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PREFACE.

The work that has been done on the thyroid and para-
thyroid glands within the past ten or fifteen years has
contributed to medical literature one of its most bril-
liant chapters. The careful elucidation of their physi-
ological functions, the discovery of the active principle
of the thyroid and its therapeutie application, has filled
us with wonder and surprise. But a few years ago the
most advanced text-books gave them but a passing ref-
erence and dismissed the whole subjeet with the vague
snggestion that the gland was constructed and placed in
its position by the Divine Architect of the human body
as an ornament to the neck, like a bit of molding in a
house or a Dorie finish to a eolumn. Later it was sup-
posed to have some relation to the voice, or to regulate
in some compensatory manner the intracranial blood sup-
ply, but nothing was known of its true funetion and 1m-
portance.

Since Brown-Séquard and Bernard emphasized the
theory of an internal seeretion, which brought upon the
former an avalanche of ridicule, and Sir William Gull
and Murray followed in rapid succession with their start-
ling revelations concerning the funection of this ‘‘terra
incognita,’’ it has been my great pleasure to follow, with
enthusiastic interest, the contributions throwing new light
on this subjeect, and apply to praetical therapeuties the
facts made clear by these investigations and observations.

Following in rapid succession after the discovery of the
funetion of the thyvroid gland came the announcement that
certain conditions of a grave and persistent character
were due to the congenital or acquired absence or abridg-
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ment of the gland, and that these were relieved by en-
orafting a gland from a healthy animal into the peri-
toneum or other parts of the body, or by injecting hypo-
dermiecally a glyeerin solution of the gland of the sheep,
and finally that the same purpose could be accomplished
by the use of the fresh gland per orém. Then came the
discovery that the gland could be desiccated and used
as any other drug with equal efficacy and with greater
aceuracy.

Further research soon developed the fact that still other
conditions, chieflv associated with arrested, retarded or
perverted development, either.of a physical or psychical
character, but generally both eonstituting what the French
have called ‘“type Loraine’ have been found to be asso-
ciated with an arrested development of the organ and
could be relieved by the administration of the dried gland.

It has been also demonstrated that certain funections,
chiefly menstruation and gestation, demand an extra ex-
penditure of thyroid secretion, which, if not supplied,
leads to distinet symptoms, which are also relieved by
the administration of the dried gland.

Not resting here, earnest investigations have shown
that it is a most potent oxidizer, with all the far-reaching
effects of such an agent on the animal economy, and that
it is a blood pressure reducer of seemingly a more exaet
and reliable character than any remedy heretofore found
in our materia medica.

Developments are also being rapidly made concerning
other duetless glands and those having an internal secre-
tion that affect the normal relation and balance of the
human economy. The suprarenal gland has become a
standard therapeutic agent to a less degree, but sufficient
to give promise of further development in the future.

That the therapeutic applications of the pharmaceutical
preparations of these glands are not more extensively
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availed of in medical practice is due, no doubt, to the
fact that these useful developments have not yet been
crystallized into the text-books, and, being scattered
through the medical literature of many languages, have
not been made available to the rank and file of the profes-
sion. Appreciating the therapeutic possibilities of the
animal glands, I often have oeccasion to regret that the
brilliant results of the work that is being done along these
lines has never, as far as I know, been collected into one
comprehensive volume, so that it can be availed of with-
out an amount of research with the necessary access to
libraries that are not within reach of the average physi-
cian. It was on this account that I urged Dr. Richardson
to give to the profession a compilation of the whole sub-
jeet, adding his personal observations and the scientific
researches he has made in following up the praectical ap-
plication, with analyses of the human gland under various
conditions of mental and physical impairment, and also
by his urinalyses and blood examinations, as well as the
blood-pressure tests of those to whom it was being ad-
ministered, especially among the insane and degenerates,
while pathologist at Mount Hope Retreat.

His eapacity for research, his familiarity with the sev-
eral languages in which the best literature on the subject
has heen written, and his general versatility render him,
in my opinion, most capable of doing this work, and 1
feel assured that his book will supply a need as much felt
by the other members of the profession as by myself.
I am eonvineced that it will be well and thoroughly done,
and I am sure I ean vouchsafe it a kind and generous
reception.

CHAS. G. HILL, AM., M.D.,

Professar of Nervous and Mental Diseases, Baltimore
Medical College ; Physician-in-Chief 1o Wount Hope
Retreat,
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EHERS THRIY RO A NI
FAaRATH Y ROID GLANDS:

CHAPTER I
HISTORICAL.

The use of animal organs in medicine dates from very
early times. Plinius states that the Greeks and Romans
used the testicles of asses and even the semen for impo-
tence; in Albania these organs are used for the same pur-
pose today, and also for amenorrhea. Paracelsus, in the
sixteenth century, recommended the spleen for the latter
condition. Among barbarous and semi-civilized peoples,
as well as among the peasantry in all countries, these cus-
toms exist. The Chinese physician preseribes dried mouse
and lizard ; the native African uses the liver of snakes both
imternally and externally as an antidote for snake bite;
the warrior eats the heart of the lion to give him courage.
In Southern France snails are used for indigestion as well
as a luxury; in Cornwall and Devonshire earthworms
are given for the same purpose. In the materia mediea,
pepsin, pancreatin, ingluvin, codliver oil and ox gall are
official, all of which are animal extracts conmected with
the digestive funetions, so that the use of other ¢rgans or
their extracts is but a short step in organotherapy.

In recent times Brown-Séquard reawakened interest in
the subject by his scientific experiments of removing the
clands from animals and observing the result.

He argued that every gland of the body, whether it

| |



2 THE THYROID AND PARATHYROID GLANDS.

possessed an excretory duet or not, produced a seeretion
which was necessary for the well being of the organism,
and that it should be possible when an organ ceased to
funetionate to substitute the seeretion of healthy glands
either by transplantation, hvpodermic injection of the
extract or feeding by the mouth. His first attempt was
the use of orchitic extraet, christened *‘ Brown-Séquard
Elixir,”” for sterility or impaired virility. The remedy
was a failure and brought much undeserved ridieule upon
its advoecate, but his reputation as a scientist caused others
to investigate the subject, resulting in the discovery of
the nse of the thyroid gland in myxedema, which is one
of the greatest triumphs of medieine in the nineteenth
century. Brown-Séquard’s statements were investigated
by the Biological Society of Paris, and they reported that
by the injection of semen and orchitiec extract there was
produced a marked inerease in both mental and physical
foree. These experiments and the report exeited the pub-
lic into a belief that the elixir of life had been discovered,
and that old age could be rejuvenated, with the natural
consequence that pharmaceutical preparations appeared
on the market with the most extraordinary advertise-
ments. Notwithstanding all this, the foundation was laid,
and many workers have been steadily perfecting organ-
otherapy, so that two glands at least, the thyroid and the
adrenals, have taken a definite place in medicine.

There can be no doubt that the testicles and ovaries
have a further function than to secrete the substances
necessary for proereation. The effect of castration on the
mental and phyvsical condition is well known. In those
castrated before puberty, as the ‘‘eastratos’” of Italy,
there 1s an arrest of development, both mental and, to a
certain extent, physical; the voice remains childish, while
their physical appearance and mannerisms are those of an
overgrown child, with a tendency to effeminacy. Those
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castrated after puberty are heavy, sullen, suspicious-look-
ing men, without energy or ambition, while as a rule their
mentality is below the average.

Whatever may be the active agent in the testicles, the
absence of which produces these results, it has so far been
impossible to supply its place by the use of Brown-
Séquard’s extract. The experiments of Firbringer and
Pulawski in Germany and Féré, Baudin, Bouffée in
France gave only negative results.

The Russian chemist, Poehl, after much careful an-
alysis, extracted spermin from the testicle. He found
that the ovaries, salivary glands, thyroid, liver, spleen,
and probably the brain substance, also contained spermin
in small quantities, and argued that this substance ciren-
lated in the organism and was of physiological importance.
A vast amount of experimental work was carried out by
Tarchanow and others. They found that the resistance
of the nerve centers was increased, so that the convulsions
of strvehnin and tetanus were controlled, and also that
voung dogs injected with spermin developed more quickly
and better than the control animals. They summarized
their results by saving that spermin was an energetic
stimulant of the nervous system and probably also of
other organs, and that it increased the muscle foree by
raising the blood pressure.

Ovarian extract has several advoeates. Muret gives
four reasons for its use: (1) without ovaries there is no
uterine development or menstruation; (2) ablation of
ovaries in voung children causes them to grow up without
feminine attributes; (3) after puberty loss of ovaries
entails cessation of menstruation and atrophy of genital
organs; (4) osteomalacia is sometimes cured by odpho-
rectomy. The extract has not come into general use, but
there seems to be considerable evidence of i1ts value dur-
ing the menopause, in some cases of chlorosis and in
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dysmenorrhea. At Mount Hope Retreat it was tried in
some nervous and mental eases said to be the result of
laparotomy and in a few other cases where it was thought
genital trouble existed without any apparent beneficial
results. In a paper read before the American Medico-
Psvechological Society in 1898, Dr. R. 5. Dewey stated
that operations on the genitourinary organs stood first
on the list of surgical operations producing mental dis-
turbance. Considering that the most important periods
of life are coincident with changes in the genital organs,
and that the effect of even such a small defeet as lacera-
tion of the cervix will produce very considerable nervous
symptoms, it does not appear unreasonable to suppose
that the normal functionation of the organs of generation
is necessary for the health of the organism, and that the
ovaries and testicles being secretory in their nature should
supply to the syvstem something necessary for its well
being.

The thymus gland has been used in many different dis-
eases without any very definite results. It was first given
to a patient suffering from Basedow’s disease in mistake
for thyroid by Dr. Owens. As it produeed an apparent
beneficial effect, it was tried in other cases with varying
results. Swvehla attempted to determine its physiologiecal
effect, coming to the following conclusions: Injection into
the femoral vein produced a fall in blood pressure, due to
weakening or paralysis of the vasoconstrietors, with in-
erease in the pulse rate, due to direct influence on the
heart; large doses produced an excitement, dvspnea and
collapse, ending in death with postmortem evidence of
asphyxia.

Baumann found that the thymus contained iodin in
organie¢ combination, but in much smaller quantity than
the thyroid. As the thymus atrophies at puberty and its
persistence after that age is pathological, being associated
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with certain forms of epilepsy, and with Basedow’s dis-
ease it seems improbable that its administration to the
adult will produce beneficial results.

Splenie extract has not received much attention. H. C.
Wood reports three cases of Basedow’s disease as being
benefited by it. It has also been given with benefit in
cases of melancholia attonita. In leukemia it gave nega-
tive results. It is on the market as ‘‘eurythrol,”’ but pro-
duces gastrie pain and therefore does not permit of con-
tinuous use.

Bone marrow from the ribsg of voung animals has been
extensively used in anemia without producing satisfactory
results. Fraser reports its administration as having in-
ereased the hemoeytes from 1,869,000 to 5,900,000 and the
hemoglobin from 38 per cent to 78 per cent in 27 days.

The pituitary body is an organ which from its ana-
tomical position would appear to belong to the central
nervous system. Situated in the sella tureica, it is pro-
tected from injury, and from its glandular structure and
large blood supply it should be of importance to the well
being of the organism. Physiological experiments by its
extirpation have so far given negative results, and, with
the possible exception of akromegaly, in which it is usu-
ally found enlarged, it has not been associated with any
disease. In animals after thyroidectomy it has been
found enlarged by Steida, Hofmeister and Gley, but
whether it is a compensatory hypertrophy has not been
determined. The administration of its extract has so far
produced only negative results. Anatomically, according
to Andriesen, its funetion would appear to be to take up
oxygen from the blood stream and to destroy or render
inmocuons the metabolic waste produets of the central
nervous system. Chemically it contains iodin, but in
very small quantities. The last mentioned writer gives
the following as the predictable results of its ablation:
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Malassimilation of oxvgen by the nerve tissues with aceu-
muiation of waste produets, thus bringing about a nutri-
tional failure and death of the eentral nervous system,
when the following svmptoms would be produced, depres-
sion and apathy, muscular weakness, loss of coidrdination
and equilibration, development of twitchings and irreg-
nlar contractions of the muscles, a want of sufficient heat
production and consequent subnormal temperature with
wasting of the body tissues.

Desiceated brain and spinal cord have been nsed with a
few reported suceesses on the prineiple that in certain dis-
eases the chemical processes for the formation of the
specialized substances mecessary for the nutrition and
functionation of the nervous svstem mayv be interfered
with, the administration of the brain and eord containing
the specialized substances ready formed might supply the
place of the lost function. Constantine Paul, Babés,
(ribier, Dana and others report cases of neurasthenia, epi-
lepsy, bulbar paralvsis and chorea as benefited by its use.
In Mount Hope a verv obstinate case of melancholia,
which had resisted the usual treatment, showed marked
mmprovement through its use, but in several other cases
no improvement was observed.

