration, and this nervous ac
celeration is due to an increased metabolism of the 
sympathetic; nerve cells in consequence of the excessive 
quantity of thyroid secretion in the circulation in 
exophthalmic goitre. The essential symptoms of ex
ophthalmic goitre are of sympathetic origin, and we 
must therefore conclude that it is the sympathetic 
nerve cells in particular which are influenced by the 
thyroid secretion. Their influence, however, is not 
limited to the sympathetic nerve cells. It affects 
more or less every nerve cell in the whole body, es
pecially those of the anterior cornua, in which altera
tions of normal metabolism produce the tremors which 
are also such a constant feature of exophthalmic goitre. 
The whole of the clinical symptoms of exophthalmic 
goitre may therefore be considered as the result 01 
over-excitation of the sympathetic and other nerve 
cell«.

If /



T-f the idea that thyroid secretion is necessary 
for the normal metabolism of the nerve cells be now 
firmly grasped, it will at once be obvious that any 
diminution in the amount of this secretion in the cir-
culation must lead to a gradual exhaustion of the
nerve eells, and any increase of this secretion must 
produce a condition of over-excitation of the nerve 
cells. The former condition is essentially what we 
find in myxoedema; the latter in exophthalmic goitre, 
but it is frequently found that myxoedema follows ex
ophthalmic goitre. We now wish to determine why this
should be so. If we consider that the nerve cells in
exophthalmic goitre are subject to excessive metabolic 
activity, obviously, although they will show consider
able permanent over-excitation, if this be prolonged 
for a sufficient period of time, a gradual condition 
cf exhaustion will supervene upon the previous condi
tion of over-excitation, and just as we find atrophy 
following hypertrophy, so in the nerve cell we will 
find exhaustion following over-stimulation. This ex
haustion, therefore, will produce the symp+oms of 
rcyx oedema folio wing upon those of exophthalmic goitre, 
and if we consider this matter it will at once be 
evident that every case of exophthalmic goitre would 
ultimately develop into my xo edema if it were not that 
the /



the excessive functional activity produced death before 
this stage is reached. But although this affords us 
a very complete explanation of exophthalmic goitre and 
my xo edema, we still wish to know what is the nature of 
the mechanism which produces this disturbance in the 
thyroid gland.

When the history of any case of exophthalmic 
goitre is traced back, it is very rare indeed to find 
a case in which some prolonged nervous strain or some 
fright is absent. It is very curious to note how few 
cases do not present such a history at some period.
The importance of this is very great, because any per
son who has been subjected to a severe nervous strain,■
such as a sudden fright, exhibits for a few minutes 
a typical picture of exophthalmic goitre, with rapid 
action of the heart, staring of the eyes and perspira
tion. We may look upon what has happened as a sudden 
discharge of energy from the sympathetic nerve cells 
in particular. As a result of this discharge of 
stimuli from these ceils, it necessary for them to 
obtain an increased amount of secretion from the thy
roid gland to enable than again to reach a normal 
condition of equilibrium. There is in fact a balanced 
action between the thyroid, gland and the sympathetic 
nervous /



nervous system. Tie secretion of the thyroid gland is 
necessary for the normal metabolism of nerve cells, es
pecially those of the sympathetic system, but the thy
roid gland, being a secreting gland, is under the in
fluence of the sympathetic nervous system. An in
creased quantity of secretion from the thyroid gland 
will therefore produce an increased metabolism of the 
sympathetic nerve cells which control the secretion of 
the thyroid itself. If a discharge of energy from 
these cells takes place, an increased secretion from 
the thyroid gland will restore than to normal, but it 
may happen that this condition of normal equilibrium 
is not attained. If a slightly excessive quantity of 
thyroid secretion be poured out, then the nerve cells 
will pass the stage of equilibrium and reach one of 
over-stimulation. If these cells become greatly-
stimulated, they will react upon the thyroid gland, 
which in consequence of this excessive nervous stimu
lus will produce more secretion, and thus a vicious 
circle is set up, which will gradually become worse 
and worse. And just as I have shown that the over
stimulation of the sympathetic nerve cells is succeeded 
by a condition of exhaustion, so will the stimulation 
of the secreting cells of the thyroid lead to a condi
tion of exhaustion also. It has been shown by 
G-alleotti /



Galleotti (Arch. f. mikros. Anat., Vol. lvi ) that the 
secretion of these cells may be divided into two con
stituents - one which is formed in the nucleus and 
stains with acid fuchsin, and which may be regarded as 
the essential secre + ion, the other a colloid secretion 
which is formed in the cytoplasm of the cell. These 
two become mixed together in the vesicles. As the se 
cells become more and more stimulated, they will become 
gradually exhausted, and be unable to elaborate these 
secretions at their full chemical activity. In conse
quence of this, a gradual degeneration of the products 
of this secretion will take place, and instead of col
loid matter being formed, mucoid matter will be pro
duced. This is to be regarded simply as a degenera
tion of the same nature as an exhaustion following an 
over-stimulation. It is a comparable condition in
the thyroid gland to that which takes place in the sym
pathetic nerve cells. The presence of this has given 
rise to the theory that exophthalmic goitre is not due 
to excessive secretion from the thyroid, gland, but to a 
perverted secretion. This theory is not, however, sup
ported by facts, and is quite unnecessary, since we ob
tain a complete explanation of the whole condition by 
regarding the true normal physiological function cf the 
internal /



internal secretion of the thyroid gland as necessary 
for the normal metabolism of the sympathetic and other 
nerve cells, and consider that myxoedema is the result 
cf deficient metabolism of these cells and lack of 
thyroid secret ion, exophthalmic goitre being the re
sult of permanent over-stimulation of these nerve cells 
from a continuous supply of thyroid secretion poured 
out by an over-acting thyroid gland.

The cause which produces these changes is of the 
folioviing origin :

In consequence of some severe nervous fright or 
strain, an excessive discharge of stimuli takes place 
from these sympathetic nerve cells. An increased 
quantity of secretion from the thyroid becomes necess
ary to restore them to their normal state of equili
brium. if the amount of secretion be just sufficient 
to do this, then equilibrium will be restored, but if 
the quantity of secretion be in excess, then the bal
anced action between the thyroid on the one hand and 
the sympathetic nerve cells on the other will be upset, 
and a vicious circle will be set up by the excessive 
secretion from the thyroid gland causing an over-ex
citation of the sympathetic nerve cells, which in their 
turn will produce further stimulation of the thyroid 
gland and more secretion.

I am not aware of this theory ha'i ng been put for
ward before. It i s in direct antagonism to the theory 
t hat /



that the thyroid secretion neutralises or destroys 
toxins in the circulation. In connection with this
point there is one feature of e xophthalmic goitre which'
appears to me to completely negative any such attitude, 
and that is that it is possible for a unilateral ex
ophthalmic goitre to be present. I have seen several 
cases with exophthalmos on one side alone. In one 
case it was associated with intense perspiration 
from the same side. Any action of the thyroid of the 
nature of neutralisation of toxins would necessarily 
be general. it could not produce unilateral symptoms.
Cases with unilateral symptoms are now fully authenti-

%cated. The explanation of wuch conditions, and the 
fact that exophthalmos may or may not be present, that 
sweating may or not be presented, etc., depends simply 
upon the condition of the nerve cells. All the nerve 
cells in the body are not in identically the same state 
of metabolism. The cell which is working, as it 
were, below par, in consequence of excessive thyroid 
secretion, may be stimulated to its normal action, 
while a cell working normally may be over-stimulated, 
sc that the development, of different symptoms in dif
ferent cases may be regarded simply as the result of 
the particular stage in which particular sympathetic
nerve eelis happen to be at the time when the disease

*
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originates. It has often been shown that unilateral 
exophthalmos is associated with hypertrophy of the 
same side of the thyroid gland, but we know that tachy- 
eardia is the most constant of the symptoms of ex
ophthalmic goitre. Te know also, that the secretion 
of the thyroid passes into the lymphatics, and it will 
probably come into contact first with the sympathetic 
nerve cells in the inferior cervical and upper thor
acic ganglia, and these cells being first influenced 
by the excessive secretion, will be a possible explana
tion why tachycardia should be such a constant symptom. 
Similarly, it Is quite possible to explain unilateral 
exophthalmos with hypertrophy of the corresponding lobe 
of the thyroid as the result of a stimulation of the 
cells by the sympathetic ganglia on the same side in 
consequence of an increased amount of thyroid secretion 
coming into contact with those cells from the thyroid, 
lobe of the same side.



Summary

1. The internal secretion of the thyroid gland is
necessary for the normal metabolism of the sym
pathetic (and other) nerve cells.

2. Absence of this secretion results in exhaustion
of these nerve cells and in ray xo edema in man.

•

3. Excessive production of this secretion leads to
excessive stimulation of the sympathetic nerve 
cells and to exophthalmic goitre in man.

4

4. Thyroid extract does not act directly upon the
heart or vessels.

5. Tachycardia must, therefore, be produced indirect
ly, and not by the action of thyroid extract 
on the cardiac muscle.

6. Changes of great importance occur in the nerve
cells of the sympathetic ganglia and central 
nervous system in exophthalmic goitre in man 
and after thyroidectomy in animals.

<7 ///



A balanced reaction exists between the sympath
etic nerve cells on the one hand, and the thy
roid gland on the other. The thyroid secretion 
is necessary for the normal metabolism of these 
cells, which in their turn regulate the secre
tion of the thyroid. if this balance be up
set, e.g., by some severe nervous strain, a 
vicious circle is produced, the excessive thy
roid s ecre ti on s t iim al at ing the sympa t h e t i c 
nerve cells to excessive action, which in turn 
stimulate the thyroid gland to further ex
cessive secretion.

Over-stimulation of both these st ru.ctures leads 
to exhaustion, as shown in the case of the 
nerve cells by the production of myxoedema 
after exophthalmic goitre. In the case of 
the thyroid gland, it has resulted in degener
ative changes, which have been considered by 
many authors as denoting that exophthalmic 
goitre is the result of a "perverted" thyroid 
secretion. This "perversion" is merely a 
degeneration following excessive activity.
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The Parathyroid Glands

Anatomy
The credit of being the first to publish e defin

ite description of the parathyroid glands has been un
animously given by all subsequent authors to Sandstrom, 
wli o 1 in t iiw y pst* i 3S 0 ̂ ci ©©c^i Tdp̂  ili p non © i sini pn p ©-©no© 
of small glandular organs in or near the thyroid, 
which he designated "glanduiae parsthyroidoea".

The presence of isolated glandular bodies in the 
neighbourhood of the thyroid gland had been Known for 
a considerable time, but these had always been des
cribed as "accessory thyroid glands", "lymphatic 
glands"," carotid glands", or some such vague term. 
Virchow, for instance, in 1333, mentions the fact that 
there are very frequently present on the posterior sur
face of the thyroid, small bodies about the si^e of s. 
peat, which are separated from the thyroid gland itself 
by loose connective tissue. He regarded these as be
ing either lymph gl end«, or accessory thyroid glands, 
but it is extremely probable that many of these bodies 
were really parathyroid glands.

After ^ Ire how, many observers, e.*?., Gruber,
Himon, Paget. Zucherkandl. Vagner and others) carefully 
studied the thyroid gland, but they all appear to have 
completely overlooked the parathyroid glands.

Sandstrom /



Sandstrcm (Schmidt's Jahrb., Vol.13?, 1330 :
abstract only) observed the constant presence in roan ar 
in several c+her mammal«, of small glandular structures 
in or near the thyroid gland. He applied to then the

4terra "gland1ilae pf rathyroideae". In man he described 
two such glands on each side, one above and one below 
the inferior thyroid artery, clo«ely related to the 
lateral lobes of the thyroid, but invariably separated 
from them by a loose connective tissue sheath. In 
the dog, cat, ox, horse and rabbit, he found similar 
organs, but only one on each side (i.e., he discovered 
what are now known as the "external parathyroid glands

In structure, three main types could be distin
guished : (lja continuous mass of epithelial cells,
penetrated by a somewhat dense capillary network; (2) 
a continuous cellular reticulum, the m e s h e s  of which 
were occupied by blood vessels and connective tissue, 
and (3) n u m e r o u s  small follicles in a connective tis
sue stroma, occasionally containing a substance which 
resembles the colloid of the thyroid.

He considered that they were essentially of an 
embryonic nature, as all the variations in their struc
ture corresponded to different stages in the develop
ment of the thyroid gland.

Baber /



ber (Phil. Trans., vol. 1?2, Part iii, 1881) in the
following year al«o described the presence in the 
thyroid of the dog of what he considered were "nr— 
devgjppel portions11. He undoubtedly deserves a 
share in the credit of this discovery, as he was 
quite unaware of sendstrom’« papers, and although 
he did not recognise their constant presence, he 
came independently to the same conclusion, namely, 
that they were essentially composed of embryonic 
thyroid tissue, capable of developing into normal 
thyroid tissue if required. .Obviously he was des
cribing what we now know as the "internal para
thyroids11 .

r si ey (Brit. Med. Journ., Jan., 1835) investigated 
these "undeveloped, portions" of Baber. He point
ed out that there was to be found in a single mass 
close to the thyroid a large quantity of the tis— 
-sue separated from the thyroid gland itself by a 
distinct capsule. He was not inclined to consid
e r  that this tissue represented embryonic thyroid 
tissue, as it had never been proved that it could 
develop into acini, and he was therefore inclined 
to regard it rather a s  separate from the thyroid 
glend. Clearly Horsley had been examining the
external parathyroids, in contrast to Baber, who

*
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Fogowiteh (Arch, de Physiol., 1838 ) described what is
obviously the internal parathyroid of the log. He 
states that these bodies are sharply defined from 
the rest, of the thyroid tissue, and correspond in 
their structure, according to the age of the ani- 
-rnal, to different phases in the development of 
the thyroid. He termed them "restes embryonaires" 
and stated that they undergo transformation into 
true colloid follicles long after birth, when the 
normal growth of the thyroid is becoming exhausted.

Gley (compt. rend, de la Soc. de Biol., 1391) was +he
first to attack this problem from the experimental 
side. He was struck by the fact that, while 
thyroidectomy was rapidly fatal in the dog, the 
rabbit appeared to be very slightly affected by 
the operation. on investigating this matter, he 
found that in the rabbit there are present two 
small glands, one on each side, which he termed 
"glandules thyroidiennes» (obviously external para
thyroids), situated some distance apart from the 
thyroid, and which would be left behind in the 
rabbit in thyroidectcmy. In the dog, however,
these glands are closely incorporated with the 
thyroid, and are removed together with it in' 
thyroidectomy /

lied, found the internal parathyroids.



thyroidectomy. Gley thought that possibly the 
difference in the results of thyroidectomy in 
these two different species of animals might be 
due to this fact, and accordingly he removed the 
thyroid and those two small glands together, in 
the rabbit, and got a rapidly fatal result, as in 
the dog. He then removed the thyroid gland 
alone in the dog, leaving the parathyroid, and 
found that the usual fatal result did not take 
place. Finally, he fount that removal of the 
parathyroids alone produced no effect on either 
an im al (see i at er).
■lani (Arch, de Physiol, norm, et path., 1893 ) in
vestigated +he parathyroid in the rat and mouse, 
and found one .gland present on each side, corres- 
-ponding to the external parathyroid in the rabbit 
In the rat this was actually enclosed in the 
thyroid gland, although surrounded by a distinct 
capsule and not continuous with the thyroid. In 
the mouse, the parathyroid was situated on the 
surface of the gland. In structure they resembled 
those of the rabbit, and were regarded as embryon
ic tissue.

- I e  (Arch, f .  d .  g e s .  Physiol., B d .  5 3 ,  . 1 3 9 4 )  d e s 

cribed similar masses of "embryonic" tissue'in



the thyroid gland of the dog, and regarded it as 
a store of reserve material from which thyroid 
follicles could develop if required.

Zi el in ska (Vir chow* s Arch., vol. 136, 18 9 4 ) c o r.f i rned 
these observat ion® and came to a similar con
clusion.

Prensnt (Le Cellule, Vol.x, 1394) was the first to con
tradict the “tatsment, hitherto almost univer
sally accepted, that the parathyroids represented 
embryonic thyroid tissue. He thought they re
presented perfectly independent structures, both 
morphologically and physiologically, and suggested 
that it would be better to call them 11 epithelial 
corpuscles of the thyroid11 rather than "para
thyroid", as the letter term implied a genetic 
relationship to the thyroid, which had not been 
proved to exist.

Kohn (Arch. f. mikros. Anat., vol.44, 1395) investi
gated the parathyroid glands in the cat and other 
animals, and made the exceedingly important dis
covery that there were two such glands on each 
side in most animals, i.e., two external pars- 
thyrojd g1 ands and two internal parathyroid glands, 
and thus all previous work upon the subject was 
rendered /



rendered of doubtful significance, as previous ob 
servers lead only known of the presence of one par 
thyroid gland on each side. He emphasises most 
strongly the fact that the parathyroid glands are 
perfectly independent structures from the thyroid 
gland, and are not embryonic residues of thyroid 
tissue. He never found any colloid in the para
thyroid glands, and gives a very good description 
of their structure, which is well illustrated.

Schianer (Arch, f . mikros. Anat., Vol. 4?, 1396 ) des
cribes +he presence of certain glandular struc
tures at the region of the carotid bifurcation, 
which he considers to be accessory parathyroid 
glands. Hi« observations were in complete dis
agreement. with previous observers, and I cannot 
but conclude, in the light of our present know
ledge, that he,was describing, not parathyroid 
tissue, but the carotid gland.

Schmid (Arch. f. mikros. Anat., 1396) first described 
the presence of colloid matter in the parathyroid 
of the dog, although he could not find it in the 
cat.

Muller (Beitr. a. path. Anat., 1896) examined the
tlyroid and parathyroid g l a n d s  in twenty-two case 
in man, at all ages, and noted the occurrence of 
colloid /



o o i l  o ld  m a t t e r  i n  th e  p a r a t h y r o i d  gland*? i n  o l d  

s u b je c t s .

W e i °h ( j o u m . o f  P a t h o l ,  and B a c t e r i d . ,  1393 , and

Jo u rn .  Ana t. and P h y ° i o l . ,  V o l . x x x i i ,  1898 , pp.

292, 380) made a v e r y  c a r e f u l  and s y s t e m a t i c  i n 

v e s t i g a t i o n  o f  th e  p a r a t h y r o i d  g la n d s  i n  man. He 

f o u n d  th a t  t h e r e  a re  a lm o s t  a lw a y s  f o u r  i n  number, 

two on each  ° id e ,  and t h a t  t h e y  a re  v e r y  e x a c t l y  

s i t u a t e d  r e l a t i v e l y  to  each  o t h e r .  He d i s t i n 

g u is h e s  two types  Of c e l l s  !

( 1J ' P r i n c i p a l  C e l l s ' , w h ic h  have  a s m a l l  and

c l e a r  p r o t o p la s m ic  body , w i t h  a r e l a t i v e l y  

l a i g e  and  c l e a r  nucleus. These c o n s t i t u t e  

t h e  g r e a t e r  p a r t  o f  th e  g la n d  t i s s u e ,  and 

may b e  d i v i d e d  a c c o r d in g  to  t h e i r  arrangem ent 

i n t o  f o u r  ty p e s  :

(a )  In  a u n i f o rm  c o n t in u o u s  mass ;
(b )  In  s m a l l  i r r e g u l a r  m asses  ;

( c )  In  co lum ns ,  o f t e n  b ran ched  ;

(d )  In a c i n i  c o n t a i n i n g  c o l l o i d  m a t t e r .

He c o n s id e r s  tha t t h e s e  a l l  r e p r e s e n t  d i f — 

- f e r e n t  » s tages  o f  s p e c i a l i s a t i o n "  o f  th e  same 

t y p e  o f  c e l l .

(2  )  The »O x y p h i le  C e l l s », c h a r a c t e r i s e d  by a

s m a l l  n u c le u s  and a l a r g e  p r o t o p la s m ic . b o d y ,  

w h ic h  /



which is crowded with « oxyphil e granules". 
These cella may also be subdivided into the 
above four types. A® the proportion® of 
these two different hinds of cells may vary 
considerably, the oxyphile cells occasionally 
being ab sen + altogether, Welsh comes to the 
conclusion that they all simply represent the 
same cell® under different functional condi— 
t ions.

He finally points out the close structural re®em- 
b la nee of the parathyroid to the anterior lobe of 
the pituitary, and considers that the parathyroid 
glands do not "correspond to any condition met in 
the embryonic thyroid at any ®tage of its develop: 
rnent», and that he does "not even regard the para
thyroid as bearing any more intimate genetic re
lation to the thyroid than, for example, the thyn 
do es».

More recent investigation® upon the structure of 
the parathyroid glands has been carried out in the 
field of comparative anatomy :
Forsyth (Journ. Anat. and Physiol., 1907, vol.42, pp. 

141, 302) has made a most careful study of the 
thyroid and parathyroid glands in 77 animals, com
prising 42 mammals and 35 birds. He states that 
every /



every glandular body found in the neck of the ani
mal® was examined as a possible parathyroid. He 
found that "the parathyroids are subject to great 
variations in number ant position, even in the 
same species of animal, and that it is probable 
that in no mammal at any rate is the number of 
parathyrolds ocn-tant"» "Further, parathyroid 
tissue is commonly present in the thyroid, and 
intermediate types are readily found both in the 
thyroid and in the accessory glands». He points 
out that the parathyroids cannot be identified by 
the naked eye, that they possess no definite anat
omical relation®, nor does the total volume of 
parathyroid tissue bear any constant relation to 
the total volume of thyroid tissue.

In a fat-tail el desert mouse (Pachyuromis 
duprasi ) aged, tlree months, he found that the 
whole thyroid wa® of parathyroid-liKg structure, 
i.e., "the cell® were polygonal, with granular 
protoplasm, and arranged in irregular clump®, and 
made no attenpt. to form vesicles. At intervals 
a drop of colloid was seen, but never with any de
finite arrangement- of cells around. On the ®ur- 
face cf one thyroid, isolated by connective tissu 
was a mass composed of the same kind of tissue, 
having /



some of whieh yip."” ? filled with colloid, and some 
with polygonal parathyroid cell«*, with all inter
mediate at age©. The cells of the parathyroid 
were paler, less crowded, and the protoplasm only 
slightly granular in structure. Pie considered 
that every stage between parathyroid and thyroid 
was present, and that it all represented «imply 
"different stages in functional cLevelopment"•

In bird.0 the typical structure of fhe para
thyroids and of the thyroid corresponds with 
those found, in mammals, but here again all inter
mediate? type® were found»

In the Californian fusil ( Callipepia cali- 
fornica), the thyroid ’’was made up of connective 
tissue compartments, each of which contained a 
cluster of polyhedral cell® without any trace of 
colloid or vesicle formation. The parathyroid® 
were similar in structure. Had it not been that 
the specimens were hept apart throughout their 
preparation, it would not have been possible to 
recognise which was thyroid and which parathyroid".

In the Barn Owl (Strix flammea), "the super
ficial parts of both thyroid glands showed re
gular vesicles lined by short cubical epithelium, 
ma ny j



many containing colloid. In these regions there 
were no interstitial cells. The more central 
areas of the gland contained but few vesicles, th 
cells being for the mo°t part massed in irregular 
clusters. The parathyroids showed a structure 
in everyway similar to the central part of the 
thyroid".

In the Cyst er-oatcher ( Kaematopus astraiagufc) 
and in the Gray Parrot (Psittacus erithacus), "th 
thyroid had its usual appearance, and nearly all 
its vesicles were lined by cubical epithelium.
The parathyroids were distinctly continuous with 
the thyroid without the intervention of any con
nective tissue. The two formed one gland, and 
had the usua 1 features".

The wh 01 e of the. evi deuce. of comparati ve 
anatomy, therefore, according to Forsyth, poin+s to 
the fact that the thyroid and parathyroids form one 
t , j <-su.g, without there being necessarily any functional 
difference between them, fhe one type nredominstin.g in
one species o f  animal, the o th e r  in another, and in 
sor.e, eyery intsmr,edlat stages between the^e two types
of t issue ere to be found.
MacC a H u m  (Brit. Med. Jcurn., ii, 1906, p. 1382) state

*
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glands in men, two in each lobe, though occasion
ally three, two, or even one gland only could be 
found. In 56$ there were four, in 14$ three,
in 35$ two, and in 5^ only one parathyroid. He
finds that great divers 1 t.y exist0 with regard to 
the position of the glands, and believes that 
only the m o s t  general s t a t e m e n t 0 are warranted 
on this point.

Kals teed (Amer. j ourn. of Med. Sc., 1902) studied
carefully the number and situation of the para
thyroid glands in man in 67 cases, and found that 
»the parathyroid bodies sary greatly in size and 
not a little in situation." "One is likely to 
encounter these little bodies, usually two on 
each side, at any level from the superior to the 
inferior pole on the po°terior internal surface 
of the gland, but most commonly just internal to 
the rounded pc st ero-external border, and quite 
regularly near the «ite of the distribution of 
the terminal branches of the inferior thyroid 
art ery.

Forsyth (Brit. Med. Jcurr., 1907, Feb. 16 and Nov.35;
and Trans. Pathol, roc., 1907, vol.lviii, p. 154) 
examined the parathyroid glands very carefully in 
ma n /
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man, and found thft »the number i° ver/ variable». 
not l ini ted to two, sp supposed by Welsh. In about 
half the c e p es only one parathyroid was present 
on each side, and in a quarter three were discov- 
ered. In two infante, five, and in one. <?ix para- 
thyroide were found on each eide. One ie almost 
always found behind the pharynx, the other« may oc
cupy any position, although they show a predilec
tion for certain eitee, e.g., the junction of the 
middle and infer1 or third« of the fhyroii lobe.
In only one ca«e were they found embedded in the 
gland substance. In siae they vary from a pin
point up to 3.5 cm. by .5. There ie no reiEd.icn 
between total volume of all the parathyroid« in 
different adult«, one individual possessing ten o f  

twenty times as much parathyroid tissue as another.
Par at hy r oj. ds are not infrequently associated 

with see ess ory thyroi d« and thymic residues» They 
occur in greatest number in infancy and progress- 
lively diminish wi t.h increasing age. Accessory 
thyroids are usually absent in infants, but in
crease with lapse of years. In later life, SSf 
of the accessory thyroids were found to occupy 
the same three positions as 84f of the parathyroid' 
in early life, as if a transformation of the para
thyroid in + o accessor/ thyroid had tafcen place.

We /



We thus see that the observations of Welsh that in 
man the parathyroids are limited to four has not been 
supported by later work, end that while four is the 
most frequent number, they may vary from one to eleven, 
end that their posi + icr: is as inconstant 3 « their vrr.v- 

ber.

Thompson (Phil. Trans., 1910) finds that the thyroid 
and parathyroids are distinct from each other in 
the Amphibia, but, that among the Reptilia, al
though separate, the parathyroid glands are vesi
cular in «tructr.re and con tain colloid, »an d i n 
this the fundamental distinction between thyroid 
and parathyroid is at once broken down".

Vincent and Jolly (Journ. of Physiol., 1904 ) attacked 
the problem from a somewhat different point of 
view. They removed the thyroid gland in the cat, 
leading the external parathyroid behind uninjured, 
They found later, when they came to examine the 
external parathyroids, that they »presented an 
appearance which they had difficulty in recognis
ing whether they were thyroid or parathyroid”. 
Later they were »convinced they were intermediate 
in character between the two». »We are now com
pelled to adopt the view that parathyroid tissue

*
when left behind approximates in appearance to
ordinary /



ordinary thyroid tissue, so that the final product 
in «cme case« cannot be distinguished from the is 
ter". "The histological changes accompany, we 
think, a functional alteration which takes place j 
in the parathyroid when the thyroid is absent.
The parat byrbids are then capable of physiologi
cally replacing the thyroid, and when one or more 
were left in situ, we had no case« which terminated 
fatally". "If two parathyroids be left behind in 
operation, only one become« thyroid". They con
clude that , "if the parathyroid can develop into 
thyroid, then the parathyroids are embryonic 
thyroids".

Halfpenny (Anat. Ana., 1909, p. S^S) removed both
thyroid lobe«, together with the internal para
thyroids in s dog, leaving the external para
thyroid« behind uninjured. The animal showed no 
symptom« for 8 3 days, and was then killed. The 
xteynal para thy ro ids, on microscopic examination 

had "to all* intents and purposes become concerted
into thyroid, A large amount of normal para
thyroid tissue remained, but the rest had become 
vesicular in typ», ani contained colloid matter 
in the vesicles». what Vincent and Jolly found 
in the cat, holds good also, therefore, for'the 
bog .

Thompson j



Thomps on (Phil. Trans., 1910 Vol.SOI) states that 
"parathyroids left behind after removal of the 
thyroid develop colloid vesicles, and become 
practically converted into thyroid”. She con
siders that "thyroid and parathyroid« are to be 
looked upon as structures of somewhat different 
embryological origin, which are anatomically se
parate and distinct in the lower vertebral a, but 
which come into very intimate anatomical and 
physiological relationship with each other in the 
mammalia. In this .latter group they are, in 
fact, to be looked upon as constituting one appar
atus". Che also found that after parathyroid— 
ectomy, the thyroid gland undergoes a change in 
whioh the tissue is found to resemble parathyroid 
tissue . She removed one lobe of the thyroid and 
its two parathyroids and the external parathyroid 
on the opposite side, and found that the thyroid 
had atrophied, but that on microscopic examination 
very little true thyroid tissue had persisted. 
There were vesicles in. some marts of the tissue, 
but these were few in number. There was a large 
amount of tissue indistinguishable from normal 
parathyroid t issue, and a still larger amount of 
which it was impossible to say to which category 
it /



it belonged. In a second cat which died five 
days after the operation, she found '"till more m -  
tensive structural changes at the post-mortem.

Mir.and« (Lancet, 1901) 31 so describes change« in *he 
thyroid after parathyroidectomy of the nature of 
"compensatory hypertrophy". There was present in 
the thyroid a condition similar to that fbund in 
the thyroid in exophthalmic goitre.

I then proceeded to investigate this question my
self, and removed, first the thyroid gland in order to 
study the ohanges in_the parathyroids, and second 1 y , 
the parathyroid glands, in order to «tuiy the clunges 
in the thyroids. -

(1 j Pemcvs1 of the Thyroid Gland :
These experiments were limited to the cat and the 

rabbit. in the cat there are present four parathyroid
glands, two external, lying on the surface of the gland, embedded in the centre, 
and two internal. The external fiends can usually be—    — -A

easily recognised, on account of their lighter colour, 
but the internal can scarcely be recognised at the 
operation. Vincent and Jolly (loo. cit. ) found it 
almost always impossible to remove the internal para
thyroids in the cat without causing gra^e damage to the , 
thyroid /



thyroid tissue itself. Personally, I have not been 
able to remove the internal parathyroids. it was 
possible +o remove the external parathyroids success— 
fu.• ly, but in removing th« internal parathyroids, I 
removed the corresponding lobe of the thyroid gland 
as well. In the rabbit there are four parathyroid 
glands, two internal.embedded in the gland, and two 
external, usually situated some listance away.

Experiment : In two cats and one rabbit, I re
moved the thyroid lobe of one side altogether, with 
both external and internal parathyroid glands. The 
animals showed no symptcm«5, and were killed three and 
e half month« rater.The other lobe of the thyroid and 
the external and internal parathyroid glands were then 
removed and cut for microscopic examination. In all 
tlxTv^ iiici ̂"K.0'1 <3-*np̂ *0 r)T*f*° 0111 t "both in the
thyroid, and in the parathyroids. The changes in the 
thyroid I have described elsewhere. Both the exter— 
r.el and internal parathyroids, however, «howed great 
increase in colloid matter. The typical «mall, poly
gonal celled type of ceil had mostly disappeared, the 
cells becoming columnar. Colloid vesicles were scat
tered between most of the cells, and in places where 
the colloid masses were larger, the cells surrounding 
them /



their he»* £ ««named the regular arrangement typically seep 
in the healthy thyroid gland. The resemblance to 
thyroid tissue was «0 close, that one could not but 
hesitate for a moment to decide whether the tissue 
under observation really represented thyroid cm para
thyroid tissue. There is no doubt that the change 
which takes place in the 'parathyroid glands after 
thyroidectomy 1« distinctly of t-he nature of an in
crease in c 0 110 i d n a tt pr. In the normal cat's para
thyroid, colloid matt er is not present. After thyroid
ectomy small globules 0 ^ colloid matter may be found 
in, the lymphatics in the connective tissue of the 
gland between the cells. These drops appear to en
large until they form more or less of a vesicle lying 
between the cells. These vesicles in the more spec
ialised parts become surrounded usually by a «ingle 
layer of cells resembling oiossiv the thyroid vesicles 
Although the Whole of the structure of the parathyroid 
does not become transformed into this apparently 
thyroid type, nevertheless every stage between the 
parathyroid type of tissue and the thyroid type can be 
traced in such parathyroid'glands, and I could not but 
come to the conclusion that the changes in the para
thyroid after thyroidectomy are of the nature of the 
formation /



formation of vesicular structure, which bears such a 
close relationship to the type of vesicle found in 
the thyroid gland, tin t it is scarcely possible to dis
tinguish it from the thyroid, apart from its relative 
position in the gland. These results are of great 
importance, because when I started to work at this sub
ject, I considered, that such changes were only of a 
degenerative type, but after examining the sections in 
question I could no longer continue to hold this view.

(2 ) Changes in the Thyroid after Parathyroidectomy : 
The fact that the changes in the parathyroids 

after thyroidectomy are of the nature of an increase of 
colloid matter, producing a condition closely resemb
ling thyroid tissue, has been considered by Vincent and 
Jolly, Thompson and others to prove that the parathy
roid glands are embryonic thyroid tissue, which can 
functionally replace the thyroid tissue after it« re
moval. Edmund-' and Thompson have, however, described 
changes in the thyroid gland after parathyroidectomy, 
and it is exceedingly difficult to explain thi« curious, 
if accurate, fact, upon the embryonic theory, because 
the mere removal of embryonic thyroid tissue ought not 
to produce an embryonic type of «truelure in the fully 
developed thyroid gland. I therefore determine1’ to 
investignte j



Experiment : The animals -used were two oats.
They wen? anaesthetised in the u«imi way, and the two 
external parathyroids were tom out of the gland, 
which sustained very little injury. The internal 
parathyroids were not touched. Both animals made a 
complete recovery and showed no symptoms. One was 
killed ten days later, the other after eighteen days. 
On examining the thyroid glands of these animals, the 
most marked feature found was ?b sen?e of colloid ves
icles, which were greatly reduced in number. Between 
the vesicles a large numb?"1" of «mall polygonal shared 
ceils was found, comparable to those of the normal 
parathyroid. The amount of colloid i tself was great
ly diminished and the structure of the glands was dis
tinctly of a parathyroid—like type.