The parotid gland has been used in dysmenorrhea with
reports of sueceess, but the connection is not apparent.

Glyeocholate of soda has been used with suceess in treat-
ing diseases of the liver, especially in hepatie colic. None
of the so-called cholagogues of the Pharmacopeia increase
the flow of bile, while experiment has shown conclusively
that the bile salts are the only cholagogue at our com-
mand. As the bile is an exeretion of the liver as well as
being a necessity for the proper absorption of fats, it is
of the utmost importance that the quantity should be kept
at normal. The solvent action of the sodium glyeocholate
on cholesterin and the bile pigments render it of great
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service in hepatic colie, both as preventing the formation
of gall stones and also as a solvent for stone already
present. It seems from various reports to be of great use
in torpid liver, acting as a purge for that organ; also, in
some cases of chronie constipation, in malarial and post-
febrile hepatic insufficiency.

The extract of the suprarenal capsule has obtained a
permanent place 1 medicine, the active prineciple adre-
nalin is used extensively in minor surgical operations as
a hemostatic; internally it raises the blood pressure and
stimulates the heart.

Extracts of the prostate gland, the liver, the kidney
and the lymphatic glands have all been tried with nega-
tive results.

The thyroid gland has proved to be of the greatest 1m-
portance as a regulator of the general metabolism, inter-
ference with its function producing cretinism, infantilism,
myxedema and Basedow’s disease, while from its power-
ful physiological action upon the blood-vessels the extract
or the dried gland is a most valuable addition to the
Pharmacopeia.



CHAPTER II.

EMBRYOLOGY—ANATOMY—HISTOLOGY—THE
PARATHYROIDS.

Embryology.—The thyroid gland is developed from the
anlages, one median and two lateral, which unite to form
a common differentiation. The median anlage is an in-
vagination of the floor of the pharynx between the hases
of the second and first bronchial arches lving between the
two parts of the tongue and consisting of a small pouch,
which commences to expand laterally at a very early age
to form the median duet, the opening of whieh upon the
tongue corresponds to the foramen cecum.  The duet itself
1s known as the duetus thyvroglossus, which persists up to
the eighth week, gradually elongating as the thyroid and
tongue separate. The ductus thyroglossus is obliterated,
but occasionally exists throughout life as the ductus lin-
gualis. The lateral anlages are derived from the ento-
derm of the fourth gill elefts; the fourth entodermal pouch
develops a ventral prolongation, becoming a elosed vesicle
entirely separated from the pharynx; the vesicle curves
forward to form round hollow buds. The union of the
three anlages takes place about the seventh week. His
records that in a human embryo of the eighth week the
formation of the hollow acini had begun, and that they
were lined with epithelial cells, the gland consisting of
two globes connected by a narrow isthmus.

Anatomy.—The thyroid body is a highly vascular gland,
consisting of two lobes, an isthmus and pyramid, situated
between the second and sixth tracheal ring, covered an-
teriorly by the sternohyoid, omohyvoid and sternothyroid
museles, while the sternocleidomastoid also overlaps it.

8
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The posterior surface 1s concave and rests on the trachea
and larvnx, covering the recurrent laryngeal nerves. The

Fig. 1.—The position of the thyroid after removal of the muscles.
(v. Eiselsberg.)

lateral lobes cover the carotid arteries; are eonical in
shape, extending from the fifth or sixth tracheal ring to
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the side of the thyroid ecartilage covering the inferior
corners and adjacent portions of the ale. The isthmus
usnally lies across the second and third rings of the
trachea, but is inconstant in shape and position, often
being entirely absent. From the isthmus or from the
adjacent portions of one of the lobes a slender conical

IF16. 2.—Absence of the isthmus. Fia. 3.—Isthmus with large pyramid.
(Marshall.) (Marshall.)

process ascends upward to the hyoid bone called the pyra-
mid or middle lobe. Oececasionally it is attached to the
hyoid bone by fibrous or muscular tissue, so that it follows
the movements of the voecal organs. In front the pre-
tracheal fasecia extends from the isthmus and adjacent
portions of the lateral lobes to the front of the ecricoid
cartilage, the lower border of the thvroid cartilage form-
ing a distinet anterior ligament. Fach lobe is further
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attached by a firm band of fibrous tissue, the lateral liga-
ment, to the side of the ericoid cartilage and to the first
two or three rings of the trachea: [Kach lateral lobe meas-
ures about 50 mm. in length by 30 mm. in width by 18 mm.
in thickness at its largest part. The isthmus measures
nearly 12 mm. and from 6 mm. to 18 mm. in thickness.
The weight of the gland varies very much with age and

Fig. 4.—Double pyramid. 1. d.—Absenee of isthmus with
(Marshall.) pyramid on left side. (Marshall.)

in different countries. Virchow places it at from 30 to 60
erms. ; Schaefer in England from 30 to 40 grms.  Wells,
of Chicago, gives the average weight of 60 glands removed
in that city as 22 grms.; the gland decreases in weight as
age advances. The average weight in persons over 45
vears of age in Wells’ series was only 16 grms., while in
persons from 20 to 45 the average was 25 grms. The
gland appears to be smaller in females than in males,
imereasing in size during pregnancy and menstruation.
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Usually the lateral lobes are not perfectly symmetrical,
the left being most often the larger of the two, while the
isthmus and pyramid vary in size, may be entirely absent
or fused into one or other of the lateral lobes. The pyra-
mid ocenrs, according to Streckiesen, in 104 out of 153
cases or about 68 per cent. Marshall only found it in 24
out of 60 cases or 40 per cent. Out of the 104 of Strec-
kiesen’s cases it was glandular up to the hyoid bone in 55,
in 12 it was connected to the bone by fibrous tissue, in 2
by muscle.  These musenlar faseiculi, which occasionally
descend from the hvoid bone to the gland or to its pyra-
mid, are known as the levator glandulwe thyroide. The
fibers are mostly derived from the hyoid musele, but ocea-
sionally are independent.

The arteries of the gland are the superior thyroid from
the external carotid, the inferior thyroid from the thyroid
axis of the subelavian and sometimes the thyroidea ima
from the arch of the aorta. They are remarkable for
their anastomoses and large size. They terminate in a
capillary network upon the outside of the acini. The
veins which are also large form a plexus from which the
superior middle and inferior thyroid veins are formed on
each side. The superior and middle thyroid veins open
into the internal jugular, the inferior veins form a plexus
in front of the trachea and empty into the innominate
veins.

The lymphaties of the thyroid body form numerouns
large anastomosing trunks, both at the surface and
throughout the substances of the organ. They originate,
according to Frev, in the connective tissue which unites
the gland vesicles, with the cavity of which they appear
not to be in communication. Hiirthle has, by using in-
termittent pressure, caused injection fiuid to pass into the
vesicles by the lvimphaties.  Colloid substance is at times
found in the lymphatics similar to that found in the ves-
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icles, which appears to pass between the epithelial cells
into the interstitial connective tissue and thence into the

lymphaties.

The nerves are derived from the middle and inferior
cervical ganglia of the sympathetic and accompany the

blood vessels. Aeccord-
ing to Andriesen- there
are no ganglionic cells in
their course, their branch-
es extending close to the
base of the epithelinm
cells.

Aceessory thyroids are
common, being formed by
detachments of small por-
tions of the gland in the
embrvonic stage, and by
division of the pyramidal
process. They may be
found anvwhere between
the arch of the aorta and
the hyvoid bone, some-
fimes even within the
bone itself.

Anomalies are common,
either the pyramid or the
isthmus may be ahsent or
both, the isthmus oceca-
sionally passes behind the
trachea, one lobe or hoth
may be absent. These
deviations from normal

Fi6. 6.—The thyroid arteries.
(v. Eiselsberg.)

are permitted by the fact that, unlike most parenchyma-
tous glands, the location of its secreting structure bears
no relation to any fixed outlet or duct.
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Histology.—The texture of the thyroid gland is firm,
appearing granular to the naked eye; it is invested by a
thin transparent layer of dense areolar tissue which con-
nects it with the adjacent parts, imperfectly separating
its substance into small lobules of irregular form and size.
When the organ is cut into a vellow glossy fluid, colloid,
escapes from the cut surface. Imbedded in its substance
are multitudes of closed ves-
icles, which are held together
in groups or imperfect lobules
of areolar tissue. The wall
of each vesicle consists of a
simple layer of cubical or col-
mmnar epithelial cells, which,
according to Langandorff, are
of two kinds, viz: those which
are actually secreting the ma-
terial contained in the vesicles,
colloid ecells, and other re-
serve cells which may take the place of the colloid cells
or which may become detached and mingle with the
secretion.  Both Langandorff and Hiirthle agree in sta-
ting that the secretion is formed partly by exudation from
the cells and partly by their complete transformation into
colloid substance. Bozzi deseribes three classes of cells,
chief cells, colloid cells and cells undergoing retrograde
metamorphosis. The chief cells are the most numerous
and contain highly refractive bodies which he considers to
be colloid substance ; they also contain finer bodies, which
are probably incompletely formed colloid, but Babés and
others state them to be the pigment from the destroved
red corpusecles; fat globules and protoplasm granules are
also present. The cells appear not to have a distinet
membrane, but to blend with one another, the outer ends
resting on the basement membrane. The colloid cells are

Fig. 7.—Normal thyroid gland.
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smaller than the chief cells and lie in irregular groups
between the chief cells from which they are probably
derived; they possess a nearly homogeneous protoplasm
more deeply colored, not unlike the colloid substance in
appearance; they vary in shape, some appearing round or
oval, with the protoplasm almost destroved, its remains
collected around a central mass which appears to be colloid
containing characteristic vacuoles, the nucleus being at
one side; they also group together so as to resemble folli-
cles; sometimes free colloid is found between the cells.
The cells showing retrograde metamorphosis have no col-
loid mass, the nuecleus loses its staining properties and
gradually becomes indistinet, the granules are smaller and
the protoplasm contains colloid in droplets not running
together to form a mass; these cells are formed when the
follicles fuse together and seem to be due to nutrition
degeneration.

Imbryonal rests are also found mostly near the capsule,
but also seattered around in the connective tissue having
large nueclel with a small amount of protoplasm, they do
not appear to develop when the gland is partially removed.

The method of colloid formation has not vet been set-
tled. Virchow was of the opinion that it was first formed
indirectly by the cells in so far that the secreted mucoid
fluid was changed into colloid. Hiirthle claimed to have
seen droplets of colloid in the cells, and that the cells in-
creased in size on the formation of the drops, concluding
that the colloid .arose from the protoplasm of the eells.
Langhans, Langandorff, Gutkneckt and others are of the
opinion that the ecells themselves are transformed into
colloid.

THE PARATHYROIDS.

The parathyroids consist of two pairs of small glandular
masses, first deseribed by Sandstriom in 1880, constant in
man and other mammals, always lving in close proximity
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to the lateral lobes of the thyroid body. They vary in
size from 3 mm. to 15 mm. in diameter with an average
of about 6 mm. ; are flattened and of a reddish color, some-
what like the thyroid itself. In structure, however, they
differ from the thyroid proper, being composed of solid
masses of epithelial-like cells, which often appear to be
in sections, arranged in an-
astomosing columns with
numerous convoluted blood
vessels between them. Con-
nected with the cell masses
there are frequently Ivinph
follicles, differing complete-
Iy from the thyvroid and not
to be confounded with the
accessory thyroids.  Ae-
cording to Gley they repre-
sent embryonie portions of
the true gland, and if left
after the removal of the lat-
ter they are able to develop
further and take on the
functions of the main organ.
It 18 thus he accounts for
Fic. 8.—The position of the para- thE_f fiiill'l'l'ﬂ! to ﬂhtﬂi“ in some
thyroid glands. (Zuckerkandl.) animals the usual results of
thyroidectomy.  This s,

however, denied by Edmunds, although they appear
to increase in size after the operation and to act vieari-
ously to some extent. Kohn states that there is one
parathyroid (outer epithelial body) constantly present in
mammals on the lateral surface of each lateral lobe and
another on each mesial surface (the inner epithelial body).
Associated with these are small bodies of adenoid tissue
which have the characteristies of thymus gland including
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the epithelial rests or corpuseles of Hassel and which tend
to blend insensibly with the neighboring interstitial tissue
of the thyroid. According to Pienant the tissue of the
parathyroids is similar in appearance and structure to that
of the carotid glands and is not embryonie thyroid tissue.
He states that theyv take their origin from the fourth inner
bronehial eleft of the embryo from which also part of the
thymus and the lateral rudiments of the thyroid are de-
rived, whereas the main portion of the thvmus and the
carotid glands are derived from the third cleft.

The theory that the parathvroids are embryonie tissue
is hardly tenable, from the fact that they develop in c¢hro-
nological advance of the thyroid. It must also be con-
sidered that they resemble the suprarenal, the anterior
pituitary and the carotid glands, which must be looked
upon as adult tissue. In structure they seem to be made
up of entodermal epithelial cells, separated by capillaries,
suggestive of the suprarenal. This is most noticeable in
compensatory hvpertrophy, but, as Kdmunds points onf,
there are no acini and no secretion of colloid substance.
(iley has recently taken up the position, supporting it by
physiological experiment, that the parathyroids are glands
sut generis and have a specific function related to that of
the thyvroid. Welch deseribes the parathyroids as being
completely invested by a fibrous capsule and either con-
nected with the thyroid gland by a pedicle of fibrous tissue
or situated within the body of the gland, but always com-
pletely separated from it by connective tissue. From the
deep surface of its fibrous capsule irregular septa are
given off, dividing the gland into irregular lobules.
Clusters of fat cells are generally present along the course
of the vessels and of the connective tissue septa within
the gland to which the vellow tint is probably due.

The parathyroids are of epithelial structure and are
composed of two distinet kinds of cells. The principal

>
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cells have a relatively small homogeneons protoplasmic
body, which takes on basie anilin dves in varying degrees
of intensity, and a relatively large pale nuclens with an
open chromatin network. They constitute the greater
part of the gland tissue. In their arrangement they show
at least four different types: (1) a continuous uniform
cell mass; (2) a continued ecell mass, interrupted at fre-
quent intervals by strands of
connective tissue, so that on
section the strands appear to
he surmounted by epithelial
cells; (3) a series of anasto-
mosing columns of ecells in a
vascular fibrous retieulum, so
that on section the epithelial
cells appear as diserete mass-
es completely surrounded by
Fig. 9. —Normal Parathyroid rascnlar  connective tiS:":-'llE;
SLaL. (4) groups of small acini,

each containing a small mass of colloidal material in its
lumen and lined by a single layer of epithelial cells. It
seldom happens that a parathyroid is composed of cells ex-
clusively arranged in one type. The second kind of eell is
oxyphilie, having relatively to the principal cells a large
granular protoplasmic body, the granules of which are
highly oxyphilie, with a small darkly staining nucleus and
densely arranged chromatin. These cells are not always
present. There are three types of disposition: (1) a
uniform cell mass, sharply defined from the principal cells
and situated either deep in the substance of the gland or
immediately beneath its capsule; (2) a few columns of
cells which gradually mix with the prineipal cells; (3) a
single acini lined with oxyphilie cells containing a colloid
lobule in the lumen. Weleh considers that the para-
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The early phyvsiologists looked upon the thyroid gland
as having no essential function, probably from its having
no duet by which its secretion eould be conveved to the
general gystem, and from its variable size, position and
shape, it was stated to be for the purpose of rounding
out the neck, as having some connection with sleep, as
influencing the voice, that it acted as a reservoir for the
blood regulating the brain supply. The connection of the
gland with the organs of generation had very early at-
tracted the attention of the laity. In Southern Italy it
has long been the custom for the parent to measure the
cirecumference of the daughter’s neck before and after
marriage, an inerease in size being considered as an evi-
dence of conception.

It was not till 1859 that systematic investigations as to
the function of the gland were commenced. Schiff per-
formed thyroidectomy on dogs and found that theyv in-
rariably died, and therefore the gland was necessary to
life.  A. and .J. Riverdin deseribed the symptoms pro-
duced by thyroidectomy, Ord followed in 1878, and then
Kocher on the same lines, stimulating Schiff to further
experiments. Schiff reported in 1884 that the extirpa-
tion of the gland was not only followed by death to the
animal, but that it also produced spasms and eonvulsions,
which were prevented by the implantation of the gland
under the skin or in the peritoneal cavity. These experi-
ments were the commencement of an enormous amount
of work by a large number of scientists in every country,

20
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resulting in a number of different theories as to the physi-
ology of the organ, many of which have been proved to
be erroneous and are now of little interest except to the
historian.

The function Dt the thyroid gldnd is said to commence
““In 111:1131‘11L or %DDII a['tm lmth {“TUIHH') chr@lu' COT-
siders that it commences before birth, but is greatest dur-
ing the period of growth, lessening as the vital processes
decline. He bases his opinion on the decrease of the
secretory power of the gland in phthisis, in which the eol-
loid substance gradually disappears and the epithelial
cells pass into the embryonic state, from the fact that
removal of the gland is more fatal in voung than in older
animals, and that it decreases both in size and activity in
old age. Nielsen is of opinion that the gland is concerned
in the change of mueoid into connective tissue during the
fetal months.

The writer has analyzed the thyroid glands of several
children who died immediately after birth, and also a few
prematurely born, and has never been able to find a trace
of 1odin or of the blood pressure reducing substance. In
children of two and three weeks old who had died of
cachexia, no 1odin was found. The earliest age at which
he found 10din was three months. There is a remarkable
difference between the calf and the human fetus. In the

| former the thyroid gland contains iodin in utero. As it
j has been shown that thyroglobulin is exereted by the
I mammary gland, with the milk in the human, the child
i’, receiving in this manner the necessary amount for its
; metabolism, it seems possible that one of the reasons why
' the human infant is so difficult to raise on artificial food is
the absence of the necessary amount of thyroid secretion
in the artificial food. As the calf is horn with a function-
ating thyvroid, cow’s milk probably does not contain the
amount of thyvroid secretion necessary for the development
’-:\nf' the infant.
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The funetion of the gland has been studied chiefly by
the indirect method of observing the symptoms after re-
moval of the gland from animals, and some cases in man,
where the operation was performed for disease. In the
early experiments the importance of the parathyroids was
not recognized, and consequently the symptoms were the
result of the removal of both thyroid and parathyroids,
which has caused much confusion, being further compli-
cated by the different results obtained with different ani-
mals—in some instances as in the rabbit—due to the para-
thyvroids being some distance from the thyvroid and not be-
g removed in the operation with the thyroid. Kwald
came to the conclusion that birds survived the operation;
that rodents and herbivora generally survived with no
marked effects, and that in aged dogs the symptoms were
usually light. Reptiles, voung ecarnivora, monkeys and
man invariably die after the operation if it is completely
carried out. Horsley, in 1891, divided animals into four
classes: (1) birds and rodents, in whom no cachexia was
produced; (2) ruminants and ungulates, in whom the
symptoms developed slowly; (3) man and monkevs, in
whom the cachexia was certain but the symptoms mod-
erate; (4) carnivorous animals, in whom the cachexia was
most severe and rapid. These results seemed to show
that the food habits of the animals had some bearing on
the importance of the gland to the system, viz: that car-
nivora were the most affected, graminivorous and corn
eating animals the least affected, while the omnivora oceu-
pied a middle position. The later experiments of Hof-
meister, de Quervain, Glev and Edmunds have shown that
there is little or no difference, provided that the whole
of the thyroid, accessory thyroids and parathyroids are
removed.

The symptoms produeced by the extirpation of the gland
are of particular interest from their resemblance to vari-
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ous observed pathological conditions in man, and have
been the means of recognizing many obscure diseases as
being the result of cessation or perversion of function of
the glands.

In dogs, after the removal of the gland, the first most
noticeable symptom is a derangement of the functions of
the medulla oblongata, consisting in vomifing and dys-
phagia. The efforts of vomiting are accompanied by
salivation, often preceding an attack of convulsions lasting
till the animal dies. The vomited matter consists of bile
and mucus; anorexia is often present, and when the re-
fusal to take food is absolute it is a sure sign of a rapidly
fatal result. Sometimes the animal preserves the appetite
but finds great difficulty in taking nourishment, owing to

the continuous spasmodic contractions of the masseter and ~

the fibrillar contractions of the muscles of the tongue.
Moreover, the dysphagia usnally present renders it as
difficult to swallow fluids as solids, and if by chance any
food does enter the stomach it is immediately rejected,
with an inerease of convulsive movements, the animal
finally ceasing to make any attempt to take food. Vomit-
ing oceurs even when the food is earefully introduced with
the tube. In a few instances the animal continues to eat,
but the food accumulates in the stomach, the abdomen
becomes distended and the large intestine fails to dis-
{*Ti_é_n;-g;a its contents. Trophie disturbances may appear in
the form of excoriations, especially affecting the region
of the artienlations in the fore and hind Ihmbs, which may
suppurate, never showing any inclination to heal. Mus-
cular paresis and partial paralyvsis occur usually among
the earlier symptoms, the extensors in particular being
affected, cansing the staggering gait which is usually very
marked. Spasms are of frequent oceurrence, which, in
the first instance, affect the masseter and temporal mus-
cles, but soon spread to the muscles of the body, and seem
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to be the result of discharges which take place at regular
intervals.  This condition lasts for two or three days,
when a violent general convulsion may oceur, with a tend-
ency to tetanus. At this period the respiration is greatly
increased, in some cases being as high as 220 per minute,
death often supervening in one of these convulsions. Co-
incident with inerease of respiration comes increase of
temperature, 42.0 degrees C. and even 43.6 degrees (.
having been observed. In the intervals between the at-
tacks the temperature has been observed to fall 4 degrees
helow normal.

In 1887 Munk made the statement that dogs survived
operations which deprived them of the funetions of the
thyvroid gland, provided the wound healed well, but if
swelling of an inflammatory or edematous nature, or a
swelling dependent on hemorrhage or upon accumulations
of the seeretions of the wound oceurred, the animals died
with characteristic symptoms. Munk performed the op-
eration of isolation of the gland by doubly ligating and
dividing the veins of the gland. He then lifted the lobes
out of their capsules and completely severed them from
their connections with the body of the animal by ligation
of the vessels and nerves of the hilus, returning the lobes
to their original position. Nine dogs survived his experi-
ments which were repeated and confirmed by Boginski.
Halstead suspeeting that Munk had overlooked the acees-
sory glands and also small portions of the main gland,
went over the same ground in the most complete manner,
finding that his suspicions were correct. IHe found that
when the gland was perfectly isolated death ensuned with
the usual symptoms, which varied somewhat in different
animals, the most regular being conjunetivitis, trismus.
persistent erection of the penis, fibrillary tremors of the
tongue and of the musecles generally. THe then experi-
mented with partial isolation, which he brought about hy
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ligating all the vessels except the thyroid artery, which
supplies the upper lobe and the vein from the lower lobe.
The symptoms thus produced were not identical with
those oceurring in complete isolation. The most constant
were tongue tremors, licking movements, anemia, con-
junectivitis, general tonie and clonie spasms, inflammation
of gums, with occasionally a falling out of the hair, accom-
panied with an itching of the skin, producing an edema-
tous appearance not unlike myxedema. This latter symp-
tom only oceurred when the wound did not heal by first
intention. He next experimented with piecemeal removal
of the gland and observed that the same svmptoms were
produced, the amount of gland removed in order to pro-
duece them varying in different dogs, probably on account
of the size and number of the accessory glands and to
individual peculiarities, one dog doing well and remaining
in good health with only one- mghtﬂﬂnth of the gland re-
maining. During the experiment a female who had had

the left and the lower third of the right lobe removed was

impregnated by a healthy unoperated dog. She gave

birth to eight puppies, whose thyroid glands were at least
twelve times larger than normal. It is remarkable that
‘in this case and also in a similar one that a few hours

before whelping the symptoms of (‘Dlllp]l."h-“- tln‘rmd de-
|111V‘111ml manifested themselves although each animal
possessed much more thyroid than was actually required
for her wants. It had previously been observed that
tetany had dppemed previous to labor in cases with con-

‘genital thyvroid insufficiency. These experiments have

been repeated recently with the same result by Edmunds

and are suggestive. It would be interesting to observe if
an excessive secretion or administration of thvroid during

pregnaney would not produce a reduced thyroid in the

s produce, which, if it took place, might aceount for some
eases of sporadie eretinism.

i ars” 8
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Horsley divides the symptoms of thyroidectomy into
those of over action and of want of action. The first
svimptom of over action is fibrillar museular tremor, re-
sembling tetany. The individual contractions of the
musecles follow one another in monkeys at the customary
rate of clonus, viz: eight to ten per second. Summation
next oceurs, tetanoid spasms follow and finally rigidity
and contraction. Symptoms of want of action are motor
paralysis and anesthesia, the toxemie condition producing
funetional neurosis, epilepsy, hemiplegia, ete. Tissue
changes are also marked, emaciation of an acute form,
with muein in the connective tissue. If, however, the
cretinoid condition supervenes there is no increase of
mucin, but fibroid echanges oceur, coupled with emaciation.
Virchow suggests that the edema characteristic of myxe-
dema is a metaplasia of the subeutaneous fat into mueus,
with an inerease of volume; the skin becomes coarse and
dry from the absence of secretion; the subeutaneous tissue
thickened and inelastic; the hair falls out, becoming thin
and gray. Disorders of temperature also oceur. The
intrinsie changes, viz: the modifications which are intro-
duced into the normal heat balance off the subject after
elimination of the tranmatic factor, consist of a rise of
from 4 degrees to 5 degrees during the acme of the mus-
cular twitching. The coincidence of this rise in tempera-
ture with the nerve disturbances suggests that it mayv be
dependent on a derangement of the heat controlling cen-
ters. DBefore death the temperature is subnormal. FEx-
ternal heat has a great effect on the operated animal, ex-
ternal cold precipitating the symptoms. Animals which
were apparently in good health while kept in a high temn-
perature developed the characteristic symptoms at once
on being exposed to cold.