It is al«o very interesting to note that after re
moval of the two external par’ thyroids, colloid ves
icles developed in the internal parathyroids, similar 
to those found in the parathyroids after parathyroid
ectomy. I arn not aware of this observation having 
been made before.

The observed io ns are therefore suite accurate t 
(1) that after thyroidectomy, «tructural changes take 
Place in. the pa rat hyroids resulting in the formation o:

investigs t e t hi« nubj ect my self.

8. /



a type of tissue closely resembling thyroid tissue ;--- ■ ------ ---- --- - M- — --*
(2 ) That partial parathyroidectomy is followed

by structural changes in the thyroid resembling normal
parathyroid tissue ;

(3) That removal of the external parathyroids
produces structural changes in the internal parathyroids
comparable to those following thyroidectomy.

These changes show a very intimate relation be
tween the parathyroid and thyroid tissue, which, how
ever, I shall discuss in detail at a later stage.



Physiology of the Parathyroid Glands

Our knowledge of' the normal physiological action 
of the internal secretion of the parathyroid glands 1« 
at present very «light. Briefly, we may classify the 
present attitude of worker« .into two groups :

(1) Those who consider that the parathyroid 
gland« represent embryonic thyroid tissue (Forsyth,
Tbsv«pen, Halfo°nrv. Vincent and jolly, etc), and 

(f) Those who consider that the parathyroid 
glands have a separate function distinct from that of 
the thyroid gland (Halstead, Velsh, Kohn, etc).

Unfortunately the internal secretion of the para
thyroid gland« doe« not lend itself to physiological 
investigation by the blood-pressure method., since, upop.

tintravenous inj ecticn of extracts prepared from ’-he 
parathyroid glands, no ri«e of blood—pressure i« pro
duced. I have shown in Tracing No. the effect of 
injecting into the jugular vein of a cat an extract 
made from the fear external parathyroid gland« of two 
cats, the glands being carefully dissected out so as 
to include no thyroid tissue. It will be observed 
that the blood-pressure has not been affected, 
i on ally I have obtained a slight fall in pressure, su./h 
as is characteristic of any tissue extract, but as a 
rule /



rule t her e is no result what ever.
I have also investigated the question as to whether* 

it is possible for parathyroid extract to produce dif
ferences in the reaction o" substances injected intra- 
Venously immediately preceding the -parathyroid extract, 
and immedi at ei y att er. I u«ed adrenalin for this pur-
pose, as the repeated intravenous injection of a de
finite quantity of adrenalin will produce the same re
sults every time, with a degree of accuracy which al
lows of very exact conclusions being drawn. In Trac
ing ho. I have first of all injected into +he jug
ular vein of a cat a -solution of 1 cc. of l/lOO.OOO 
hemisine : a typical rise of blood-pressure has re
sulted. I then injected again a similar quantity of 
hemisine (i e.o, of l/loo.000 solution), and it will be 
observed that the blood—pressure result is almost 
identical with that previously produced. In other 
words, the effect of parathyroid extract does not in
fluence the normal reaction to adrenalin in as far as 
the b loo d—pres sure effect is concerned.

Parathyroid extract, intravenously injected, also 
produces no effect upon the results or thyroid extract 
injected before and after, thyroid extract, as I ha/e 
already pointed out, producing a fall of blood-pressare 
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Fare thyroid extract also, upon intravenous in
jection, has no effect upon the secretion of urL ne,

1 should like at this at age to point out that 
great care must be taken in interpreting alight differ- 
ences in blocd-pres s-s re from injections of adrenalin 
before and after injections of parathyroid and other 
extracts, fhe amount of ri°e of blooi.-pressy.re re
sulting from- the injection of a definite quantity of 
adrenalin varies «Light iy with differences in blood— 
pressure, and if the blcod-pressure fluctuate during 
the experiment, which it may quite well do from slight 
variations in the amount of chloroform, a difference in 
the amount of ri°e of bloo4-pres«ure may occur in conse
quence, which might be interpreted as the result of the 
intermediate injection of parathyroid extract. The 
amount of rise of bLood-p res sure from intravenous in
jections also varie® with the amount of chloroform, i.e., 
with light or heavy anaesthesia, and al«o with the 
amount of blood—pressure at the time of injection.
This has been pointed out by Oushr.y (-Tourn. Physiol.,
1910 j, who found that in an animal in w'ich the blood- 
pressure was gradually riming from some unknown csuce,
3. quant it.y of adrenalin which produced a rise in blood- 
prespure when the blood—pressure of the animal was low, 
produced a. fall when the pressure had later risen to t 
some considerable degree. such an experiment, if 
parathyroid /



parathyroid ext.root had been injected between these two 
injections of adrenalin, might, have been interpreted 
as a reversal of the action of adrenalin in con 
of the parathyroid extract, while the action was really 
a pure adrenalin reaction. I have also repeatedly 
found a curious condition of sudden heart failure in 
consequence of injections of small quantities of ad
renalin. This occurs with adrenalin after parathyroid, 
extract, but i<* also equally common with adrenalin 
alone, and therefore the presence of the parathyroid 
extract had played no part in the production of this 
reaction.

In conclusion, apart from an occasional fall in 
blood-pres-nire, no specific effects can be detected 
following upon intravenous injection of parathyroid

Txtjrpaticn of the Parathyroid Glands 
Having failed to obtain any results from the intra 

venous injection of parathyroid extracts, I next pro
ceeded to investigate the effects of removal of the 
parathyroid glands in cats.

In the cat there are four parathyroid glands, two 
lying on the upper and outer side of the thyroid - 
"external parathyroid, glands" - and two embedded in 
the I



the interior of the thyroid - "internal parathyroids?. 
The thyroid gland itself in the oat, consists of two 
separate lobes lying on each side of the trachea, and 
not united by an isthrau®. The external parathyroid 
glands are usually easily detected on account of their 
lighter colour ; the internal parathyroid glands, how
ever, usually require to be examined in microscopic 
sections before they csn be detected.

0-1 ey (Compt. rend, de la Soc. de Biol., is91) 
first attempted to remove the parathyroid glands. He 
was struck by the fact that the rabbit was relatively 
insusceptible to removal of the thyroid gland, while 
the dog suffered acutely. In the dog, he noted that 
the parathyroid glands were closely bound to the 
thyroid, and vrere thus invariably removed along with 
the thyroid, while in the rabbit, the parathyroid 
glands were situated some listance below the r!iyroid 
and were therefore not removed in thyroidectomy. He 
therefore removed both thyroid glands in the raboit, 
and the two parathyroid glands also, and found that he 
got the same acute symptcms and fatal termination in 
the rabbit previously obtained in the dog. He then 
carefully excised the thyroid gland in the dog, leaving 
the parathyroid, glands behind, and he found that the 
acute symptoms did not develop. He therefore con—, 
eluded that the series of acute symptoms following 
thyroidectomy /



thyroidectomy in animal« is the result of removal 0f 
the parathyroid glands, and not of the thyroid.

liiriT.y-.1 and Cenerali (Piv. di Pat.ol. nerv. e i«t 
1896), taking advantage of Kohn's work showing that 
there are in the dog and rabbit two internal para
thyroids as well as two external parathyroids, removed 
all these four parathyroid glands in ten cats and nine 
dogs, leaving the thyroid gland behind. Of the cats, 
nine died by the tenth day, one lining for a month, 
and oi the nine dogs, air died within eight days. The 
writers considered that, as thyroid set omy in these 
animals produces the same speedy death as simple re
moval of the parathyroids, the acute symptoms were the 
result of removal of the parathyroids together with 
the thyroids.

Ecuxeau (compt. rend, de la Soc. de Biol., 1897) 
removed all four parathyroids in the rabbit, and found 
in most oases that death followed within the next few 
days after the operation. Some of the animals how
ever, did not show anything more than mere transient 
sympt OH'S,

01ey (Compt. rend, de la Soc. de Biol., 15S7) re
peated these experiments and got similar results. He 
concluded that myxoedeme and such chronic symptoms 
follow arrest, of the functions of the thyroid, and that
the /



the acute synrotom* which follow thyroidectomy in many 
animate are due not to the loss of the thyroid, but 
to contemporaneous removal of the parathyroid glares.

Keus-su (Compt. rend, de la Soe. de Biol., IBS'7) 
confirmed the above statements, and claimed to have 
induced myyoedema in the dog and cat by removal of the 
thyroids,the parathyroids being left behind.

Welsh. (Journ. Pathol., 1893 ) found that removal 
of all four parathyroid glands in the cat leads to 
acute and severe symptoms, with a rapidly fatal issue, 
even although the thyroid be retained practically un
injured. Removal of three parathyroids does not lead 
to death, but it may cause transient symptoms similar 
to those which result from, removal of all four. Loss 
of two parathyroids does not produce any appreciable 
change. Removal of the thyroid and some of t h e  para
thyroids may lead to death with acute symptoms,if even 
only one parathyroid be left, b u t  may no i- induce any 
obvious derangement if two parathyroids are retained — 
at least not for several m o n t h s .  Mouth administratio 
of the fresh parathyroid gland of the or, even in 
enormous doses, does not mitigate the symptoms in any 
way.

Edmunds (Jcura. Pathol, and Bacteriol., Vols 4,
0

5 , 6 , 7  and 8 )  i n v e s t i g a t e d  the relationship of the 
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thyroid and parathyroid glands in dogs, cats and mon
keys, especially with regard to their relation to ex
ophthalmic goitre. Ke removed the parathyroid glands 
leaving the thyroid gland behind, and obtained tremors, 
slow and unstable gait, with paralysis of the limbs, 
emaciation, muscular weakness and death. As a rule, 
removal of the parathyroids is fatal within a week, 
but he found that removal of i'he iru rnarathyroids was 
not necessarily fatal, as the mortality was less than 
that after removal of both lob'-s of the thyroid with 
the four parathyroids. In the dog, removal of the 
thyroid and pa'”atliyroids is always fatal in a few days; 
in the cat it may or may not be fatal. In the monkey 
there is usually not a fatal result. He comes to the 
conelusi or. fhat. removal of the parathyro 1 ds proluces 
acute eympt on:s, whi 1 e removal of the thyroid results 
in the more chronic symptoms. He then investigated 
the changes which take place in the thyroid gland after 
parathyroidectomy, and found that the thyroid gland be
came smaller, and on microscopic section the amount of 
colloid was found to be diminished, the vesicles had 
become oblong and branches, the secreting cells were 
columnar and filled the cavity of the vesicles with 
the excessive formation of young thyroid tissue between 
the vesicles - changes identical with the hypertrophy 
of /



of the thyroid in Graves’ disease. He then discusses 
the relationship of the thyroid to the parathyroids 
and considers that they possess separate functions.
He proposes the following theory : The symptoms of
exophthalmic goitre are exophthalmos, tremors and 
hypertrophy of the thyroid. He thinks that the essen
tial lesion lies in the parathyroids. If they become 
diseased, they produce the acute symptoms, tremor, etc, 
as a result of this the thyroid becomes hypertrophied, 
and this produces exophthalmos, tachycardia, etc. He 
regards myxoedema as being due to absence of the 
thyroid secretion, and not related to the parathyroids, 
He was able to produce exophthalmos, tachycardia, 
erection of hairs, widening of the palpebral fissures 
and dilatation of the pupils in monkeys fed with three 
sheep's thyroids a day, and concluded that the. symp- 
t oro s o f ©7 O'Ci.th C Iroi '*1 .o*oi 1*3?© S'**?*' '̂ 3© t» 0 ©X© — P̂ jLv© 
activity of the thyroid gland. His point is that it 
is the primary disease» of the parathyroid glands which 
produces this change in the thyroid, and that exoph
thalmic goitre is a combination of a primary disease 
of the par a thy 3D ids and a secondary disease of the 
t hy re id. E e c on s i der s that the p s r a t hyr oi d s 11 w ill 
not by a process of compensating hypertrophy develop, 
into thyroid tissue n roper11. He therefore strongly
S U T V r ' A T t  s  /' !



supports the theory of separate functions for the 
thyroid and parathyroid, glands.

plcT  (Brit. .Med. Journ., 1901), on the other hand, 
strongly contends that there is no complete independ
ence between the thyroid and the parathyroid glands, 
lie bases this view upon three facts : (1 ) that he has
found that some dogs can survive complete extirpation 
of the parathyroid glands, while others slowly develop 
nutritive troubles similar to those which follow total 
thyroidectomy; i.e., that in a large series of animals 
there is.no essential difference between the results 
of parathyroidectomy and thyroidectomy, both occasion
ally producing slow progressive changes in bo lily nut
rition; (2 ) that in the parathyroid glands of rabbits 
he found, twenty— fi ve times more iodine than in the 
thyroid, and in the dog six times mors. Mendel (Amer. 
Journ. Physiol., 1900) and Pagel (Paris, 1903) have 
both confirmed these observations of the presence of 
iodine in the parathyroids. (3) Removal of the para
thyroids may induce hypertrophy of the thyroid, and ex
tirpation of the thyroid may produce modifications in 
the structure of the parathyroids, with formation of 
colloid matter. Gley thus abandons his view that the 
parathyroid glands are embryonic thyroid tissue, and 
advances a new theory, namely, that the parathyroid 
Slands /



glands prepare a secretion which is then stored in the 
thyroid until required by the tissues. He thinks that 
the iodine is rendered harmies'» by the parathyroid 
glands, so that if these be removed, acute symptoms re- 
suit. if the thyroid gland be removed, then the 
iodine passes immediately into the tissues and produces 
r.1 rt ri 11 ve tr oi xbles.

Jeandelize (Paris, if03) confirmed these results 
and thought that parathyroidectomy i® more fatal than 
thyro-psrsthyroidectomy, supposing that the animal is 
in a toxic condition from accumulation of toxins which 
would be elaborated or destroyed by the parathyroid 
glands. It will thus be noticed : (I) that Gley
has abandoned his embryonic theory ; {?.), that he has
substituted one of functional relationship between the 
two glands; (3) that thi® is probably based upon the 
amount of iodine present in the two glands. Subse
quent investigations upon the amount of iodine present 
in the thyroid gland under various conditions nave, 
however, rendered the exact value to be placed, upon too 
amount of iodine present of doubtful significance.

77i n c  en t  and Jo  1 l y  ( j o u r n .  P h y s io l  . , V o l . 3 f , 1504 ) 

removed t h e  t h y r o i d  g land  and sl®o at, o th e r  time® the  

r a r  a t h y r o i d  g land® in  monkeys and o th e r  a n im a ls ,  and 

WBT0 u n 8 *b j  ̂ t o  "n ro.i.u © 6 Git © ©ymp t  otti ° i n  s. ny 33 ©̂*
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They there-pore considered that total parathyroidectomy 
is not neco®®ar4ly fatal, and as they found that re
moval of the thyroid, leaving the parathyroid glands 
behind, resulted in the formation of colloid vesicles 
in the parathyroid tissue, producing a very close re
semblance to thyroid tissue, they thought that this 
represented a transformation of parathyroid tissue intta 
thyroid tissue, and that the parathyroids therefore 
represent embryonic thyroid tissue which may function
ally replace the thyroid tissue when required.

Halfpenny (Anat. Anz., IS09) removed both thyroid 
lobes and the two internal parathyroid glands in the. 
dog, leaving the external parathyroid glands behind.
The animal lived, for eighty-three days and was then 
killed. The two remaining parathyroids were, on. 
microscopic investigation, to have "to all intents and 
purpose® become converted into thyroid tissue. There 
is still a comparatively large amount of intraveeicuia: 
tissue, which is identical with that of the solid 
columns forming the normal parathyroid. The most 
noticeable feature about the thyroid tissue which nas 
developed from the parathyroid is the irregular shape 
of the vesicles, but the appearance these presented 
is strictly similar to that which ic found in the 
thyroid after parathyroidectomy".

Thompson /



Thompson (Phil. Trans., 1510) removed the thyroid 
glands and describes similar transformation of the 
parathyroid tissue into thyroid tissue. She also re
moved the parathyroid glands, and found that the thy
roid itself underwent a c u r i o u s  change. The thyroid 
had atrophied, and on histological examination very 
little true thyroid tissue was found to have remained, 
the greater part being indistinguishable from normal 
parathyroid. She look® upon this a® a transformation 
of thyroid tissue into parathyroid tissue, and con
siders that "thyroid and rarethvrolls must be looked 
upon a.® a single physiological apparatus, the two 
kinds of tissue being intimately associated ernbryo- 
logically and working together phys iologic a l l y " »

The above experiments all appear to indicate that 
some close relationship exists between the thyroid and 
the parathyroid glands. But, on the other hand, 
many investigators have come to an entirely different 
conclu°ion, namely, that the parathyroid® have an 
absolutely separate and, di^lnct function from the 
thyroid. According to this view, it i®, as it were, 
accidental that these two glands should be so closely 
associated with one another anatomically, a m  sic.. - 
close anatomical position is of no more significance 
or importance as evidence of any functional relc. i^n 
shin between the parathyroid and thyroid glands thc,n 
the /



tlie union of the cortex and me.lull a of the suprarenal, 
gland, or of the anterior and posterior lobes of the 
pituitary body, which, as we know is the case, do not 
necesearily denote an identity 0f function of these 
two tissues.

This view of a separate, and distinct function of 
the parathyroids from the thyroid is mainly based 
upon the results of extirpation of these glands in 
animals. The view which meet® with most general ac
ceptance at the present day is that removal of the 
thyroid gland produce® myxoedema. and removal of the 
parathyrolds, either along with the thyroid or alone, 
res ui t s In lf t ct.any".

"Tetany11 is the term first applied by Lucian Cor- 
visart in 1852 to a eympt om-complex consisting of 
spontaneous intermittent muscular contraction®, at
tended with decreasing strength and often terminating 
in death. The condition in man may arise from a 
great variety of causes, e.g., gastric dilatation, 
acute infective fevers, various toxic conditions, 
pregnancy, various nervous diseases, etc., but parti
cular interest was directed to this subject in the 
year 133 0 when Weiss first published the remarkable 
observation that total extirpation the thyroid 
gland results in tetany. Peverdin and Kocher, notL



in 133 3, al'so noted the s®®ocis + ion of tetany with 
disease of the thyroid gland in man.

Bo niff (Rev. med. de la Suisse Pom., 1334) at
tempted to solve this question by performing total 
thyroidectomy in dogs. He found that out of 60 ani
mals, all died within fourteen days at the outside, 
when both lobes were removed, but if the removal wa® 
affected in two sittings, divided by an interval, the 
3h£.rc.eteri sti c symptom® were delayed, or even averted.
These symptoms consisted of tremors, spasms and con
vulsion®, and seemed to point to a seriou® derange
ment in the nutrition of the central nervous system. 
Schiff also discovered the fact that +ke ®ympt'm® are 
prevented by a previous graft of a portion of the glanjl 
benea th the skin or into the peritoneal cavity.

These results were confirmed by numerous observer 
of ichor a list will be found in Schafer, Textbook of 
Physiology, 1858, ^ol.i, p. 353 (see c I so Horsley,
Bri + . Med. Joum., 1858, vol.i, p. 863).

Horsley found that the effect of total thyroidec
tomy varied greatly in different animal®, some, e.g., 
the rabbit, pig, etc., exhibiting no signs of tetany 
after apparent total thyroidectomy, while monkeys 
showed usually transient symptoms of different degree? 
of severity, and dogs u®ually always died from the
operation /
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Muck actually went so far as to state that total 
removal of the thyroid is never fatal, but that death 
is due to injuries to the surrounding parts. This 
view has since been utterly disproved, and Muni's own 
observations scarcely bear out his statem t c; ̂ 0 i~ all
the dogs upon which he performed total thyroidectomy 
died.

Subsequent observers simply confirm the observa
tions that occasionally in some animals total thyroid
ectomy is fatal, while in others it is not, and also 
that in the -same specie® of animal (e.g., the dog), 
thyroidectomy i s sometime® fatal, sometime® not.

Gley (Compt. rend, de la Soe. de Biol., 13S4) made 
the next advance in our knowledge, when it occurred 
to him +hct + he di®cevery of the parathyroid® by Sand- 
strom in 1830 (loc. ci+, ) threw some light upon this 
subject. He thought that the fact that thyroidectomy 
in the dog was fatal because the parathyroids, which 
are situated r.ear the thyroid in this animal, were re
moved at the same time, and that in the rabbit thyroi t- 
eetomy was not fatal because the parathyroids are 
situated some distance away from the thyroid and were 
not removed at the operation, was one cf great import
ance, and he therefore removed the parathy7 oid® .vli.no 
wi th /
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with, the thyroid, and got a fatal result in the dog.
V as sail end Generali (Ply. di patoi. nerv. e meni 

1856), taking advantage of Kohn's discovery in 1895 
that there were four parathyroid® present in the eat, 
dog and rabbit, and not two a® previously supposed, re 
moved all these four parathyroids, leading the thyroid 
in situ, in ten eat® and nine dogs. Of the ten eat®, 
nine died at varying periods up to ten days, and one 
lived for over a- month. All the nine dogs died 
within eigk t  day®. The acute symptom® from which the 
arima7 ® suffered were of ike nature of viiat "re now 
call "tetany".

Rousseau (loc. cit. ) removed all four parathyroid^ 
in the rabbit, and found that although all the animals 
did no+ die, the operation was more serious than mere 
removal of the thyroid alone.

Moussu (loc. cit. ) removed the thyroid, leaving 
the pare thy 10 ids behind, and vice versa, and dame to 
the conclusion that suppression of the thyroid ®-cre— 
ticn led to myxo edema, and suppression oi ••hr para
thyroid secret! on to tetany.

¥el®h (loc. cit. ) found f.hat removal of all tout 
parathyroids was invariably fatal in the cat, wliize 
removal of only three usually gave ri®e to transient 
pyiEp*̂ -On.© of pr'*k-p r>y only« *
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Much dispute has since arisen about the accuracy 
of t.h® results cited above, the general result of dif
ferent experimenters being contradictory, som° finding 
that removal of the pars thyroids always proved rapidly 
fatal, others that removal of the parathyroids need 
not necessarily be fatal, and other® that occasionally 
the operation was fatal and occasionally not. Brit 
much of the difference in the results appears to be 
the consequence of inadequate knowledge of, and diffi
culty in finding the parathyroid gland®.

A very good description of "tetany" in animals 
is given by Mace a H um (Brit. Med. Journ., vol.. ii, 190*3 
p. 1P2P), in which he «tates that "in dog®, cats, rab
bits, monkeys and many other animals, complete para
thyroidectomy i® followed within s few days by the 
condition commonly described as tetany, in which con
vulsive spasm and rigidity -of the muscle® of oil part® 
of the body render the animal almost helpless, Res
piration becomes rapid and laboured, profuse saliva
tion occurs and ĉ esth sunrevenes in the attacx, al
though occasionally the violent symptoms graic-lly 
give mace to a stuperou® condition, which may la®t 
several days, terminating also in death".

Tbe extrese importance of the®e results is ®een
wh en /



when we consider that tetany may follow e x c i s i o n  of 
the thyroid gland for exophthalmic goitre in man.

Billroth ( 1886 ) performed a total thyroidectomy 
for an adeno-carcinoma of the thyroid and a temporary 
tetany ensued. A second operation became necessary 
in 1898, and part of the manubrium stemi was removed. 
On the ninth day after the operation, tetany appeared 
and often recurred in the following years. it was 
supposed that the first operation only removed part of 
the parathyroids, while the second operation injured 
the glands in the thymus, as there were métastasés in 
the neck at the second operation.

Von Fi.se lb erg (1391) collected thirty case® of 
tetanv following complete thyroldactomy. Of these, 
seven recovered, three became chronic, and thirteen 
died. The fate of the remsir.tr~ seven is unknown.

Kooher (loc. cit.) ligatured all four arteries to 
the thyroid, vithou t removing the gland, and the 
patient developed tetany which ended fatally.

KQ73P (see Ctt, 1909-10 ) observed tetany after li
gature of three arteries of the thyroid.

Halstead (Brit. Med. Journ., 1906, ii, 1835) 
removed one half of the thyroid in a ca®p ef

ophthalmic goitre successfully. Several years later,
0
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however, the remaining lobe had so enlarged a® to com
press the trachea dangereon sly, and it was decided to 
remove 1+ also. This was done, but in spite of all 
precautions, a parathyroid was accidentally removed, 
and the patient sub sequent ly develop ed tetany.

The association of tetany with parathyroid insuf
ficiency is at present accepted by most authorities.
It is known to occur after extensive thyroid opera
tions, both in &nii*s.lv and in man, and especially if 
the parathyroids be injured. Pineles, Erdheim and 
many other writers regard the dependence of tetany 
on operative interference with the parathyroid bodies 
a? proved. And whether this view be held cr not, 
there is no doubt about the fact that present-day 
surgeons invariably leave the parathyroid bodies be
hind on removal of the thyroid gland for exophthalmic 
ffoit""e, and the whole course of the operation i® plan
ned with this object in view. Glaserfiell (Berl. 
klin. Wahr.sehr., 1909) has recently pointed out that 
Kocher only met with tetany in 9.5C; of all bis case® 
of thyroidectomy, in which he use® the method of 
Mikulicz and himself, which avoids injury T-o the p 

thyroid bodies.
Halstead ( journ. Experiment. Med., 1909) has ,

recently /



recently investigated the whole question of the ques
tion of the technique in the operation for removal of 
the thyroid in exophthalmic goitre without, injuring the 
pa rat hyr oi d gi and®, and MacCsliitm ( 3r i t. Med. j ourn., 
1906, Vol.il, p. 1884) ha® also published a very com
plete paper upon the subject from the same point of 
view. The importance of the parathyroid glands is, 
therefore, very great, and a correct, knowledge of 
their function and the way in which functional altera
tions in their activity can pro-luce tetany would be of 
the greatest value to both the surgeon and physician.

It is universally held by those who think that 
the parathyroids are affected in tetany, that the 
lesion is of the nature of e. i>;-r a thyroid insufficiency, 
since tetany follow® removal of the parathyroid in 
animal® and di®ea®e of the parathyroids in man.

Several recent worker® are inclined to doubt 
whether parathyroidectomy is really such a fatal oper
ation a.® j t i® usually ®upposed to be. Most of the 
investigators who hold that removal of the parathyroid® 
is ran idly fatal have reported that a fe.- oi their 
animal® have apparently recovered completely from the 
operation. No explanation ha® been offered of such 
cases, and it has usually been supposed that either t.ca
gland® had not been completely removea, or '.hat

8.0 C 0 TV /



accessory parathyroid glands were present.
Vincent and Jolly (Journ. Phy®iol., 1P06) sub

jected this question to a mo°t careful investigation, 
and found that, the removal of the parathyroids and 
thyroid gland need not necessarily be fatal, or even 
produce tetany. They state that complete removal of 
all four parathyroids in the cat is an operation of 
the greatest difficulty, as the two internal para
thyroids are embedded in the interior of the thyroid 
gland, and try attempt to remove them must necessarily 
cause severe damage to the thyroid gland itself. The 
however, attempted to remove all four parathyroids in 
nine cats, and found that although rrry of the animals 
died, nearly half survived fhe operation. They con
clude that removal of +he parathyroids need not in
variably prove fatal, and they think that tr.e extreme 
importance of the parathyroid glands for t.o lirc o •. 
the animal ha° be°r exaggerated. "It cannot be truly 
said that either thyroid or parathyroid® are esse? f c 
for life, since it is frequently possible to remove 
either or both without causing death1'.

There is no doubt, however, that in many animals, 
complete removal of the thyroid and parathyroid gl.-.:d 
13 sd s t; o tetany, ̂ his is specially the case it. in - io0 
In the cat, tetany very frequently does not iwxO.- 
operation /



operation. In foxes, symp+oms come on with remarkabl 
rapidity, and death is correspondingly earl'u Mon- 
keys show transient nervous symptom®. Rats and guinei 
pigs do not suffer at ail from thyroid and parathyroid 
extirpation.

We may divide the workers upon the relationship 
cf tetany to the parathyroids into two groups : (i;
those who deny any connection between them, and (r ) 

those who consider that 'hers is a. close relationship 
between them.

( 1) The theory op yip connection between tetany 
and the parathyroids : This is based mainly upon
two facts, (a ,) that extirpation of the parathyroids 
in animal® does not always lead to tetany, and (b ) that 
tetany may be caused, in mar by a great many other dif
ferent lesions, v.hich do not involve the parathyroid 
glands, such a® gastric dilatation, acute infective 
fever®, and that it may occur in epidemics; al®o that 
lesions in the parathyroid glands are very rarely 
found in the tetany of children or adults.

( P .) Th e theory/ cf a clo®e r°lati on ship between 
t e t a n y  and t  h e para thy no i ds : W o r k e r s  holding this
view base thei*® conclusion® upon the fact that extir
pation of the p era thyroids may produce tetany in ani
mals. They cor®id°~’ that the case® in which extirpa
tion of the parathyroids does not produce tetany are 
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due to the presence of accessory parathyroids which 
have not been noticed, and have therefore been 1 eft,- be
ll in d at the op Ar a t i cn.

They consider that those C3see in which tetany 
arise® from causes other than the parathyroids, are due 
to primary causes acting upon the parathyroid and pro
ducing the synrotcm« of tetany secondarily»

We mav divide the present, views upon the relation
ship of the parathyroids to tetany into two classes, 
both of which are based upon the fact that there is a 
diminution ir the tmcur.t of the internal secretion of 
the parathyroid glands. It has not been proposed by 
any ore that tetany car result from excessive secret!on» 
The only disease which has been suggested as a result 
cf excessive secretion from the parathyroids is myas
thenia gravis, a suggestion which has been put forward 
by Jell17. The reason why tetany should be associated 
with hypoparathyroidism is obviously the fact - in 
tetany follow® eyti rpstion of the gland in animals.
The two t h e o r i e s  are, ( I )  that tetany re®”.tits imp*t 
f“̂ om a diminnt ion in the amount of secretion of re 
para thyroid gland®, and ( f j that it result® r * om ¡m 
incapacity of the parathyroid glands to neutralise 
toxins which accumulate in the circulation.

According to the first view, tetany is rompl/* t..e
result j



result of mere absence of the necessary internal secve 
tion, while according to +he second, it is the accumu
lation of toxins in the holy in consequence of the 
parathyroid extirpation or disease which produces the 
c ondi 11 on .

It is interesting to note that this idea of the 
neutralisation of toxins by internal ssereting glands 
has been proposed for most of tho®e glands in succes
sion, and has been ultimately abandoned. Such a func
tion was attributed to the suprarenal gland by Abeion.s 
and Langlois. '/hen the true function of the supra
renal glands was discovered, this view had t.o be aban
doned. A similar view wa® suggested for the pituitary 
but it has now also been given up with the advance of 
our knowledge of tic nature of the function and inter
nal secretion of this gland. It therefore seems pro
bable that as our knowledge of the parathyroid glands 
advances, the theory of toxin neutralisation will, in 
this ease also, be abandoned. Thi® toxin neutrnlis- 
s.tl on theory was specially supported by yas®ij and. 
Generali (loc. cit.), and later by Gley (ioc. cit.).
Thev con ®i dered that the thyroi d and parathy. jid 
both neutralise toxins, bu+ that these are removed fro« 
the circulation by the parathyroids and stored in the 
thyroid, wheys they are elaborated into sub j no ' t] 
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useful for the animal economy. vassal! consider« 
that these toxins have an injurious action upon the 
nervous system, so that the tetanic symptoms are due t 
insufficiency of the parathyroid secretion which al
lows of the action of these supposed toxines.

Seis (Wien, hi in. Wchnschr., 1508 ) strongly 'sup
ports tliie view, and thinhs that it is' en accepted 
fact that the cause of tetarry is insufficiency of the 
parathyroids. He thlnhs that although th ey are found 
to be normal in structure in cases of tetany, they may 
be deficient in number or have diminished in function, 
either from congenita 1, familial or hereditary causes. 
The epidemic occurrence of tetany is explained by the 
fact that an unknown toxin, which appears to be con
nected with special places and seasons, injures the 
function of the parathyroid bodies. He considers tha 
pregnancy-tetsnv i® due to in.1 ury of the parathyroids 
by some specific toxin, and. that the tetany of acute 
infective disease0 is the result of injury of the 
parathyroids by the toxin.

v o n j a he eh inoculated rabbits with +;ie blood from 
several cases of tetany, but got negative results.

Pfeiffer and Mayer (Mitt. d. Med. u.rd Chir.,
1507) found e toxin in the sera of six out of eeventee:
dogs /



doge which had tetany after removal of their para
thyroids. This was shown by exper iments noon 'Tice*

3erheley and Benbe (Journ. Med. Research, 1909) 
regard, tetany as the result of a metabolic poison, and 
state that injection of parathyroid extract immediate
ly relieves the ''yiratom's,

A new point with regard to this problem was raised 
by Robert Quest (Tien, hi in. Tchnsshr., 1905), who 
analysed the brains of three children '.oho had died 
from tetany, and found the amount of calcium very 
small»

Oddo and Paries (1905) found that there was an 
increased excretion of calcium in tetany in children, 
and the -explained tetany as being due to loss of cal
cium c,alts.

Net ter (1906 ) claimed to have cured three cases 
of tetany in children by giving calcium chloride by 
the mouth.

'■'acOg.llura and Voegtlin (Joum. Experiment. Med., 
19 09) confirmed these results of Quest, that there is 
s lessened Quantity of calcium in the brain. They 
also found that there was an increased excretion of 
calcium, and that the calcium contents o‘ the muscles 
ana blood were dirninished to one half. They experi
mented upon dogs which had developed tetany in oonse- 
qiience of parat hyin id exitrpati on, an i oiin t tns.t 
tetany /



tetany in these animals usually came on in 34 to 43 
hours after th« operation. The animal begins to 
tremble, and this i<- followed by a s e r i e s  of convulsive 
ettack's, then by loss of appetite and usually by sick- 
r.ess and dyspnoea, with successive convulsive attacks 
until death occurs. They found that they could pre
vent these attacks of tetany for 24 hours in the dog. 
by injecting 2 grs. of calcium lactate intraveneousiy,

Ha1st eg a (loc. cit. ) obtained marked improvement 
in a case of t etany aft er removal of the thyroid for 
exophthr lmio goitre by the administration of calcium 
by the mouth, results which Kocher, sscherich and 3rd— 
he im Confirmed. Other observers, however, e. g.,
PineIb s , Rndinger, Carnot and Dilion and many others, 
were quite unable to obtain any improvement of the 
syrnpt emu by the use of calcium.

Pome writers, however, have obtained entirely 
different results from those quoted above. Pa.rhon, 
bu.rr.itresco and Nissipesco (Compt. rend, de la Soc. de 
Eicl. 1909) altogether failed to confirm . MScCallum's 
results, and found the proportion of calcium in the 
pfsyve centres after thyro—parathyroidectomy wuch grea 
er than in normal animal's, Leopold and P.euss ( 1 ien. 
klin. Tchnsehr., 1908 ) found sn increase of ^alebmi m  
rpt, s after parathyroidectomy, and St oel oner (19 OS ). 
c on si de rs j



considers that tetany is the result of too much calcium 
in the organism.

•»nsser and Goodman (Med. Bull., 1909) found a mark, 
ed diminution in the amo’mt of the excretion of calcium 
in tetany. They could discover no relation between 
the amount of calcium and the «everity of the symptoms. 
They ash why tetany symptoms should persist when the 
organism is supplied with large quantities of calcium, 
if tetany be due to withdrawal of calcium.

Leopold and won fetus (loc. cit. ) suggest that the 
poison which is normally neutralised by the parathyroids 
is able to precipitate calcium and thur deprive the 
tissues of active calcium in a physiological sense.

Ott (loo. cit.) thinks that this might explain 
why there might be a poverty of active calcium, 81— 
though (■ i»TP i_s an increase in the actual amount or
calcium in the body.

Beebe (loc. cit.) found that the symptom« of tet
any could be relieved enually by strontium and by 
barium, and considered that these effects indicate that 
calcium loss ±p only one of the factors in +he cau«e ot 
tetany. If sec si lum (loc. cit.) also found that mag
nesium could cure tetany. Berk el ey a n. t B e e be, (loc. 
cit.) think that the parathyroids furnish enzymes which 
are of importance in the primary metaooli«m -f ,
t i s si j es j



tissue0, and that the abnormal secretion of calcium is 
not a cause of tetany, but Is simply evidence of a 
great metabolic derangement. ott (loc. jit. ) experi
mented upon sixty cats and two dogs, removing their 
parathyroids. He found that tetany usually came on 
about 43 hours after the operation, as a rule. Oc
casionally it did not ensue until two weeks, and was 
often completely absent. He found that calcium oc
casionally benefited the condition, and occasionally 
did not, and as he found that the condition also bene
fited by injections of many other tissue extracts, sur 
as pancreas, he came to die conclusion, that calcium 
was of no benefit in the treatment, of tetany.

Subsequent workers are all more or less agreed 
that the admin i strati on of calcium in cases qs tetany 
is quite untrustworthy, and that, although tne condi
tion may be improved,in the great majority o cases 
no change is visible ; that the condition may pass 
off of its own accord, and may benefit by the adminis
tration of other extracts. At present, therefore, 
all the evidence points strongly to the fact that 
tetany cannot be due merely to a deficiency in active 
calcium in “he body.

The evidence in favour of the accumulation of 
toxins /



toxin? in tbs circulation after parathyroidectomy and 
in tetany depend? upon the injection of a seruni from 
°uch condition? into animal?. Thi? ha? been lone by 
many observer«, e. g., Pfeiffer and Mayer. Toxic 
effect? hare usually been obtained, nut this condition 
ha? al?o been found in animal? after removal of the 
thyroid alone, of the suprarenal?, pancreas and other 
tissue?. It i? therefore not distinctive for the 
parathyroid?, and need not necessarily be connected 
directly with them. It seem? only natural that 
change? should tahe place in the «erum in consequence 
of removal of any gland, and these changes need not 
inevitably be the result of functional disturbance? 
of that gland.

The Thsciy that Tetany i? due to 
P a rc +■ hy ro 1 d I n guf f i c i en cy 

This theory ha? been proposed by many observers. Un
fortunately we have no physiological evidence to de
monstrate the true function of the parathyroid gland0, 
but t-heir whole structure ic that of internal secret
ing gland?, and it i? difficult, considering tL?ir 
structures, to ■*,egard them: from any other point ot 
view than that of glands furnishing some secretion 
which /



which 1° necessary for the normal metabolism of the
body. It is difficult• at present to determine the
function of these glands, and whether they produce
tetany from the effects of absence of secretion on the

capacity of
nervous system or absence o^neutralising toxin?.

Tetany may be cured both in animals and in man 
by grafting parathyroid tissue. This has been very 
satisfactorily wonted out by many observers.

Mac C s. Hum (Brit. Med. Joum., 1905, p. 1.083) founr 
that dogs developing tetany after parathyroidectomy 
could only be kept alive with the greatest difficulty 
by the intravenous injection of large quantities of 
p a r a t hy ro i d m a 11 er.

Edmunds. (Brit. Med. Journ., 1901) was qui +e un
able to keep the animals, aliT?e by administering" large 
quantities of parathyroid extract.

Tru.se'>'a ( s?e Brit. Med . Journ., 1906 ), however, 
succeeded in keeping dogs which had developed tetany 
after parathyroidectomy alone (a) for eight day? oy 
subcutaneous injection of parathyroid emulsion, and 
( b ) by trar spl antati cn of one parathy.1 'id e y,n, j 1 i
teen days.

Halstead (lorn eit.) in removing a thyroid gland 
for eypphtho.lmic goitre, accidentally removed both 
parathyroids. The patient developed tetany and he 
dreaded /



dreaded 8  fatal i«sue, b u t  managed to beep her alive 
by the aim ini at rati on of large quantities of para
thyroid extract, of the ox. In consequence of the ex- 
t"not happening to run short for a few days, the oat- 
ient developed tetany immediately upon its cessation, 
but this passed off when the treatment was recommenced 

Many other observers have found, both in man and 
in animals, that tetany could be prevented if grafting 
parathyroid tissue was immediately performed.

Pfeiffer and Mayer (loc, c.it.) grafted parathyroids 
into the r»ctue muscle of dog« after extirpation or tb 
whole thyroid—parathyroid apparatus, and found that 
they di.5 not develop tetany.

Halstead (loc. cit. ), and later Hermann and Harvef
were also able to prevent tetany in men by .grafting 
the par a thy ro ids into the spleen.

w alb auro (Mitt. d. Mel. und Chir., 1903 ) hept rab
bits ailvp for from five to nine months by grafting
the parathyroid« on to the gastric mucosa.

Cristiani ( Compì. rend, de la Soe. de Biol., 1905 )
was equally successful in grafting parathyroid ti«sue 

in rate.
Von I «elberg ( P. Chirur., 1S01 ) removed the whole 

thyroid in a' woman aged forty-two, for exophthalmic 
goitre, who immediately developed tetany. he grafted 

the /



the parathyroid from another os^e on. t.o the rectus 
muscle, and the patient made an uninterrupted recovery.

These case« are quite sufficient to «how that 
grafting the parathyroids prevents the tetany which 
follows parathyroid extirpation, ju«t as grafting 
thyroid prevents myxoedema after thyroid extirpation. 
The rels+ior°hip between the parathyroids and tetany 
would therefore appear to be ve^y close. in the fol
lowing pages I propo°e to give a short description of 
my own investigations on this subject.

Experiment l. Cat ; removal of one lobe of the 
thyroid, with the external and internal parathyroid 
glands of the same °ide. The other «1 la was left in
tact. This animal developed absolutely no symptoms 
whet ever.

•pyt;erinept p. Cat ; removal of both ev■ernel 
parathyroid glands, the thyroid itself being apparent—| 
ly uninjured. ho haemorrhage occurred. This animal
develop«! no synrptcn!« at all.

egdTfpn t 7. Cat \ removal of on0 ¿¿yroi i loje,
j plus corresponding internal and external parathyroid 
gland«, with the evt cruel parathyroid of th° oppo lie 
side. This animal developed no symptom«.

j +p-f-».f tj» a remov l o* the pars thy ro 1 s
glands /



gland«.
Vlnoent end Jolly f lo ?. -it,.), and later Halfpenny

and Thompson; (loo. cit. ) have point«d oi.it the great 
difficulty of thie operation. I found it impossible 
to remove the internal parathyroid gland« in the eat 
without injuring the thyroid. Although it is suite 
easy to see the external parathyroid glands, the in
ternal cannot be determined even post-mortem, and can 
usually not be recognised until microscopic sections 
have been cut. There 1« also often present in the 
thyroid of the cat a small nodule of thymu« tis«ue, 
which may be mi eta hen for an internal, or even an ex
ternal parathyroid. I could therefore not remove all 
four parathyroid gland« in the cat without removing 
the thyroid as well.

Experiment 4. Cat ; removal of both thyroid lobe? 
with the external and. internal parathyroid of one side 
and the internal parathyroid of the other. Tnere was 
thus left behind only one external parathyroid. This 
operation was performed or. two animals. Neither of 
them developed tetany.

Experiment «. cat ; removal of both thyroid 
lobes and of four parathyroids, performed on three 
animals. Two of these developed no symptoms ot tet
any, but one developed typical symptoms twenty-; cur
V i r v n T P  /



hmirs after the operation. The symptoms became grad
ually'- worse, and the animal died forty-eight hours 
later. The other two animals showed no acute symptom!!. 
A small nodule of- thyroid tissue was found in the thy
mus of one animal; in the other I could find no trace 
of thyroid or parathyroid tissue anywhere.

Ext) er in on t S. Monkey ; both thyroid glands re
moved along with the corresponding parathyroids from 
both sides. The animal, on the following day, devel
oped typical symptoms of tetany. These lasted for
the second and thin, day and then gradually passed 
completely off.

Experiment s. Monkey ; both thyroid and para
thyroid g lands  removed. This animal also developed  

typical symptomp of tetany on the second day, which 
paeeed o f f  completely on the fourth.

Pype'siment 8» Monkey ; attempts! removal oj icth 
thyroids and all parathyroid glands. Only one thy
roid gland could be found, which wae removed along 
with the corresponding parathyroids. This animal de
veloped no symptoms of any kind.

These experiments, although not very numerous, 
a r e  quite sufficient to «how that tetany 3oes not de
velop after removal of the thyroid and p<ir<*ihy~oil 
glands /



glands, as long as any trace of thyroid or parathyroid 
tissue is left behind. if all the thyroid and para
thyroid tissue 1« removed, the animal develops tetany ; 
if, however, a trace of either tissue be left, tetany 
does not en°ue. Whether tetany follows complete re
moval of the parathyroid glands alone, the thyroids 
being left intact, is doubtful. I found it suite im
possible to remove, in the cat and rabbit, the internal 
parathyroid gland« without producing serious damage to 
the thyroid at the same time, and as the parathyroid 
tissue in the cat is not enclosed in. a separate capsule, 
it cannot be either shelled our or removed except by 
dissection. These ■experinssnte were very carefully 
performed, and the animals were very systematically 
examined after death. I am quite sa+ispj.ed that 
tetany does not develop after removal of both thyroid 
lobes if the parathyroids are left behind. This view 
holds both for the rabbit and the cat. If all the 
parathvroi ds and t! e ti^vroids be removed, tnen tetany 
develops, but whether it follows removal of all iour 
parathyroids, the thyroids being left behind, I am un
able definitely to state. It is quite certain, how— 
g y t h a t  it is nosej ble produce tetany in animals 
by removing the thy t o  id—parathyroid apparatus.

The condition which the monkeys referred to above
*

developed, was particularly typical. They botn 
unfor+ unateiy j



unfor+”n.e.tely died a month later, owing to cold, and 
I wa<= quite unable to find any trace of thyroid or 
pa ra+ py ro id ti n e anywhere.

The points which I wish specially to emphasise 
are as follows :

(1) Tetany may develop after total excision of 
thyroids and parsthyroid^ in the monhey and in the 
rabbit &nd in. the cat ;

(2 ) Tetany !m°t therefore be in some way in
timately related to the thy ro ld-parat hyroid apparatus 

( 7j ) If a small portion of thyroid or parathyroid 
tisp-.ie be left b ehind, the animal does not develop 
tetany.



Pathology of the Parathyroid Glanda

Mar eel- (ztschr. f. Heilk., Vol. 19, 1SS8) found, at th 
post-mortem examination of a case of sporadic 
cretinism of eleven year" of age, absence of the 
thyroid gland with persistence of the parathyroids 

PeucKer (ztschr. f. Heiih., 1899, vol. rc) found in
another case q-t sporadic cretinism, aged two and 
a half, absence of the thyroid with persistence o 
t lie p g r a t hy r c i ds.

MseCsllua (Johns HopXin« Hasp. Bull., 1907) found at
the post-mortem on a case of myyoedemotous idiocy 
aged thirteen, absence of the thyroid with per
sistence of the parathyroids.

Kumphries (Lancet, 190% vpl.ii, p. 1390) investigated
the condition of the parathyroid elements in two 
typical caepc! of exophthalmic goitre. The first 
case was of slightly over a year’s duration. The 
thyroid was found to be greatly enlarged, a no 
microscopically showed the usual changes ĥ«sr«aot 
eristic of exophthalmic goitre. The tnymue wa- 
also greatly enlarged. The parathyroid glands 
were carefully searched for, but only two were 
found. They showed slight atrophy of the gland 
tissue, with infiltration of fat between th® epi- 
thelial cells. No formation of colloid vesicle0

//



The second cs.«e was of four years’ duration. 
The thyroid showed the usual changes of exophthal 
ra.iu goitre, and again only two parathyroid glands 
could he found. They showed extensive replace— 
ment of the gland tissue by fat, which wa° intrud 
ed between the columns of gland cells, o0 that 
only a. few scattered epithelial cells were pre
sent .

He aleo examined the parathyroid glands in 
two other case0 of exophthalmic goitre. In one 
extensive infiltration with fat, together with de
generation of the gland cells is described, while 
in the other, no fatty infiltration was present, 
but the cells appeared to be in a °tate of dégén
érât ion. In none of the four caees was there anly 
sign of tissue resembling thyroid, or acini con
taining colloid.

Forsyth (Clin. Soc. Trans., Vol. 40, 1907 ) describes 
the change« in the parathyroid glands in a fatal 
case of myvoedema of four years’ duration. Phe 
thyroid gland showed the usual fibrous changes 
characteristic of myxoedema. Two parathyroid 
glands were discovered, on the right side, four 
on the left. Upon microscopic examination, "a 
marked /
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Marked tendency was shown to form small vesicles» 
In very few fields were no acini discovered, end 
each vesicle was lined with a layer of cubical 
cell0. All the vesicles contained colloid, and 
drops of colloid were found between clumps of un— 
arranged ceils. The lymphatics of the gland 
were al°c dis+enied by colloid matter, »and the 
resultant general appearance of the glands was 
much more suggestive of ordinary thyroid tissue 
than is usually the case». All the parathyroid 
glands showed a diminution of glandular structure 
with an advanced condition of fibrosis, less ad
vanced., however, than in the thyroid. Forsyth 
considers that these changes in the arrangement 
of the ceils and in the amount of secre+ion are 
not pathological, but are »rather to be inter
preted as sign? of excessive activity of the 
glands». He thinks that when the thyroid gland 
atrophied, the parathyroids developed excessive 
activity, producing this colloid structure. Alx 
the para thyroids in which an early ° i>age 01 i— 
br0?!* was determined, were regarded as »being 
overtaken by the same fibroid degeneration as he 
1 r.v aded the thy ro i d".

4

I have myself been successful in obtaining *i.a 
parathyroid. /



parathyroid gas nd« from four esses of exophthalmic 
goitre. These were cut up and examined microscooieaiur. 
Three of these specimens were given to me by Dr Shennari, 
and had been kept in formalin for three, four and four 
and s half years respectively. On examination they 
were found not to be in a very good condition for 
microscopic investigation.

Case I. Thi s was a very advanced case of ex
ophthalmic goitre with great enlargement of the thymus. 
The goitre extended right round to the back of the 
trachea., each lobe of the thyroid being over 5 inches 
from above downwards. I had great trouble in finding 
the parathyroid glands, and cut up numerous small nod
ules of what was found to be merely thyroid tissue. 
Possibly some of these represented parathyroid tissue 
which had become transformed into fhyroid tissue, but 
the specimens were not sufficiently fresh to allow of 
accurate conclusions being made on this point. I 
found, however, two parathyroid glands, one on each 
side toward? the upper part of the lobe. On section 
the most characteristic fearure about them was the 
great amount of fatty infiltration present, with atropn 
of the glandular cells which were seen to lie in small 
masses between the fat. In places they showed a con
siderable amount of colloid vesicles eurrounden oy 
Isyers /



layers of epithelial cells, but I did not think that, 
although these were slightly more frequent than usuali 
found in +he human parathyroid, they were present to 
any market extent. The moci prominent feature was 
simply fatty infiltration, with atrophy of the gland
ular cells.

Case £. The thyroid gland in this ease was also 
enormously hypertrophied. There was presen* a very 
large pyramidal lobe, and the thymus was greatly en
larged. 'Vith difficulty I found the parathyroid 
gland0, two in number, and on microscopic section I 
was not able to detect any great alteration from what 
jp usually found in the nar a thyroid gland in man.
There certainly wa s an increase in the amount of col
loid matter present, but it did not bear any resem
blance to thyroid tissue, and a medium degree of :’atty 
1 n f 1 d tr a t i on w a s o resent.

Case 5. This was also a very typical case of 
exophthalmic goitre, with an enormously enlarged thy
mus. I discovered several bodies, very line para
thyroid glands, situated in the usual position ot tnese 
parathyroid^, but which, on microscopic examination, 
appeared to be accessory thyroid®. I could only dis
cover one pars thyroid in this case, and it showed a
slight i/



slight degree of fatty infiltration, with atrophy of 
the secreting celle, which were arranged in acini the 
lumen of which contained colloid. The general struc
ture, therefore, wee not like that of the thyroid it
self.

Possibly the diff loulty in discovering ’hanger 
in these parathyroids from cases of exophthalmic goitre 
sim.i ler to those described by Forsyth may have been due 
to the long preservation of +he glands in formalin, 
which latterly had not been very fresh.

Case 4. This waa a case if myxoedema following 
exophthalmic goitre of six years’ duration. Here the 
parathyroids were -examined three months after removal. 
The thyroid gland was found to be greatly atrophied, 
the usual fibrous, changes being present. The para
t h y r o i d  glands were dissected out with difficulty, and 
were found to -show an advanced fibrous change, somewhat 
comparable to that of the thyroid itself, the inter
vening! tie sue having mostly become infiltrated vdth 
fat. The parathyroid secreting cells had mostly dis
appeared and remained ° imply in patches. . Colloid 
matter could be found in these patches.

Case 5 . i was extremely fortunate in obtaining 

last /



last November an absolutely fresh parathyroid from a 
case of exophthalmic goitre. The patient had marked 
symptoms of ex ophthalmic goitre, which did not respond 
to medical treatment. it was decided to remove half 
of the thyroid gland, and this was done by Mr Stiles 
in Chalmers' Hospital, in November 1910. I was allow
ed to examine microscopically the half of this gland.
Mr Stile01 stated that he rather thought that he had 
accidentally removed one of the parathyroid glands at 
the samp time, but he was not quite certain. I found 
on microscopic examination that this had actually 
happened, and that one of the parathyroid glands had 
been included in the mass which had been removed. The 
structure of this was very eimilsr to that described 
by Forsyth. Tie parathyroid cells contained s large 
number of granules, and appeared to in a state of. 
great activity. Between these cells were small drops 
of colloid. In places these had formed large colloid 
vesicles, and were surrounded by a layer oj. secreting 
ceils. The whole appearance very closely resembled 
that of thyroid tissue. Thyroid secretion could aJ >o 
be made out in the lymphatics. The appearance of. 
the gland distinctly resembled that of thyroid tissu«, 
and at first sight it was difficult to detect whether 
the /



the mars really represented thyroid or parathyroid tis
sue, but from its position and from the fact that a 
great part of the tissue was really composed of poly
gonal parathyroid cells with the colloid intermingled 
with them, it was quite apparent that it really was 
a parathyroid gland, and not thyroid tissue. The 
patient was very carefully watched. He showed no 
signs of tetany and made an uninterrupted recovery fr 
the operation.

I have SSL reedy pointed ou+ that the evidence of 
comparative anatomy points to a very close functional 
relationship between thyroid and parathyroid tissue, 
and as far as I can determine, the pathological changes 
in -exophthalmic goitre and myxoedema are in favour of 
this view, namely, that in exophthalmic goitre the 
parathyroid glands alHo undergo increased activity, 
while in myxoedema they show fibrosis resulting in 
atrophy of the c°lls and subsequent fatty infiltration.

An en t  i r e l y  d i f f e r e n t  v iew  has been suggests  i by

Berkeley (N . Y. Med. J o u r n . , I f 04 ) and in d e p e n d e n t ly

by  Lu n d b o rg ,  n am e ly  t h a t  p s ira ly s i®  a g i t a n s  i s  the c l i n i

cal r e s u l t  o f  r* l e s i  on o f  the p a r a t h y r o i /rl  o l L,n * ® —■■■,/
*
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based this theory upon the fact (1 ) that the use of 
parathyroid extract greatly benefited some of their 
oases, and (2) that they both found sclerosis of the 
parathyroids with fatty infiltration in cases of 
paralysis agiten«. Subsequent workers, however, have 
not supported these views. Camp records two cases of
paralysis agitens with degeneration of the parathyroids. 
In one cc.lloid vesicles were found, in the other there 
w a s  f a  + 1y i n f i  1 t r a t i o n .

Berkeley found + hat in 85$ of his cases of paraly
sis agitens the response to parathyroid treatment we.s 
t pifpor^ry &no i rrp 02? ■?* 0 31 ̂ wiii 1.0 in vfi/a p t  q k 0c 1xr0 P0110— 
fit followed, the shaking being diminished or cured, 
and the restlessness and insomnia abolished.

Urdheim ccmes to exactly the opposite conclusion.
In a case of paralysis agitans he found an unusually 
lsre number of oxyphils cells in the parathyroid glands 
which he cor side red to be of the nature of a hyper
plasia. He thought, that if paralysis agitans be due 
to disease of the parathyroid glands, it is the reralt 
of an excessive secret ion, and not of a 10«s of se

cretion.
Berkeley (k. Y. Med. Journ., 1907),in a later 

paper, allows that the autopsy findings are very con
flicting, and do not give strong support to his theo_y.

He /



He has found that many eases of paralysis agitans do 
not improve under parathyroid extract.

Boussy and ciunet (soc. de Henrol. .de Paris, 1910) 
examined the parathyroids in four cases of paralysis 
agitans, in which parathyroid extra rfc gave no result.
The ;°r.X^p.rl^ t ) r e 0ent*8d 311 Xhe sp ’oeBT^Rtice o f1 hyp^ir*_

functionating, with great numbers op acidophil© cells 
and colloid, masses.

I have not myself been successful in finding a 
case of paralysis agitans which would allow me to 
examine the parathyroid glands, but I have examined, 
through the Kindness of hr Shennan, the parathyroid 
glands in thirty oases in man, and I have found change 
exactly similar to those described by different 
authors in paralysis agitans in parathyroids obtained 
from various di?os«es. In no disease did I discover 
any marked alteration in the structure of the para
thyroid glands except in exophthalmic goitre and myx— 
oedema. It has been stated by lolly that stroph 
cf the parathyroid glands is found in myasthenia 
gravis. 1 was fortunate in obtaining the parathyroid 
glands from a very typical cave of this disease, and 
of all the thirty parathyroid glands which I examined, 
this showed the least pathological change, The gland 
showed no colloid matter and no fatty infiltration.

Colloid f



Colloid matter does not appear to any marked ex

tent in the parathyroid gland« in man. It is found 
specially after riddle age, and does not at first 
sight resemble tint found in the thyroid. It i« onl 
in affections of the thyroid gland itself that an ap
pearance of thyroid-like tissue is found in the para
thyroids .



DI ECU SSI ON

We have now considered the parathyroid glands from 
three points of view :

(l } Their anatomy and comparative anatomy ;
(?) Their physiology ;•

(a) from intravenous injection ;
(h) -from extirpation ; and 

(5 ) From the pathological point of view.
I have unfortunately not had time to investigate 

them from the embryologi cal standpoint.
There are a great number of theories put forward 

as regards the fur.cti on of these glands. It is obviou^ 
that any theory which is to explain their action satis
factorily must comply with all the facts obtained from 
all these sources. 'hie evidence of comparative anat
omy is strongly in favour of the fact that the pars—*
thyroid and thyroid glands represent one tissue, with 
all the intermediate types between them, since in some 
an inal s t,h e t hy ro i (i—pa. rz * hy roi d app sratu« c on « i s t s of 
purely parathyroid-like structure, and the parathyroid 
glands are subject to great variation both a« regards 
ohelr position, number and relationship to the thyroid. 
The results obtained from post-mortem examinations do 
net support tie theory of a sepcrat'e function for the 
thyroid /



thyroid gland*, «inee in the diseases in which fhe 
parathyroid glands themselves are s uppose& to be af
fected independently of the thyroid, namely,paralye i s 
a git c tie, tetany and-myasthenia gravi«, no constant 
lee ion hae'been discovered, while in exophtha lmic 
goitre .and my x oedema,- there is an accumulation of col
loid matt er ih the parathyroid glands presenting a 
close resemblance to that found in the thyroid, and 
in long— st and ing cases g very morbed degeneration and 
fat + y infiltration, are found-.

The results obtained from physiology are at first 
sight ■ somevhst in favour of an independent function 
for this gland, except- as regards those cases which 
are found in consequence of removal of the thyroid 
alone. If .the thyroid a.ione be removed, the para
thyroids develop colloid matter, and a vesicular 
structure resembling a transformation of thyroid into 
parathyroid tissue. The results of extirpation, how
ever, seem at first sight to be strongly in favour of 
the fact that removal of the thyroid gland produces 
chronic disease«, while removal of the parathyroid 
glands produces the acute symptoms.

(l ) Functlcnai relationship between the thyroid 
gland« :

Under this heading I propose to discuss the theory 
advanced /



advanced by G1ey (Internat. Congress at Moscow, 189V, 
p. 19r ), who a on.sid.ers that the thyroid gland elabor
ates a secretion necessary for the normal metabolism 
of the an in’s!. fie thinks that the parathyroids pre
pare this secretion and that the thyroid stores it up. 
The parathyroids, he considers, prepare this secretion 
by utilising the iodine in the body. This view is 
based upon the fact that he found the parathyroids of 
the rabbit to contain twenty-five times more iodine 
than the thyroid, and those of the log si^ times more, 
fie thinks that this denotes that these glands take up 
iodine from the circulation. If they be removed, the 
iodine accumulates in the circulation and produces 
acute symptoms. If the thyroid be removed, then the
chronic symptom« are produced, as the elaborated pso_
ducts of t h e  parathyroid glands are not then properly 
distributed to the t i s s u e s .

This theory has been somewhat modified by later 
obse""ver«, e.g., Lusena (1899 ), and ups«ail and Gener
ali (loo . cit. , 19 0 0), who consider that tetany is the 
result of the accumulation of the toxic products in 
the circulation, viiioh the thyroids ought to remove, 
but they are somewhat doubtful as to whether this is 
iodine or not.

Gley’s view ha« very little evidence to support
it /



it, although his str-tement that the parathyroids cer
tain large quantifies of iodine has beer confirmed by 
Mendel (Amer. Joura. Physiol., 1900) and by Pag&l 
(loo. cit., 1903). Many other observers have failed 
to find this, e.g., Sutherland Simps or. and Hunter 
(Quart. Journ. Physiol., 1S1C). The exact signifi
cance of iodine in the thyroid gland is not as yet 
fully understood. Tie structure of the glands is not 
in agreement with Giey’ « view, and it is not supported 
either by the results of comparative anatomy or of 
pathology.

(f ) The Theory of separate, but not Independent 
function« of thyroid and parathyroid glands :

This theory is strongly supported by Pdmunds ( loo. 
cit.), who bases hi« statements upon the fact that re
moval of the parathyroid glands produces changes in 
the thyroid gland of the nature of a compensatory 
hypertrophy. He accepts the facts that tetany is 
produced by parathyroid disease, and that exophthalmic 
goitre and myxoedema result from thyroid disease, but 
from the fact that removal of the parathyroids produces 
compensatory hypertrophy of the thyroid, he concludes 
that the initial lesion in exophthalmic goitre l i e s  in 
the parathyroids. Absence of the parathyroid secre
tion w i l l  produce tetany; gradual diminution leads to 

/
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e hypertrophy of the thyroid, which in consequence 
give« rise +c symptoms of exophthalmic goitre. Ab
sence of thyroid secretion produces rayxoedema. This 
theory has little to «upport it, because Edmunds is -un
able to explain the relationship between the two 
gland«, or in what way disease of the parathyroid gland 
originates or how it affects the thyroid. That his 
«tatemend that changes take place in the thyroid after 
pa r a thy it> i dec t omy i?- correct, I have say self deter
mined, but I think it is capable of an entirely dif- 
f er er. + exp 1 ana t io n (see 1 at er ).

( 3 ) Theory of neutralisation of toxins :
This is ba«ed upon, the fact that the parathyroid 

gland* are quite separate and distinct from the thyroid, 
gland, and it is considered that their function is to 
remove toxins circulating in the blood and to render 
there innocuous. Tetany and such acute conditions are 
attributed to accumulation of these toxic products 
in consequence of parathyroid insufficiency. Exoph
thalmic' goitre and myxoe&ema are thought to bear no 
relationship to the parathyroids.

I have shown that this vie?.' of the function of the 
pa rs thy raids ha« very little evidence to support it, 
and that even the pathological findings in tetany 
lend /



lend it very slight support. It fails completely to 
explain the finding's of comparative, anatomy, as «tated 
by Forsyth.

( 4 ) The embryologies 1 theory :
This is a very important theory. By it we under

stand that the parathyroid glands represent embryonic 
thyroid tissue which has not developed into fully 
matured thyroid tissue, but which is capable of doing 
so if necessary. Thi* was the original view proposed 
by Sandstrom when he first discovered the glands, and 
by Baber, who ai«o independently discovered them. It 
has been supporter! by a large number of subsequent 
workers, but it gradually began to give place to the 
view that the thyroid and. parathyroid glands were se
parate and independent of each other. It received 
considerable support when, it was discovered that col
loid matter spu eared in the parathyroid gland* a ft er 
thyroidectomy, and. that the structure of +he para
thyroid glands after thyroidectomy, closely resembled 
thyroid tissue. It also explains the remits of 
pathological investigation, since in exophthalmic 
goitre we appear to have a similar change taking place, 
and in myxoedema, the fatty infiltration and atrophy 
of /



of the gland might result f^otc similar causes to those 

effecting the thyroid gis.nd. It is also in agree
ment with the re'ults of comparative anatomy, which re
veals all the intermediate *tages, but it is not in 
agreement with the result* of extirpation of the 
gland, since it is difficult to *ee how removal of a 
small part c-i embryonic thyroid tissue could produce 
1 ftany.

( 5 ) Theory ~1: t the parathyroid and thyroid glar.ds 
represent one t js«ue, both gland* being r■ incti<)na.ii;/ 
active and y?erforming the «ame function ;

This view is in agreement with a great number of 
facts. Ti e two different type* of cell in the para
thyroid - the "principal cell" and the "oxyphile 
cell" - are simply the same type of cell ir. fatigue 
and in activity. According to 3ompsrstive anatomy, 
every type of structure between normal thyroid and. 
normal parathyroid types is present. In some ani
mals the one type predominates, and in some, the other, 
whilst in others both appear side by side. Thi* 
view is also in agreement with the facts of pathology, 
since in exophthalmic goitre and myxoedema, changes 
take place in the parathyroid glands *imilar to those 
in the thyroid, It i* el«o in agreement with the 
fact /



fact tnat no lesion of the parathyroids themselves 
ha s been di 9 3ov©red except in diseases in which the 
parathyroids have been effected. it explains the 
re «nits obtained by removal of the thyroid when the 
parathyroids are left behind. The parathyroids 
would, on this theory, take over the function of the 
thyroid and develop the typical v9«?ioul& r structure.

This theory resemble* *omewhat closely the !|em— 
bryologicai theoly” referred to abo*’e, but there is 
this great difference between them, that here the 
parathyroids are regarded as actively secreting tissue , 
performing the same function as the thyroid ti««ue, 
but differing from it «lightly on account of a slight
ly different -lev eiopment. In the embryological theory, 
the parathyroids would be regarded as not functioning 
u n i r e n u i r e d  on acc0unt of insufficient thyroid 
activity ; here they are regarded a* secreting active
ly side by side with the thyroid, and able to replace 
the ti'rr,oid secret! on when necessary. The w a n  point 
about this theory is that it doe* not explain the 
condition of tetany which follows removal of the para
thyroids. .According to it, removal of the thyroid 
ought to cause tetany 3net a* removal of the para
thyroids dees, bit this is not the case,

( 6 ) /



( 6 ) Theory t hat the thyroil gr.d parathyroil 
•,; i  r .v ; \ r -  h a v e  s e p a r a t e  p u n c t i o n e  :

This theory 1« 8Iso based upon the fact that ex
ophthalmic goitre and myxoedema are related to the 
thyroid gland, and represent respectively an increase 
and diminution in the internal secreting function, and 
that the parathyroids are not concerned in these dis
eases, but that their injury or destruction produces 
the condition Known as tetany.

If we accept this v i e w  o f  separate functions for 
the fhyroid and parathyroid .glands, we immediately be
come unable to explain all the results of comparative 
anatomy and many of the results of physiology also.
As the view of separate timet ion for the parathyroid 
glands depends mostly upon the production of tetany 
after extirpation of these glands, the problem becomes 
one of determining the mechanism by which such extir— 
Pati On should lead +•■ o tetany.