The blood changes show a connection between the gland
’;m:_f the blood metabolism. Normally the lencoeytes are
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present in a greater proportion in the veins than in the
arteries of the gland, and this proportion is greater than
that found in the wveins of the limbs. After thyroid-
ectomy there is an increased venosity of the blood, with a
great diminution of the amount of oxvgen. This decrease
of oxvgen in the arterial blood may be so great as to be
less than the oxygen in normal venous blood, a condition
which would account for many of the symptoms.

If a portion of the thyroid gland be removed there is
a compensating hypertrophy of the remaining part which
undergoes histological changes, the cubical cells become
columnar, the vesicles become oblong or branched and the
colloid substance becomes more watery, changes which
are almost identieal with those found in the gland in Base-
dow's disease. These changes are not affected by division
of the sympathetic. Sechiff found, after destroying the
svimpathetic nerve fibres accompanying the blood vessels
to one lobe, that the lobe remained identical in minute
strueture. Horsley tried similar experiments with re-
spect to the recurrent laryngeal nerve with the same re-
sult. Katzenstein could find no difference in the two
lobes after stimulating one and not the other. Kdmunds
excised the superior laryvngeal nerve and a considerable
length of the vasosympathetic lower down on the same
side, thus any secreting fibres passing by the recurrent
laryngeal nerve would be eut off.  On this side the thyroid
lobe was not touched or even seen. On the other side the
lobe, together with the parathyroids, was excised. Of the
ten dogs experimented upon three died in one, two and
three davs. No syvmptoms oceurred, but death appeared
to be due to the operation, as the thyroid lobe was found
to be almost free from colloid and the seereting eells mul-
tiplving into the vesicles. Seven of the dogs lived longer,
six ghowing syvmptoms; one, however, was operated on
again after twentv-eieght davs without having shown any



25 THE THYROID AND PARATHYROID GLANDS,

symptoms.  One was allowed to live 242 days, dving with
athyroidal symptoms. Another was killed at the end of
271 days suffering from severe symptoms. The other
four were operated on a second time. The pathological
findings in these cases varied somewhat. In one, in which
the lobe was removed by a second operation, the gland was
devoid of eolloid, the cells multiplying into the cavities of
the vesicles.  In another, which had well marked tremors
but recovered, the gland was found to be mueh enlarged,
weighing 3.5 grms., or about three or four times larger
than normal. The colloid had disappeared, the increase
in size being due to growth of young tissue between the
vesicles, the secreting cells were not multiplying into the
vesicles. The animal which lived 242 days, dyving with
severe symptoms, had a normal gland and a normal para-
thyroid. In the animal killed after 272 days there were
some normal vesicles, but there were also vesieles filled
with multiplying cells from which the eolloid had wholly
disappeared.

Hiirthle has experimented on the effect of the stimula-
tion of various nerves by the faradie current on the secre-
tion of the gland, and has had negative results from both
the laryngeal nerves and the vasosympathetic. On the
contrary, G. A. Schaefer found that the cells of the thy-
roid show the same changes as those of other glands after
the injection of pilocarpine. As pilocarpine only pro-
duces its effects by nerve stimulation it follows that the
secretion of the thvroid must be influenced by the stimula-
tion of some nerve or nerves. IHiirthle suggests that the
stimulation of the gland is due to the presence of certain
| unknown substances in the blood, and states that tving
the gall duet in dogs produced homogeneous globules in
the epithelial cells and Ivmph spaces of the gland, which
| . i : et
. showed the same inclination to solidify and gave the same
‘staining reactions as the follicular colloid substance, prov-
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“ing that the passing of certain constituents of the bile
into the blood produced increased secretion of the gland,
and that any nervous influence that may exist is not een-
tral, but is due to the ganglia either in or in the 1mme-
diate neighborhood of the gland, and further, that the
enlarged gland of Basedow’s disease is not primarily of
central origin.

Sandstrom discovered the parathyroids in 1880, and in
1881 Cresswell Baker independently also observed the
glands but did not recognize them in animals, deseribing
them as undeveloped portions of the thyroid gland. In
1884 Horsley identified and deseribed the parathyroids,
but they were not thoroughly studied till 1892, when Gley
published a set of papers recording his experiments.
Under the name of ‘‘glandules thyroidiennes’’ he de-
scribed in the rabbit two glands, one on each side of the
trachea, situated at some distance below the thyroid, so
that in previous operations for thyroidectomy in that ani-
mal these glands had probably not been removed. In the
dog, on the contrary, the corresponding structures were
s0 closely incorporated with the outer surface of the lat-
eral thyvroid lobes that they must have been almost in-
rariably removed with the thyroid. Omn account of these
different anatomical arrangements he suggested the canses
for the relative insuseeptibility of the rabbit to thyroid-
ectomy; he removed both the thyroids and the parathy-
roids from a series of rabbits with the result that in the
majority of cases acute svmptoms and speedy death en-
sued. Further, he found that the removal of the thyroid
alone, leaving the parathyroids in situ, produced in the
dog and the rabbit little or no result. At the time of these
experiments (1892) the existence of the internal para-
thyroids was not known, and Gley’s work only applies to
the external parathyroids. No really accurate knowl-
edge of the position of these glands was published till
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1895, when Kohn's elaborate monograph on the thyroid
gland of the cat demonstrated the fallacies underlying all
previous operations. He found that in the cat, dog, rab-
bit, and probably in other mammalia, there were four
parathyvroids, and he further showed conclusively that
these bodies were not thyroids but were independent spe-
cific structures, naming them ‘‘the external and internal
epithelial corpuscles of the thyroid.”’

In 1896 Vassali and Generali published the result of
their experiments. They removed all the four parathyv-
roids, leaving the thyroid in situ in ten cats and in nine
dogs. Of the cats nine died by the tenth day, while one
was living at the end of a month. All the dogs died
within eight davs, the symptoms in both cats and dogs
being the same as those previously recorded as the result
of thyvroidectomy. As a rule, however, conclusive attacks
were absent or only very slight, but on the other hand,
the phenomena of diminished nervous excitability pre-
dominated in the form of paralysis, which rapidly killed
the animal. Rouxeau performed on the rabbit what Vas-
sali and Generali had done on the dog and cat, viz: he
removed the four parathvroids, leaving the thyroid intaect.
The results were not uniform, but he concludes that re-
moval of the parathyroids is mueh more serious than re-
moval of the thyroid alone in the rabbit. Moussu comes
to the conclusion that the funetions of the thyroid and
parathyroids are different ; that suppression of the thyroid
produces only chronie symptoms, while the suppression
of the parathyroids induces acute symptoms. He also in-
duced experimental eretinism in the dog, cat, and birds
by the remowval of the thyroid, the parathyroids being left
intact. Welsh, after a number of very careful experi-
ments, comes to the following coneclusions: (1) Removal
of all four parathyroids in the cat leads to acute and severe
svmptoms, with a rapidly fatal issue, even though the thy-
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roid be retained practically uninjured. (2) Removal of
three parathvroids does not lead to death, but may cause
transient svmptoms similar to those which result from
removal of all the glandules; loss of two parathyroids
does not produce any appreciable result. (3) Removal
of the thyroid and some of the parathyroids mayv lead to
death with acute symptoms, if only one parathyroid is
left, but may not induce any obvious derangement if two
parathyvroids are retained, at least not for several months.
(4) Administration of fresh parathyroid by the mouth has
no effect, either in mitigating the symptoms or in averting
death after removal of the thyroid and parathyroids in
the cat, even though relatively enormous doses are given.

In 1898 Edmunds published the results of his very elab-
orate experiments as to the functions of the parathyroids,
of which the following are the most important. In two
dogs about one quarter of one lobe and the external para-
thyroids were left, the rest being removed. Neither of
these dogs showed any symptoms during the nine and
twenty-six davs they were allowed to live. In two other
dogs the upper part of the thyroid was left on each side,
with the addition that in each a length of the vasosym-
pathetic was removed on one side. One of the dogs suf-
fered from tetany, rigidity of the limbs, tremors, emacia-
tion, and a trophic lesion of the skin, in the second dog
the only symptom was emaciation ; twenty-nine days later
the remaining portion of the gland was removed, the dog
dying with the usnal symptoms. In eight dogs one ex-
ternal parathyvroid was left and only just sufficient thyroid
to avoid interference with the blood supply. The dogs
had no symptoms, exeept that one of them became thin.
Three of these dogs were -subsequently killed and the
parathvroids identified by microscopieal examination. In
the other five it was attempted to remove the parathyroids
during life. In two this was suecessfully aceomplished,
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with the result that the animals had the usual symptoms.
In the other three dogs the part removed proved not to be
parathyvroids and no symptoms resulted, the parathyroids
being found on postmortem examination. In seven other
dogs it was intended to leave the external parathyvroids,
but mieroscopical examination proved that the tissue left
was not parathyroid, all three dogs dyving with the usual
symptoms.  As dogs live when the parathyroids are left
and die when it is subsequently removed, or when only a
small piece of thyroid proper is left instead, it seems evi-
dent that the excision of the parathyroids is the cause of
the acute svmptoms, tremors, rigidity, convulsions, dysp-
nea and death, which follow the total execision of the
thyroid and parathyroids, and further it suggests that
the excision of the thyroid proper only causes the syvmp-
toms of myxedema. In four rabbits, from which the
thyroid was removed, leaving the parathyroids, the health
failed, the hair fell ont, edema occurred in the lower part
of the face, followed by death. Vassali and Generali
have found that if all the four parathyroids in the dog are
excised and the whole of the thyroid left the dog will die
with the usual symptoms in a few davs, while if one of
the parathyroids is left and the whole of the thyroid re-
moved the animal will live. Gley found that if the whole
of the thyroid proper and one parathyvroid were removed
im rabbits the animal would hve, but if the remaning
parathyroids were excised the rabbit would die with the
usual symptoms. In dogs in which a single parathyroid
was left and a minute piece of the thyroid no symptoms
of any kind appeared, even after five months. The ani-
mals were kept so long in order to see if the parathyroids
developed into thyroid tissne. They did not, but the cells
became more definitely arranged in rows, small collections
of secretion were seen and the trabeculw of conneective
tissue were much thickened.
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In order to obtain an obvious case of myxedema, the
whole of the thyroid glind was removed from four mon-
keys. In the first there was muscular weakness, the hair
fell out extensively from the front of the chest and there
was some swelling about the face, but only temporarily.
Four and a half months after the operation a well-marked
edema oceurred in the face but quickly passed away, and
in six and a half months the monkey was well. The other
three monkeys died with the usual symptoms. The fail-
ure to obtain true myxedema in these cases was appa-
rently caused by the animals dyving from the nerve syvmp-
toms before the myxedema had time to develop. Four
other monkeys were operated upon as before and treated
with thyroeolloid, prepared according to Hutehinson’s
method. The first monkeyv died in six days in spite of
treatment, and the second had slight symptoms on the
first day which passed off. On the twenty-seventh day
the treatment was stopped, three days later symptoms ap-
peared but passed off, when treatment was renewed, the
animal, however, dving on the forty-first day. The third
monkey had no symptoms from the first; the treatment
was stopped on the sixteenth day; on the twenty-first day
symptoms appeared, treatment was resumed, the symp-
toms disappeared, and five months after the operation the
monkey was well. In the fourth monkey symptoms ap-
peared on the third dav and the monkev died on the
seventh day in spite of treatment. Though three out of
four of the monkeys died yet treatment had some effect.
Edmunds summarizes the results of his experiments, com-
ing to the following conclusions: (1) the parathyroids of
dogs have as much or more to do with saving them from
acute myxedema as the thyroid proper; (2) although the

extract from the thyroids of sheep may keep off and re-
lieve the svmptoms in thyroidless monkeys it will not, as
a rule, save their hives; (3) a parathyroid will not by

in
LR
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process of compensatory hypertrophy develop into thyroid
tissue; (4) the mortality was 44 per cent after total ex-
cigion of the parathyroids, and after excision of both thy-
roid and parathyroids the mortality was 80 per cent, even
with thyroid feeding; (5) the symptoms produced by the
excigion of the parathyroids are the same as by the com-

plete operation (thyroid and parathyroids), viz: tremors,

.
T

a slow and unstable gait, passing into paralysis of the
hind limbs, emaciation and muscular weakness.