Drummord. (Tnoyolop. ’led., p. 156) states that 
"it is now generally agreed that tetany i*5 s n affec
tion of the nervous system, the most usual symptoms 
pointing to some derangement of the spinal cord". It 
is obviously a condition which may occur in a great 
many varied diseases, and to interprete every one of 
the°e as indr eating undoubtedly an affection ot the 
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parathyroids is quite unjustified. I have shown that 
the evidence in favour of tetany resul tin," from a de
ficiency of calcium in the organism is not supported b 
recent work, and that the theory that the parathyroid 
glands retrieve or neutralise toxins in the circulation 
does not receive adequate °uprort from recent evne^i —
menta 1 research» we are there'Core com’oelled to con_
elude that' tetany must result from an absence of the 
parathyroid secret ten. The, secretion from the para—
thyroid« then® ©lv©s pass©o into the lymphatics just as 
that frcrt the thyroid does. This can be easily de
tect©! in case- where the parathyroids are acting ex
cessively, as in +he case o© exophthalmic goitre which 
I have recorded. The tetany which results from re
moval of the parathyroids has been shown by cohiff to 
disappear u 71.cn section of the motor nerves, but not 
upon remova l of the cortical brain area concerned with 
the movements of the part (Horsley }. It is, tjpbe
fore , of spinal origin, and has been shown by Gley 
(Corrpt. rend, de la See. de Biol., 1 89i ) to diminish 
with administration of potassium bromide. It also di 
appears on voluntary effort, and on reflex irritation. 
Obviously, therefore, tet ny results from some function 
al alteration of the metabolism of the cells in the 
spina 1 /



spinal cori'l, but I hove shown that tip physiological 
function of the internal secretion of the thyroid gland 
is to supply the nerve ceils with material for their 
noim&l metabolism. If this secretion gradually fail, 
the cell s become exhausted, and a condition of myx— 
cedema result®. The fact of a sudden and acute dimin
ution of this in tern, si secretion will ob*rioueiy pro
duce acute metabolic changes in the nerve cells, and 
such change® might be clinically shown by attacks sim
ilar to those of tetany. According to this view, how
ever, tetany must be regarded as dependent upon the 
thyroid secretion, and not upon the parathyroid secre
tion. Experimentally we have found, however, that 
tetany only results if the whoie of the thyroid-para- 
thyroid apparatus is removed. Removal of the thyroid 
alone will not produce tetany; the parathyroids must 
also be excised. That removal of the parathyroids, 
the thyroids being left behind, may produce tetany, is 
somewhat doubtful, since it i® extremely probable that 
in such conditions the thyroid becomes so much damaged 
that its normal functicmal activity mu®t be seriously 
interfered with. The explanation which I an inclined 
to give of tliis condition is as follows : We must
regard the parathyroid and the thyroid glands i® es
sentially one tissue. At first sight this appears to 

be directly opposed to the embryo logic a 1 dove lopment, 
but I



tut our knowledge of this point is still somewhat un
certain. (The thyroid gland i® usually T,egarded as 
arising frorr. two sources, the medium portion coming 
from the ventral wall of the pharynx, the other portion 
from the pharyngeal ®ide of the fourth visceral cleft. 
These two join together end produce the two lateral 
lobes of the thyroid and the isthmus. Recently, how
ever, according to Verdun (1897), in animals the later-
o.l portions atrophy and never take part in the final 
development of the thyroid in higher animals. The 
'para.thyroids are developed from the fifth visceral 
cleft. Their relationship to each other is therefore 
somewhat close, tut fu rt h©T* work reouires to be done 
before our knowledge of the development of the thyroid 
and. the parathyroid glands can be regarded ss complete 

If we regard the thyroid and the parathyroids a® 
one tis®ue, we are able to explain all the known pro
blems. in connection with these glands. We see from 
comparative anatomy that every stage between the®© two 
tissues is present in various animals, and that the evi
dence from this point of view is very strongly in 
favour of both glands being functionally active and 
carrying on the same function. It seem0 highly pro
bable that the secretion in both passes into the lymph 
vessels. The main difference between them lies in 
the /
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tlx© prepence of conoid vehicles in the thyroid which 
ere absent from the parathyroids. In some animals, 
however, colloid vesio3e p are absent in the thyroid and 
pre pent in the parathyroid©, and we Know that removal 
of the thyroid© cause© colloid vehicular structure to 
develop in the parathyroid©, identical with that found 
in the thyroid.

This view 1° ecu ally strongly supported by the 
results of pathology and of physiological extirpation.
If any portion of thyroid or parathyroid tissue be 
left behind, it may hypertrophy and carry on the 
 ̂ion of tlio thyroid. li*? liOT?.ro'Tr0r i rv y* portion of 
thyroid and parathyroid tix-sue be removed, thie inter
nal secretion is cotnpl etely absent and the acute re
sults of such a condition become evident. If a ©mall 
portion of either of these tissues remain, then the 
chronic effect© of such a diminution are found.

If we regard thi© secretion as acting directly 
upon the nerve cell, then a ©low condition of exhaustion 
and atrophy will be expected to follow removal of the 
thyroid glands. Tetany will not result, because the 
parathyroids are still supplying sufficient quantities 
of the secretion to maintain metabolism? to seme extent. 
If, however, the parathyroid© are removed along with 
the thyroids, every particle c F' thyroid tissue is thus 
removed /



removed, snd no thyroid secretion is supplied for the 
metabolism. of *he different nerve cells. The distur
bance© of metabolism then produce the condi + ion of 
tetany. ca©ee in which th° thyroid and the para
thyroids have both been removed and tetany ha© not re
sulted are sufficiently explained by the presence of 
c+her accessory glands which have escaped observation.



1 . In the lower animals the parathyroid and
thyroid glands are not distinct from one 
another, and all transitional types are 
found. In some the thyroid gland is re
placed by parathyroid like tissue.

2 . Intravenous injection, etc. of parathyroid 
extract produces only negative results

3. Extirpation of the parathyroids alone does 
not produce tetany.

4. Tetany may be produced by complete removal 
of both thyroid and parathyroid glands.

5. After removal of the thyroid gland, a vesicular 
structure developes in the parathyroids.

6. That paralysis agltans is related to para
thyroid insufficiency is very doubtful.

7. in exophthalmic goitr and myxoedema, vesicles 
appear in the human parathyroid, whiclji 
developes a thyroid like appearance. 
Ultimately atrophy of the cells, and 
fetty infiltration is found.

8. It is exceedingly doubtful, if the parathyroids 
have a separate function from the 
thyroid.

9. The parathyroids are to be regarded as 
of similar function to the thyroid.
They are not "embryonic" thyroid tissue

Slums ry; -



bu+ fully active thyroid tissue. The action of 
thyroid extract is directly upon the nerve-cell. 
Removal of the thyroid without the parathyroids 
produced slow changes in the nerve-cells, and later 
myxoedema, as the parathyroids are able to replace the 
thyroid.

Removal of both thyroids and parathyroids, however 
produces tetany. The whole of the thyroid secretion 
is then suddenly removed; and the acute changes which 
result in the metabolism of the nerve cells produces 
the condition known as 'tetany'.

The danger of removal of the parathyroids 
in removal of the thyroid in exophthalmic goitre in 
man has been over-exaggerated. Probably the parathyro 
glands are able to furnish an increased amount of 
extra secretion more readily than the thyroid. It 
is advisable that they should be left behind in man, 

but provided sufficient thyroid tissue be left behind, 
no danger need follow their removal.



THE RELATION OP THE INTERNAL SECRETING 
TO ONE ANOTHER.

1. The Suprarenal gland;
2 . The Pituitary gland.
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The Relation of the Internal Secreting Glands
to One Another 

Introduction

It is well known that a diseased condition of one in- 
-ternal secreting gland i« often accompanied by altera
tions in the function of the other internal secreting 
glands. The principal internal secreting glands to 
which I propose to refer are the thyroid and parathy
roid glands, the pituitary, the suprarenale and the pan
creas. These are the main internal secreting glands of 
which we have any definite knowledge as regards their 
functional alterations in disease. Any one of these 
glands may become functionally altered and give rise to 
a scecial series of symptoms characteristic of its af— 
-feetion alone, none of the other glands being involved, 
and we are thu® enabled to study the pathology of these 
glands individually. We know that the two conditions 
of exophthalmic goitre and myxoedema are related in 
some way net, as yet clearly understood, but which I am 
attempting in this thesis to explain, with functional 
alterations of the thyroid gland, and we are also able 
to associate the two conditions of acromegaly and 
diabetes insipidus with functional alterations- of the 
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anterior and posterior lobes of the pituitary respect- 
-ively. We also know that the condition to which the 
name of "Addison's disease» is applied is the result of 
absence of the internal secretion of the suprarenal 
glands, and we have a certain amount of evidence that 
points to some relationship, at present not clearly 
understood, between the pancreas and diabetes mellitus. 
In this way we are able to investigate the function of 
each individual gland by itself.

The normal physiological function of the internal
secreting glands has also been investigated by means of

\

the effects which are produced in animals by intra
venous injection, etc., of extracts made from these 
glands. This method has led to our acquiring most 
valuable knowledge of the function of some of these 
glands, such as the medulla of the suprarenal*5 and the 
posterior lobe of the pituitary. Many of the other 
internal seere+ing glands do not lend themselves to 
investigation by this method, as the result of intra
venous injection, perfusion experiments, etc., is a 
negative one. put physiological methods only throw 
light upon, the function of these glands in cases where 
the action may take place immediately. In many of 
these glands, such as the thyroid and parathyroids, 
the anterior lobe of the pituitary, the cortex of the 
medulla, etc., the function cannot be investigated in 
this j



-lie way, as they apparently supply the organism with 
secretions which are only used up gradually, and there- 
-fore do not produce immediate effects. For instance 
if the anterior lobe of +he pituitary control^ the rate 
of growth of the osseous parts of the skeleton, it is 
quite obvious that we cannot expect to produce any ef- 
-fect. upon the bones which w i n  become evident within 
the next few hours by simply injecting an extract from 
this anterior lobe, as the effect of this secretion 
requires months to become undoubtedly evident. We 
may, however, study this effect by observing what will 
happen if we remove the secretion of these glands al
together . In this case no effect will be noticed im- 
-mediately, but it will be found that the bones will not 
follow their normal course of development. They re- 
-main small and undeveloped. In this way we have a 
method by which we can study the function of these 
internal c,eere+ing glands, namely their experimental 
removal in animals. This affords us valuable infor- 
•mation with regard to the function of these glands 
which we cannot obtain by the study of the results of 
their injection, etc., into animals.

Every gland which supplies a secretion necessary 
for +he carrying out of some particular function in a 
distant part of the body requires to produce its se
cretion in definite quantities ; e.g., the suprarenal
glands I



glands supply adrenalin into the circulation, and I 
have "hewn in. my article upon the suprarenal glands, 
that the tone of the cardio-vascular apparatus depends 
upon the integrity of this secretion rather than upon 
+he sympathetic nervous connections of the cardio
vascular apparatus, and that this secretion must be 
poured out constantly at a definite rate. If this 
secretion falls short in amount, a lowered t one of the 
cardio-vs.scular apparatus results, terminating finally, 
if the secretion fail still further short, in death 
from card.io-va.seuiar paralysis. The secretion may be 
diminished in amount and may be increased in amount. 
Unfortunately in the present state of our knowledge, 
we are not aware of the clinical symptoms and diseases 
associated with these two alterations in most of the 
internal secreting glands. I propose to discuss this 
question later under the heading of each individual 
gland, as it is very closely related to the subject 
which I am here considering. There is one gland, how
ever, whose functional activity is better understood, 
both as regards excess and diminution of its secretion, 
namely, the thyroid, since we associate excessive se
cretion of this gland with exophthalmic goitre and 
diminution of secretion with myxoedema.

In regard to the suprarenal glands, absence of 
their secretion produces Addison'43 disease, and I have 

shown /



shown that relative and absolute suprarenal insuffi
ciency is a much mo re common condition than anyone has
hitherto realised. There must also be a disease pro

adrenalin
duced by excels ofAsecretion, but it is at present un
known. There is one condition which may possibly be 
related to such a condition, namely, Raynaud's disease. 
This disease is characterised by local syncope, local 
asphyxia and local or «•ymmetricel gangrene. The 
parts of the body affected are the fingers and toes, 
occasionally the ears and no«e, the condition spread
ing up and ultimately involving the arms and legs. The 
first symptoms are simply great coldness of the ex— 
tremities, followed later by cyanosis, and still later 
by gangrene. The disease hem always been regarded as 
the result of constriction of the arteries. Why this 
should be so has never been satisafctorily explained, 
as pathological investigations have entirely failed to 
show any le°ion in the vessels, sympathetic nerves or 
central nervous system. No investigator has managed 
to demonstrate any pathological lesion which can ac
count for these remarkable symptoms. The symptoms 
are similar to those which result from thickened ar
teries, where the blood w apply of the limb is dimin
ished and the nutrition consequently becomes affected, 
the parts ultimately becoming gangrenous. As the 
condition /



condition is essentially one of excessive vaso-eon- 
striction, a lessened, quantity of blood passes through 
these constricted vessels, and the particular tissues 
affected will obviously depend upon whether there is a 
rich vascular supply or a poor one, and whether a col
lateral circulation can be established. These vessels 
which are not able to establish a collateral supply 
are the terminal or end arteries, typically seen In the 
extremities, and constriction of those vessels w i n  
I produce all the symptoms characteristic of Raynaud's 
• disease. It has never been proved that this condition 
may result from an excessive quantity of adrenalin in 
the circulation, i.e., from excessive action of the 
medulla of the suprarenal glands, and I merely put this 
view forward as a hypothesis. The effect of adrenalin 
upon the heart is a sufficient explanation of the fact 
that cases of Faynaud's disease rarely die at an early 
stage, and although high blood-pressure is not char
acteristic of this disease, we know that diseases in 
which high blood-pressure is present, such as chronic 
nephritis, etc., apparently do rc+ present any ex
cessive action of the medulla of the suprarenal glands; 
in fact the secretion is diminished in amount.

A rather interesting fact is frequently recorded,
'

¡namely, that Raynaud 's  disease is o f t e n  a s s o c i a t e d  with  
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floating kidney. This suggest« the possibility thst 
some enlargement or tumour of the «uprarensl body may 
be concerned in the production of the symptoms, but the 
condition has not been investigated from this point of 
view, and I have not myself had an opportunity of con
firming or disproving these facts. It is also inter
esting to note that ergot, which has recently been 
shown by Dale (Joura. Physiol., 1903) to act. upon the 
motor myo-neural endings, i.e., in exactly the same 
way a s  adrenalin, produces a condition of symmetrical 
gangrene apparently identical with that present in 
P.eynaud* s di sease.

The above is advanced, as I have already said, 
merely as a hypothesis, but there must undoubtedly be 
some condition, probably not a very rare one clinically, 
which i« the result of excessive action of the medulla 
of the suprarenal glands and has not. been recognised. 
Raynaud's disease appears to me to be the disease most 
likely to be dependent upon such a condition.

In connect! on with the pi-t ultary g 1 and, we assoc
iate acromegaly with a functional interference with 
the normal secretion of die anterior lobe of the pit
uitary. It is not at present clearly understood 
whether this is the result of an excessive or of an 
inadequate /



inadequate secretion, but in acromegaly we have a great 
overgrowth of the osseous part of the skeleton, and I 
think there can be no doubt that such a marked over
growth as occurs in this disease must be the result of 
an excessive action of the anterior lobe of the pit
uitary, and therefore of an excessive secretion. This 
view has recently been put forward by Schafer in his 
Croonian Lecture.

There must also be a disease due to the opposite 
condition in the anterior lobe of the pituitary. If 
acromegaly be due to excessive secretion, there must be 
a clinically known condition due to diminished secre
tion, although it has <?o far not been associated with 
such a lesion. When we look at, the question from this 
point of view, it is difficult to understand how, if 
acromegaly be due to a diminished secretion, an ex
cessive secretion would show its effects. Many cases 
of acromegaly are, however, associated either in the 
same family or in the same individual, with a peculiar 
state of infantilism. I shall discuss this later.
Some very typical examples of this condition are re
corded in the Nouvelle Iconographie de la Salpetriere.
It is a very suggestive fact that this condition of 
infantilism, with great diminution in the growth of 
the skeleton, may result from a pituitary insufficiency, 
and /



fend that acromegaly, with excessive development of the 

skeleton, may result from pituitary excess.
We are enabled to study these pathological altera

tions by removing these glands from animals and ob
serving the results produced, and by feeding animals 
upon the gland and watching for the symptoms which are 
in consequence developed. In many cares, the results 
are of the greatest value and are more +,o be relied 
upon than the observation of clinical symptoms in man, 
°ince experiments upon animals are, a« it were, »pure", 
i. e., we csn eliminate the secondary complications 
present in man. There is, however, one objection to 
the method, namely, that many animals do not react to 
such operations in the same way as man does, and the 
results are therefore not absolutely comparable. For 
instance, if we regarded the results of extirpation of 
the suprarenal glands in the rst, where no serious ef
fects immediately develop, as typical of the effects of1 
removal of the suprarenal glands in man, we should ob
tain an entirely erroneous impression, because we now 
knew that removal of these glands in almost any mammal 
produces immediate death, i.e., within at the most 
twenty-four hours, and that the longer duration of life 
in the rat after this operation is due to the presence 
of a large number of accessory suprarenal bodies. 
Similarly /



Similarly, the removal of the thyroid gland in differ
ent groups of animals has absolutely different results. 
It has been claimed that in monkeys it produces myx- 
oedema. In the goat it is definitely known that 
myxoedema does not result, a fact which seem® to be 
explained by the presence of an accessory thyroid 
gland behind the sternum which is not removed in the 
operation, and is able to carry on the function of the■
part removed.

In man it is well known that the diseased condi
tion of one internal secreting gland may involve one 
or more of the remaining internal secreting glands.
This has been recognised for a long time and has been 
commented upon by numerous observers. it has result
ed in the advancement of many theories, none of which 
satisfactorily explain this curiously frequent condi
tion. Many writers have attributed it to a "general 
hyperplasia of all the internal secreting glands".
This obviously does not take us any further in our 
knowledge, as it simply states the facts in other words

A very typical example of this condition has.been 
described, by Ballet and Laignel-havastine (Nouv. Icon, 
de la Salpetriere, 190?, p. l^S) who record a case of 
acromegaly in a. woman aged seventy, with the usual en
largement of the bones of the face and extremities, etc 
Death /



Death resulted from corns after six years, and on post
mortem e xaminst ion there was found a greatly enlarged 
sella turcica, with marked proliferation of the pit
uitary secreting tissue. The interesting fact, how
ever, is that the thyroid gland was also enlarged and 
showed great hypertrophy of its secreting tissue, and 
that a similar condition was found in the suprarenal 
glands. We thus have an involvement of the pituitary, 
the thyroid and the suprarenal glands in one case.

Pfanrer°tli and -Josefson (Rev. Neurol., 1SSS, p. 
66S ) record a cave in which a greatly enlarged pit
uitary gland was found post-mortem in a typical case 
of acromegaly, the thyrold and suprarenal glands being 
also markedly enlarged.

Another case is reported by Ogler, but I have un
fortunately not been able to find his reference. In 
this case,also one of acromegaly, there was enlarge
ment of the pituitary and of the thyroid, and symptoms 
charesteristio of Add 1°on1 s disease and diabetes, un
influenced by diet. The diabetes was apparently of 
pancreatic origin.

These cases clearly exhibit a clinical condition in 
which a great number of the internal secreting glands 
are involved in one individual. What I wish to do in 
the following pages is to work out the involvement of 
these different glands and to try to advance a theory 
which /



which will account For this condition. It. geems to 
me that the following theory affords such a complete 
explanation of the condition and is sc strongly sup
port ed by experimental and clinical facts that it must 
contain some eiemen+ of truth.

So far as I am aware, no one has attempted to 
collect the literature on this subject. It is vev’y 
vast, and in quoting it here I have tried to give
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subject is, is shown by the curLousiy antagonistic ob
servations of many writers. It is well known that 
diseases of the pituitary gland are often associated 
with those of the thyroid, those two glands alone be
ing involved.

Pinele° (Volkmann Samml., 1899, p. 242) has re
ferred. to the constant relationship of acromegaly and 
myxoedema, a point which has also been recorded by 
Murray (Edin. Med. Journ., 1897), who gives five 
cases, and by Boyce and Beadles (Journ. Pathol.) and 
Eacteriol., Vd.i, 1895), who report three cases.

Lancereaux (Bern. Med., 1895 ), however, takes up 
the opposite view, and points out how very frequently 
acromegaly is accompanied by exophthalmic goitre, with 
enlargement of the thyroid, i.e., the opposite condi
tion t c th £ t rep o rt ed sb ove.



Both these oond.itions have now been satisfactorily 
established, and we see that there may be an involve
ment of the pituitary associated vft.h both 
action (exophthalmic goitre), and with diminished action 
(myxoedema ) of the thyroid respectively. The question
is thus V 0?° y B OT] *01 i t. B '1

Sousg-Lejte (I»’Aoromegalie, Paris, 1890 ) states 
that he has himself’ found bo+h these conditions fre— 
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i . e . t h a t  pituitary enlargement is more often assoc
iated with atrophy of the thyroid than with hyper
trophy.

Vassele (Abstract in P?” . Neurol, and Psyehiat., 
1902) discusses the question of the *ignificance of 
the erlfrgement of th e  pituitary gland so often found 
pest-mortem in case® of myxoedema and acromegaly, and 
concludes that the  increave of the pituitary in these 
conditions i° e purely functional hypertrophy, result
ing from 6 greater call being placed upon it to per- 
fo'mil it ° ^ur ct j ens iv’ ccnsssuence o ̂ ^o se unknown 
changes of meteboiis»*- gssociated with these disease’*, 
pp therefore regavd® the two condition-’ of 3pvol*rovneut, 
of the pituitr'r*y and of the thyroid simultaneously, as 
both resulting free scm* other cause which ha® had the 
same effect upon bo+l gland®.

The /



The most general view, however, is that advanced 
Rogowitsch (Ziegler's Beit., Bd.4, 1899, 20. 453 ), 

who consider® that the enlargement of the pituitary 
with atrophy of the thyroid is the result of an at
tempt on the part of the pituitary to take on the 
function of the thyroid. He removed the thyroid in 
rabbits and other animals and found' increase in cer
tain elements, »Kernhofen" in the glandular or interio 
part of the pituitary, with increase of colloid of 
the chromophile cell® of the anterior lobe, together 
with great increase in vacuoles in these cells. He 
considers this evidence of an excessive functional ac
tivity of the gland, and thinks that when the thyroid 
atrophies the pituitary attempts to take over the 
function of that gland by an increase of its own se
er e+ ion.

Another view has been put forward, namely that 
certain of these internal glands act antagonistically 
tc one another. This view is based upon the fact 
that while intravenous injections of the extract of 
suprarenal glands raise the blood-pressure, a similar 
injection of extract of the thyroid gland lowers the 
blocd-pressure, i.e., that they act in opposite ways. 
This theory has been extended to include the pituitary 
since we know that an extract of the pituitary also 
raises j



raises the bloc d-prec sure. This theory has been ad
vanced by many writers, but is gaining less and less 
support, as we now know that all these glands act upon 
different structures. The internal secretion of the 
suprarenais act« upon the sympathetic myo-neural 
junctions, but the internal seere+ ion of the pituitary 
appear® to act upon the plain musole fibres themselves, 
while the slight fall in blood—pressure which results 
from the intravenous injection of thyroid is of an en
tirely different nature and has not been proved to de
pend upon the important constituent of the extract. Ir 
fact it is very probable that this fall in biood-pres- 
sure does not differ from that which is found after 
the intravenous injection of an extract of any tissue.

The involvement of the suprarenal glands in 
thyroid affections is also very common, as shown by 
the frequent occurrence of pigmentation of the skin. 
This has usually been contrasted, with Addisonian pig
mentation, but is really of the same nature, because, 
as I have been able to «how, there is in many animals 
dying after thyroidectomy, absence of adrenalin in the 
suprarenal s. 'die condition mu. st therefore be one of
t rue Addi soni a n p i green t a t i on.

Thacn and Deiille (Biedl : Die Innere Sekretion) 
have 8l°Q pointed out the involvement of the supra
renal glands in acromegaly, and Pineles (Jahrb. Wien. 
Krankenanst /



KranK.enari.p-t, 1899 ) ha- alpo shown that acromegaly nay 
he associated with a true diabetes meiiitus, and that 
cases of acromegaly may die from diabetic .;oma. A 
true diabetes me H i t  us may also occur in the course of 
exophthalmic goitre, and patients suffering from the 
latter disease may also die from diabetic coma.

I think the matter may be shortly summarised as 
follows :

Mses.se of the internal secreting glands may be 
limited, to one of these glands alone, or it may also 
involve any of the other internal secreting glands, 
sepgrstely or collectively.

When this fact is clearly grasped, s. state of af
faire is presented which is obviously very difficult 
to deal with, as we have to find an explanation which 
will apnly to every ease.

The first point which I wish to consider is the 
frequent association of the involvement of the thyroid 
gland with involvement of the other glands, Many 
writers who have paid special attention to this sub
ject have been inclined to think that the thyroid in
volvement precedes the involvement of the other glands. 
I think the only way in which we can satisfactorily 
work out these points is by a systematic investigation 
of /



of each of the internal Pecre+ing glands in turn. This 
I now propane to do, and the method I shall employ is 
as follows :

(1) I shall first briefly summarise our know
ledge of each internal secreting gland ;

( 2 )  I shall then briefly discuss the alterations
it may undergo in disease in regard to
(a) diminished secretion,
(b) excessive secretion.

(3) I shall then give a brief synopsis of the
literature upon its relationship to the 
other internal secreting glands, discussin 
each one in turn ;

(4 ) Then I shall describe my own work upon this 
sub , j e e + ,, and f in ally 

( 5 J I shall end with a discussion and conclusion

I propose to make the suprarenal glands my starting- 
point. My reason for doing so is that the suprarenal 
glands are particularly suitable for such on investi
gation as their functional changes may be very exactly
studied by the results obtained from intravenous in

extracts of
ejection of, these glands into cats, adrenalin, as is. 
well known, producing an immediate and marked ri«e in 
blood /



blood-pres sure. If the amount of adrenalin be defi
cient, then the effect upon the blood—pressure is 
grea♦ ly diminished, an3 the extract from suprarenal 
glands which are exhausted of all their adrenalin, 
will, obviously, produce no rise in b 1 ood-pressure 
upon intravenous injection. We are therefore enabled 
to draw conclusions in regard to the functional acti
vity of the suprarenal capsules from observations upon 
their effect upon the blood-pressure, and as the same
quantity of adrenalin upon injection into the same

\

animal always repeats the same amount of rise of blood-- 
pressure, a smaller rise means a diminished quantity 
of adrenalin. If I perform a certain operation, e.g., 
thyroidectomy, upon an animal and after death remove 
the suprarenal glands and inject an extract from them 
into a cat intravenously, if no resultant rise of 
bl oo d-p re s mire take-* place, then I am .justified in con
cluding that the suprarenal glands have become ex
hausted. and are functionally inactive, while if I get 
an increased amount of rise of blood-pres^n*e, I con
clude that the suprarenal glands contain an excessive 
amount of adrenalin and are functionally over-active.

The suprarenal glands consist, of two parts, the 
cortex and the medulla, the latter being in the centre 
of the gland and completely surrounded by the former.

The /



The function of the cortex ip completely unknown 
to ue. The function of the medulla is fortunately 
better understood. Its cells «eerete a substance, 
called adrenalin, which probably passes directly into 
the blood and is responsible for the maintainance of 
the cardio-vasculer tone (see later). If this se- 
cre+ion be absent, the condition is Known as Addison’s 
disease, a disease invariably fatal. If this secre
tion be present in excessive amount (and theoretically 
the condition must occur), some disease must result, 
but at present the subject is quite untouched, and I 
have ventured to suggest that Raynaud's disease may 
possibly be of such origin ; certainly, its clinical 
symp + oms are in complete agreement with such an hypo
thesis.

A case of interest in connection with this point 
is recorded by Buade in 1371 (abstract in Schmidt’s 
Jahrb., 187?, civ, p. 25). The patient suffered from 
Addiaon' «• disease, but from *ime to time he had pe
culiar attacks of marked cyanosis of his cheeks, lips 
and hands, for which no cause could be found, and which 
received no explanation at the post-mortem examination.
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The Suprarenal Glands

as i have already mentioned, the physiological function 
of the suprarenal glands is more exactly known than 
that of any of the other internal secreting glands and 
lend« itself f’or investigation in a manner which none 
of the other internal «eoreting ilsnd« do. X there
fore propose to begin this study by a careful investi
gation cf the changes which take place, in the function
al activity of Ah.e suprarenal glands in animals suf
fering fron a deficient supply of the internal secre
tion of the thyroid gland, as must occur in animals 
after thyroidectomy, and in those suffering from an ex
cessive amount of the internal secretion of the thyroid 
as exhibited by animals which have been over-fed with 
large Quantities of thyroid extract by the mouth.

I have also considered it advisable-to complete 
this work by determining the action of the internal 
«ecretion of the suprarenal glands, namely, adrenalin, 
upon the cardio-vaecule.r apparatus in animals under the 
above tv o condi tion« and T have accordingly divided 
thir' subject and discussed it under the following four 
headings :

(i ) The condition of the «uprs^enal glands after 
thyroidectomy ;

(f) The condition of the «’iprar enal gland« after
/e xce s s j ve  /



excessive feeding with thyroid extract ;
(2) The action of adrenalin upon thyroidectomised 

animals ;
(4) The action of adrenalin upon animals while 

under excessive thyroid feeding.

1• The Condition of the Suprarenal Glands after
Thyroidectomy

I inveetigater.1 this subject as follows : in November,
1910, I removed both thyroid glands from thr ee cat s.
The operation is not a difficult one to perform. The 
cat was given either ether or chloroform, the hair on 
the neck was cut and the «kin shaved. A meso-longi- 
tudinal incision was made and the two flaps held back. 
The muscles were then separated by a blunt retractor, 
and the trachea was thus exposed. In the cat the 
thyroid glands consist of two «erarate lobes situated 
one on each «ide of the trachea, just below the isthmus, 
the two lobes being separate. The parathyroid glands 
in the cat are four in number, two internal and two 
external. The external parathyroid glands can us
ually be recognised by the naked eye owing to their 
slightly paler colour, and are situated towards the 
upper end of the gland. In the following three ex
periments the internal parathyroid glands, being em
bedded in the interior of the thyroid, were necessarily 
removed j



removed, while the external parathyroid glands were 
usually «==?- detected and were left behind. I shall 
discuss the quest ion of the effects of parathyroid
ectomy later. At present what I wish to emphasise 
i« that both the thyroid glands were removed in these 
three animals. The gland was extirpated from the 
trachea by a blunt retractor and the vessels of the 
gland were «imply twisted in forceps. The gland was 
then torn out. By this method no bleeding takes 
place, and it is not even necessary to ligature the 
vessels, in none of these experiments had I any 
difficulty in this direction. Manipulation of the 
trachea causes no respiratory difficulty. The wound 
was then sewn up, the muscles stitched together and 
then the akin, and the part was covered with a little 
lint and celioidin. In each case the wounds healed 
up by first Intend ion, and the animals recovered from 
the chi oro fora in a siio rt time. In none of the three 
animals were there any signs of tetany, and they all 
made an uninterrupted recovery.

These three operations were done upon the 14th 
and 15th of November, 1910, respectively. The animal 
lived until the end of March, 1911, when they died at 
various periods during the month. They showed marked 
falling-off in weight ; the hair became coarse, and 
they appeared to be much less active. They hung 
about the cage and did not take their food well. This 
condition /



condition became progressively worse until death oc
curred. Both the suprarenal glands were removed and 
it was die cover el t hat there was complete absence of 
all subcutaneous fat from every part of the body. The
suprarenal glands were made up in 5 c.c. of normal 
saline and, together with a control, were injected int<j) 
a normal cat. i have put the tracings in the accom- 
•panying booh of tracing*. They show that while the 
normal cat produced a very great rise in blood-pres- 
sure, the suprarenal* from the thyroidectomised animal 
contained practically no adrenalin, as they produced 
scarcely any result upon intravenous injection ; i.e.,
there is exhaustion of the suprarenal glands in thyroi- 
ectoffilsed animals

These experiments are very reliable, because I 
have carried out a large number of injections during, 
the last three years, and have found that blood-pren
sure experiments of this nature afford a very exact in
dication of the condition of the suprarenal glands in 
animals dying from various causes, when removed im
mediately after death.

Summery : The suprarenal glands from animals
dying after thyroidectomy show absence of adrenalin ;
i.e., exhaustion pf t-.he suprarenal gl*nds.

-  /



2 .  The Condition of the Suprarenal Gland* after 
Txcessjve Feeling with Thyroil Txtract 

The experiments under this heading were carried out 
upon three cats end three rabbits, and consisted in the 
administration of the thyroid gland from an ox daily. 
These glands were obtained from the Slaughter House, 
end were kept under chloroform. They were usually 
given to the animals cut up and in milk, and were 
eaten without any trouble. This is a very big dose 
of thyroid extract to give any animal, and it very 
readily produced a marked degree of tachycardia. The 
animal* began to fall off in weight ; their hair be
came very coarse and they became ie*s active. They 
seemed to go through a *eries of stages *omewhat sim
ilar to those of animals after thyroidectomy, becoming 
mere and more inactive, taking le*s food, falling off 
considerably in weight, and ultimately dying.

These experiments we^e begun in the third week in 
January. The animals lived until the middle of 
March. Of the *ix animals used, only four had died 
at the time of writing - three cat* and one rabbit. 
One monkey which was treated with excessive thyroid 
feeding, died in seven days, but I was not able to as
certain the cause of death. It is not impossible 
that it resulted directly from the excessive thyroid 
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feeding, as tachycardia was a prominent symptom. In 
the above four animals, on examination immediately 
after death, the condition was found to resemble very 
closely that presented by thyroidectomised animals, 
namely, complete absence of all body fat. She omentum 
and mesenteries con tain el absolutely no fat, and the 
resemblance between an animal dying after excessive 
thyroid feeding and one dying after thyroidectomy was 
very remarkable. The suprarenal glands were removed 
immediately, together with those from a control animal, 
and were placed in 5 c.c. of normal saline. An ex
tract was then prepared and was injected into a healthy 
cat. These suprarenal gland* also did not produce a 
rise in biood-pre«*ure, while the normal gland* gave 
a typical rise. So that the suprarenal glands from 
animals dying from the effects of excessive thyroid 
feeding exhibit s condition of complete exhaustion 
directly comparable and similar to that found in ani
mals dying after thyroidectomy. I have enclosed the 
tracings obtained in the above four cases (three cats 
and one rabbit).

These results are very remarkable, because they 
show that the effect of thyroid feeding and of thyroid
ectomy upon the suprarenal glands are the same. They 
both produce exhaustion of the medulla. Now the way 
in /



in which we hare produced this exhaustion is directly, 
antagonistic in these two case*. in the one case we 
removed the thyroid gland, and therefore deprived +he 
animal of all its thyroid secretion, and we may con
clude that the exhaustion of the suprarenal gland re
sulted from the absence of the internal secretion of 
the thyroid gland.

But in the second, case, we submitted the animal 
to directly the opposite condition. We fed it on 
what can only be considered as enormous doses of thy
roid extract. The animal was undoubtedly in a state 
of great hyperthyroidism. It, had in its tissues a 
great excess of thyroid secretion, and the effect of 
this great excess of thyroid secretion ws* to produce 
exhaust ior. of the gland.

Excess of thyroid secretion and absence of thyroid 
secret ion therefore produce the same results upon *he 
suprarenal gland. I am not aware that this fact has 
been previously recorded, and I propose to discuss 
it after I have described the following experiments.

3. The Action of Adrenalin upon Thyroldectomised
Animals

It has been stated by Faita (Biedl : Die Innere Se
kretion, 1910) that, animals which have been deprived 
of /



of their thyroid glands do not reset in the usual man
ner to the intravenou* injection of adrenalin. If 
this statement be correct it is a point of very great 
significance and importance, and I therefore consider
ed it advisable to attempt to determine whether it 
is accurate.

A cat which had both thyroid glands removed upon 
the 20th November, 1910, and which, showed in conse
quence no *igns of tetany, but a. progressive loss in 
weight and disinclination to active movement, was on 
the 30th March, 1911, used for a blood-pressure ex
periment, to investigate the action of adrenalin in 
such a condition. At this date the animal was in re
markably good condition and did not, appear to be likely 
to die at an early period. The interval between the 
time of the operation and the date of this experiment 
was approximately four months, and thus it seemed to me 
that such an animal would be quite a typical one to 
carry out this experiment upon.

Experiment : The animal was found to have fallen
off considerably in weight. It was given 10 e.e. of 
chloral hydrate subcu.tg.neously, and later a few whiffs 
of ether. On examining the trachea, both thyroid 
lobes were found to have been successfully removed.
The parts looked remaikably healthy to the naked eye.
No evidence of parathyroid gland* could be detected, bub 
it /



it did not necessarily follow that they were absent. 
Upon hie inject ion of l/l-OO, 000 hemisine (Sorrcughs 
A WSlcotte) a typical r i o f  blood—pressure resulted 
(see tracing), «ueh as I have always found to occur in 
the normal animal. 5 0 .0 . of l/iOQ.OOO hemisine 
produced a remarkably good rise in bl0 0d-pressure 
possibly rather larger than is usually given by this 
dose (see tracing), but as the reaction of each indi
vidual animal varies, I do not think that any conclus
ion can be drawn from this fact. The only results of 
importance which I obtained from this experiment 
may be "urnmarisod as follows ;

( 1 ) The bl0od-pres = ure of this animal was low ; 
it measured 90 millimetres of mercury, 
which is low for a cat.

(P ) The reaction of the vessels to the intra
venous inject ion of ad 2-e n d  in did not, so 
far as x could ascertain, differ from that 
given by a normal animal.

1. The Action of Adrenalin noon Animals while under
Txcessive Thyroid Feeding 

A rabbit which had been fed upon thyroid glands until 
it exhibited marked tachycardia and great loss of 
weight, was used in the usual manner for a blood- 
presmjre /



pressure experiment,, to investigate the question as to 
whether an animai in a state of hyperthyroidism would 
react in the u^ual manner to an intravenous injection 
of adrenalin. I have not described this experiment 
in detail, because it lid not result in any marked dif
ference from the normal blood—pressure result. So 
that animals in a state of hyperthyroidism or hypo
thyroidism show no difference from the normal in their 
reaction to intravenous injections of adrenalin.

DISCUSSION
The results which I have just described above appear 
to me to be of very great importance in regard to the 
problem of the relation of the internal secreting 
glands to one another, and the points +o which I spec
ially wish to draw attention are that in animals dying 
a ft er thyro ideetcm y, an exhaustion of the suprarenal 
glands is fouhd, and in animals dying after evces^ive 
feeding by thyroid extract an exactly similar condition 
is produced in the suprarenal glands. And the pro
blem is as follows : why does an exhaustion of the
suprarenal glands occur after thyroidectomy ? And 
why does an exhaustion of the suprarenal glands occur 
after excessive thyroid feeding ? The two conditions 
are diametrically opposed, and one would have expected 
that if the thyroid has an action upon the suprarenal 
glands /



glands, thi s acti ',’ii would have resulted in onpoeits 
condition" in th.6 two 0 3**©«. Experimentally, however, 
this is not "o ; the actual findings are the same in 
both cases.

In order to understand the full significance of 
the above exhaustion of the medulla of the sunrarenal 
glands, it is necessary f orme to recapitulate some of 
the work, which I have iurt described, in my monograph 
upon the suprarenal glands. Here I was able to show 
that in any acute infective disease, a rapid exhaus
tion of the suprarenal glands occurs, as proved by the 
fact that an e xtract from the suprarenal glands made 
immediately after death is inactive upon intravenous 
injection into cats, while controls gave the usual 
typical rise of bio od-p res sure. I showed that this 
was particularly seen in guinea-pigs dying after in- 
-oculetion with diphtheria toxin, and that there is no 
interaction between diphtheria tovin and adrenalin, 
and no fixing of diphtheria toxin by the secreting 
cells of the suprarenal gland itself, so that it is 
not a case of a very delicate secreting organ, such 
as the cells of the medulla; of the suprarenal gland 
are, being thrown out of action early by the injurious 
effects of the toxin. I then showed that it was 
possible to completely exhaust the suprarenal gland by 
stimulation /



stimulation of the nerve? to the suprarenal giends 
(splanchnic nerve),and that we must look upon the ex
haust ion of the suprarenal glands in diphtheria, pneu
monia, typhoid, etc., as g nervous exhaustion of the 
glands. But the internal secretion of the suprarenal 
glands essentially acts upon the sympathetic myo-neural 
junctions, and in thus concerned in the maintenance 
of the tone of the cardio—vascular apparatus. But 
I also showed that it is actually the most important 
factor in the maintenance of'this tone, since removal 
of the three great sympathetic ganglia, the stellate, 
the semi lunar, and the inferior mesenteric ganglia, is 
not followed by cardio-vssoulsr paralysis (i.e., after 
all the nerves to the cardio-vascular apparatus have 
been divided), but removal of both suprarenal glands, is 
invariably followed by cardio-vascular paralysis and 
death within twenty—four hours. I thus concluded that 
the internal secretion of the suprarenal glands, adren
alin, is responsible for the maintenance of this cardio
vascular tone, and I showed that an increase in the 
amount of adrenalin flowing into the circulation re
sulted In a raising of this tone and a decrease in the 
amount of adrenalin in a lowering of’ +his tone. An 
acute infective condition produces a condition frown 
ip "the febrile state" with increase of the heart's 
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acti on. This plaoe° a great strain h j o u  the su d t s_
renal glands, which may be unable to meet this demand. 
If such a conditicn should result, then exhaustion of 
the medulla is produced and death from cardio—vascular 
paralysis, a point of great clinical importance. I 
also showed that any condition in which a strain of 
any kind is produced upon the organism, e.g., fatigue, 
will also cause such an exhaustion of the gland. It 
is necessary to recognise clearly the fact that the 
medulla of the suprarenal glands is continually pouring 
a secretion into the blood which is essential for the 
maintainence of the tone of the cardio—vascular appar
atus, and that any diminution in the quantity of ad
renalin at once results in a loss of cardio-vascular 
tone ; while if the quantity of adrenalin fall still 
shorter or is diminished altogether, there results a 
cardio-vasculer paralysis followed by death.

Let us now consider the question of the absence of 
adrenalin in the suprarenal glands in animals dying 
after tliyroidect cmy. I have shown in an earlier part 
of this paper that the action of the internal secretion 
of the thyroid gland is upon the nerve cell directly, 
and that thi° internal secretion of the thyroid glands 
is apparently necessary for the normal metabolism of 
the nerve cell. Its action appears to be particularly 
upon /



upon the nerve cells belonging to the sympathetic ner
vous system, but is not limited to them. If the 
thyroid gland be removed or diseased, T have shown that 
there results a gradual exhaustion of the nerve |
I have carefully described the~e change® and pointed 
out that they are of quite a different nature from 
post-mortem changes in nerve cells, and from a mere 
atrophy such as is found in pseudo-hypertrophic paral
ysis, or a degeneration such as is found in any ex
hausting disease or after experimental section of the 
axon. It is not a chromatolysis which takes place, 
but a condition of gradual disappearance of the Nissl 
granules without -any other marked change. An exam
ination of a large number of such nerve cells, both in 
mar. and in experimental thyroidectomy in the cat, has 
led me to form the opinion that the condition is merely 
one of exhaustion of the nerve cell. And, as I have 
stated above, it is the sympathetic nerve cell which 
is most markedly affected. So that after thyroidec
tomy a condition of exhaustion of the nerve cells of 
the various sympathetic ganglia is found. Such a 
change must necessarily be accompanied by marked al
terations in function of the affected cells, and ob
viously a diminution of their functional activity must 
take place. if both thyroid glands have been removed, 
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then obviously, a® time goe® on, this condition of ex
haustion of the®e nerve cells will become progressive 
and their functional activity will become ie®s and less.

But the suprarenal glands are secreting gland® 
sncL 8T6 tinder *tfc© o o h . I t p o I  of ^ © o 7*©foxy n&tv0  ̂ ■frcm 
«ympath ©t 10 n6i*v 011 ̂ Thi? I~ 7)7*0 ved by
fact that on continuous stimulation of the splanchnic 
nerve it is possible to completely exhaust the medulla 
of the suprarenal glands of all its adrenalin. If 
now the functional activity of +he sympathetic nerve 
cells be diminished in consequence of an absence of 
this internal secretion of the thyroid gland, which is 
necessary for their normal metabolism, there must re
sult a diminution in the functional activity of all 
tho®e organ® which are under the control of these sym
pathetic nerve fibres, and, in consequence, the amount 
f\-s P0 0rpt-jrvp Qf the suprarenal gland will be affected. 
This will gradually and progressively diminish in 
amount, and the whole carlio-vascular + one will also 
correspondingly diminish. Absence of adrenalin in 
the medulla of the suprarenal glands in aminsl® after 
thy^oideotomy may therefore be regarded as the result 
of the exhaust ion of the sympathetic nerve cells from 
which the secretory fibres to this gland arise, and 
if this idea be firmly grasped, it will b0 noticed that 
such /



such a condition of exhaust ion of +he medulla of the 
suprarenal gland must be a necessary result, as we 
could not possibly expect a secreting gland which is 
so dependent, upon a full nervous supply to maintain 
its full secretory activity when its nervous connec
tions become exhausted.

I am not aware of the importance of this resu.lt 
having been pointed out before. Clinically it is 
known, that a diminished blooctri>r essure is very fre
quently found in exophthalmic goitre and myxoedems, 
and this has usually been supposed to be the result 
of the excessive amount of the internal secretion of 
the thyroid gland in the circulation, the fact that 
an injection of thyroid extract causes a ° light fall 
in blood-pressure upon intravenous injection into 
animals being considered a sufficient explanation of 
the lowered blood-pressure in -exophthalmic goitre. It 
is, however, much more probable that the lowered blood 
pressure in exophthalmic goitre is secondary to an 
alteration of tone in the cardio-vascular apparatus 
in consequence of a relative suprarenal insufficiency 
caused by a general exhaustion of the sympathetic 
nerve cells supplying the secretory fibres of this 

gland.
The absence of adrenalin from the medulla of the 
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suprarenal gland® after thyroidectomy thus receives 
a complete explanation, if we regard it as resulting 
simply from a gradual and progressive exhaustion or 
atrophy of the suprarenal glands in consequence of the 
gradual diminution of their nervous energy, due to the 
exhaustion of the nerve cells whose axon® pass to the 
suprarenal gland® and c cnVol its secretion.

But why ®hould excessive thyroid feeding produce 
also exhaustion of the suprarenal gland® ? it ought 
rather + o produce the exactly opposite effect, namely, 
an increased amount of adrenalin in the suprarenal 
glands. Because, if we produce a state of hyper
thyroidism by excessive feeding, there will also be a 
very marked reaction upon the nerve cell®, sympathetic 
and others. There will result, therefore, an in
creased functional activity of these nerve cells in 
consequence of the increased metabolism, and all 
structures supplied by nerve cells which are hyper
active will be stimulated to excessive action. The 
cells of the medulla of the suprarenal glands will 
therefore b® in a state of over-excitation and an ex- 
ce®®ive amount of adrenalin must be produced. The im
portant point to grasp, however, is that this over- 
excitation of the suprarenal glands is not merely a 
temporary condition : it is, as I have already pointed 
out, a permanent, or rather continuous over-excitation, 
always j



always acting. Ani this w i n  continue to act as long 
as the nerve cells remain in tills state of excessive 
metabolism, a condition which will persist a® long as 
they are supplied with an increased quantity of thyroid, 
extract, the e®®en+isi condition in exophthalmic 
goitre. we may therefore regard the condition as 
follows : in hyperthyroidism, the excessive amount
of thyroid secretion in the circulation causes an in
crease in the normal metabolism of the different 
nerve ceils, especially those of the sympathetic sys
tem. The functional activity of these nerve-cells is 
increased, and structures receiving their nerve supply 
from ®uch a source will be correspondingly stimulated 
tc an increased degree of functional activity. But 
the elaboration of a secretion ®ueh as is produced in 
the medulla of the «uprarenal capsules is a highly 
specialised function, and, as I have ®hown in my mono
graph upon the suprarenal gland®, i® not one very well 
adapted to meet prolonged strains imposed upon it.
Under such conditions the medulla rapidly become® ex
hausted of its adrenalin, e.g., in any acute infectiv® 
condition or other condition involving a great strain 
upon the cardio-vascular mechanism. Similarly, ex- 

cessive stimulation of the suprarenal glands, while it 
re suits first in an increase in the amount of adrenaliiji 
in the medulla, ultimately produces an exhaustion, the 
secretory /



secretory cells being unable to meet the continuous de
mands placed upon them. The result may briefly be 
summarised as exhaustion -from oner-stimulât ion.

This is supported in a very complete manner by 
the results obtained from stimulating the splanchnic 
nerve. If this be done in the cat, especially after 
all the intestines have been removed, a rise in blood- 
pres sure results from the increased production of ad
renalin and its absorption into the circulation ; but 
if this stimulation be continued e0r some time, the 
gland ultimately bee ernes completely exhausted of all 
its adrenalin, as shown both by the bichromate staining 
reaction and by the absence of any ri®e of blood-pres- 
sure upon the in tra v' en ou s infection of extracts from 
such glands. I have described these experiments in 
full elsewhere, ' but what I wish to point out here is 
that this experiment simulates very closely the con
dition present in exophthalmic goitre, namely, excess

ive stimulation leading to exhaustion.
But there is another factor involved in the pro

duction cf the exhaustion of the uprarenal glands in 
exophthalmic goitre, and that is the presence of 
tachycardia, the n o d  typical symptom of exophthalmic 
goitre. The rate of the heart in exophthalmic goitre 
is usually extremely rspid ; it may be over 2 00 beat« 
per /



per rr.inute, Tlii0 may be continued for some consider
able time, and is a frequent cause of death, the heart 
becoming exhausted under this constant strain. As it 
may be associated with a high blood—pressure (Or/oen— 
heirr), or a low blood-pres«ure (Kocher;, it is obvious 
3y not secondary to the vascular condition, and I have 
shown in an earlier part of this paper that this 
tachycardia i° the result of* an over—stimulation of 
the sympathetic nerve cells, which, on stimulation, sc 
celerate the heart's action. In other words, just as 
we get over-stimulation of the nerve cells supplying 
the suprarenal glands, sc do we get over-stimulation 
of the nerve cells supplying the heart, i.e., they are 
all involved in the general sympathetic over-stimula
tion. An involvement of the cardio-vascular mechan
ism to such an extent as results in the production of 
the above symptoms throws a great strain upon the 
«uprarenal glands which have to supply the necessary 
amount of adrenalin to maintain- the tone of the whole 
cardio-vascuiar mechanism ; and if the over-excita
tion of the sympathetic nerve cells supplying the 
heart and the suprarenal glands takes piece simultan
eously, then the resulting effects will produce suf
ficient adrenalin to -supply the amount necessary to 
maintain /



maintain the tone of* the cardio—vascular apparatus 
under the increased action.

But, although it may happen that both organ® are 
correspondingly and ® imul tan ecu sly over-stimulated, 
there is no reaeon why this should be so, and in most 
case® it i® not ®o. There results, therefore, an 
over— exci tat ion of the heart without a corresponding 
condition of the suprarenal glands, or vice versa.
The ultimate result, whatever the condition, must be 
the same, as an exhaustion of the medulla of the supra
renal glands will occur secondarily to the increased 
demand placed upon them to maintain the increased tone 
of the cardio-vascular apparatus.

There are thus two influences acting upon the 
suprarenal glands in exophthalmic goitre :

(lj Of thyroid origin, resulting in excessive 
stimulation followed by exhaustion ;

(?) Of cardio-vfiscular origin, resulting in ex
haustion (from attextrat to maintain in- 
creased cardio-vs®culsr tone).

The result is in both case® the same, exhaust j on of 
the medulla of the suprarenal glands, in both cases, 
also, of nervou® origin. I have pointed, out that it 
is possible that the equilibrium between the cardio- 
v a soul or apparatus and the suprarenal glands may be 
controlled /



controlled by 8 posi—ganglionic "axon—reflex" of the 
nature of that shown in the following Figure :

The stimulation of thyroid origin takes the direction 
shown by the blue arrow®, and that of cardio—vascular 
origin follows the red arrow®.

This is, I think, a very complete explanation of 
the reason why we should find that, experimentally in 
animals, exhaustion of the suprarenal glands occurs :

( 1  ) after thyroidectomy — from exhaustion of 
the nerve cells in consequence of absence 
of their thyroid secretion ;

(f!) after excess;} ve thyroid feeding — from ex
haustion following over-excitation.■

The former condition is comparable to myxoedema in 
man, the latter to exophthalmic goitre.

I have also shown that animals subjected to either 
of the two above condition® exhibit no deviation from 
the normal in regard to their response to adrenalin 
upon intravenous injection; in fact the only point of 
any special interest which I was able to discover is 
that /



that- a thy r o i de c t. omi s e d animal appears to have s low 
blooa-pressure, which is what x should expect to find 
now that we understand the mechanism and cause of the 
suprarenal inadequacy in thi® condition.

In the above discussion there is one point which
I. have not actually proved experimentally, and that is, 
T have not ®howr that an exces® of adrenalin may be 
found in the suprarenal glands in animals shortly 
after the comwencement of excessive thyroid feeding.
I attempted to investigate this question by feeding a 
healthy cat upon large doses of thyroid extract (and 
'one sheep'® gland per diem is a large amount of thyroid 
extract to give ) and hilling it after ten days of this 
treatment. I removed the suprarenal glands at once 
and made the usual extract in normal saline. On in
jection into a cat, toget her with a control, I obtain
ed an increased action in the former case, i.e., the 
blood-prassure rose somewhat higher upon the injection 
of the extract from the suprarenal glands of the cat 
which had been fed upon the thyroid glands, than upon 
the normal ; and, at first sight, I thought I had ob
tained what I was looking for ; but thi® wa® not so.
It may have been the case that there was actually more 
adrenalin present in the one ea®e than +he other.
There is no doubt that the extract which I injected 
from the thy ro id-fed cat contained more adrenalin than 
the j



the normal extract, hut it is quite possible that the 
little difference which I actually found might have 
resulted merely from experimental errors in the pre
paration of the extract in the two case®. I took 
every precaution to try and treat both extracts equal! 
and the above result may therefore actually denote 
that an exces« of adrenalin was present, but it is not 
conclusive. I could not carry out this experiment 
more than once, a s  my supply of thyroid extract was 
not sufficlent.

Let u s  now compare these results with the clinica 
facts found in exophthalmic goitre and myxoedema in 
man, especially in regard to the question a s  to whethe 
a condition of suprarenal inadequacy or exhaustion oc
cur® in men. As far as i am aware, the functional 
activity of the suprarenal glands has never been in
vestigated in mar after dea1 h from exophthalmic goitre 
or my xo edema. But ®uprr--renal inadequacy in man may
be recognised clinically by two symptoms ;

( 1 ) D im in is h e d  b lo o d -p re ® gu r e , and

(f?.) Pigment a t ion.
( 1) The examination of the blood-pressure in exoph
thalmic goitre has resulted in a great many very dis
cordant results.

Donath /



Dor.atli (ztschr. f. klin. Med., Voi.xlviii) has dis
cussed this quest ion and shown that it may be apparent
ly increased, diminished or normal.

Dsna (Textbook of Nervous System, 1393, p. 534) 
considers that "the arterial tension is normal or low".

Hector Mackenzie (Clifford Allbutt's System of 
Medicine, p. 369) found that in exophthalmic goitre 
"tile arterial pr8oc",jrs has been found normal, raised, 
or below normal, and its significance is doubtful".

Oppenheim (Textbook of Nervous Diseases, 1911,
Vol. ii, o. 1343) states that "I have usually found it 
to be Inc re as ed•

My own experience has been that the arterial pres
sure is usually diminished in exophthalmic goitre.

Bu+ we can also study the matter from another 
point of view, namely whether we can detect any in
creased quantity of adrenalin in the blood—serum.

Eppinger ( Biedl : Die Inrere Sekretion) and Fa Ita 
and Pudinger have both been able to detect an increase 
in the amount of adrenalin in the blood-serum in ex
ophthalmic goitre. They considered that the internal 
secretions of the thyroid and of the suprarenal glands 
are antagonistic, and that as the result of a disease 
of the thyroid in which its internal secretion .is af
fected, the physiologically antagonistic suprarenal 
secretion is not neutralised, and thus an excessive 
quantity /



Krsus 8nd Friedenthal (3erI. klin. Wchnschr.,1908 
found thet the blood-serum from a ease of exophthalmic 
.goitre had e marked dilator effect upon the enucleated 
frog’s eye, while normal blood gave no such reaction.

Fraenkel (Arch. f. exp. Path. u. Pharm., Vol.60, 
1909) examined the action of the blood— serum from 
three esse® of exophthalmic goitre upon the uterus, 
and found a markedly increased reaction. He considers 
that this i® the result of a compensatory change in 
the suprarenal capsules. He considers that as there 
is an excess of thyroid secretion present in the cir
culation, there will result a diminished blood-pres- 
eure, which the suprarenal glands try to overcome by 
a compensatory increase in their secretion (which 
raise® the blood-p res sure ).

There i®, however, no doubt about the fact that 
the blood-p res sure falls in cases of exophthalmic 
goitre which have not responded to treatment, and in 
long-stending cases. This fall of biood-pressure is 
also always present in case® which are getting rapidly 
worse, and it seems to me that we obtain a complete 
explanation of the many different results recorded 
by considering that the increase of adrenalin found in 
some case® and the high blood-pressure are to be 
associated /
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associated with the stage of over-stimulation of the 
suprarenal glands, end the low bloo d—pr e s sure with the 
stage of exhaustion.

(p ) Pigm entstion is not infrequently found in 
exophthalmic goitre. It is on'0 of the forms of pig
ment st ion which are usually contrasted with "Addison
ian pigmentation" from which"it should be carefully 
differentiated as it is of a different nature. This 
is not correct. It is a true Addisonian pigmentation, 
as it. is due to an exhaustion of the suprarenal glands. 
Pigmentation, .however, requires some + ime to develop, 
and is not usually present in acute cases of Addison's 
disease. In exophthalmic goitre it is rarely so 
universal as is often found in Addison's disease, but 
we must remember that a nervous exhaustion of the 
suprarenal glands will tend to run a somewhat rapid 
course, and sufficient time does not elapse to allow 
marked pigmentation to develop. Pigmentation in ex
ophthalmic goitre is described in almost every text
book I have examined. Hector Mackenz ie (Clifford 
Allbutt’s System of Medicine, p. 370) states "that 
sometimes there 1« £ general browning of the skin, as 
in Addison's disease, or irregular patches of pig
mentation appear on various parts of the body". "The 
usual /



usual colour is s. more or less dark brown, a contrast 
to the normal colour of' the skin.

One point in regard to exophthalmic goitre of 
great importance to the surgeon is brought out by the 
above work, and that is this. The great danger after 
operations upon the thyroid gland for exophthalmic 
gûi Î. T0  if rl̂ n * Il ''V 3 jL V\ « - f P A  s

Tliis? occurs in advanced cases specially, and in all 
probability the condition of the suprarenal g l a n d s  

p l a y s  p large role in this most unfortunate result.
The one rati on is a, somewhat anxious one at the best, 
and the strain which it throws upor the supirarensl 
glands, already in a partial state of exhaustion, re
s u l t s  in a rapid and complete exhaustion of all the 
adrena .in from the medulla. As this secretion is 
absolutely necessary for the maintenance of life, its 
absence leads to oardio-vascuiar paralysis with sudden 
death from acute heart—failure. And one o-e the fac
tors of importance in regard to the recovery of the 
patient from this operation will be the power which the 
suprarenal gland possesses to meet this strain, and 
thus the condition of the cardio-vascular «ystem re
ceives ar. imports rue which it ha® not, as far a« I am 
aware, been fully accorded previously.

These results show qui t. a el early that the 
ex li sus t i on /



exhaustion of the suprarenal gland® which I have been 
able to produce i.n animal® by excessive thyroid feed
ing is in complete agreement with the clinical symp
toms found in exophthalmic goitre in man. It is 
therefor e reasonable to expect that the exhaustion of 
the suprarenal glands which can be produced in animals 
after thyroidectomy will be in agreement with the 
clinical features of myxoedema in man. Myxoedema in 
man may be primary, or may be secondary to exophthal
mic goitre ; i.e., the disease may commence as ex
ophthalmic goitre and gradually pass into myxoedema 
( an s xarople also of a general exhausti on following 
excessive stimulation). Then myxoedema follows upon 
exophthalmic goitre, +he above mentioned signs of 
suprarenal inadequacy are usually very well marked, 
but when myxoedema arises primarily, it is curious to 
note that they are usually absent, and unless a case 
of myxoedema becomes .affected with ® ome in ter current 
disease, the general tendency is for the condition to 
run a slow chronic course, getting gradually and pro
gressively worse, but not as a rule going rapidly down
hill. Murray (Clifford Allbutt's System of Medicine, 
p. 356) collected ZPO cases of myxoedema. 147 of 
these lived for less than five years ; 90 lived from
five +o nine year« ; 5 0 from ten to fourteen; SO

f r or. /



from fourteen to nineteen vesrs, and 13 lived over 
twenty years. why do + he symptoms of suprarenal in— 
adequacy not develop more frequently in these cases ? 
There is no doubt whatever, that an atrophy of the 
thyroid gland has taken place in them, and that the 
sympathetic nerve cells must be in a state of ex
haust ion. why has the suprarenal gland not suffered 
in consequence ? The explanation appears to me to be 
as follows :

I have elsewhere shown that the tone of the 
cardio-vsscular apparatus depends upon the maintenance 
of a continuous supply of adrenalin into the blood 
from the suprarenal glands. If the amount of adren
alin passing into the circulation be increased or 
diminished, an increase or a loss of tone immediately 
takes place in consequence. The integrity of the 
nerve supply to the cardio-vascular apparatus is not 
necessary for the maintenance of this state of tone, 
since the stellate, semilunar and inferior mesenteric 
ganglia may all be removed in one animal, end death 
not result. Accoriing to Langley, the different 
branches of the post-ganglionic sympathetic nerve 
fibres terminate in different tissues, secreting, 
muscular, etc., and there appears to be no proof that 
all the separate branches of one such fibre terminate 
in /



in only one kind of tissue. in fact, Langley con
siders that one branch of one post-ganglionic fibre 
may terminate in plain mu sc ul sr tissue, and another 
branch of the same axon may terminate in secreting 
tissue. A stimulus, therefore, arising at the end 
of the fibre terminating in the plain muscular tissue, 
will be transmitted all through that axon, and may 
stimulate the secreting tissue supplied by the seme 
axon. This ig an axon reflex, and we may regard the 
state of equilibrium between the eardio-vascular sys
tem on the one hard, and the suprarenal secretion on 
the other, as being controlled by such an axon reflex, 
alterations in the cardio—vascular tone giving rise to 
a stimulus which is transmitted to the suprarenal 
glands, which in respon ®e, produce a «light excels 
of secretion, which in turn raises the cariio-vascular 
tone. But the internal secretion of the suprarenal 
glands also responds to a stimulus received from the 
nerve cell from which its secretory fibres are de
rived, and the fact that such an exhaustion of these 
nerve cells may take place without a subsequent supra
renal inadequacy occurring would point to the fact 
that functional activity of the suprarenal glands is 
derived t trough this axon reflex rather than from 
their central nervous connections. I should be in
clined to think that as the suprarenal glands are not 

usually /



usually very freoner.tiy involved in a primary myxoedema, 
we must regard the secretory activity as being under 
the control of this axon reflex, and not under central 
nerfous influence to the degree that, one might reason
ably have supposed to have been the normal condition.
The axon reel exes of Langley, therefore, assume an im
portance of great value i n •the normal physiological 
function of the body.

Sumrn ary
(1) In thyroidectomised animals (comparable +o myx

oedema in man) an exhaustion of the suprarenal 
glands is found.

(2) In animals fed upon thyroid extract (comparable to
exophthalmic goitre in man) an exhaustion of 
the suprarenal glands also takes place. This is 
the result of an exhaustion following over
stimulation of their nerve centres.

(3) Thyroidectomised animals and animals overfed with
thyroid extract exhibit no difference in their 
reaction to the intravenous injection of si
rens lin»

( 4 ) The low biood-pressure and pigmentation found in 
exophthalmic goitre in man is probably due to 
«up rarena1 in adequacy.

( 5 ) /



(5) The scute heart failure which ®o frequently fol
lows thyroidectomy in exophthalmic goitre in 
man i® probably due to a rapid complete ex
haustion of the suprarenal glands in conse
quence of the excessive «train placed upon them 
by th e op era t i on.

(6) The fact that »Addisonian" symptom® are not
specially characteristic of primary myxoedema 
i® to be regarded as evidence in favour of the 
normal secretion of the suprarenal glands being 
under the control of an axon reflex rather 
than under the direct influence of stimuli 
from the sympathetic nerve cells.



Addenda.
The following case, which I have just recently 

discovered, 1« so very typical that I have ventured 
to include it here.

"Maladie de Basedow et Addisonisme totale, 
syndrome polyglandulaire par dysthyroidie, et 
dyseurenalie."

G. Etienne, Bull, et mem. de la Soc. med. 
des Ecp. de Paris, 1910, xxix., p. 824.

The patient was a man, aged 37, who had suffered 
from exophthalmic goitre for ten years. His skin 
had been gradually and steadily getting darker; and 
when seen be/ the present writer showed the typical 
bronzing appearance of Addison's disease. This was 
seen not only on the skin but also in the mucous
membranes, especially of the mouth. The case was

'not considered as typical Addison's disease in spite 
of the pigmentation, on account of the long duration 
of the illness.

I think we must now regard all scich cases as true 
Addison's disease, since they are the result of a 
suprarenal insufficiency directly resulting from an 
exhaustion of the medulla following prolonged nervous 
excessive stimulation.



THE PITUITARY BODY.

Primary Changes in Disease.
Changes secondary to thyroid disease.



That the pituitary body in often involved in 
thyroid disease«?, e. g., exophthalmic goitre and myx- 
oedema, in too well Known to require any detailed re
ference?, and that the thyroid gland is often involved 
in acromegaly, a disease which we associate with 

change? in the pituitary, ir' also fully established, 
but it is not yet determined which of these viands is
the first to be involved» Obviously there are sever
al possibilities :

(1 ) The disease of the thyroid gland is always

primary and the involvement of the pituit
ary body is secondary ;

( 3 ) The disease of the pituitary body is always 
primary and the involvement of the thyroid 
gland i s secondary ;

(3) That sometimes the thyroid gland is primar
ily involved, and sometimes the pituitary
body ; i.e., disease of either gland may
produce changes in the other ;

(4) That the changes in both glands may result
from the same cause affecting both glands 
in a similar mar. ner.

(i ) Thyroid primarily involved, pituitary secondarily
That, thyroidectomv in rabbits may produce definite

histological /



histological changes in the pituitary body has been 
satisfactorily established by the work, of Herrin1? 
(quart,, journ. of Physiol., 1908, Vol.i, p. 384 ) and 
Thompson (Proc. Foy. foe., 1910, July, p. 339), both 
of whom describe an increase of colloid matter in the 
pars intermedia, *o that, although they were unable to 
detect any definite changes in the interior lobe, we 
still har,-e evidence that this view has g definite 
scientific basis, namely, that primary divra^e of the 
thyroid gland may pro duce défini te changes in the pit
uitary body.