The microscopic changes found in the thyroid lobes in
cases of excision of the parathyroids are marked in these
cases which survive the operation a few dayvs. There is
a diminution in the amount of colloid in the vesicles, the
vesicles themselves becoming oblong and branched, the
secreting cells colmmnar or multiply so as to fill the cavity
of the vesicle and there is an excessive amount of young
thyroid tissue between the vesicle. Edmunds considers
these changes to be identical with those deseribed as com-
pensating hypertrophy of the thyroid and with the
changes found in Basedow’s disease; there is, however,
an apparent decrease in the size of the gland.

In two of the dogs, after partial parathyroidectomy,
there were marked eye symptoms. Auld and others have
noted eve symptoms after thyroid feeding, Béeclere re-
porting a case where a patient, partly by mistake, took 60
grms. of sheep’s thyroid in a week, which was followed
by thyroidismus and a certain amount of exophthalmos.
Edmunds performed a number of experiments to investi-
gate the point, the subject being of great importance from
the possibility of its offering an explanation of the pathol-
ogy of Basedow’s disease.

Total thyroidectomy was performed on ten monkeys,
five of whom had had thyroid feeding before the opera-
tion. Of the five which had no thyroid feeding two
showed narrowing of palpebral fissure, one at first widen-
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ing, followed by narrowing, and in two no change. Of
the five which had thyroid feeding, in two there was
exophthalmos with widening of the fissures; in one nar-
rowing, and in two no change. In another monkey no
operation was performed, but it was fed with large doses
of an extract equal to about half a sheep’s thyroid per
diem. A considerable widening of the palpebral fissures
resulted, with perhaps some protrusion of the eveballs.
Edmunds, in further
experiments on  Six
monkeys fed with from
a half to three whole
sheeps’ thyroids per
day, produced prop-
tosis, dilatation of the
pupils, widening of the
palpebral fissure, erec-
tion of the hairs of the
head, falling out of the
hair in patches, paral-
vsis of one or more
limbs, emaciation and
muscular weakness,
followed by death from
asthma. The average
life of the monkevs Y16 10.—Monkey in tetanie attack after
: extirpation of thyroid. (v, Eizelsberg. )

after the commence-
ment of the treatment was seventy-six days. Mieroscopic
examination of the thyroids and of pituitary glands were
made, but no pathological condition could be detected.
Shortly before death the animal showed an objection to
light and to being looked at.

As the effect of thyroid feeding on the eve might be
produced by action on the central nervous system, com-
municating with the cervieal sympathetic or by local action
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on the ganglia in and about the eye, the eervieal sympa-
thetic was divided on one side in two monkeys and the
animals fed in doses corresponding to about three sheeps’
thyroids per day. In twelve days the eyes on the unop-
erated side were seen to be more prominent and the palpe-
bral fissure wider than before treatment; the eyes on the
operated side also became very wide and prominent. A
considerable length of the nerve was removed to prevent
the probability of repair. This experiment is borne out
by a case reported by Boissou. The patient, a girl of
twenty vears old, was submitted to resection of the cer-
vical syvmpatheties, first on one side and then on the other,
for Basedow’s disease. Notwithstanding the operation
the exophthalmos continued and became so severe that the
eves could not be closed, the cornea sloughed, sight was
lost, the patient dying in a short time.

This ease and Edmunds’ experiments show that the
cervical sympathetic is not the main factor in producing
the protrusion of the eyeballs, and it also seems probable
that thyroid extraet acts partly through the cervieal sym-
pathetic and partly locally. Experiments were also made
on rabbits, with the thyroid with the two smaller parathy-
roids removed. In one rabbit the eyes became more promi-
nent and remained so; in one no change was observed for
nine months, when the eyes began to get narrow, becoming
very narrow before death. The cervical svmpathetic was
exciged on both sides to see if it produced further narrow-
ing; in two the eyves hecame very narrow hefore the ani-
mals died, which oceurred in two or three days; in three
the eves narrowed and the animals lived, and in one there
was no change. The thyroids of the four surviving rah-
bits were execised, the two larger parathyvroids heing left
intact. In one there was a marked increase in the nar-
rowing, in the other two no immediate effect, but the ani-
mals died ten months later with very narrow eves. 1In the
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rabbit in which division of the sympathetic had produced
no symptom, the exeision of the thyroid was followed by
death in three days with narrow eyes,

In further experiments to observe the effect of the ex-
cision of the parathyvroid on the eve, Iidmunds excised
both cervical sympatheties in a rabbit, which caused nar-
rowing of the palpebral fissures; later he excised the thy-
roid together with the two smaller parathyroids, leaving
the two large parathyroids. This operation produced no
further narrowing. In five rabbits he execised the two
larger parathyroids, leaving the thyroid intaet, together
with the two smaller parathyroids. In four animals the
eves became somewhat wider for a time, reverting to nor-
mal; in one there was no change. In six rabbits the op-
posite operation was performed, namely, the two larger
parathyvroids were left intact and the thyroid lobes with
the two smaller parathyroids were excised. The results
raried, in three of the rabbits it was noticed that the eves
for a time were wider than normal, four of the rabbits died
and, at the time of death, their eves were much narrowed ;
two were killed at a time when the eves were normal.

Edmunds summarizes his results as follows:

(1) That after complete exeision of the thvroid and
parathyroids the great majority of dogs die within a few
days and cannot be saved by thyroid feeding, but a small
minority survive even after the complete operation.

(2) In operations in which one or more parathyroids
are left the dogs as a rule survive,

(3) That when only the thyroid is left they die as a rule.

(4) That with respect to operations that paralyze the
secretory nerves of the thyroid the dogs often die, al-
though possessed of the whole of one thyroid lohe, to-
gether with the parathyroids of the same side, or even as
in Halstead’s experiments when possessed of the whole
thyroid. :
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(2) With respect to the mieroscopical appearances of
the parts left in the experiments, the parathyroids seem
merely to hypertrophy, and they do not change into thy-
roid tissue proper. The thyroid tissne may remain un-
altered even though the dog may die of athyroidie symp-
toms, or it may materially alter and this in one or two
days; either the colloid diminishes or entirely disappears,
vesicles enlarge and the lining membrane becomes con-
voluted. This may oceur to such a degree as to present
appearances closely resembling, if not identical with,
those in a papilloma, or the colloid may disappear, the
vesicles may retain their shape and the round cells may
multiply into and fill the cavity of the vesicles, thus pro-
ducing an appearance somewhat similar to that seen in
carcinoma, but though much hypertrophy sometimes oc-
curs nothing of the nature of invasion has been seen.

(6) In the central nervous system changes have been
found corresponding to paralytic symptoms, the lesions
that occur are observed mainly in the large cells, varying
from chromatolysis of the Nissl granules to a complete
destruetion of the cells.

(7) In the eves of monkeys, dogs and rabbits he finds
that when an animal is dyving of athvroidie syvmptoms,
whether after a complete or only partial extirpation, there
is, as a rule, narrowing of the palpebral fissures. After
the removal of the paratlivroids a condition of widening
of the eves occurs, which coincides with the view that
Basedow's disease is connected with the parathyroids.

Moussu has experimented with the parathyroids and
comes to the conclusion that the acute convulsive attacks
in thyroidectomized animals are due to the parathyroids
having been removed, and that if operated dogs are given
the watery extract of from twelve to twenty horses’ para-
thyroids the convulsions are arrested. He further states
that myxedema is not helped by the administration of
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parathyroid (confirmed by Charrin), but that he has seen
improvement in a case of Basedow’s disease by the injec-
tion of the extract of eight horses’ parathyroids per diem.
He sums up that the removal of the thyroid, leaving the
parathyroids produces myxedema in man and perhaps

Fi. 11.—A 4 months old kid whose thyroid was removed at 21 days
old. (v. Eizelsberg.)
Fi6. 12.—Control animal from the same birth. (v. Eiselsberg.)

also in swine and dogs; in other speecies progressive ca-
chexia. Im the voung of man, swine, goats, dogs, cats and
birds it produces cretinism, which is improved by the
administration of thyvroid. That the removal of the para-
thyroids in carnivora produces death, which was formerly
attributed to the absence of the thyroid, and that the par-
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tial removal of the parathyvroids produces symptoms sim-
ilar to Basedow’s disease, 1t has not been shown as vet
that the parathyvroids are diseased in Basedow’s disease,
nor that feeding with parathyroids will benefit the patient.
A few cases are recorded, but as yvet the benefit of the
treatment must be regarded as “‘not proven.”

There seems to be no doubt that the two sets of glands
are not wholly independent, for the removal of the thy-
roids causes changes in the parathyroids, and the exeision
of the parathyroids changes in the thyroid. One very
attractive theory suggests itself, that the syvmptoms of
myxedema are due to the failure or removal of the thyroid,
while removal or failure of the parathyroids produces the
tremors and other mervous symptoms, with the general
svmptoms of Basedow’s disease. If the failure of the
parathyvroids canses hypertrophie changes in the thyvroid,
as shown by Edmunds, it may be supposed that the in-
creased secretion of the altered thyroid would cause ex-
ophthalmos, and thus we should have, as in Basedow’s
disease, tremors, exophthalmos, ete. Kdmunds states that
excision of the parathyroids produces sometimes exoph-
thalmos, sometimes enophthalmos, and exophthalmos can
be converted into enophthalmos by the removal of the
thyroid lobes. Total thyroidectomy in the monkey is
usually followed by enophthalmos, exeeptionally exoph-
thalmos, while thyroid feeding produces exophthalmos in
monkeys, as a rule.

Prof. Freiherr v. Eiselsberg experimented with the re-
moval of the thyvroid in young animals. IHe removed the
thyvroid from two lambs at ten days old, keeping another
as control. In a month the control animal was much
larger than the operated lambs, and at six thonths the
control animal was as heavy as both the other operated
lambs together. It weighed 35 kg., compared with 10 kg.
and 14 kg. Not only was the phyvsieal growth arrested,
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but the mental condition was very evidently defective, and
there was also a want of codrdination. At the autopsy
there was caleification of the aorta, which had the appear-
ance of being due to senile changes and not to mflamma-
tion. He operated on young goats, pigs, rabbits and asses
and found the same results, namely, arrest of physical and
mental development, comparable to eretinism.

Fig. 13.—Lamb, 6 months old, the thyroid being removed on the
tenth day. (v. Eiselsberg.)

The influence of the thyroid secretion on the morphol
ogy of the organs of generation in both sexes has beer
demonstrated by many observers. It is an ancient tradi-
tion that the thyroid enlarges at the first menstruation, in
certain women, each period producing an appreeiable en-
largement of the gland. There seems also to be a hal-
ancing as it were between the flow of blood and the gland.
A suppression of menstruation often produces a swelling
of the gland, which disappears on the reéstablishment of
the flow. There is also a very remarkable connection
pointed out by Gantier that the menstrual blood contains
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iodin and arsenie, both of which substances are a part of
the normal secretion of the thyroid. In girls it has often
heen stated that the first sexual aet produces an enlarge-
ment of the gland. There seems to be no connection be-
tween the thyroid and the sexual act in the male, it having
never been observed to swell after the first coitus but en-
larges about the time of puberty and oeccasionally a pal-
pable goitre may form. The enlargement of the gland
during the rut has been observed in the dog, cat, rat, sheep
and deer, and was deseribed by Wagner in 1858.

The effect of the thyvroid development on puberty is of
great importance. DBroeca (‘“Goitre and Cretinism,”’ 1891)
states that in the complete eretin puberty is never estab-
lished. The reproductive functions are nil and sterility is
absolute, while arrested development of the sexual organs
is almost a constant symptom of infantilism. Oeccasion-
ally there are cases of hyperthyroidea oceurring at pu-
berty, which Brissaud explains as a result of a difficult
sexual metamorphosis, or, in other words, that an arrested
development of the sexnal organs may ])10(]11{‘[, thyvroid
derangements. In cretinism, and especially in infantil-
ism, the increase in the development of the sexunal organs
under thyvroid treatment is very marked. It is of im-

ﬁ]}fn ance, from a therapeutic standpoint, to note that the
lincrease in size of the thyroid gland is anterior to the

development of the sexual organs, the secretion of the
gland being increased, the surplus is utilized to stimulate
growth, and, therefore, if the gland does mnot increase,
puberty does not oceur and the growth is retarded, pro-

! ducing infantilism.