( 2 ) Pituitary primarily invoiced. Thyroid secondarily 
That disease of the pituitary body may lead to 

changes in the thyroid gland has not yet been satisfac
torily established.. The pituitary gland is a gland 
which is necessary for life and thus cannot be removed 
experimentally in animals. According to Schafer 
( Croonisn Lecture, Proc. Foy. Soc., 1909, July Of, p. 
481) »the functions of +hie (the pituitary) gland are 
essentiel to life», and. »it has not been found possible' 
either by grafting pituitary or by feeding with pit
uitary 'ribstg.no© to sustain life after removal of the 
organ». We therefore cannot remove ihi° organ in 
animals and study the effect produced upon the thyroid 
apparatus, as it is not, possible to Keep the animal 
alive for a sufficient time to allow such change? to 
take /



take place. But qui te apart from +-his question, the 
difficulties of the operation &r° very great, since ih 
operator ha" to work in the dark, and the liability to 
fatal haemorrhages and to in.jury of adjacent parts of 
the brain is very great. Paulesco (.Jouro. de Physiol 
17cl.9, 1907 ) managed to remove the pituitary gland 
successfully through the temporal bone. He then in
cised the dura mater and raised the base of the brain 
by a retractor, until the pituitary body could be seen 
lying in the «¡ells turcica. In the dog, he found he 
could eerily «iieii the gland out with a curette and 
the brain could then be gently replaced. The animals 
usually recovered from th** effects the anaesthetic 
and shock of the operation, but on the following day, 
usually within 43 hours, they gradually sank and lied 
without any clear cause.

Me"ay (1'hypophyse, These, Bruxelles, 1908) at
tempted to produce a condition of "pituitary insuf
ficiency" by injecting under the skin of a dog, an 
anti serum or cytotoxin, prepared, by int raper i t onea 1 
injections of an emulsion of dog's pituitary into 
guinea-pigs. He considered that he was able to pro
duce a "cachexia hypophysipriva", but he doe s not des
cribe any change" in the thyroid as the result of the 
pituitary legions.
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In short, we hove no accurate and reliable evident 
that changes in the thyroid gland may -reemit from les
ions of tlue pitui tary body, apart from clinical and 
pathological evidence in man, which I shall discuss 
later.

f 3) Either Thyroiui or Pituitary primarily in-fol,red :
The third alternative, that the affection of the 

one gland following upon changes in the other may 
arise primarily from either gland, i.e., that disease 
of the thyroid gland may result in changes in the 
pituitary of a secondary nature, and vice versa, seems 
at first eight to be a. more unbiassed attitude tc as
sume, and to avoid the extreme position necessitated 
by the two previous alternatives.

Cycr. ( Pfluger ’ s Arch., Vox. 7l; see also his 
collected paper0, Berlin, 1910) was one of the fir°t 
to theorise upon the inter-relation of the thyroid and 
pituitary glands. He believed that the pituitary body 
could react ur.cn the thyroid gland and could thus ine- 
flue rice the supply of blood +o the brain, the thyroid 
gland., as it were, slori-ei reuiting the blood-supply 
to the brain. The thyroid gland is extremely vas
cular end Cyon thought that the pituitary could in
fluence the thyroid gland so as to cause dilatation of 
t he /



the vessels, end thus if too much blood passed to the 
brain, the excess could be directed through those 
thyroid vesseIs and this relieve temporal cerebral con
gest ion.

Bcgewitz (Ziegler's Beit., voi„4, 1389) has re
garded the pituitary as supplementary or vicarious in 
its functions to the thyroid apparatus (including the 
parathyroids), but although there is no doubt that the 
two glands may become involved together, and that re
moval of the thyroid may lead to changes in the pit
uitary, we cannot regard his view as anything but a 
theory, of which the necessary proof has yet to be 
forth-coming.

Thompson (Proc. Boy. £oc., 1910, p. 390) found 
changes in the pituitary gland both after thyroidec
tomy and after parathyroidectomy, ot* the nature o*' an 
increase of +he vesicles in the pars intermedia,and he 
eome° tc the conclusion that this part of the pituitary, 
the pars intermedia, must "be looked upon as an inte
gral part of the thyrei1-para thyroid apparatus".

The stricture of the thyroid gland I have already 
described, and in the chapter upon the relationship 
of the thyroid gland to the parathyroid glands I have 
described in detail the structure of the parathyroid 
glands. I have also pointed out that according to 
Forsyth (Journ. ¿mat. and Physiol., 1S05 and 1906 )* and

Thompson (Phil. Trans., 1910, Vol.201, p. Si), who 
have /



have both investigated the comparative anatomy of the 
thyro-parathyroid apparatus, in some birds, e.g., the 
ostrich, the general structure of the thyroid gland is 
of the parathyroid type, i.e., colloid vesicles appear 
to be very few in number, while in some mammals, e.g. , 
the ’cat, the distinction between thyroid and psrathyroi 
tissue cannot be sharply made, the one tissue passing 
gradually into the other "with every kind of t r a n s i 

tional form". They both conclude that the evidence of
compsrative anatomy points clearly in the direction 

para-
that the thyroid glands simply represent altered 
or undeveloped, thyroid tissue. Thompson (p. Iff) con
s i d e r s  that they are "to be looked upon as constituting 
one apparatus". Vincent and Jolly (Journ. of Physiol. 
19 05 ) found that the parathyroid, glands, after thyroid
ectomy, develop colloid vesicles and appear to take on 
the same character as the thyroid gland itself. They 
concluded from this that the parathyroid glands repre
sent embryonic tkyrcid tissue and that on removal of 
the thyroid glands, the parathyroid glands then develop 
into normal thyroid tissue and replace the thyroid 
glands functionally. Thompson (loc. cit,.) confirmed 
these results (also Halfpenny, .loc. cit) and he considers 
that "parathyroids left behind after removal of the 
thyroid develop colloid vesicles and become practically 
onvert. ed /



converted into thyroid". Thompson, however, carries 
this a stage -further and states that "moreover, the 
changes in the thyroid, after removal of the para
thyroids may be. interpreted as the reverse change of 
thyroid into parathyroid tissue". There are thus 
several workers in this f i e l d  who hold the view that 
the thyroid end the parathyroid g l a n d s  are the same 
tissue, and even observers who con°iier that the evi
dence is not yet absolutely conclusive in regard

to this point, are quite willing to admit that the 
structure and nature of these two glands are suffi
ciently close to ;justify the term "thyroid-parathyroid 
apparatus", a term which I shall u°e freely in the fol
lowing descriptions, but which I consider no more com
mits me to the view that these two structures represent 
one tissue than that the term "pituitary" denotes that 
1he anterior and posterior lobes have the same function, 
or the term "suprarenal" denotes, that the cortex and 
medulla are identical. (See chapter, however, on parathyroids), 

Thcmpson (loc. cit.) in discussing the thyroid- 
psrathyroid apparatus, carries this one «tep further.
The confirms Herring's observations (Quart. Journ. of 
Physiol., i 909 )" that tlifve 1 s 9 great increase in the 
amount of colloid belies in the 'pars intermedia'. They 
ppear to be, in part at least, of a cellular nature 
nd /



and to find their way between the ependyma cell0 into 
the infundibular recess and ventricles of the brain". 
herring compares the presence of colloid matter in this 
region to that in the thyroid gland, and says that 
"the epithelial cells do not show the regular arrange
ment which is eo characteristic of the thyroid vesicle®; 
the walls are irregular and may be composed of one or 
several layers of cells". Thompson (p . * 1 2 5 and 1 26 ) 
states that while this is true for the cat, and for the 
normal pituitary of the dog, "it is far from being the 
ca°e in the pituitary of the dog which died after para
thyroidectomy. In this case the vesicles are lined 
with a regular circle of epithelial cells, precisely as 
is the case with the thyroid, and far as my investi
gations at present show, appear to give the same micro— 
chemical reaction. The hypothesis seems a tempting 
one that a third component is to be added to the thyroid 
apparatus, and I am inclined +o believe that thyroid, 
para thyroid and pars intermedia of the pituitary fo£m 
t.0 gether a r appara.tus whose parts not only work to
gether physIclogioally, but are closely related develop
ment ally. According to this view, if it be correct
that "the intermediate portion of the pituitary is to 
be looked upon as an integral part of the thyroid— 
parathyroid apparatus", we have a possible explanation 
why /



why disease of the thyroid gland may also affect the 
pituitary body, since we may suppose that if these 
three parts are really one and the same tissue, the 
cause which has produced the pathological change in 
the one part, will naturally produce changes in the 
other parts of a similar nature; and hence we hare a 
possible explanation of how changes in the pituitary 
body may accompany changes in the thyroid gland. But 
although this view is theoretically satisfactory, it 
is not in agreement ’with the actual facts found in 
man, because in exophthalmic goitre and myxoedema 
the involvement of the pituitary is not limited to the 
pars intermedia, as both diabetes insipidus and 
acromegaly may be present, i.e. involvement of the 
posterior and of the anterior lobes respectively.
The view, therefore, that the "thyroid, parathyroid, 
and pars intermedia of the pituitary" represent one 
tissue doe« not help us in understanding why a general 
involvement of all parts of the pituitary may be 
found in thyroid diseases. And it must be remembered 
that this theory is not yet accepted, and while I 
hesitate to say it is premature, I should like to 
point out that Schäfer (loo. eit. ) considers that it 
is probable that the hormones which have such marked 
effects upon the blood-pressure and kidneys are elab
orated in this portion of the gland. The problem is

8. /



a far more complex one than merely a general lesion of 
the "thyroid-parathy roi(4-pars intermedia of the pitui
tary apparatus''. And I cannot but think that the 
union of these three structures into one tissue is pre
mature. Schsfer (Croonian Lecture) has pointed out
that the hormones which produce the blood—pressure and 
diuretic effects upon intravenous injection are pro
bably manufactured in the par« intermedia of the pit
uitary and thus we have a most important fact against 
the above view, which cannot be overlooked. When we 
consider that the inclusion of the pituitary in the 
+ hyroid-peretlyroid apparatus is founded entirely upon 
the fact that colloid matter spnears in the cell« of 
the pars intermedia after thyroidectomy and after para
thyroidectomy fThomp«on, loc. eit. ), and that even 
these facts are not altogether in its favour since 
Simpson and Hunter (Quart. Journ. of Physiol., If10,
Vol.iii, No.P.) have found that after thyroidectomy,
iodine does not appear in the colloid master in the par
intermedia of the pituitary,which there for e presumably
doe® not elaborate a secre+ion which can functionally

thyroidreplace that of the gland, we «ee that the theory isA
founded upon altogether insufficient, evidence.

Va«sale (Abstract in P6v. Neurol, and Psychiat.,
1906) discusses the significance of the enlargement of 
the /



the pituitary gland «0 often found post-mortem in myx- 
oedema, and concludes that the increase of the pit
uitary in these conditions is purely a functional hyper
trophy, resulting from a greater call being placed upon 
it to perform its ©.notion in conseouence of some un
known changes in metabolism associated with my^oedema• 
He therefore regards the two conditions of involvement 
of the pituitary and of the thyroid simultaneously as 
being both the result of some other cause which has 
had a s imilar effect upon both g l a n d s .

Before we proceed to discuss in detail the nature 
of the changes in the thyroid and pituitary, let us 
first of all glance at the pituitary body. The pit
uitary body may be divided into three parts ;

( 1 ,) mhe pars anterior, f o m e d  of vascular gland
ular epithelium ;

(fj The p ar« Irterrsedis, formed of a less vas
cular epithelium secreting "colloid" ;

(3) The par« nervosa, or posterior, formed ms ini} 
of neuroglia and invaded by the colloid of 
the par® intermedia which passe® through 
it into the infundi.bu.lum of the third 
ventricle.

These parts differ ■prom one m o + her in function, and I 
canno+ /



cannot do better than quote Schafer .(Groonian Lecture, 
If109) in regard +o these separate functions :

"(1 ) The function of the par® anterior is pro
bably related to growth of +he 'skeletal tissues, in
cluding cartilage, bone and connective tissue in gen
eral. The chief evidence in favour of this is derived 
from the fact that hypertrophy of the pars anterior is 
associated with overgrowth the skeleton, of the con
nective tissue in growing individuals, and of the con
nective tissues especially in individuals in whom 
growth has ceased. These effects are probably pro- 
due ed by ho rmone®.

(i?). The function of the pars intermedia is to 
produce a "colloid" material which contain« active 
principles or hoimones acting upon the heart, blood- 
v f . ¡ a s  and kidney®. Probably there are several such 
hormones acting upon blood-vessel- and kidney® inde
pendently, and al®o acting antagonistically, «0 that 
according to circumstances, either a ri«e or fall of 
b 10 0d-pres®ure an increased or -diminished secretion 
of urine, may be produced, and the effects on the kid
ney may be independent of those on the blood-vessels. 
The hormones which appear to be most active are those 
which produce contraction cf the blood-vessels in gen
eral, with dilatation or the renal vessel® and in
creased activity of renal cell«, but there appear to 
be j



be others which cruse constricti on q c renal vessels 
end diminished activity of renal ceil® ; the effects 
of these last are generally less lasting. There is 
also usually an inhibitory effect produced on the 
he a it".

"Acromegaly and gigantism appear to be due to an 
increase of function of the anterior lobe alone. It 
is this lore which 1® always in the fir®t instance 
hypertrophied in those affections. If the posterior 
1 c i o in involved, polyupis in likely to t., Tli6
fatal termination which ultimately occurs in acro
megaly - but which may be long deferred - is pro
bably associated with a change in the nature of the 
tumour, which from being a mere glandular hyperplasia 
become® of a sarcomatous nature, while the normal tip- 
nxi0 Tb 0C on on i0 ni toy0cl »

Tli 0 v  T in a ip s. 1 d 1 s a 6 wli i 0 ic 3 0 n 0 3 i 3 1, 0 w i ih 
disease of the pituitary at present i® acromegaly, a 
disease first described bv IIerrs Marie (Rev. de Med., 
18S5-S6), and which is characterised by an excessive 
growth of certain bone®, specially the lower .jaw and 
those of the upper and lower extremities, and with 
hypertrophy of the connective tissue.

Cunningham (Trans. Toy. Irish Acad., Vol.fS, 1391) 
first pointed out that while acromegaly is essentially
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a disease of iT.idd.l© l i f w h e n  s similsr condition CO— 
cur- during youth, the effect on growth is general, and 
thus he connected acromegaly and gigantism together, 
the former being an affection of the pituitary in 
middle life, the ia +ter in youth«

The next problem 1° whether °nch changes are the 
result of an increase or decrease of the amount of 
secretion of the anterior lobe of the pituitary.

Marie at first was inclined to favour the first 
view, as. he often found the pituitary tissue quite des
troyed by the tumour at death ; he, however, later 
abandoned this view.

Woods-Jlut chins on (Trans. Pan-Amer. Med. Congress, 
1894) considered that the two conditions of acromegaly 
and gigantism are due to a hypertrophic condition of 
the pituitary, or rather of the anterior lobe alone, 
which "may be considered to produce too great s quan
tity of a hormone which s t i m u l a t e s  bone growth."

Schafer (Croonian Lecture, ISOS, July P 2 ) points
Iout that this i a.tt er view of Woods—Hutchinson is sup

ported by the fact that in many instances, especially 
where the tumour has not been unusually large, there 
was found simply a glandular hyperplasia of it e anter
ior lobe. And in a few case« of acromegaly where no 
distinct enlargement of the pituitary was found, the 
glandular cells of the anterior .lobes were found, to be 
unusually /
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unusually full of the granule« which are generally re
garded as indicative of the secretory activity of +he 
cello.

But many instances are known in which after death 
the whole of’ the glandular tissue of the organ has 
been entirely destroyed and replaced by cexls of the 
type met with in malignant growths, and this seems at 
first to support Marie's original view that the symp
toms result from a suppression of the internal se
cretion. Schafer, however, considers that it is 
much more probable that the tumour was at the beginning 
ncn-ma 1 ignant, and of the nature of c. simple hyper
plasia, the malignancy of character being established 
later, and only then proceeding to destruction of the 
glandular type of cell. He points out that complete 
destruction of' tie gland appear« to be incompatible 
with ii fe for more than a few days at the u+most. He 
espres«es himself a« follows (p.444) :

"If we assume - which, we are not entirely justi
fied in doing - that destruction by disease w i n  
have a similar result, then we shoudd expect, if acro
megaly .be due to hypertrophy and increase of activity 
of the gland, that as long as such a tumour is merely 
glandular and benign, the series of symptoms which 
characterise the disease would probably develop, and. i 
is a known fact that in most recorded eases it has 

pursued /



pursued a slow course with a gradual development of 

the charsoteristic °igns. it is unlikely that at this 
stage the tumour which i° forming is already malignant, 
and especially that it has assumed a sarcomatous char
acter, which is that which has perhan*5 been most often 
described post-mortem in disease. It is more pro
bable + hst the malignant character has become developed 
short'ly before death, and by no means improbable that 
death has resulted from entire suppression the func
tion of the gland owing to destruction of the normal 
glandular cells by those of a malignant, nature. one 
nruet at the °sme time bear in wind the existence of 
other possible or contributory cause0 of death, such 
a s  pressure of +he tumour upon the base of the brain 
and the mere existence of malignant disease. But in 
many cases the tumour has not been of sufficient sice 
to justify death being attributed to these causes, and 
the assumption + hst it has resulted from destruction of 
the normal glandular tissue is probably correct.’'

I may summarise our knowledge up to this stage as 
follows :

(.1) Tie pituitary gland appear0 to be absolutely 
essential for life r if it be destroyed, 
death occurs usually within 48 hours.

(2) The anterior and posterior parts both secrete 
hormone0 /



hormone* .

( 5 ) The hormone from the anterior part. ic neces
sary for and controls the growth of‘ the 
she 1 et p 1 ®y st em*

(4) if this secretion be present in excess, the
diseases condition depend® upon the stage 
at which this developed :

( s. ) In y d * h  it produces "gigantism",
(b) In middle age it produces "acromegaly".

(5) Acromegaly with destruction of the pituitary
is not to be regarded as evidence that the 
condition is due to diminution of the hor
mones, but rather as evidence that it is 
due to des tract ion of the tissue following 
upon previous excessive activity.

I have already pointed out that we do not possess 
experimental results on animals which allow u s  to con
clude that changes in the structure (and function) of 
the thyroid gland may result from lesions in the pit
uitary body, and I do not at present see a method by 
which t hi« problem may be successfully attached.

But although the results of experiments on animal 
are of such a negative character, we have the whole 
field /



field of human pathology and clinical medicine open to 
us, and I now propose to discuss +.hi« problem from this 
point of view.

The occurrence of polyuria in acromegaly was noted 
by Marie in his early paper® on this subject, and al
though not understood at the time, we are now in a 
position to realise that it is due to an involvement 
of the posterior love of the pituitary simultaneously. 
The association of the somewhat uncommon condition of 
diabetes insipidus with disesee of the posterior lobe 
cf the pituitary has been suggested by Schafer and 
Herring 0Trans. Roy. Soe., 12 ), but has not yet been
proved. We are thus, not in a position to theorise 
in regard to the Question as to whether +hi® condition 
i° due to an excessive secre* ion or to a diminished 
secretion from +hi®. po«t erior lobe. If, as it is now 
generally accepted, acromegaly is due to an increased 
secretion of the anterior part of the pituitary, the 
occurrence of diabetes insipidus would suggest, that 
the posterior paid had undergone a similar change and 
that diabetes insipidus, is due to an excessive secre— 
tion of the posterior lobe. But, on the other hand, 
the argument cuts both ways, since we might regard the 
occurrence of diabetes insipidus, in acromegaly as be
ing due to diminished secre+ion in consequence of 
d e s truetion /



destruction of pert of +he pos + erior lobe from pTP c? cnj[Y>fl 
resulting from the gradual enlargement of +he anterior 
lcbe, the specs in which these two lobes are confined, 
the sella turcica, being limited. f'o that, although 
we are not in a position to ®tate accurately whether 
d 1 abete° 111 s 101 dus is due to an increase or a diminu
tion of the internal secretion of the posterior lobe 
the fact that hyperplasia of the posterior lobe ha® 
been. « 0  often found in cases of acronegaiy in which 
polyuria was a symptom, points strongly in the direction 
of the condition resulting from excessive «ecretion of 
thi° posterior lobe, and that those case® in which des
truction of the posterior lobe has been found in acro
megaly with polyuria, may receive a similar interpre
tation to that suggested by Schafer for the anterior 
lob®, namely, that the previous excessive action has 
been replaced by a later diminished action which pro- 
bably occurred shortly before death.

I should like at this stage to suggest, a rule 
which may help in guiding us in regard to the problem 
as to whether a definite series of symptoms result from 
excess or diminution of an internal secretion, namely, 
that if the symptoms are of the nature of increased 
function, e.g., increased bone growth in acromegaly, 
increased amount of urine in diabetes insipidus, per
manent excitation of the sympathetic in exophthalmic 
goitre /



goitre, then we msy regard the condition as being due 
to an increased production of the 'corresponding horncne 
while if the clinical feature"* are due to a diminution 
in function, e.g., cardio-va.scuiar paralysis in Ad- 
d' eon ' "• disease, atrophy of the sympathetic system in 
myyoedema, then we may e on eider that the lesion has pro 
duced a diminution in the n ua.r.t i ty o ̂  the corre sp ending 
rormone

her T have shown that definite changes have been 
found in the pi + uitery body (pars intermedia} of ani
mals r-pter thyroidectomy, and that numerous authenti
cated cases are on record in man in which the pituitary 
and thyroid glands have both been involved, but before 
discussing the significance of these changes, I should 
like +o discuss the relation of the pituitary to disear 

There are two diseases which we associate with 
lesions of the pituitary, namely, a cromegely and 
gigantism, both the result of an overproduction of the
hormone in *he anterior lofce which regulates bone 
growth, the former ii scsse resulting if the lesion oc
cur in middle age, the latter if in youth.

Acromegaly was first described by Marie (Rev, de 
Med., 13 86 ) and it almost, always develops insidiously. 
According to Qppenhein (Teyt—book. of Nervous Diseases, 
1911) "the characteristic feature of the disease is 
enlargement /
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enlargement or thickening of the distal ends of the 
limbs, and of the nose, lips, lower jaw, etc. The 
enormous developnen t of the hands and feet is very 
striking, the fingers and toe« being specially affect
ed" .

Cur.ninghair, (loc. *it. ) f ir®t pointed, out the re
lationship of acromegaly to gigantism. Opuenheim-------------

(loc. oit., p. 13T7 ) states "that as regards the re
lation of acromegaly to gigantism, about a fifth of 
the ca®er of acromegaly may be regarded a® giants". 
Sternberg also states that many of the giants described 
in literature suffer from acromegaly, a point previous
ly noted by Cunning hem.

Giganti®m has been very fully discussed by Henry 
Meigs (Arch. gen. de Med., oct., 19 OS, ^aris), who 
dividev the condition into two group® :

(1) "Gigantisme vrai” consistant dans une simple 
erageration du processus normal de croissance,

( J? ) "Gigantisme sympt ornaticue, chea lequele on 

observe en outre de® malformations physiques. e+ des 

+ TCTi'bl,oci th o rb l d.0 ̂ ff»

Meige then proceeds to discuss the condition and 
point® out how closely the two conditions of gigantism 
end acromegaly are allied to one another. He gives 
a brief review of the literature on the subject and 
points out that acromegaly never precedes gigantism, 
but, on the contrary, in about 5Qc/' of cases of gigantism 

acromegaly /



acromegaly follows. He considers that in both condi
tions there is excessive oste®—genetic activity. if 
the bones are capable of growth in length, the result 
is gigantism, but if the epiphyses have united and only 
hypertrophy or the ends of the bones is possible, the 
result is acromegaly.

Modena (Piv. Speriment. di Freniat., vol.xxix,
1 1 eg ; Abstract in Bey. Neurol, and P®ychiat . )  agree® 
with the above stated view of Meige in regard to the 
association of acromegaly and gigantism, and proceeds 
to discuss the nature of thp lesion which has been res
ponsible for producing these two conditions. It is 
interesting tc note t.hĉ  he comes to a somewhat similar 
conclusion +c that given by Schafer in his Croohian 
Lecture. lie point® out that Pi errs Marie wa® the 
first to note the constancy of the connection between 
acromegaly and lesions of +he pituitary body, and. to 
conclude that it i® the accumulation of seme toxic sub
stance in the nervous system, no longer neutralised by 
the pituitary secret ion, which produces a continuous 
irritation in the extremities resulting in hyperplasia 
cf bone and other connective tissues. Thus Marie con
siders it a disease analogous to myxoedema and deficient 
thyroid secretion. Modena, however, considers that 
Marie's hypothesis of abolition of function is not the 
cause cf acroraeg; iy, as if this were so, then "acro
megaly should supervene in all cases where the gland 
is /



is destroyed. But numerous ca®es are recorded of 
malignant tumours, tuberculous disease, echinooooon®. 
cyst, etc., destroying the pituitary body without pro
ducing any bony enlargement or increase of connective 
tissues ». Or these grounds, therefore, he rejects 
Marie's hypothesis and is inclined to agree with the 
v i ew o f Tamburtnl that t h e c on d it ion re sul t s f r am e x- 
cess of function of the pituitary gland. He considers
that in acromegaly there are two phase®. The first is
the phase of hypertrophy and functional hyperactivity 
of the gland, whereby abnormal substances are produced! 
whose action is to cau«e growth of bony tissues. This 
is followed by a later phase in which profound se
condary changes, cystic degeneration, adenoma, etc., 
occur in the gland, which now ceases to functionate. 
This is the period when the progressive bony over
growth stop® and cachexia supervenes, inducing the 
fatal termination".

The best records of cases of these conditions
which i have been able to discover are those contained]'
in the Nouvelle iconographie de la Salpetrière.

Launoie et pçy (hour. Icon, de la Salpet., 1903, 
Vol.16, p. 163) record a very typical example of com
bined gigantism and acromegaly, in which diabetes was 
also present. There 1® a very good illustration cf 
th e J



the pet.lent end e. very complete account o® the post
mortem examination i° given. Tire pituitary and thyroid 
were both affected, but I «hall refer to these later.

Aohard et Deeper (Nouv . Icon, de la Salpet., 1900 ) 
also record a very similar case of gigantism, in which 
the accessory sign? of acromegaly were present, pro
truding chin, prominent cheek bones, large hand® and 
feet, etc.

Dana (Journ. Nerv. andSfent. Dis., 1893 ) also re
ports two very typical cases of gigantism and acro
megaly.

The occurrence of these two conditions together 
is therefore definitely established. According to 
Oppenheirn (loc. cit., p. 1371) one-sixth of the cases 
of acromegaly are giants, and Sternberg (Ztschr. f. 
klin. Med., 1894 and 1895 ) even places the proportion 
as high as one in two.

Erls sand e + Meige (Nouv. Icon, de la Salpet., 189|7) 

report two exceedingly in tere«t1ng cases of gigantism 
followed, by ac ~som eg a ly. The ca®e® are described in 
full. The authors consider that the association of 
these two conditions is far more common than is gener
ally realised and that about half the case® of authen
tic gigantism are followed by acromegaly, the other 
half being essential gigantism, wlre^e the signs of 
acromegaly /



acromegaly may have been flight and unnoticed, or ab
sent altogether. They consider that gigantism and 
acromegaly are only two clinic-: 1 manifestations of the 
same pathological prcce««, depending «imply upon the 
period of development of the individual when the dis
ease appeared, gigantism resulting if it occur« during 
growth, and acromegaly after development is completed, 
while if the lesion continue« acting..the whole time, 
then there result® first gigantism, and later acro
megaly.

Gigantism may remain pure and simple. It does 
net, necessarily lead to acromegaly. The patients may 
simply remain giants and live to an old age. When 
this is so, the condition may be regarded merely as an 
exaggeration of the physiological process, i.e., we 
may regard the anterior lobe of the pituitary body as 
furnishing an. internal secretion or 'hormone' which 
regulates or controls, in some way, and is necessary 
for the normal growth and development o f  the osseous 
part of the skeleton. Now, obviously the period when 
this secretion will be most required will be during 
the period of development. Once the development of 
the osseous system has taken place, the amount of this 
secretion required w i n  be greatly diminished ; so 
that there will be a gradual physiological change in 
the I



the amount of secretion required by the organism at 
different periods of life, the amount increasing until 
about the age of puberty, after which there will again 
he a gradual decrease. If thi« secretion be present 
in eyce«s during development, the condition will re
sult, in excessive development of the os«ecu® system,
i.e., gigantism. If, however, the excessive secretion 
be rresent after development has been more or less corn-- 
pleted, the hypertrophy or growth of the bones cannot 
take place in length, but instead, thickening of the 
bones, i.e., acromegaly, is produced. This condition 
might thus be produced by excessive secre+ ion after 
development has been completed, or merely by the sub
sequent diminution in the amount of secretion not 
taking place, e.g., as the result of some prolonged 
irritation or stimulation of the pitujitary occurring 
at this period. If the excessive stimulation of the 
gland appear in youth and cease at puberty, then the 
resultant condition will be s pure gigantism (a some
what rare state), but if it continue still later it 
will produce gigant.ism followed by acromegaly. If 
we consider the problem of this internal secretion from 
the above point, of view, it will at once be apparent 
that there is still another possibility present, name
ly, there may be an excessive production of this se
cretion during early life, followed before development 
has j



hr? been completed, by an exhaustion of' the anterior 
lobe, or perhaps rather by a condition of relative in
sufficiency. A very good example of excessive pit
uitary action in early life, followed later by relative 
exhaustion of the gland, is recorded by Kudovernig, 
although he did not reooPhioe the full nature of the 
condition with which he was dealing.

Hudovernig (Nouv. Icon, de la Salpet., 1906, p.
398 ) describes a very interesting case under +he title 
of "Un cas de Gigantisme precoce”. This case is 
fully reported, being first described by Hudovernig 
et Petry-Popovitg (Nouv. Icon, ie la Salpet.) in 1903, 
the above reference being to a later report upon the 
patient's condition from 1903 till 1906.

The patient wa° a boy aged 8y years (in 1906).
The family history exhibited no peculiarity and the 
birth w a s  normal, His history appears to have run a 
normal course until he was r§ year0 old, when he had an 
acute attack of meningi+is from acute otitis media, 
from which he completely recovered. Immediately 
after this, however, his parents began to notice that 
he was growing very rapidly and when he was two years 
old, he had far surpassed infants of his own age. At 
the age of 5f years, he had the appearance of a boy 
of 15 or 16 years old, not of a child of 5 or 6. He 
weighed/



weighed 35 kilos and measured 1 metre 37 in height. He

was very thoroughly examined by y-rays. The bones of 
the hands showed a degree of ossification comparable to 
that in s. boy of 15 or IS, not of a child of 5 or 6, 
and the bones of the head were very well developed ;
"et 1*on constatait en arriéré de la cavité orbitaire 
une tache claire qui semblait indiquer un élargisse
ment de la cell e tunique et la présence d'une anom
alie de l'hypophyse". They consider this the young
est giant yet placed on record,and regard the condi
tion as of pituitary origin.

In the second report Hudovernig records that the 
boy continued, steadily to grow until 1905, when his 
growth ceased. At this period he was ?j>- years old, 
and had the appearance of a boy of about 17 years or 
sc. If hi.s growth ceased permanently at this stage 
when he reached the age of 21 h e world actually be be
low the average «ize, and Hudovernig point« out that it 
will be particularly interesting to watch his future 
history to see is he begins to grow again and develops 
into a giant, and if so, whether he lat»r becomes 
acromegalic. Thyroid extract did not influence his 
growth, but he happened to be taking ovarian extract 
at the time of his cessation of growth, and Hudovernig 
for this reason, is inclined, not to associate his 
grow t h /



This ca«e is a very interesting one. A hoy of 
li years old, after meningitis following middle ear 
disease, suddenly begins to grow at an exceedingly 
rapid rate for severa 1 years, after which his growth 
suddenly ceases. This growth is accompanied by a de
gree of ossificat ion of his bones far in advance of 
his age, and with enlargement of his s. ell a turcica, 
as shown by the 7-ray s.

I interprete this ease as follows r The middle 
ear disease led to meningitis from which he completely 
recovered, but «ome source of irritation at the bare 
Of +he brain remained, which, although not sufficient 
to produce any symptoms clinically, was yet enough to 
lead to irritation and stimulation of his. pituitary 
gland. In order that such excessive growth be pro
duced so rapidly, the^e must have been some very in
tense stimulation of the pituitary gland, which has 
poured out its psr+ icular hormone at an enormously in
creased rate, and there has- resulted this great a nd- 
hapid bone growth. But the pituitary gland has been 
unable to keep up such s rapid, production of secretion 
and has nit ir.ately become exhausted, oust as any other 

■gland may be in consequence of over-stimulation, and 
as I have shown, may be experimentally proved in the 
cat J

growth with the pituitary.



cat by continuous stimulation of the splanchnic nerve 
when a complete exhaustion of the siffrarenal gland may 
be produced, so that an extract made from «nch glands 
upon intravenou's injection into a fresh cat produces 
nc rise of bloodfpressure, thus proving complete ab
sence of adrenalin. The future history of this case 
vd.ii depend, almost en+iraly upon the fact whether the 
pituitary gland, will be able to recover its function 
with rest. If it does not, then growth '"ill not re
commence and he will remain for the rest of his life 
at the same «t age of development as regard« hi° os— 
seou? system. If, however, the gland be able to re
cover, then growth may again begin, and the osseous 
development run its normal course, while if the source 
of irritation be still active, he may may ultimately 
become a giant and at, a still later period develop 
acromegaly.

This ca«e, however, appears to throw some light 
upon the pituitary which i« of great importance. In 
it there were no symptoms of polyuria at any stage of 
the illness, so that it appears to me that, we are 
justified in coneInding that the posterior lobe of 
the pituitary was unaffected. The irritation must, 
in fact, have involved only the anterior lobe, and 
this ease suggests that exhaustion of the anterior 
lobe /



lobe 1« compatible with life, end that the part of the 
pituitary which is necessary for life, must be the 
posterior lobe.

Having now been able to determine that all the 
evidence is in favour of gigantism and acromegaly be
ing due +c an increased amount of secretion from the 
anterior lobe, I next wish to discuss the question as 
to what condition clinically will correspond to a 
diminished amount of secretion from the anterior lobes 
because such a condition must exist, although it is 
not at present recognised. If we can prove that 
such a condition exists, then we obviously have a very 
strong factor indeed, if not a complete proof, that 
gigantism and acromegaly are actually the result of 
an excessive secret icn. And, on the other hand, if 
acromegaly and gigantism be the result of a diminished 
secretion, then it ought to b p possible for us to 
discover some other di seas© and to show that 
it is the real result of an excessive secretion of the 
anterior lobe of the pituitary. But thi« latter 
attitude receives practically no support from physio
logical, pathological or clinical investigation, and 
it is very difficult to imagine that a condition such 
as gigantism, in which there is excessive formation of 
bony tissue, can be due to any other cause than an 
excessive j



excessive amount of the hormone which controls this 
parti cul ar fun o t i on.

The clinical condition which would correspond to 
a. diminished amount of the internal secretion of the 
anterior lobe of the pituitary has not yet been re
corded. It would appear at first sight that such a 
condition might be not at all uncommon, although at 
present unrecognised, and just as the corresponding 
condition in the thyroid, namely myxoedema, may follow 
upon exophthalmic goitre, i.e., a« I have already 
shown, atrophy of the gland following upon hypertrophy 
so we might expect to find a somewhat similar condi
tion in the pituitary. Unfortunately this line of 
investigation leads to nothing, because the effect of 
increased formation upon the bony tissue cannot pro
duce any subsequent changes when the bony structures 
are no longer influenced by this internal secretion.
Ir o^r?r ? / c 9 onoo rjvp.i_01>s 1 T)p*v>‘t 0*̂ ill*? l3ccly is
formed, absence of this secretion will not produce 
any marked effect, as the structures already produced 
are permanent, and therefore we cannot investigate 
this quest.ion by studying the resultant condition of 
atrophy following hypertrophy, as we can in the case 
of the thyroid gland. I have already pointed out in
the case of Kudovemig that we have apparently a

>/condition !



condi ticn of exhaust, ion followin'! excessive "Spinet ion, 
but what has happened in this ease is simply that in
creased growth has ceased - that is all. In order 
to investigate trie problem, therefore, we must go a 
step further bach and investigate the changes which 
occur before thi° bony growth has tahen place. Ob
viously, if an excessive amount of this secretion pro
duces gigantism, the corresponding condition due to 
absence of this secretion will be infantilism. I am 
not aware that the condition of infantiliem has been 
associated with absence of pituitary secretion, but 
if this be so, we should expect to find many different 
grades of true infantilism, in which we may have the 
bony structures either only very slightly developed, 
developed to on intermediate degree, or to a still 
more advanced but yet immature extent. ye might, 
therefore, expect to find a condition in which some of 
the symptoms of infantilism might be associated with 
seme of the symptcms of gigantism. That is, the two 
conditions might be combined. At first sight °uch s 
condition would eppeer to be impossible, but several 
very interesting cases have been recorded under this 
heading, and the®e appear to meet with a complete ex
planation if we regard them from this point, of view.

Lanr.cis et Poy (Nouv. Icon, de la Salpet., 19Of, 
p. 540 ) described a very interesting case of a 
combination /



co~:binptior of gigsnti®m and infan*ill®m. Tbe pat—
lent was a man of thirty year' of age. Hi® family 
history was negative. At the age of nine he had 
sinal 1-pox and at eleven typhoid fever. It then began 
to be noticed that he was growing somewhat quickly, 
and when he was about twelve year® old, he resemhL ed 
a youth of twenty. He continued to grow more or less 
slowly, and at the time when the case was recorded, 
when he was thirty years old, he was still growing 
slowly, his height then being 2 metres 55. The inter
est ing point about the case is that although he had 
grown into a giant, every sigh of puberty was absent. 
His bones were very carefully examined by the 7-rays, 
and it was found that although he was thirty years 
old, the structure of the bones had remained that of 
a very early age, the epiphysesl cartilages being 
still present, and the bone® being in every way those 
belonging to an early stage of development. The 
writers considered that thi® case represented a com
bination of infantilism and gigantism, because al
though the patient had grown greatly in height, his 
bony tissues did not show a corresponding state de
velopment, and had remained those belonging to the 
infantile type.

Buday and Janeso (p. Arch. f. kiln. Med., 1898,
P. /



p. 385 ) heve recorded 8 somewhat similar oa®e, which 
is still more interesting because here the patient was 
a giant resembling the above ca®e, but -along with the 
great increase in height which he showed, there was no 
corresponding development of hi® bony structures, which 
retained the "infantile type", The writers consid
ered this case to be an example of infantilism com
bined with gigantism, and what i® specially interest
ing is that the patient’s after-history was followed 
closely, and that he developed typical signs of acro
megaly.

Babin®hi, who disous®es these cases, asks whether 
an arrest, of the general development of the body, so 
that the usual sign® of puberty did not present them
selves in due course, might not also be associated 
with a pituitary l esi on*

Bris®aud and Meige ( Kou,r. Icon, de la Salpei,,
1904} pe 165 ) ríPtOtlî T typical oí*
gigantism and acromegaly combined, in a man aged 
thirty years, who presented an appearance very similar 
to that already described in the previous cases, there 
being great increase in height without corresponding 
mature development of the bones, and none of the signs 
of puberty.

These case® show very typically the association
of /



of infantilism and gigantisaa, because we may regard 
their- 8 ft cases in whi oh an increase of growth o 3 our red 
shortly before the bone? had developed to maturity.
As a result the growth in length continued, but ap
parently there was not a sufficient amount of secre
tion present to complete the development, and there 
therefore followed this curious type of greatly in
creased height associated with a permanent state of 
infantile type of structure of the bones.

T h e 0 8 r* p. ** tt.ay Id p sp xnt^i'Tnp^is.t 0 pc«
between the typical conditions of gigantism on the one 
hand, and infantilism on the o +her, since we have pre
sent a comb in a t j on of the symptoms of both diseases. 
But the condition of infantilism has been reported by 
many writers without any subsequent development of 
gigantism. This question has been discussed by 
Brisssud (Kouv. Icon, de la Salpet., 190*7). Before 
I proceed to take up the question of infantilism, it 
is necessary to define clearly the particular type 
which I wish to study in detail. There are many dif
ferent types of arrested, development in early youth, 
and I have already shown, after having made a most 
thorough examination of one particular type, namely 
the microcephalia idiot, that we have here a condition 
of permanent arrest of development. In this parti
cular type there occurs an alteration in the mornal 
type of develonment somewhere about the third month, 
and /



and the subsequent course continues along a different 
line from that followed up to this period, so that we 
have a condition exhibited which I was enabled to 
pT'Cv'P htup + fop tpoo°’ni PP'i si?5 s oXinio&l ori—

t,ity, sharply marked off from all other types of de
velopmental arrest,

Then there is 3 separate group of such condition 
which may be classed together as pathological states 
in which the developmental arrest has been the result 
of some pathological lesion present during foetal 
life, which has been directly responsible for the 
1 a t e r Q 0 n di ti on.

The condition to which the term 11 infan ti 11 sm" 
may be more correctly applied than to either of the 
above two groups, is that usually referred to as 
myxoedematous infantilism, in which a characteristic 
lesion of the nature of an atrophy is always found in 
the thyroid gland. The true significance of this 
condition I shall discuss later.

The particular type of infantilism t0 which I 
wish to refer here is that which war described, by 
Lorain in 1 8 7 1 (see Nouv. Icon, de la Salpst., 1903, 
p. 468 j. It differs in several very marked res
pects from all other types nf infantilism, and has 
been considered by many writers to represent a 
distinct /



distinct clinical entity, quite separate from all other 
types. This type has beer referred to by Brissaud 
(Neuv. Icon, de la Salpet., 1907, p. 1) as «1*infantii 
i fitip vrsi1* • TiOts in cLsF.cT'ifoBF il*, pf "D̂ orfoioiris 
d emess and smallness of the body, with weakness ap
parently a kind of arrest of development which af
fects the whole of the person rather than any special 
system”. He points out that thyroid lesions are 
usually not present in this condition. A patient 
exhibiting this state simply looks as if for some 
reason an arrest of growth had taken place, which had 
resulted in deficient development of the osseous part 
of the skeleton. He was quite unable to suggest any 
pathological cause to account for it, but considers 
that it might bp produced by congenital disease of the 
heart, patency of the ductus arteriosus and other such 
developmental malformations, which, it is interesting 
to net 0 , V7PTP 81FC O On 'i.PT1 P rl 0 foP till P iB^iOnF T0F— 

Sensible for acromegaly before it began to be sus
pected that the pituitary was involved.

gevproi good cases of this type are described by 
Levi (Nouv. Icon, de la Salpet., 1903, p. 797 and 431) 
the condition being very well illustrated. He points 
out that in these cases the condition was «imply one 
of diminished growth on the part o p the osseous system 
and /



sr.d that individuals who °uffer from this do not nec°p- 
sariiy at the same time develop any other lesion» He 
describes two typical cases in which a careful 7-ray 
examination was made of the bones. The development 
of the long bones, in particular, was very defective, 
the epiphyseal cartilages remaining permanently. Cases 
of thirty years of age and onwards who exhibited this 
condition show an appearance identical with that found 
in + he early stages of childhood, the development of 
the osseous system ha,ring apparently ceased at an early 
stage.

helge and Allard (Nouv. Icon, de la Salpet., 1908, 
p. 477; have considered that this statement is not 
correct, and that in this type of infantilism there is 
not a delayed ossification, but a premature ossifi
cation. Levi (loc. cit.) emphasised very strongly 
the fact that this attitude is quite erroneous, and 
that cases of infant ill sin with premature ossification 
should be removed from this group. He states in a 
very positive manner as follows : "Bans le type Lorain 
1 * ossification des cartilages epiphysaires r. 1 est p 3 s 
prematures mais au contrsire retard.ee". He looked
very carefully for s. lesion which might be responsible 
for this peculiar and distinct type of infantilism, 
and considered that it was the result of a disease of 
some of fhe internal secreting glands, not, however, of 
the /



the thyroid. He was unable to come to any more de
finite conclusione, but fortunately in 'many ca-ses moot 
c mplete accounts op the p o et—mortem records have been 
given, end although the actual lesion has not been de
termined by previous writers, the present advance in 
our Knowledge enables us to interpret the conditions 
from these post—mortem records.

It is very interesting to note how in almost all 
these eases, the description of various pathological 
le« ions of different part0 of the body includes that 
cf some condition in. the pituitary which mu"t have 
completely destroyed the gland, or at least rendered 
it physiologically functicnless. The following are 
some of the types of lesion recorded :

Hue ter (Arch, f. path. An at. u. Physiol., 1905,) 
records a case cf infantili un of this type in which at 
the post-mortem numerous tubercular nodules were 
found in the pituitary, destroying most of the gland.

Eabinshi ( Rev. Neurol. , 1900 ) records an interest
ing case of infantilism, in which +he pituitary was 
destroyed by pres «ni re from a neighbouring tumour.

Schul I ei- (Wien. raed. Wohusohr., 1907 ) quotes a 
care in which infantilism was combined with atrophy of 
the pituitary.

Cushing (jcurn. Nerv. and Ment. Die., 1906 ) re
cords a case of infantilism of this nature, in which 
at /



8+ death a terat ores was found in the regi on the
hypophysis,

Nazar i (Ii Poiioclinioo, 1906 ) describes a case 
of thio type in a man aged twenty, whose appearance 
was that of a child of ten. At the post-mortem, 
tubercular meningitis, with numerous tubercular nodules, 
was found in the pituitary, which was itself cystic.

v igourq u o: a rd Delmas (Sour. Icon, de la Salpet.,
1907) record, a ease in which at the autopsy a large 
calcified mass we.« found in the region of the pituitary 
gl and.

These cases are, I +hinh, sufficient to show that 
we have defini te evidence of the occurrence of this 
type of infantilism with destruction of part of the 
pi+uit a ry vi an cl, but in the record of the po°t—mortem 
ere ruin at, ions upon «uch cases, the destruction cf the 
pituitary gland ha« «imply been regarded as one of a. 
number of factors which had been discovered, and not 
of particular significance. I would here suggest 
that in all probability it is this destruction of the 
pituitarv which ha« been responsible for the condition 
of infantilism present, and that this particular 
lesion must be regarded as an opposite oondi+ion to 
gigantism; i.e., that in gigantism we have excessive 
activity of the anterior lobe of the pituitary gland, 
while in infantilism of the Lor sin type, we have a 
greatly /



greatly diminished or completely absent functional 
activity of this gland, the one condition being, there 
fore, comparable to exophthalmic goitre, and the other 
to myxoedema.

Let us now, at this stage, summarise our Know
ledge of the anterior lobe of +hc pituitary body :

(1) The internal secret!on or 'hormone* elabor
ated by +he anterior lobe of the pituitary body is ne
cessary for the normal growth the sKeletal system ;

(P ) Pathologically this internal secretion may 
be affected in one of two ways :

(a) increased amount ;
(b ) dimini °hed amount.

(3) An excessive production of this internal
secretion during youth results in gigantism ;

(4) An excessive production of this internal
secretion after the epiphyses have united results in 
acromegaly ;

(5 j If the excessive production begins in youth 
and continues until middle age, then there results 
gigantism followed by acromegaly ;

(6 ) If the excessive production cease- at puberty 
pure gigantism results ;

(v ) Ca«es of precocious g igantism in early youth 
folio wed /



folio wed igier by cessation of growth, r® y be suffi
ciently explained by an exhaustion of the pituitary 
gland, following excessive functions 1 a.ct.ic-ity ;

(8 ) Ca.se« of prolonged and continued growth be
ginning before puberty end continuing into middle life 
result from excessive functional activity of the pit
uitary commencing before the epiphyses have united ;

( 6 j) Ca«es of gigandism with Infantilism (i.e. 
great growth in length of the bones with s permanent 
youthful type of structure) are to be explained by an 
excessive activity of the pituitary of short duration ;

(10) Diminut ion in the amount of secretion from 
the pituitary leads to s. peculiar type of infsntiiism, 
known as the Lorain type. Numerous well-authenti
cated cases are on record, with subsequent post-mortem 
examinations. The osseous «yetens is essentially that 
of an early and non— developed type, and on examining 
the post-mortem records, a lesion of the pituitary 
has almost always been recorded, although its signi
ficance has not been realised ;

(11) It would appear that the anterior lobe of 
the pituitary is not essential to liJ'e. Schafer 
states that the pituitary gland 1 « essential to life, 
so that it must be die posterior lobe which Is nece«— 
sayy for +he maintenance of life.



The Pos t er i or Lobe 
cf the pituitary is unfortunately not at all well under 
stood in regard to its pathology and the clinical con
ditions which result from diminution and excessive 
secretion.

Schafer and Herring (Phil. Trans., ISOS, ^o 1.109 ) 

lave shown that an extract from +h? osterior lobe of 
the pituitary u o n  intravenous injection into animals 
produces a market rise, or a marked fail of blood- 
prensure, together with a strong diuretic effect from 
direct stimuiat ion of the secreting cells of +he kidney 
They consider that these two effects are produced by 
different substances, since treatment with hydrogen 
peroxide appear« to destroy the blood-pres«=ure raising 
constituent of the extract, without interfering with 
that which a c t s  upon the kidney.

Dale (Biochemical l o o m . , 1910) ia inclined to 
tbin^ +V; + *llP PV:irl0TlO® iTB^ilwT in C’J.T of "boill 
pressor, depressor and diuretic actions being produced 
by the «ame con st ituent.

Hal lib1 irt on (Quart, journ. of Physiol., 1909) 
examined the eff ect of extracts o-p the pituitary ob
tained post-mortem in man, and considers that there 
must be two substances present, one responsible for 
the rise in. blood-preosure, the other responsible for 
the /



the loccl effects on *he kidney as occasionally he 

found the one, and occasionally the other reaction ab
sent »

Schafer and Herring (loo. oit. ) have al«c pointed 
out +hat "it w i n  be of interest to know whether dia
bete« end especially diabetes insipidus, is associated 
with hypertrophy of the pituitary".

That polyuria is s. very common symptom in acro
megaly is well known. It was present in Marie's 
original case«, and was commented upon by him, although 
he did not understand how such a condition could re
sult from a pituitary tumour. There are also many 
cases on record in which the condition of diabetes in
sipidus ha« followed upon fracture of '‘he ba«e of the 
skull. I have already pointed, out that the evidence 
all points in the direction of diabetes insipidus being 
due to an excess, and not a diminution, in the amount 
cf secretion. The condition which re suit s from an ab
sence of this secretion has not yet been recognised.
In all pro ball li4y such a condition would produce some 
disease comparable to Addison's disease, since I have 
brought forward in an earlier part of this paper evi
dence that the part of the pituitary gland which is 
necessary for life is the posterior lobe.

There i.s one very important point, however, which



I have been enabled to determine in regard to the pit
uitary gland, and that is +he effect op an acute in
fective condition upon the gland. I have shown else
where that in any acute infective .condition, e.g., di
phtheritic, pneumococcal, typhoid, etc., toxaemias in 
guinea-pigs and rabbits, an enormous congestion of the 
suprarenal gland may be found, which may be associated 
with complete exhaustion of the medulla of the supra
renal gland of all its adrenalin, and I have shown tha 
the resultan+ condition of acute heart failure is 
directly the consequence cf the exhaustion of the supr 
renal gland of its adrenalin, as the tone of the 
cardio-vascular apparatus depends directly upon a con
tinuous supply of adrenalin rather than upon an in
ternal nervous supply. It next occurred to me txia.t 
the above congestion and exhaustion of the suprarenal 
gland might also occur in the pituitary gland, and I 
was not at all «apprised when I came to examine the 
pituitary gland in these conditions to find that it 
also was extremely swollen and congested, and upon 
intravenous injection of an extract from such glands, 
the usual vascular reactions were absent. Only on 
one occasion have x investigated the effect of °uch an 
extract upon the kidney secretion and obtained a com
pletely negative result. No increase of kidney se
cretion followed, while an extract from a normal cat’s 
pituitary /



pituitary gland gave s positive reaction. This ex
periment seems to indicate that the pit nit p.rv gland 
ir.ay also become exhausted of’ it« internal secretion 
under similar condition« to those in tlie suprarenal 
glands, but the matter requires further investigation.
I have not yet work-ed «ufficiently with pituitary ex
tracts to obtain confidence in the accuracy of my re
sults, and I venture merely to submit the above exnemi
nent as an extremely suggestive one. That the blood- 
p res sure raising constituent may be absent is quite 
certain ; I have repeatedly proved this, and if Dale 
be correct in thinking that it is the same constituent 
which produce« the blocd-pressure raising ac + ion and 
the diuretic effect, +hen my point is proved, but we 
require further evidence in regard to this question of 
the identity of Die two constituents before we can ac
cept it.

The point to which I wi«h to draw attention is 
this : exhaustion of the pituitary gland may occur
in the acute infective fevers. Now, diminution in. 
the quantity of urine is an almost constant phenomenon 
in rush conditions, and it is extremely suggestive 
that possibly these two conditions are associated with 
each other. It should also be noted that it is these 
diseases in which scute heart failure is specially 
liable to occur which also show a tendency to attacks 
of /



cf nephritis. The problem is this : are the dimin
ished quantity of urine and the acute nephritis found 
in acute infective fevers, etc., related in any nay to 
the exhaustion of the pituitary gland which may be pre
sent in these conditions ? The problem reauires? 
to be fully investigated in the same manner in which I 
have investigated the reia+ion.ship of acute heart 
failure to suprarenal inadequacy. I merely wish to 
mention here the above facts, with the deductions whicji 
they suggest.

The following case is worthy of record here as it 
strongly suggests that the posterior lobe of the 
pituitary is the part of the gland which is necessary 
for life;-

"Case of Acute Diabetes Insipidus with Fatal Coma.11
A. H. Carter, Lancet Aug. 27th. 1904, p. 589. 

The patient was a girl aged 8, nervous but always in 
the best of health suddenly complained of being unwell 
after getting wet. There were no symptoms except that 
"she became very thirsty, was always drinking water, 
and passed large quantities or pale urine (6 to 8 pints 
in the 24 hours). She became steadily worse and died 
20 days later in a curious condition of coma. The 
notes of the case are incomplete, but for a few days 
before death the quantity of urine was very small.
The pulse and temperature remained normal, but the 
respirations /



This case is in all probability one of some 
kind of affection of the pituitary. As there was no 
postmortem examination, we do not know the real 
nature of the lesion, and the history is too vague 
to be of value. There may possibly have been a fall 
to account for the symptoms. Whatever, the primary 
cause is, however, the symptoms are those of stim- 
-ulation or irritation of the posterior lobe of the

pituitary, producing diabetes insipidus. The quantity
■

of urine, however, rapidly diminished in amount,
showing that the pituitary either had been destroyed,
.
or possible had become exhausted. At any rate, it had 
become functionally inactive, and the point which I 
wish to emphasise is that death from coma resulted.

The case strongly supports the view of Schafer* .. |
that the pituitary is necessary for life, and I 
think it strongly emphasises the fact that it appears 
to be the posterior lobe which is necessary for 
life rather than the anterior.

increased to 40.
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Relationship of the Thy roil Gland 
to the Pituitary Body .

That the thyroid gland and the pituitary gland ore 
often simultaneously involved in disease is too well 
established now for it to be necessary for me to sub
mit any proof of the fact. These two glands may be 
the only two internal secreting glands involved, or 
they may be «•imply part of a general involvement of 
all the internal secreting glands. I merely propose 
tc discuss the foimer condition at this stage; the 
latter I shall refer to at a later «tage.

Now, I have pointed out that we have no records 
of exophthalmic goitre or myxoedema developing in 
acromegaly or gigantism, but we have abundant evi
dence in +he opposite direction ; i.e., of the occur
rence cf acromegaly in both exophthalmic goitre and 
myxoedema. Thie is, therefore, the first, step in 
the solution of the problem, namely, that when the 
thyroid gland and the pituitary are both involved, it 
is the thyroid gland which has been, first affected.
The poin+ is one of great importance.

We may now divide all cases in which the pituitarjy 
and thyroid glands are to + h involved into three s e 

parate classes :

(i) /



(l) Cases of atrophy of the thyroid gland (i.e.,
myxoedema) with changes in the pituitary body, but
without symptoms of acromegaly or gigantism ;

(f j Cases of myxoedema followed by acromegaly ;
(Z .) Cases of exophthalmic goitre followed by

acromegaly.

(1 ) Atrophy of the Thyroid Gland with Charges
in the Pituitary, but without Acromegaly or Gigantism

Unfortune t-ely the pathological changes occurring
in the pituitary body in disease have not up till now

•*

been at all systematically investigated, and in con
nection witn myxoedema we find that the pituitary body 
has only been thoroughly examined in some rare cases. 
It is interesting to note, however, that in the great
majority of cases of myxoedema in which a careful
examination of the pituitary has been made, very marhe 
changes have been discovered.

Boyce and Beadles (Joura. of Pathol., 188 5) 
examined the pituitary gland in two cases of myxoedema 
and in one of sporadic cretinism. These three cases 
were purely myxoedematous, and showed no clinieai symp 
toms of involvement of the pituitary gland. The 
examination, both before and after death, was very 
complete /



complete. The changes usually found in myxoedema were 
present, the thyroid gland in particular being greatly 
atrophied in +1 c first tv. c eases, and absent in the 
third. The principal changes in the pituitary body 
consisted in enlargement of the .gland, with a great in
crease in the amount of colloid matter. The gland 
appeared to be greatly congested, with endarteritis 
of the vesselu, which was general, however over the 
whole brain. The anterior lobe also, according to the 
writers, showed .colloid matter in the lumina of the 
acini, and a large part of it was destroyed by several 
huge cystic spaces which pressed upon the posterior 
lobe. The*® changes were characteristic of all three
cases. They also examined an enlarged pituitary taker,
from a woman who died at the age of 43 from cancer of 
the bleast. They found the pituitary to be about the 
size of a pigeon's egg, and to be greatly atrophied 
and cystic, but it did not contain colloid matter.
They contrasted this, therefore, with the myroedematous 
condition, considering that after myxoedema great in
crease takes place in th® colloid matter, but that 
after otheT> condit ions this colloid matter xs absent.

Eournevi11e and Ericon (Arch, ie Neurol., 1333 ) 
described great increase in the ^ice of the pituitary 
in a case of sporadic cretinism, with absence of the 
thyroid.

Pi sent! /



Pieer.t 1 end T'lola ( Ceiv ralbl. f. d. med. Wissen.,
1810 ) described great increase in the colloid matter of 
the pituitary

'in the cane of a woman who died of cancer. A consider
able degree of atrophy of the thyroid was present, al
though no symptoms of myxoedema had been observed dur
ing life.

holega (Zeig.ler1 s Beit., Vol.x) pointed out that 
in the cretinoid skull the sella turcica is usually en
larged, end in one case he found great enlargement of 
the sella turcica associated with atrophy of the 
thyroid gland.

That increase of colloid matter in the pituitary 
gland is found post-mortem in cases of myxoedema in 
man is thus satisfactorily proved, and although the 
information i° somewhat scanty, mo°t writers have con
sidered that this is to be distinguished from the con
dition of the pituitary in old age, where the colloid 
matter does not accumulate to anything like the same 
extent. Some writers have described and figured 
great increase in the colloid matter simply in very 
old subjects, so that it appears that colloid matter 
is found in the pituitary in old age; but the accum
ulation of this matter after myxoedema takes place at 
a more than usually rapid rate.

On the other hand, many writers have described the 
pituitary /
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pituitary in cases of myxoedema and have found no typj 
cai or characteristic change.

In the Clinical Society's Reports upon Myxoedema, 
1888, it is stated that "other parts of the intra
cranial contents,including the pituitary body, were 
also examined in solitary instances, but the Sub-com
mittee failed to find any pathological change".

According to Hadden (jonra. of Pathol., 1894, p. 
11), who acted as Secretary, the Ccmrrittee had more 
than thirty fatal cases under examination, and in none 
of these was the pituitary) enlarged.

Pruddpn (Internet. joum. Med. Sc., July, 1888 ) 
examined four cases of myxoedema, two with post-mortem 
investigations, and found no change in the pituitary.

Bircher (Volkman's klin. Tortrage, 1890) also 
examined the pituitary ,rery carefully in myxoedema, 
and found no important changes.

Numerous ether cases arc recorded, in which 
negative results were found on examining the pituitary 
gland in myxoedema. In some cases these results can
not be too critically discussed, because the gland 
does not appear to have been carefully and systemati
cally examined microscopically, and such changes as 
have been found by other writers might in consequence 
have been present although they were over-looked.

i /



I therefore conclude that in myxoedema, i.e., in 
atrophy of the thyroid gland, there occurs in the pit
uitary gland in man a. condition of excessive formation 
of colloid matter. This may be marked or not. That 
I new wish to discuss is the significance of this 
change. That the pituitary i« affected in a similar 
manner after- thyroidectomy in animals is now definitely 
established by the work of Herring and Thompson;, both 
of whom have found an excessive formation of colloid 
after thyroidectcmy. The +lieory upon which all these 
experiments have been based is that originally pro
pounded by Pcgowlts (loc. cit . ), who considered that 
the pituitary and thyroid glands act vicariously upon 
each other, end that if the thyroid gland became 
atrophied, compensatory hypertrophy of the pituitary 
took place in order to carry on the function of the 
thyroid. Thompson, on the other hand, is inclined to 
see in these changes a general involvement of what °he 
considers as a single tissue - "the thyroid-para
thyroid-pituitary tissue" - and she considers that 
an affection which involves one tissue may simultan
eously involve the other two. I have pointed out that 
this theory does not receive much support from other 
observations. Ha lliburt on (Quart. Journ. of Physiol., 
19:09, p. 289) also discussed this question of the 
vicarious /



vicarious action of the thyroid upon the pituitary, and 
he cannot find any evidence in fawos'r of such an aoti 
He consider0 that while increase of colloid matter does 
occur after thyroidectomy, with hypertrophy of the 
gland, many other tissues are also hypertrophied or 
modified after thyroidectomy, and that the changes 
found in the pituitary simply represent those which 
follow upon the abnormal condition caused by removal 
of the thyroid and are not of more importance than tho? 
found in a great man/ other organs under the same con
ditions. He states as follows : '»There seems no
real ground for the belief that the two organs in 
question are closely related in the manner suggested.
We know of nothing in common between the functions of 
the two glands. The symptoms that follow their re
moval or disea.se are entirely different. Injections 
of their extracts give ouite contrary results, and as 
we shall see later in thi ® paper, the pituitary does 
not contain the iodine compound which is sc character
istic of the thyroid secretion'». He conclude0, in 
fact, that there is no relationship whatever between 
the thyroid and the pituitary.

Sutherland Simpson and Hunter (Quart. Journ. of 
Physiol., Vol.3, 1910, p. 1 2 1 ) have carried these in
vestigations s. step further by trying to determine 
whether iodine is formed in the pituitary after 
thyroidectomy /



thyroidectomy. The/ accept the fact that iodine is 
not p re cent in the normal pituitary, as shown by Hal- 
li hurt or (loc. cit.), and the/ found that after 
thyroidectomy they were unable to detect the presence 
of any iodine in the pituitary, so that if this iodine 
compound is the active constituent of the thyroid se 

cretion, its absence from the pituitary after thyroid
ectomy is sufficient to negative the conclusion that 
the pituitary can tahe on the function of the thyroid.

Vassaie (Rim. speriment. di Freniat., 1902 ) in 
discus°ing the question of the significance of the 
enlargement of the pituitary in. my7 oedema and in 
acromegaly following my no edema, found that increase 
in size of the pituitary is a purely functional hyper
trophy depending upon the circumstance that a greater 
call has been made upon it to perform its specific 
function in consequence of some uninown changes of 
metabolism associated with those diseases, and is in" 
no way compensatory for abolition of the thyroid 
funct1 on.

From the«e results it is therefore quite clear 
that no definite evidence has been submitted in proof 
cf the fact that the pituitary can replace the thyroid 
gland. The whcie problem consists in the correct 
interpretation of the changes which occur in the pit
uitary after thyroidectomy in animals, and after 
my to edema f



my y oedema in man.
Herring, (loo, cit. ) states that " + he significance 

of these changes is as yet undetermined", but I think 
that we must lock at the matter from this point of view. 
The principal changes found °o far are of the nature 
of an increase in colloid matter, a change which also 
occurs in old age. Now changes of such a nature oc
curring during senile decay must, necessarily be of die 
nature of an atrophic or degenerative type, and as the 
conditions found after myxoedema and thyroidectomy are 
simply an exaggeration of this process, we must regard 
them also as being degenerative. I conclude, there
fore, that the condition of the pituitary following 
rnyxoedema and thyroidectomy is one of degeneration, 
associated with loss of function. Thy should such a 
change follow thyroidectorcy ? I have shown that the 
Internal secretion of the thyroid acts directly upon 
the nerve cell. This in te m a l  secretion is necessary 
for the normal metabolism of nerve cells, especially of 
the sympathetic nerve cells, if this secretion be 
diminished in amount, or absent, the sympathetic nerve 
ceils, atrophy. The tissues supplied by them must in 
consequence also undergo degeneration, and the tissues 
essentially supplied by the sympathetic system are the 
secreting glands. Te will therefore have an atrophy 
of /



of the internai secreting glands in consequence of the 
gradual dinin.ut icn in their nervous energy, following 
upon degeneration from functionally diminished activity 
of the sympathetic nerve cells resulting from the dimin 
ished metabolism due to insufficient or absent thyroid 
secreticn. I therefore conclude as follows :

In myyoedema or In thyroidectomy, the nature of 
the lesion in the rifuitsry is a gradual degenerati on.

I cannot but conclude that there is no reliable 
evidence of any hind which supports the view that these 
gland« may compensate for each other, and it seems to 
me +hat the whole of the evidence points in an entirely 
contrary direction.

IT. Myx oedema followed by Acromegaly

That acromegaly may be associated with both hyper
trophy and atrophy of the thyroid gland is now firmly 
established. On the other hand, there are many cases 
of acromegaly in which the thyroid gland is altogether 
unaffected. Acromegaly may result from a great num
ber of different causes. It may follow upon an irri
tation produced by an accident, e.g., fracture of the 
skull, an early meningitis, or some such condition, 
the irrita*ion resulting from which has produced 
stimulation /



stimulation of the pituitary. Such 0 cl S 0 c g p 0 0,-F 

primary pituitary origin. Acromegaly nay also result! 
from tumours of the pituitary. This is possibly the 
most common of all the lesions. Such cases aye also 
of primary pituitary origin. But there are o+her 
caees in which the condition appears to have followed 
upon some severe nervous shock or strain, and. while 
many writers have, been inclined to think that the as
sociation of the two factors must have been accidental , 
others cannot but think that there may possibly haver- 
been some relation between the two condition« of the 
nature of cause and effect. I have already pointed 
out that a severe nervous strain or shock may produce 
exophthalmic goitre. In fact, in the great majority 
of cases this factor is apparently the initial one 
in the production of exophthalmic goitre. But when 
we have case« of acromegaly associated with exophthal
mic goitre, it is interesting to note that the exoph
thalmic goitre is usually the primary condition, the 
acromegaly having developed later. Sonas-Leita (lot. 
cit. ), in hi« collection of cases, points out that it 
is rather more common to find acromegaly associated 
mi+h an atrophy of the thyroid than with a hypertrophy, 
Before we consider this problem, however, I eball pro
ceed to discuss :

III /



I I I .  g r o p h th f r l r*! a  c -o itr^  a ^ o c l e t e l  w i t h  A c ro m ega ly .

A very interesting ease of this condition is re
corded hy Sesrs (Boston Med. and Sur. Journ., July P,  

1896). Hie patient dated her iline°s to twelve veers 
previous to her coming under observation, when she met 
with an accident which caused a severe nervous shock. 
She developed great palpitation and sweating, but no 
exophthalmos. ThiQ was followed a few years later by 
a gradual increase in the size of her hands and feet, 
and she ultimately developed the typical appearance of 
acromegaly. The thyroid gland at this period was 
atrophied.

I have shown quite satisfactorily that myxoedema 
may follow exophthalmic goitre, and that we are to re
gard this condition as an atrophy of the gland, follow
ing excessive functional activity. In the above case 
I think we have a condition in which a severe nervous 
strain resulted in exophthalmic goitre, which was 
shortly afterwards followed by acromegaly. This was 
later followed by a resultant, atrophy of the thyroid 
gland, at which time the patient developed a rayx- 
oedematous condition.

Such case« sve not very uncommon. Typical 
examples /
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examples have been recorded by Bury (Lancet, 1891)
l.clrtj. (Arch, de Med. experiment., 1891), and Godlee 
(Clin. See. Trans., 1833). In all of these the con
dition was essentially one of exophthalmic goitre fol
lowed by acromegaly.