During pregnancy there is a marked modification of
the gland. ~ Freund observed augmentation of volume in
fortv-five out of fifty women. Lange established that the
enlargement commenced about the fourth month in pri-
miparas and the fifth month in multiparas. The gland
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commences to diminish seven or cight dayvs after confine-
ment and quickly recedes to normal ; sometimes the hyper-
trophy continues through lactation. Lange found that out
of 133 eases 25 did not show any hypertrophy; examina-
tion showed that 20 of these presented albuminuria, and he
argued that the relative insufficiency of the thyroid has an
influence on the kidnev. Experimentation confirmed his
theory. Lange removed four-fifths of the thyroids in a

Fig. 14.—Contrel animal, (v, Eiselsberg. )

number of cats, producing no symptoms except in those
with voung, the latter dving and the autopsy showing fatty
degeneration of the kidney. Several of the operated cats
were impregnated, developing albuminuria and the kidney
degeneration. This experiment shows a possibility of
eclampsia being connected with hypothyroidea.

The thyroid has also some effect upon the ljl'nductimx'
of milk. M. Wauters experimented upon a cow who, for
fifteen days, had averaged 11.5 litres of milk per day.
He gave 6 grms. of fresh thyroid for ten days, during
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which time the average amount of milk rose to 12.55 litres.
On the following eight days he gave 8 grms. thyroid and
the milk rose to 13.8 litres per diem. The average quan-
tity of milk during the twenty dayvs the animal was under
treatment was 13.17 litres, being an inerease of 1.67 litres
per day.

Lange took nine hens eighteen months old and gave one
of them from 10 to 30 grms. of thyroid daily. During
the following twenty-eight days the eight hens laid forty-
two eggs, or an average of 5.25 eggs, while the hen receiv-
ing thyroid laid during the same period sixteen eggs; the

Fi6. 15.—Aorta of thyroidectomized sheep showing atheroma.
(v. Eiselsberg. )

weight of the eggs also inereased 10 grins. Lange had
previously observed that a thyroidectomized hen laid an
ege with a very thin shell weighing only 5 grms.
Metabolism experiments have been made during the
administration of fresh thyroid gland, thyroid sicea and
thyroidin on healthy subjects, in myxedema, in Basedow s
disease, in obesity and in thyroidectomized animals, which
give practically the same results. In thyroideetomized
animals without thyroid feeding there is a greatly in-
creased elimination of nitrogen and a deecreased elimina-
tion of phosphorus, the latter rising on the administration
of thyroid. Roos kept a dog under observation for two
months, estimating the elimination of nitrogen, sodium
chlorid and phosphorie aeid. He then administered 3.0
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grms. and later 6.0 grms. thyroid sicea daily. There was
an increased elimination if nitrogen, sodinm chlorid and
phosphorie acid. He then removed the thyroids and con-
tinued the administration of the thyroid sicea, the nitrogen
and sodinum chlorid elimination was further inereased, but
the phosphorie acid was diminished. The nitrogen elim-
ination in the unoperated animal rose from 3.04 to 3.8 and
from 3.4 to 4.15 and in the operated animal from 3.61 to
2.35.  Magnus Levy found that the amount of oxygen
utilized by a subject at rest was 3.1 to 5.36 ecm., while in
the obese it was only 2.82 (v. Noorden found 2.64). - By
the administration of thyvroid he could raise the O used
from 2.26 to 2.36 on the fifteenth day and to 2.55 on the
nineteenth day, the loss of weight in the nineteen days
being 4 kg. Theile and Nehrung raised the O from 2.87
to 3.45, or 20 per cent; v. Noorden raised the O used 21
per cent, which lasted fourteen days after the thyroid
feeding was suspended. Magnus Levy treated a myx-
edematous patient with thyroid tablets, thyroantitoxin and
iodothyrin.  With the tablets the patient lost weight from
42 to 39.2 kg., the pulse rose from 60 to 120, temperature
from 36.2 to 37.5, the O used from 1.22 to 2.15, the respira-
tion quotient sank from 0.8 to 0.71. With Fraenkel’s
antitoxin the amount of O used was not inereased nor did
the pulse rate inerease, the body weight did not fall but
inereased 1 kg. The iodothyrin produced about the same
effect as the tablets, the O rose from 1.3 to 1.98, the respi-
ration quotient fell from 0.83 to 0.74, the pulse rate rose
from 60 to 100, the body weight fell from 44.2 to 41.9 ke.
Stiive found the O used inereased in a healthy subject by
the administration of thyroid tablets 20 to 23 per cent,
while the inerease of (!0, eliminated was somewhat less.
Voit arrived at the same conclusions.

Venehren experimented with three normal yvoung men,
aiving 0.1 to 0.3 iodothvrin per diem and found no change
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in the nitrogen elimination, but in two older subjeects there
was a marked inerease.  Dennig found that the nitrogen
elimination was inereased on the administration of thyroid
sicea.  Blubtreu and Wendelstaat, in a metabolism experi-
ment on the latter, found that by taking three to four
tablets, equal to about 2 grains thyroid sicea each, he lost
3 kg. in weight and 15.97 nitrogen, equal to 500 grms.
muscle substance, therefore 16 per cent of the loss of
welght was due to loss of musele substance. Scholz found
that by taking three tablets daily his case lost no weight.
Before taking the tablets the elimination showed a nitro-
gen retention -+ 3.7567, while taking the tablets the nitro-
gen retention was reduced to 4 2.6399. Richter found in
the period before administration of the thyroid an N re-
tention +4.95, during the experimental period - 3.22,
and during the after period 4 4.0. Gluzinski and Lem-
berger obtained about the same results by the administra-
tion of tablets, but on giving the fresh gland the retention
N of +2.1 was reduced to — 1.48, showing that while the
subject lost 1 keg. weight he lost 6.24 grms. N, equal to 200
grms. muscle substance, or 20 per cent of the total loss
was, therefore, muscle substance. Richter, in order to
see 1f 1t were possible to reduce the weight without loss
of mitrogen, put a subject on a diet containing 20.07 N
and equal to 2988 calories, or 40 calories per kg. of body
weight. Ie gave ten, fifteen and twenty thyroid tablets
two days each. The subject lost 2 kg. in five days with
a nitrogen retention of -4 12.89, showing that under suffi-
ciently mitrogenous diet it is possible to reduce weight
without loss of muscle substance. In this case the only
change noted in the urine was an inerease of xanthin
elimination.

Schorndorff, in a most elaborate and carefully con-
ducted metabolism experiment on a dog 25 kg. weight in
nitrogen equilibrinm, found that on the administration of
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thyroid the elimination of nitrogen was increased during
the first eight days by 1.59 grms. per diem. The elimina-
tion then sank to equilibrium, then rose to shight minus
and then again fell to equilibrinm. The total nitrogen
taken was 729.13, eliminated 731.96 equal to a loss of 0.1
grm. per diem. He next increased the amount of thyroid
in order to see if after the elimination of the fat the in-
creased oxidation would cause increased loss of nitrogen.
During twenty-two days the animal received 729.93 N and
lost 760.51 N equal to 927.0 grms, muscle substance; the
dog had lost in all 2200 grms. weight, and had, therefore,
lost 1273.0 grms. fat; this loss was equal to 40.0 grms.
muscle substance and 55.0 grms. fat daily. Contrary to
other observers he found that as soon as the thyroid feed-
ing ceased the excessive nitrogen elimination ceased, the
animal gaining weight rapidly. He concluded that the
increased elimination of nitrogen in the first few days of
thyroid feeding is due to the elimination of extractive sub-
stances, while the fat metabolism really spares the proteid
nitrogen. When the body fat has been reduced to a cer-
tain point the nitrogen elimination is increased by the
oxidation of proteid.

The effect of thyroid feeding upon the metabolism is
the result of increased oxidation and consequent loss of
weight. The intake of oxygen is inereased, the carbon
dioxid given off is increased, the nitrogen elimination is
increased. In the first few days, probably by the elimina-
tion of extractives, it is possible, by proper diet, to prevent
any loss of nitrogen, the loss of weight being then due to
the oxidation of the fat and loss of water. The chlorid and
phosphoric acid elimination are also inereased, urie acid
elimination is not affected, but a slight increase in the
xanthin bodies has been observed, the total quantity of
urine is usually increased. There is also quite a percep-
tible inerease of perspiration which, if very marked, may
cause the urine to decrease in quantity.
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The administration of thyvroid in large doses produces
a condition known as thyroidismus, resembling in many
points the symptoms of Basedow’s disease. Fxophthal-
mos has been observed by Notthaft in the ease of a patient
who took very large doses for obesity. The resemblance
to Basedow’s disease was so marked that the diagnosis of
Basedow’s disease was made before the real canse was
discovered. The tremors, mental depression, rapid pulse,
diagnostic of Basedow’s disease, are almost invariably
produced by overdoses of thyroid. Ewald gives a de-
tailed account of the symptoms observed in various cases.
The pulse rate is increased to 100-120 or higher, palpita-
tion of the heart, stenocardiac attacks, rise in temperature,
a feeling of weakness with constriction of the chest,
tremors, insommnia, inereased diuresis but, if the sweating
is very profuse, the twenty-four hours’ urine may be re-
duced to 300 cem. or less, with inereased elimination of
nitrogen, chlorids and phosphoric acid, and may con-
tain albumin; the respiration is accelerated, headache and
rhenmatoid pains occur, eruetations, loss of weight and
complete anorexia, thirst, dizziness, loss of consciousness,
inereased flow of saliva, pruritis, urticaria, ervthema, eec-
zema; the heart may become so weak and the vessels so
dilated that the patient will keep his head below the level
of the heart. Sugar has been observed in the urine by
Dale, Jones, Ewald, Bennig and others. It ocenrred in
one case at Mount Hope. Levulose and inosite have both
been recorded as occurring. The mental symptoms are
usunally those of depression. The writer took 24 grs. per
diem for three days for experimental purposes, and the
depression was so great that the experiment could not he
continued. In other cases there is a precordial anxiety
with an ill-defined but very real fear of impending danger.
Maniacal symptoms oceur, usually of a melancholie tyvpe,
and snicidal tendencies mav appear.
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The action of thyroid feeding on the heart and circula-
tion has been studied by Oliver, Schaefer, Gley, Langlois,
Gurnard and Martin. They find that the pulse becomes
weak and rapid. Oliver, by means of his hemodynamo-
meter and arteriometer, showed that the blood pressure is
very markedly reduced, while the arteries and arterioles
are dilated, especially the peripheral vessels, producing
the perspiration. Gurnard and Martin showed that, after
the vessels had been dilated and the heart weakened by
the injection of thyroid extraet, they could be rapidly
restored to normal by the injection of suprarenal extraect.

The blood changes after thyroidectomy are more cr-:-nstmlt.|
than any other pathological findings and offer an explana-
tion to most of the symptoms produced by the operation.
Horsley, Herzen and Rojwitsh found that the blood be-
came more venous, the former showing that the arterial
blood might contain less oxygen than was normal in venous
blood. Alberti and Tizzoni found that the O in the ar-
terial blood was reduced from 7 to 8 vol. to 8 to 11 vol.;
Vassali propounded the theory that the red corpuscles lost
their power to combine with oxyvgen, and found that when
he injected the expressed fluid from a gland into the veins
of an operated dog, whose venous blood was almost black,
after a few hours the blood became normal in color.

As was previously mentioned it has been ohserved that
operated animals react to external temperatures very
readily ; the formation of CO, is immediately inereased on
their being brought into the cold, which only takes place
after some time in normal animals. This points to a vaso-
motor disturbance. Schaefer has shown that the intra-
venous injection of thyvroid extract reduces blood pressure,
and Oliver that the calibre of the radial artery is inereased
at the same time. Lewy made a careful examination of
the blood in operated animals and found that the specifie
gravity was always reduced, but that no other very con-

4
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stant changes existed; further, that no relation appeared
to exist between the severity of the symptoms and the
anemic changes; normally the lencoeytes are present in
greater proportion in the veins than in the arteries of the
gland, and the proportion is greater than that found in
the limbs. Formanck and Haskovie found the number of
red corpuscles invariably reduced and the lencoeytes in-
ereased, the total solids and iron were diminished. Due-
ceschi found that in operated dogs before the commence-
ment of the convulsion the serum albumin inereases and
the serum globulin deereases, the total proteids vary from
the commencement of the convulsions to the death of the
animal, the globulin eontinues to increase, and the serum
albumin and total albuminoids decrease as in starvation.
Bottazzi finds the same changes as Duceceschi; also that
the red eorpuseles part with their hemoglobin very readily,
lose in specific gravity and that there is an increase in
fibrin. E_L'E_:_s_spjﬁn_claims to have found a toxin in the blood
of operated animals as well as in the urine; Zuntz and
Geppert found acid substances in the blood; Gley found
that the blood sernm of operated animals produced typical
svmptoms when injected into the blood of normal animals ;
FEdmunds and Baldi on the contrary could obtain no syvmp-
toms under the same conditions.

Fixcess of mucin has been found in the blood of myvxe-
dematous patients and in that of operated animals. Halle-
burton analyzed the blood tissues and organs of a case of
myxedema; the tissues were finely minced, weighed and
usually kept a day in methyl aleohol, decanted and the
tissues treated with lime water or dilute barium hydrate
solution, allowed to macerate for a few davs, strained, and
the muecin precipitated from the filtrate by the addition
of weak acetic acid, filtered throvgh a weighed filter,
washed with aleohol and ether, dried at 100 degrees C.
to a constant weight and weighed.
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By this method a number of analyses have been made
with varving results.

The skin of the thigh of a still-born child contained
0.96 per eent muein; the abdominal skin of children from
seven weeks to nine years of age 0.39 to 1.02 per cent,
with an average 0.766 per cent; skin from the same part
in grown people contained (.11 to 0.64 per cent, with an
average of 0.385 per cent; in connective tissue 0.5 per
cent; in Achilles tendons 0.298 to 0.77 per cent; in the
parotid gland only a trace. TIn a patient who had suffered
for ten vears from myxedema Cranston Charles found
fifty times more mucin than normal in the skin of the
foot. Halleburton found 0.81 to 0.72 per cent, and once
0.012 per cent, average 0.374 per cent; the quantity in
the tendons was inereased, 1.42 per cent in the heart, 1.65
per cent in the spleen, 2.21 per cent in the lungs, 0.7 per
cent in the parotid. In the blood which clotted imper-
fectly there was no muecin found, neither in the peri-
cordial, peritoneal or cerebro-spinal fluids. Horsley and
Halliburton (Brit. Med. Jour., 1885) found that in
monkeys, after the extirpation of the gland, muein was
inereased in the tissue as shown by the following table:

M te-
Hkin. Tendonzg, Mugele, Porotid, maxillary. Blood.

Normal . ..i...cocowwaon: 000BB 0009 0 0 0 ]

7th day after operation .. 0.045 0.09 0 trace  0.016  trace
20th g i .. 0.108 0.5 0 0.208 1.036 trace
49th o o .. 0.28 0.24 trace 0.17 0.33 0.08
dath 4 o .. 0312 0.255 trace 0.072 0.6 0.35

It was also noted that the hlood coagulated very slowly,
but that the proportions of serum globulin to serum albu-
min were normal. It was further observed that pigs did
not become myxedematous on thyroidectomy and that
there is a quantity of muein in normal pigs’ tissue, the
skin contained 0.209 per eent, tendons 0.403 per cent,
muscle none, parotid trace, submaxillary gland 0.416 per
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cent, blood none, pancreas 0.009.  In sheep, on whom the
operation had no apparent effeet until they were turned
out in the cold, the urine became thick with muens when
the symptoms appeared. Byrom Bramwell has obzerved
this symptom in patients suffering from myxedema.
Halliburton concludes from the above analyses that the
percentage of muein in the tendons of myxedematons
patients slightly exceeds normal, but that excess of muein
in the tissues 18 not pathognomic of the disease. He re-
ports one case in which the muein was very excessive,
Wagner claimed that by the injection of mucin into the
vessels of cats he produced tremors and tetanoid spasms
resembling those of thyroidectomy.

The pathological findings in thyroidectomized animals
are not marked nor constant, and seem to be the result of
starvation rather than toxemia. In the nervous system
-arious writers have found a number of lesions but none
occur with sufficient regularity or uniformity to permit
them to be considered as pathognomic of the condition.
In the central nervous system anemia and edema of the
brain and hyperemia with extravasations in the spinal
cord have been frequently observed. Pisenti found cavi-
ties in the lumbar and costal portions of the cord contain-
ing only traces of nerve substance, but such cavities are
often found in hyperemie conditions of the brain and cord.
In the brain substance a condition of encephalitis paren-
chymatosis, accompanied by swelling of the nerve cells
and axis-evlinder; also a small round cell in filtration of
the meninges of the upper portion of the cord have been
noted by Horsley and Arthoud. Mayvon found a neur-
itis vagi. Langhans and Kopp, examining the peripheral
nerves in the acute cachexia of dogs and in the more
chronie cases of monkeys, men and eretins, found changes
of an inflammatory nature. Although no definite constant
change has been observed in the nervous svstem there can
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be no doubt that the symptoms are of central origin.
Schiff has shown that the tetanic convulsions ceased on
section of the nerve trunks; Lang cut the sciatie nerve in
an operated dog and saw the twitching cease in the musecles
supplied by the nerve; Horsley and Lang cut the cord at
the eighth vertebra and saw the twitching almost cease in
the extremities. The motor area of one hemisphere was
removed by Horsley in five operated dogs, the twitchings
were more marked on the side which was intact. The re-
sults of these experiments prove that the disturbances are
of eentral and not peripheral origin.

Zesas and Crédé and also Lemke found that the spleen
became enlarged after removal of the thyroid, and Lohlein
that after the removal of the spleen the thyroid en-
larged. Zanda claimed that if the spleen was removed
four weeks the thyroid could be removed without causing
any syvimptoms, and argued that the spleen produced toxic
substances which it was the funection of the thyroid to
neutralize. Iano on repeating Zanda’s experiments did
not confirm his results. Hofmeister, Albertoni, Tizzoni,
(iley and de Quervain failed to confirm Zesas and Crédé’s
observations, and found in five cases of men dying of
cachexia strumipriva that the spleen was unusually small
in four cases and of normal size in one. Lang in over
forty experiments failed to show any connection between
the spleen and the thyroid.

(iley found that by extirpating portions of the thyroid
at different times in rabbits he could produce hypertrophy
of the hypophysis ecerebri, the weight of the latter being
mereased from 0.02, the average normal weight, to 0.101
grms. There has been much speculation as to the possi-
bility of the vicarions action of the hypophvsis for the
thyroid, which was rendered probable by the former oe-
casionally containing iodin, but there has been very little
evidence forthecoming in support of the theory.
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In operated animals the temperature is usually normal
except during the tetanie spasms, when it may rise 2 to 5
degrees C., Herzen on one occasion observing a tempera-
ture of 435.4 degrees C., later the temperature falling be-
low normal ; it may go as low as 33 degrees C. There is
marked susceptibility to cold in operated animals, which is
also very evident in myxedematous patients. Munk, Lang
and Kocher observed that the patients suffering from
cachexia strumipriva were more comfortable in warm
rooms, complaining of cold at ordinary temperature. DBy
inereasing the external temperature operated animals ecan
be kept alive much longer and the cachexia and tetany
reduced to a minimum. Whether the feeling of cold is
central 1n origin or the result of trophic changes of the
skin has not been decided.

During the convulsions the respiration is inereased,
between the attacks it is normal or reduced; the type 1s
normal. The heart’s action is inereased in volume.

The urine shows no very marked change, it is usually
decreased in quantity, of an inereased specifie gravity and
may contain albumin during the convulsions. The tox-
ieity has been found to be inereased by Gley and Laulanie,
who claim that on the injection of the urine of an oper-
ated animal into the veins of an unoperated animal typiecal
svmptoms were produced. Alonzo and others have failed
to corroborate their results and could find no appreciahle
difference. The nitrogen and chlorid elimination is in-
creased, while the phosphorie acid is deereased, the pro-
portion of meutral sulphur to total sulphur is also in-
creased. The increased elimination of nitrogen and
chlorids is no doubt due to the progressive anemia and
consequent starvation, while the deereased phosphorie acid
and increased nentral sunlphur mayv be due to decreased
oxidation. There i1s probably some connection between
the phosphorons metabolism and the thyroid seeretion, as
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the effect of congenital absence or early removal of the
gland produeces an arrest of development, especially of
the skeleton, the long bones and vertebre suffering the
most. Hofmeister made exact comparative measurements
in animals and found that the growth of the long bones
was decreased one-third.

The influence of food on the syvmptoms of thyroidectomy
18 marked. Briesacher found that dogs suffered less and
could be kept alive longer if fed on well-cooked meat and
milk, while if given raw meat or meat extract they suc-
cumbed much earlier. Omn milk diet the animals lLived
longer or survived in apparently perfect health with only
one-third to one-fifth of the gland remaining. Herbivora
seem also to suffer less than the carnivora, due presumably
to their vegetable diet.




CHAPTER 1V.
CHEMISTRY OF THE THYROID GLAND.

Since the thyroid has been proved to be a secreting
organ and of vital importance to the system, the chemical
nature of its secretion has been the subject of most careful
research by numbers of physiologieal chemists, both in
Germany and England, their efforts having been directed
to the isolation of the active principle. That the gland
contained considerable quantities of extractives, viz: xan-
thin, hypoxanthin, kreatin, kreatinin, paralaetie acid, ino-
site (?), indicating high metabolic activity was early
proved, but none of these could be looked upon as the
active principle.  White and Davis, working on the hy-
pothesis that the active prineiple was a ferment, obtained
a body which had some activity. Gourlay failed to find a
ferment which would dissolve muein, which was consid-
ered at that time to be the funection of the gland, but he
1solated a nucleoalbumin which produced intravascular
clotting, and which he elaimed existed in the colloid sub-
stance. Bubnow extracted three different forms of pro-
teid, one apparently a globulin; Notkin following on the
same lines isolated a substance which he helieved was the
toxie product of metabolism, which underwent decompo-
sition in the gland through the action of an hyvpothetical
enzyme. In 1895 Sigmund Fraenkel isolated a erystal-
line alkaloid-like hody resembling guanidin to which he
gave the empirical formula C,H, ,N,0,. Drechsel later
described a body identical with that of Fraenkel and
another similar to it. Fraenkel’s thyvroantitoxin was a
hveroscopie ervstalline substance, soluble in water and
aleohol, neutral to slight alkalinity and gave the alkaloid

il
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reactions. Injected into animals it failed to produce a fall
in blood pressure but inereased the pulse rate; admin-
istered to thyroidectomized animals it caused some im-
provement in their condition. Fraenkel’s observations
have not, however, been confirmed ; the epoch-making dis-
covery of Professor Baumann of Freiburg, in 1896, of a
body containing iodin in organic combination in the thy-
roid of man and of many animals, possessing the physio-
logical characteristies of the gland, prevented any further
experiments in that line. Baumann deseribes the sub-
stance he isolated, which he named ‘‘thyroidin,’’” as a
brownish amorphous compound which decomposed on
heating, giving off the odor of pyridin, it is insoluble in
water, sparingly soluble in aleohol but dissolves readily
in dilute alkalis, being precipitated by acids, it gave no
proteid reactions, and constantly contained phosphorus;
he obtained 9.3 per cent iodin in erystalline form from
this substance. Baumann was unable to complete his
work, owing to his lamented death in 1897, when physi-
ological chemistry lost one of ‘its ablest diseiples. His
method for the isolation of the thyroidin consisted in
digesting the gland for several hours with a 10 per cent
mineral acid on a sandbath with a return condenser and
extracting the residue with 90 per cent aleohol. He
proved that the substance was 1odin in proteid combina-
tion, and he named it thyroid albumin. Drechsel and
Baumann found that the iodin-containing proteid could
he dissolved in normal salt solution, which solution he
diluted with fifteen volumes of distilled water, passed
carbon dioxid through it, obtaining a precipitate of a
globulin eontaining iodin, he added acetic acid to the
filtrate and boiled, seeuring a precipitate of albumin which
also contained iodin, and therefore concluded that there
were two iodin-containing proteids in the gland, a globulin
and an albumin.
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Oswald extracted 99.5 grms. of human thyroid which
contained 21.92 mg. iodin ten times with normal salt solu-
tion, and obtained 17.26 mg. 1 in solution, being 78.7 per
cent of the total I; Lambach obtained 97.8 per cent in
solution ; in neither case was there any iodin in inorganie
combination.

Oswald then proceeded by Pick’s method to separate
the albumins and found that the precipitation commenced
at 0.26 and continued up to 0.44 saturation, so that at 0.5
saturation one proteid was completely precipitated, in the
filtrate precipitation begun at 0.64 and continued up to
0.82 saturation when the filtrate contained mo proteid.
He found that the first precipitate eontained iodin but no
phosphorus, while the second precipitate contained no
iodin but contained phosphorus, proving that the sepa-
ration of the proteids was complete. The first precipitate
was dissolved in water, filtered and again half saturated
with ammonium sulphate. This precipitate was dialvzed
till free from ammoninm sulphate, redissolved in aleohol
(95 per cent), filtered and the precipitate dried. An
easier method which dispenses with the tedious dialyzing
i8 to dissolve the precipitate from the half-saturated am-
monium sulphate solution in water and precipitate with
dilute acetie acid, filter, dissolve the precipitate in 0.1 per
cent sodinm hydrate, precipitate with acetie acid, washing
the precipitate with water acidulated with acetie acid.