The post-mortem records of cases of exophthalmic 
goitre with acromegaly usually show a great functional 
activity of the anterior lobe of the pituitary, either 
of the nature of a cell proliferation or of a great 
increase In the granular contents of the cells. Now 
I have shown in connsti cn with the «uprarenal glands 
that exhaustion may occur both after thyroidectomy and 
after excessive thyroid feeding, ana that the action 
of thyroid extract i° directly upon the nerve cell it
self. If a condition of exophthalmic goitre develop 
in a patient, i.e., if an excessive functional activity 
of the thyroid gland occurs, there rau«t result a con
tinuous over-stimulation of its sympathetic nerve cells, 
and the organs supplied by them will consequently be 
over-stimulated. I have shown that this continued arm.
permanent over— stinuiat inn may produce tachycardia 
and exophthalmos, and that it may also produce an over- 
stimulation of the suprarenal gland« leading to ex
haustion. In an exactly «imilar manner, we may have 
an over-stimuiat ion of the pituitary gland, and such a 
stimulation /



stimulation will probably affect both the anterior and 
the posterior lobes, because as they are both secreting 
glandular structures, they must be supplied by sym- 
! pathetic nerve fibres.

Herring (loc. cit. ) found, after thyroidectomy in 
I rabbits which lived for three months without, develop- 
ing any «yraptcms, that »the anterior lobe is apparently 
unaffected. it fhows no immediate «ign of increased 
| activity ; whether or not it undergoes an alteration 
in animals surviving longer remains to be seen".

I examined the pituitary gland in the case of two 
ca+« which had their thyroid, glands removed on the 14th 
November, 1910, and which died in the beginning of 
March, 1911, about four months after the operation.
They showed no symptoms at once after the operation, 
but later they fell off very markedly in weight, their 
hair tended to become coarse, and they developed the 
symp+oms during the last, month which one associates 
I with thyroid removal in animals. At the post-mortem, 
as I have already recorded, the suprarenal glands were 
completely exhausted of their adrenalin, and the ani
mals exhibited no trace of fat in any part of the body. 
They were therefore very suitable cases in which to 
examine +he pituitary. I did this and found that the 
anterior lobes in both animals showed positive changes. 
T]f: 0 /



These were certs inly not of' g very marked nature but 
they eonei^ted (3. ) in greet congestion of’ +he vessels, 
end (?) in sbsenee of granules from the cells them
selves .

Herrlng, in hi® description of the anterior lobe, 
points out that the cells are usually clear, or hold 
in their protoplasm varying amount® of deeply staining 
granules. These he considers are probably different 
functional stages of one and the same kind of cell, 
and the granules give rise to a secretion which is 
absorbed by the blood-vessels. in these two animals 
the cells of the anterior lobe contained practically 
no granules, and this I regard as evidence of an ex
haustion of the anterior lobe in exactly the same man
ner es other observers have considered that an ex
cessive number of granules in this lobe in acromegaly 
denotes a functional hyperactivity. The cats used by 
Herring in his thyroidectomy experiments, only lived 
from four to six days ; mine lived about four months, 
and I conclude that it if therefore possible to have 
an affection of the anterior lobe of the pituitary 
gland after thyroidectomy if the animals are kept 
alive a longer time than those examined by Herring.
The changes described by Herring and Thompson in the 
posterior lobe consisted of an excessive formation of 
granular /



granular leyslin or colloid bodies ; these were sl®o 
present in the two animals which I examined, and I can 
completely confirm the results obtained by these two 
anthers, except that it seemed to me that the changes 
were more marked in animals which had lived a longer 
time. I am much more inclined to agree with Herring'
view that "epithelial cells do not show the regular 
arrangement which is so characteristic of the thyroid 
vesicles ; the walls are irregular and may be com
posed of one or several layers of cells». Thompson 
considers that those colloid vesicles »in all respects 
resemble those found in the thyroid gland, and oc
casionally, as I have fully pointed out, in the para
thyroid also". My observations are, however, limited 
to the cat, and according to Thompson this close re
semblance to the thyroid gland is found in the dog, 
net in the cat. The sibject obviously requires much 
mo re det a il ed in ve s + i ga b i on.

I also e xamined the animals which I have des
cribed at a previous stage in connection with exhaus
tion of the <=uprarenal glands after excessive thyroid
feeding, and I found that there was great congestion 
of the vessels, with exhaustion of the cells of the 
anterior lobe of their granules and some excess of 
colloid sec re+ion in the posterior lobe, not however, 
very /



very marked. I therefore regard these conditions as 
showing that it is possible to have an exhaustion of 
the pituitary gland both after thyroidectomy and afte: 
thyroid feeding. In one case I made an extract from 
the pituitary of a third thyroidect,omised cat, and found 
on injecting it into a normal animal that the blood- 
pressure effect did not take place, while a subsequent 
injection of a normal oat’s pituitary gave the usual 
reaction, strongly suggesting that there is exhaustion 
of the gland after death following thyroidectomy.

The condition in the pituitary would therefore 
appear to be similar to that in the suprarenale.

I interpret the Course of acromegaly in exoph
thalmic goitre as follows : The exophthalmic goitre,
with excessive functional activity of the thyroid, 
leads to excessive metabolism of the sympathetic nerve 
cells. This in its turn leads to a -permanent stimul
ation of various internal secreting glands, the pit
uitary included. If the gland be able to react to 
this permanent stimulation by excessive functional 
ctivity, the symptoms of acromegaly usually result, 
and thus we have a complete explanation of acromegaly 
following upon exophthalmic goitre of purely nervous 
origin. The subsequent course of such a case is inter
esting, since there will result an atrophy of the thy
roid following a hypertrophy, and myxoedema will 
develop /



develop, while an exhaustion of the pituitary following
an over—stirulstion will simply produce a cessation of 

.the acr omega li e symp tom s.
We are now in. a position to understand why it is 

that the administration of thyroid gland, tablets may 
benefit some cases of acromegaly and not others. It 
will simply depend upon whether the thyroid gland has 
become atrophied or not. if it has, the administra
tion of thyroid will relieve the myxoedematous symptoms, 
but will not benefit the acromegalic ones in any way.
A case of acromegaly of primary pituitary origin will 
therefore probably be injuriously affected by thyroid 
'extract, but i f  the condition is secondary to an in
creased a c t i v i t y  of the thyroid, followed by a subse
quent exhaustion and a myxoedematous condition, then 
the myxoedematous element may be relieved by thyroid 
extract, although the purely acromegalic symptoms will 
be altogether unaffected.

The much more common condition of acromegaly fol
lowing myxo edema may therefore be regarded as the re
sult of an atroUhy of the thyroid gland following a 
previous functional h y p e r a c t ldt’ty which had. been over
looked, or in which the great strain placed upon the 
whole of the tissues by the development of acromegaly 
at a late period in life, has thrown too great a demand 
upon /



upon the thyroid gland, which being unable to meet it, 
has gradually beccm-e atrophied. Here again myxoedema 
will be the result, and thyroid extract will there
fore benefit this condition alone.



In mxyoedema in man, and after thyroidectomy in 
animals, change«? in the pituitary body 
are found. These consist in an increase 
of colloid matter.

These changes are to be regarded as of a
degenerative nature, and secondary to 
atrophy of the nerve cells, i.e. of 
nervous origin.

Acromegaly may be associated with exophthalmic 
goitre. It is to be regarded as the 
result of an increased functional 
activity of nervous origin.

Acromegaly with myxoedema either resu.lts from 
a previous excessive activity of the 
thyroid gland, or, more rarely, from 
atrophy of the thyroid gland in con- 
-sequence of inability to meet the 
extra strain imposed upon it.

When changes in the pitui+ary are found in
association with changes in the thyroid 
gland, it is usually the thyroid gland 
which is first affected, and the changes 
in the pituitary are secondary, and of 
nervous origin.
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DISCUSSION.

The relationship of the internal secreting glands to 
one another has long been a matter of uncertainty.
It is only to obvious that when any one of the 
internal secreting glands becomes involved, similar 
changes may be found in one or more of the other 
internal secreting glands.

The theory of the relationship of the internal
■

secreting glands to one another which I wish to 
propose here, is what I may call "the nervous theory”.

He must regard the different internal secreting 
glands as each having its own special function to 
perform which is quite distinct and apart from that of 
the other internal secreting glands. No one internal 
secreting gland is able to enlarge and carry on the 
function of any other internal secreting gland if it

i O 'i become diseased. And no internal secreting gland 
has an action antagonistic to any other gland.

If these two facts are once grasped, the first 
step in the solution of this problem will have been 
taken.

Because we find that the secretion of the 
suprarenal gland raises blood pressure, and that of 
the thyroid lowers blood-pressure, we must not jump 
immediately to theconclusion that these two glands 
act antagonistically to one another, and that the 
normal tone of the blood vessels is maintained by 
compensatory changes in these two glands. As an actual 
fact /



the internal secretion of the suprarenal glands acts 
upon the myo-neural junction of the syinps.th.etic nerveu 
system, and the internal secretion of the thyroid 
gland acts directly upon the nerve cell. Their actions 
are absolutely separate and distinct from one another.
The function of the pituitary gland is also perfectly 
separate from those of the thyroid and suprarenal 
glands, it acts upon the plain muscle cells in the 
vessels, and on secreting cells. And its action is 
in every way distinct from that of the thyroid. And! ' I
when functional changes take place in the thyroid gland, 
it is not possible for the pituitary gland to enlarge 
and take on its function. Any change which does occur 
must be of an entirely different nature.

There is only one exception to the above rule, 
and that is the parathyroid glands. When the thyroid 
gland becomes diseased, the parathyroid glands appear 
to be able to enlarge and carry on its function. This, 
however, is not a real exception. The parathyroid glands
must, I think, be regarded as simply parts of the

■thyroid gland, which although they differ slightly 
in structure carry out and perform the same function 
under normal conditions. We know that if part of the 
thyroid gland be removed the remaining half will
hypertrophy and carry on its function. If a heavier

.

strain be placed upon the glands then the parathyroid 
are also called into action and they also take over 
the function of the absent parts, but this is nothing 
more than an increase of their normal action. We, 
therefore, may leave the parathyroid glands out of



the present discussion, since they are to he regarded 
simply as portions of the thyroid gland which normally 
carry on the same function as the thyroid glanditself.

The explanation of the involvement of various 
numbers of the internal secreting glandsin one indi^id- 
-usl, therefore, does not depend upon any attempts 
of one gland to supply the part of another one when 
it becomes diseased.

The essential point which must be understoodI
is that the action of the thyroid secretion is upon 
the nerve-cell itself, and especially upon the 
sympathetic nerve-cell. That is, it supplies a 
secretion which is necessary for the normal metabolism 
of these nerve cells. And if this secretion diminish 
in amount, the metabolism of the nerve cells 
is lessened, and the structures innervated by these 
cells will be affected. And if this secretion from 
the thyroid gland be present in too large a quantity, 
then the metabolism of the sympathetic (and other) 
nerve cells will be correspondingly increased, and 
changes of a similar nature will take place In the 
strirctures innervated by these nerve ceils.

I The sympathetic nervous system, however, 
supplies fibres to all the internal secreting glands 
which are to some extent at least, under the control 
of the sympathetic nervous system. If the nerve cells 
of the sympathetic nervous system are becoming exhausted 
in consequence of too small a supply of thyroid 
extract /



e.g. in myxoedema, then all those structures innervated 
by these sympathetic nerve cells will not receive 
their full supply of nervous energy, and in consequent 
will work ’below par’. If this loss of nervous influence 
be progressive, the effect upon the different glands 
obviously will be to produce loss of functional 
activity resulting in atrophy finally. And if such 
glands be examined various degenerative changes 
will be found.

Conversely, if there be present an increased 
amount of thyroid secretion, and consequent increased 
metabolism of the sympathetic nerve cells, then the 
structures innervated by them will be stimulated , and 
the signs of increased functional activity will be 
produced.

I therefore regard the involvement of the various 
internal secreting glands inexophthalmic goitre and 
myxoedema as the result of diminished action leading 
to degeneration and atrophy of these glands, or of 
excessive functional activity, as the direct result of 
changes in the nerve supplying these glands.

And just as myxoedema may follow exophthalmic 
goitre,so may exhaustion of any of these internal 
secreting glands follow over-stimulation. And it is 
thus quite possible to ha^e two glands both involved, the 
one in a condition of exhaustion, and the other in a 
condition of excessive stimulation.

The involvement of a particular gland in 
exophthalmic goitre will depend upon the state of the 
corresponding /



corresponding nerve cells, and the particular reaction 
which they exhibit to the excessive thyroid secretion.

The important point, however, is this, that
in considering the disease«5 of any internal secreting
gland, the possibility of a functional involvement of
other internal secreting glands must be considered.
for instance, exophthalmic goitre in man is often
associated with low blood pressure. This low blood
pressure is the result, not of the action of the thyroid

%
extract upon the vesels, but of a nervous exhaustion 
of the suprarenal glands resulting in a diminished 
production and absorption of adrenalin. This is a 
factor which should always be most carefully looked 
for, as if any severe strain be placed upon partially 
exhausted suprarenal glands, e.g. operation,complete 
exhaustion at once occurs and death.

The presence of diabetes mellitus in exophthal- 
-mic goitre is to be regarded as a stimulation of 
the sympathetic nerves to the pancreas. We do not at 
present possess very definite knowledge of the relation- 
-ship of the pancreas to this condition, but we know 
that a very similar condition may be produced by the 
subcutaneous injection of adrenalin; and although the
Ithe condition passes off very quickly after adrenalin 
injection, a permanent sympathetic excitation will 
produce a permanent excretion of sugar.
Cushny (Jour, of Physiol. 1909) investigated this

question of adrenalin glycosuria, and came to the 
conclusion +hst it resulted from sympathetic stimulation 
although he was unable to locate the exact spot.



Symptoms of Addison's disease developing in exophthal- 
-mic goitre, diabetes, acromegaly, etc. must be regarded 
therefore as a true Addison's disease, and evidence 
of nervous exhaustion of the suprarenal glands. When 
diabetes mellitus develops in the course of exophthal- 
-mic goitre, or mxyoedems, or acromegaly etc, It is 
to regarded as of nervous origin.

And it is exceedingly probably that a large 
number of cases of defective development of the 
reproductive organs must be regarded as the result of 
similar interference with some hormone which has not 
yet been worked out. Our knowledge of the action of th 
internal secretion of the ovary, for instance, is not 
yet clearly understood.

And when we treat a disease such as acromegaly 
with thyroid extract, we can only hope to obtain 
improvement if the thyroid gland be also involved; and 
even if so, it will only be this factor which can be 
affected by such treatment.

The relationship of the internal secreting 
glands to one another thus becomes a question of the 
greatest importance in disease, and requires a very 
careful study in every case in order- to determine to 
what extent each particular gland is involved.



Summary ; •
1. Every internal secreting gland must be considered

as a separate entity, distinct from all 
the o+her internal secreting gland.

2. No one internal secreting gland is able to
replace any other internal secreting gland 
functionally, if it be diseased.

5. No one internal secreting gland acts antagonistically 
to any o~her internal secreting gland.

4. The parathyroid glands are here considered as 
representing part of the thyroid gland, 
and not as possessing a separate function.

5. The changes which take place in one internal secreting 
gland when another one become functionally 
affected- are entirely nervous in 
origin} and consist of an exhaustion 
of the gland or of a continuous over
stimulation which may also lead to 
exhaustion.

6. This may be termed »The Nervous Theory” of the 
relationships of the internal secreting 
glands to one another.



ON THE POSSIBILITY OF THE PRODUCTION OF 

ANTI-BODIES TO INTERNAL SECRETIONS.



On the Possibility of the Production of Antibodies 
to Internal Secretions

The whole problem of the possibility of the production 
of antibodies to internal secretions is of the greatest! 
importance, as if it be possible for such antibodies 
to be formed, we have a means at our disposal for the 
treatment of diseases which result from an excessive 
production of these internal secretions. The treat
ment of exophthalmic goitre at present by "Anti- 
thyreodin" is based upon the possibility of the pro
duction of such substances. Obviously if it be not 
possible to demonstrate the actual production of sub
stances of this nature, then a certain line of treat
ment becomes of very doubtful value.

There are three different internal secretions 
which we can examine in regard to the possible pro
duction of antibodies, namely :

(1) The suprarenal seers+ ion ;
(2) The pituitary secretion, and'
(3) The thyroid secretion.

The reason wly I propose to examine first of all the 
suprarenal secretion, namely adrenalin, with this ob
ject is on account of the very exact knowledge which 

/we /



we possess of the action of this particular hormone, 
and the accuracy with which blood-pressure results may 
be interpreted.

Abbott (joum. Med. T-tesearch, i s o s )  injected rab
bits intraperitoneally with an extract of guinea-pigs 
suprarenals and failed to discover any body in the 
serum other than a haemolysln.

Ssaroeljew (Blochem. Centralbl., 1904, p. 124), 
however, found 'that after injection of adrenalin sub
cut a necu sly in the dog, the serum of the blood could 
produce a substance which could neutralise the vaso
constrictor action of adrenalin .

Stradiolli (Arch, di Fisiol., p. 317, 1906) con
firmed these results and stated that he ^ound that, 
after subcutaneous or intraperitoneal injection of 
suprarenal extract in the dog, there was produced in 
the serum of the animal a substance which could pre
cipitate adrenalin and neutralise its vaso-constrietor 
action.

Baduel (Biochem. Centrslbl., iii, 1906, p. 752) 
was unable to discover any changes in the serum in 
animals after adrenalin injection.

Elliott and Durham (Journ. of Physiol., 1906, Vol.. 
34, p. 490 ) failed to find any trace of an antibody to 
adrenalin (anti-adrenalin) in the blood in three cats, 
nor /



nor was a substance present to any extent in the tis
sues themselves, which made them much less responsive 
to the stimulant action of adrenalin.

Present Investigation :
The animals used were entirely cats, since Elliot 

(Joum. of Physiol., 19 05 ) has found that subcutaneous 
injections of adrenalin lead to necrosis of the skin 
at the point of injection in guinea-pigs. I had no 
trouble of this nature in any of the cats used. The 
adrenalin used for injection was Burroughs h Welcome’s 
"hemislne". As quantities up to 2 mgms. produce no 
visible reactions in cats, I injected this quantity 
subcut ar.ecusly into the loose tissues of the back 
every day for a fortnight. The animals did not suf- 
fer in any way from these injections ; they did not 
fail off in weight or refuse to take food. The’ 
urine was not collected.

After a fortnight, i.e., after twelve injections 
of 2 mgms, of hemisine daily, the animal was anaes
thetised and tested to determine the possibility of 
the formation of an anti-adrenalin body. This was 
done as follows :

(l) 10 ccs. of the blood was withdrawn from the
jugular vein and defibrinated. It was then divided 
into /



into two portions, which were then incubated for six 
hours with 2 ccs. each of l in 100.000 hemisine, and 
this along with controls was then injected into a nor
mal cat.

(2) The reaction of the animal to the intravenous 
injection of adrenalin was then determined.

I attempted this in two cats. The animals were 
Injected as described with 2 mgms. of adrenalin every 
morning (except Sunday) at about eleven o'clock. This 
was continued for a fortnight and the animals riere 
then removed to the Hughes Bennett theatre.

They were then given 10 ccs. of chloral hydrate 
subcutaneousiy (10$), and in about one hour later the 
jugular vein was opened and 10 ccs. of blood removed.

V
Artificial respiration was then carried out in the
usual manner, and a canula was placed in the carotid

.

artery and attached to a blood-pressure manometer, 
another canuia being inserted into the jugular vein.

An injection of 1 in 100.000 hemisine was then 
made into the jugular vein and a most typical rise in 
blood-pressure took place. I have now performed over 
one hundred separate experiments with adrenalin, and 
am thus in a position to judge of the relative effects 
of these injections, and the result of this injection 
was in every way normal; so that the previous in
jections of adrena.lin subcutaneousiy had not affected 
the /



the reaction of the eardio-vascular mechanism to the 
intravenous injection of adrenalin in any way.

The two portions of serum which had been incubated 
for six hours with 2 ccs. of 1 in 100.000 hemisine 
upon intravenous injection did not produce any de
viation from the normal blood-pressure reaction. It 
produced the usual rise in blood-pressure just as mark
ed as that of the control, so that there had been no 
neutralisation of the adrenalin by the serum of an 
animal which had been treated by subcutaneous injections 
of adrenalin daily for twelve days.

My attempts to obtain any evidence of the forma
tion of an antibody to adrenalin have therefore proved 
quite negative, and after all this is what we should 
expect, because adrenalin is a substance of known chemi
cal e cmposlt ion, which is continuously passing into 
the circulation in definite quantities. The evidence 
in regard to the possibility of the production of anti
bodies to such substances is negative, and it is diffi
cult to understand how a substance passing into the 
blood continuously, such as adrenalin, and producing 
an immediate action upon the cardio-vascular apparatus, 
could produce antibodies, because I have shown else
where that the amount of adrenalin passing into the 
circulation /



Circulation varies considerably, «ince any condition 
producing an eccelersted cardisc action causes a reflex 
increased production of adrenalin in the medulla of 
the suprarenal gland, with increased absorption into 
the circulation to maintain the increased vascular 
tone. If increased quantities of adrenalin should 
result in the production of antibodies, it is diffi
cult to imagine how the normal action of the medulla 
could be carried out successfully.

Let us now examine the secretion of the pituitary 
body in the same way. I again made use of cats 
and injected them with pituitary extract into the 
loose subcutaneous tissues cf the back in a similar 
manner to that described above for adrenalin. Two 
cats were used and each received twelve injections al
together in fourteen days. They were then injected 
with ten ccs. of 10$ chloral hydrate,as before, and 
after complete anaesthesia was established, 10 ccs. of 
blood was removed from the jugular vein, defibrinated 
and incubated with pituitary extract at a temperature 
of 3T°c. for six hours. This was then injected into 
a cat and a typical ilse in blood-pressure was ob
tained in both cases.

Similarly this cat reacted in the normal manner 
to pituitary injections intraveneously, the blood- 
pressure /



pressure reaction being quite typical. The action upon 
the kidney secretion ws® not tested.

The effect of repeated subcutaneous injections of 
pituitary extract does not therefore affect the re
action of an animal to intravenous injections of pit
uitary extract, neither does the serum of such an ani
mal contain any substance which will neutralise the 
blocd-pressure raising action of pituitary extract.
So that I have been able to obtain no evidence of the 
production of antibodies to pituitary extract or to 
suprarenal extract.

The question of the production of antibodies to 
thyroid extract is a more difficult problem to solve 
than in the cave of adrenalin or pituitin, since we do 
not know of any physiological reaction which is spec
ific for +hyibid extract and which we could attempt to 
neut rali se.

But the question is one of the greatest importance, 
because one whole line of treatment is based entirely 
upon +he production of such antibodies, and I now pro
pose to review the literature on this subject and to 
determine whether such a line of treatment is actually 
founded upon an accirate and definite scientific basis.

The first question I wish to discuss may be en
titled "Moebius1 Antithyreodin".

Ballet /



Ballet et Enriquez (Soc. med. des Hop. de Paris, 
1894), from +he results of experiments upon animals 
after thyroidectomy, came to the conclusion that the 
function of the thyroid gland was to destroy or neut
ralise toxins in the circulation. In animals after 
thyroidectomy there will naturally be an accumulation 
of such toxins in the blood, and in exophthalmic 
goitre in man there must be an excessive production of 
such substances as neutralise or destroy those toxins. 
They therefore thought that as the serum of animals 
after thyroidectomy will contain an increased amount 
of such toxins, it might be used to neutralise the 
ill-effects of the excess of thyroid secretion in 
exophthalmic goitre. They accordingly used the 
serum of thyroideetomised dogs in doses of 5 to 15 
ccs., and considered that some of their cases of ex
ophthalmic goitre showed marked improvement.

Eurghart and Blumenthal (E. med. Wchnschr., 1899) 
also obtained good results with the serum of thyroid- 
ectomised dogs, and from cases of royxoedema in the 
treatment of exophthalmic goitre.

Moebins (1901) found that the serum obtained from 
thyroidectomised sheep gave far better results than 
that obtained from dogs in the treatment of exophthal
mic goitre, and Merck of Darmstadt then placed this 
drug /



drug upon the market under the name of* "Antithyreodin". 
This eon si sts siiqpiy of the serum of thyroideotomised 
sheep or goats, and is usually known as "Moebius's 
Antithyreodin", the two previous investigators having 
been entirely ignored.

Schultes (Münch, med. Wchnschr., 1902) investi
gated the action of serum obtained, from «sheep and 
dogs after thyroidectomy, and reports great amelior- 
1 ati on of the symptom's after seven weeks' treatment.

Posenfeld (D. med. Wchnschr., 1903) and Adam 
(Münch, med. Wchnschr., 1903) both report considerable 
improvement in cases of exophthalmic goitre treated in 
this way.

Ha H i  on (Cong, des Alien, et Neurol., Brux., 1903) 
instead of using the serum, used the blood itself in 
the form of a glycerine extract. He considered that 
he thus obtained, the whole contents of the blood.

Sainton et Pisante (Rev. Neurol., 1904) were not 
able to corf irm the above results, and obtained v ery 
little improvement in three cases of exophthalmic 
goitre by this treatment.

gosior.ek (Med. Woche, 1904, No. 37) tried the ef
fects of this serum in two cases of exophthalmic goitre 
One showed slight improvement ; the other did not 
exhibit much alteration in the symptoms.

Moyer /



Moyer (journ. Merv. and Ment. Die., 1905} considered 
that as the thyroid secretion is "normally neutralised 
by certain antibodies present in the blood, the serum 
or blood of animals from which the thyroid gland has 
been removed and in which these antibodies have been 
allowed to accumulate for some time, should prove 
capable of neutralising the excessive or perverted se
cretions causing Graves' disease", but he obtained no 
improvement. The discussion, in his paper is very good.

KTih (ibid) reports eleven cases of exophthalmic 
goitre treated by this method, in three of which he 
considered that the symptoms became suddenly worse 
with the commencement of the treatment, so that it had 
to immediately stopped.

Murray (Lancet 1904, Vol. ii, p. 583) also used 
this serum "but was unable to attribute any special re
sult to its use".

Hempel (Munch, med. Wchnschr., 1905, p. 14) and 
Thienger (ibid, p. 15) used, this serum in four cases 
and concluded "that antithyreodin does not benefit 
every case of exophthalmic goitre, but as some cases 
appeared to benefit, it is worthy of trial".

Alexander (Munch, med. Wchnschr., 1905) and Durig 
(ibid) obtained good results from this serum, and in
one case it was considered that a moderately myxoedema—"
tou.s condition had followed upon an over-dose.

Eulenburg /



Sulenburg (Berl. klin. Wchnschr., 1905) doubts 
very much whether antithyreodin treatment is of any 
benefit in exophthalnic goitre, as those cases which did 
improve may not have really done so on account of this 
particular treatment.

Rattner (Neurol. Centralbl., 1907, Vol. 26 j criti
cally reviews the treatment of exophthalmic goitre by 
antithyreodin and considers that no cure has ever been 
recorded, even in cases treated fbr years, and that 
the few cases which have shown improvement had either 
improved spontaneously or from the effects of sug
gest! on.

Lang, instead of using the serum, used the milk 
of thyroideotcmised goats. This was placed upon the 
market under the name of "rodagen". It has also proved 
of very doubtful value in the treatment of exophtha lmic 
go i tre.

Edmunds (Lancet, 1910) out of nineteen cases, 
found slight improvement in the majority after this 
treatment, but the future history of the patients was 
not followed.

Gullan (Liverpool Mea.-Chir. Joura., 190S, p. 325) 
found that rodagen produced very slight, if any, defin
ite general improvement in the symptoms, even whan 
loses as large as one drachn four times a day were 
given /



given.
Murray (loc. eit. ) found that the treatment of 

exophthalmic goitre with rodagen was of very little 
certain value.

Hector Mackenzie (Clifford Allbutt’s System of 
Medicine, l® 08,) . p. 382) f'oimd that an extensive trial 
that a few cases appeared to benefit decidedly, but 
that the great majority showed no change of any kind.

I think that when we consider the nature of the 
true function of the thyroid gland, as I have put for- 
ward in this paper, it will be at once apparent that 
thiR line of treatment is based upon a very unsatis
factory foundation. It depends entirely upon the 
theory that the thyroid gland secrets a substance into 
the blood which neutralises toxic products which ac- 
cumulate there. If this substance be absent, then 
there results an excessive amount of toxic products in 
the blood, but this theory gives us no explanation as 
to why an excessive secretion of the thyroid gland 
should produce the symptoms of exophthalmic goitre.
I have diown that the true function of the thyroid is

to secrete an internal secretion which is not concerned
■in the neutralisation of toxic products in the blood, 

but which is essential for the normal metabolism of the 
nerve cells. The foundation of this line of treatment 
is therefore untrustworthy, and we obtain an explana- 
tion as to why It is that the clinical results of 
antithyreodin /



antithyreodin are of such very doubtful value.

An entirely different line of treatment, has been 
suggested by

Lenine (Lyon Med., 1904), also of the nature of 
a "serum antythyrcidien". This is produced by with
drawing the serum of animals which have been injected 
subcutaneousiy with increasing doses of thyroid ex
tract in the attempt to produce antibodies by this 
method.

Murray (loc. cit. ) has also attempted this line 
of investigation. As he "could, see no reason why an 
antitoxic serum dhould not be obtainable by suitable 
methods similar to those «mnployed in the case of the 
infective diseases«, he fed rabbits with thyroid ex- 
tract, by the mouth instead of subcutaneousiy, until 
they began to lose weight. They were then killed, 
and the serum obtained was used in two cases of ex- 
ophthalmic goitre. He found "that no very definite 
results could be obtained". He thinks, however, that 
"it is quite possible that is larger animals were em
ployed and li rger doses of thyroid extract were given, 
a serum might be obtained which could be used for hypo
dermic injection in acute cases, or for administration 
by the mouth in chronic cases where prolonged treatment 
would /



would be required. "
This method is treatment has not so far been at

tempted by many writers, and in the light of our in
ability to obtain evidence of an antibody to either 
adrenalin or pituitin, it seems very probable that it 
would not be possible to obtain antibodies to the es
sential substances present in the internal secretion 
of the thyroid gland, because the whole evidence at 
present appears to point in the direction that it is 
impossible to obtain antibodies to internal secretions! 
and that all treatment along this line must be regarded 
as not only having no scientific foundation, but 
a s h'8vln g no reas on able p r o sp ec t of sue cess.

Another method of treatment of exophthalmic goitre 
is that suggested by

Markovsky (Russ. Ark. f. Patoi., 1902), who 
thought that by injecting extracts of thyroid glands 
of dogs into the peritoneal cavity of cats at intervals 
of a fortnight, he obtained a serum which proved 
toxic to dogs.

Gultscharnkov (Zentra1b1. f. allg. Patol., 1902, 
Vol. 15) injected the thyroids of dogs into rams, and 
got a serum ^hich he considered to be thyreotoxic. 

Portis /



Portis (journ. Infectious Pis., 1904, No.l) at
tempted. to produce symptoms similar to those which fol
low removal of the thyroid and parathyroid, glands by 
mean-s of specific eytotoxins selective in their action 
on the thyroid and parathyroid cells. He injected 
the emulsion of one thyroid gland into the peritoneal 
cavity of a goat, inereasinf the dose monthly until 
ten glands were reached. The serum obtained in this 
manner, on injection into dgos, caused depression, 
convulsions, haercoglobinuria and death, with marked 
degenerative and atrophic changes, in the thyroid gland,, 
but he also determined, the following important point, 
that the action of this serum is not solely thyreo
toxic, as it induces changes in the liver, spleen and 
kidney of a degenerative type, similar to those set 
up in the thyroid, gland, The treatment of exophthal
mic goitre by this means is therefore not at present 
just if i able.

Cone in. s ions :
The serum treatment of exophthalmic goitre 

is therefore not based upon any accurate scientific 
results, and I cannot but think that not only is the 
treatment not justified, bat. that it is contrary to 
our knowledge of the true function of the thyroid 
gland, and that in some cases it may produce distinctly 
injurious /



injurious results in man. After thyroidectomy in ani
mals, it is quite probable that various toxic sub
stances will accumulate in the blood in consequence of 
the diminished metabolism of the nerve cells, and the 
injection of such toxic products into patients who are 
already suffering from a disease of such severity as 
exophthalmic goitre cannot possibly benefit them in 
any way, any more than the injection of serum from 
eases of Addison’s disease could be of benefit upon 
injection into patients suffering from any other con
dition. It must produce a sufficient strain even 
upon the healthy person, far less than upon one already 
seriously ill.

Summary

(1) I have not been able to obtain any evidence 
of an antibody to adrenalin ;

(2 ) I have not been able to obtain any evidence 
of an antibody to -pitujtin ;

(5) The treatment of exophthalmic goitre by 
"Moebius’s Antltliyreodin1' is based upon an erroneous 
theory of the function of the thyroid gland,and its 
clinical results are of a very unsatisfactory nature ;

(4) The treatment of exophthalmic goitre by 
rods,gen /



rodagen is also without any accurate scientific basis ;
( 5 ) The it se of serum obtained from animals which 

have received gradually increasing doses of thyroid 
extract is of doubtful value ; as it does not appear 
to be possible to p roduce antibodies to internal se
cretions ;

( 6 ) The use of cytotoxic sera for treatment of 
exophthalmic goitre is unjustifiable.



FlN-áL CONCLUSIONS



Final Conclusions

The normal physiological function of the thyroid glanc. 
is to provide an internal secretion which is neces
sary for die normal metabolism of sympathetic and 
other nerve cells.

The amount of secretion necessary for normal metabol
ism is controlled by a balanced action between the 
thyroid gland and the nerve cells supplying it.

Exophthalmic goitre may be completely explained simply 
as the result of an increased amount of this secre
tion which win produce a permanent excitation of 
the sympathetic nerve cells.

There is no necessity to assume the production of a 
"perverted secretion". The "perversion" is simply 
the result of exhaustion and degeneration following 
excessive activity.

Myxoedema following exophthalmic goitre is also another 
example of exhaustion of nerve cells following over 
stimulation.

The involvement of other internal secreting glands is 
of purely nervous origin.

The production of Antibodies to internal secretions 
has not yet, been proved.