The precipitate 1s only very slightly soluble in water,
but ig more easily dissolved by the addition of neutral
salts, is very soluble in dilute alkalis, is precipitated by
slight acidulation with acetic or hyvdrochlorie acids.  Sat-
uration with sodinm chlorid produces only a slight cloudi-
ness, saturation with magnesinm sulphate and half satura-
tion with ammonium sulphate give complete precipitation.
These reactions are those of the globulins and Oswald
designates the iodin-containing globulin as thyroglobulin.
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Myosin 18 preecipitated from its solution in neutral salts
by acids and gives the other globulin reactions, egg and
serum globulin are not thus preecipitated. This substance
i1s not pseudomuein, as is often stated, as psendomucin 1s
not precipitated by acids.

Thyroglobulin is precipitated by sulphuric acid but is
not soluble in excess. It 1s also precipitated by phos-
photungstic aecid, phosphomolybdie acid, ferroeyvanid of
potassium, acetic acid, iodomercuric potash, trichloracetic
acid and by copper sulphate. 1t gives the color reactions
for proteids, the biuret reaction, Millon’s reaction, Adam-
kiewicz’s reaction, Mollisch reaction and the xanthopro-
teic reaction.

The salt free solution becomes cloudy on heating but
does not coagulate, on the addition of 10 per cent magne-
sium sulphate it coagulates at 65 degrees C.; it contains
sulphur which combines with lead. From the strong
result of Mollisch’s reaction it may be assumed that it
contains a large carbohydrate group in the molecule;
after boiling for two hours with 5 per cent solution of
hydrochlorie acid the solution gives the red reaction with
a-naphthol and sulphurie aeid, and also reduces Fehling’s
solution and ammonia silver oxid, while it fails to give the
typical phlorogluein and hydrochlorie acid reaction, it
gives a brown color with this test, showing that pentose is
not present; it forms osazone with a melting point of 100
degrees (. with phenylhydrazin (Hutchinson failed to
obtain a reducing substance from sheeps’ thyroid and
Reinbach from the colloid of calves’ thvroids). In making
the elementary analysis of his thyroglobulin Oswald used
the Fresenius method for estimating the iodin, having
found that the estimation as silver iodid gave too high
results, owing to the precipitation of silver chlorid. As
the estimation of the iodin in the preparations on the
market is of value as an indication of their activity the
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method is here given: A weighed quantity of the sub-
stance to be tested 18 placed in a niekel or poreelain
erucible with a little water and pure sodinm hydrate,
evaporated to dryness, a little potassimn nitrate added,
then incinerated, the residue dissolved in hot water, fil-
tered, and the filtrate placed in a well-stoppered bottle
with about 10 eem. of carbon disulphid, acidulated with
sulphurie acid and nitrous aecid, the solution is extracted
several times with carbon disulphid, the iodin is dissolved
in the carbon disulphid which is washed two or three times
with water. The titration is then earried out with a solu-
tion of hyposulphite of soda standardized against a solu-
tion of potassium 1odid of known strength.

When thyroglobulin is submitted to pepsin digestion for
four weeks a gray brown floceulent precipitate remains,
which contains iodin, gives the xanthoproteie reaction but
neither the binret, Millon’s nor Mollisch’s reactions, and
is precipitated from its solution with phosphotungstic
acid. Hutehinson, by digesting thyroglobulin prepared
by his method, obtained a substance which gave no biuret
reaction but contained 0.8 per cent phosphorus, showing
that the residue contained nucleoalbumin as well as thyro-
iodin. Oswald separated the albumoses and peptones in
the solution from the pepsin digestion by the Pick method
and found that the protalbumose and deuteroalbumose
contained iodin in quantity and that the peptone B con-
tained a small quantity, while the heteroalbumose and
peptone A contained only faint traces, which were prob-
ably due to impurities.

The digestion of thyroglobulin with trypsin for four
weeks resulted in a elear solution, which only gave faint
cloudiness with ammonium sulphate, acetic acid produced
no precipitate, showing that the iodin thyroglobulin was
completelv broken up, though the solution contained iodin
in organic combination.  On concentration of the solution
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tyrosin crystals were found and on further concentration
leucin.  This decomposition by trypsin digestion and the
iodin remaining in organic combination shows that the
iodin is not combined in the tyrosin group of the thyro-
globulin molecule,

Thyroglobulin treated with 10 per cent sulphurie acid
on the sandbath with a return condenser is split up,
leaving a brown floceulent residue and a brown colored
solution, on filtering and washing till the wash water is
free from sulphurie aeid, extracting with boiling aleohol
till the latter is no longer discolored, the alcohol solution
evaporated to dryness and dried to a constant weight
leaves a brownish powder, which i1s insoluble in water or
acids but is easily soluble in alkali. It gives neither the
biuret, Millon’s or Mollisch’s reactions but gives the xan-
thoproteic reaction, contains much iodin and corresponds
with Baumann’s thyroidin., Thyroglobulin is split up
with concentrated acids and with barinm hydrate.

Oswald proved the phyvsiological effect of the thyro-
alobulin on the metabolism of animals, finding that it in-
creased the elimination of nitrogen.

The second proteid separated from the normal salt solu-
tion of the gland, and which contained no iodin, contained
0.16 per cent phosphorus, coagulated in a 10 per cent
solution of magnesium sulphate at 73 degrees (. with
a-naphthol and sulphurie acid it gave a red eolor, with
phlorogluein and hydrochlorie acid a brown color, show-
ing that the carbohydrate group is not probably a pentose;
it also contained xanthin bases and is, therefore, a nueleo-
proteid; further, on being given to animals it failed to
inerease the elimination of nitrogen.

Oswald made an elementary analysis of the thyvro-
globulin from the glands of man, pigs, sheep, oxen and
calves:
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Clves Crlees

Ma, Serine, Sheep, fheen, Gailfrons, Normal,
LI 101 e e e T 82.21 52.32 5245 n2.28
Hydrogen ........... 688 6.83 7.02 6,93 7.04
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Baldoni analyzed the thyroids of calves, sheep, pigs,
horses and oxen obtained from the slaunghter houses in
Rome:

I i dry Iin
Aftseeanin, Globeiin,  Nucleoproteid, Gilanad., frlolinilin.
L b e e e e 70.5658 Gl.41 4.15 0.542 1.33
Ehieen oo oo ol 10 53.58 3.69 0.652 1.16
|6 ) T A N e il 1117 H8.00 4.45 0.677 1.1
o e S 68.17 8%.40 3.43 0.615 1.01
l’ig S e o L T G4.21 a0.410 3.05 03511 .55

These analyvses show that the constituents of the thyro-
globulin in all the animals examined are almost propor-
tionately the same, while the 1odin may vary from 0.0 to
(.86, as in calves. The calves’ glands which contained no
I were from Zurich and were very large, being from 60 to
300 grms. in weight; they were not colloid goitres but
hypertrophied glands in which no colloid could be seen.
The glands containing 0.36 iodin were from Paris, their
average weight being from 15 to 20 grms., showing a con-
siderable amount of colloid. These analyses of calves’
glands are of special interest, as they show that the goi-
trous glands contain a thyroglobulin which has the same
elementary analvsis as in oxen but contains no iodin.
The thyroglobulin containing no iodin was proved to be
physiologically inert by Lyon and Oswald, which shows
that the physiological activity of the thyroglobulin de-
pends on its containing iodin in the molecule.

Oswald made the following analvses of the thyroglobu-
lin of human glands:
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Salphur ...... 1.93 1.93 1.53 1.87
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These analyses show that the elementary composition
of the thyroglobulin is the same in men and in animals,
with the exception of the iodin, and that the latter is vari-
able both in animals and in men. They further show that
the thyroglobulin in goitrous glands is less than in the
normal gland; that the glands rich in colloid contain about
twice as much iodin as normal glands; that the relative
iodin of the thyroglobulin of the glands rich in colloid and
in eolloid goitres is smaller while the absolute iodin con-
tents of the whole gland is higher. The fact that in the
thyroglobulin from a case of Basedow’s disease where the
eland was extirpated during life, the percentage of iodin
is the same as in the colloid goitres from Basel is of par-
ticular interest; also that the gland of the patient to whom
potassinm 1odid had been administered, which was an
enlarged gland rich in colloid, contained a much greater
quantity of iodin than the other Zurich glands and much
more than the normal glands from Hamburg, which seems
to prove that the thyroglobulin of the gland is capable of
combining with the iodin administered by the mouth and
suggests the possibility that the symptoms of iodism and
of poisoning with iodoform may be the result of an in-
creased formation and consequent absorption of thyro-
globulin eontaining iodin. Another point of importance
suggests itself from the analyses that there is in some
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glands, if not in all, a quantity of thyroglobulin containing
no 1odin, which argues in favor of the theory that the thy-
roglobulin is secreted iodin free, and that the iodin enters
into combination with the previously formed thyroglobu-
lin.  Again, has the thyroglobulin any physiological fune-
tion when not combined with iodin?

The question arises, Does the thyroid eontain 1odin thy-
roglobulin only when e¢olloid is present or at least visible
under the mieroscope, and if not visible under the micro-
scope is 1odin absent from the gland? If iodin is absent
from a gland in which no colloid can be found it follows
that the thyroglobulin must be first exereted from the cells
before it combines with the iodin and becomes active.
The results of a number of analyses have apparently
proved that the amount of 10din bears a direct relation to
the amount of colloid substance. In a gland which con-
. tained but little colloid the analvsis showed that the rela-
tion of iodin thyroglobulin to the total weight of the gland
was 1 to 10, while in another, which was full of colloid,
the relation was 2 to 3; this also proves that by far the
greatest proportion of the colloid substanee is thyroglobu-
lin; in faet so small is the proportion of nueleoproteid
that it is possibly only the produet of the nuclei of the
cells which rupture into the follicles of the gland.

The amount of the total iodin in the glands varies within
wide limits. Roos analyzed many glands and found that,
eenerally speaking, the glands of the true earnivora very
seldom contain iodin, graminivorous animals alwavs con-
tain it, rodents usunally have it, also omnivorous animals,
cats have very little. The quantity of iodin in the glands
of man varies very much according to localitv. Weis
found the average of glands in Silesia averaged 4.04, in
Breslan 3.8 mg.  Oswald found that glands from Geneva
averaged 9.32 mg.; Lausanne 7.07 mg.; Basel, 6.48 mg.;
Zurich, 10.27 mg.: Bern, 13.04 mg. Baumann found that



CHEMISTRY OF THYROID GLAXND. G5

in Freiburg they averaged 2.5 mg.; Hamburg, 3.8 mg.;
Berlin, 6.6 mg. Rosetzki found in Styria an average of
3.21 mg.; lolen in Sweden 3.08 mg.; Wells in Chicago
10.79 mg. During fetal life and early childhood iodin is
absent or only present in traces. Wells found in Chicago
as much as 0.076 mg. in a ehild four weeks old, 0.532 mg.
at four years old and 3.19 at seven years of age. Wells,
in a number of analyses from Chicago, tabulates the

following :
Wetaht of Toitin Per Tl Tewline

SEL. Age. Coues of Deatle. Gifand. Grrom in My, in M.
Female. . . .term 0.135 trace trace*
Male. ..... term 0.4G5 trace trace®
Female. . . .term 0.73 trace trace®
Male......4 weeks TLobular pneumonia 0.68 0.11 0.076
Male. . . ... 4 weeks  Meningitis 0.18 0.42 0,076
Male...... 4 years  Diphtheria 0.58 0.52 0.532
Female....7 * Phthisis 1.61 1.08 3.19
Male. ... .45 - ¢ Chronie nephritis 2.6 2.86 747
Male. . ... (HI i Brain tumor 4.39 2.64 11.75
Male. .. .. g0 Tubercular peritonitis 2.59 1.67 4.33
Male. . ... oo Pneumonina 4.58 2.58 10.00
Male. . ... L Peritonitiz .84 2.66 10.21
Male. ... 45 Pneumonia 10.59 0.09 10.47
Male. .. .. 44 Pneumonia .33 1.52 0.62
Mala: o288 Endocarditis 3.71 2.74 10.17

Weight of  Todin Per Tolal Todin

Sex. Age. Cronse of Death. Giland, Gramin Mg, in Mg
Male.....26 years  Liver abscess 4.47 2.58 11.53
Male..... 46 - Chronie nephritis 5.16 1.82 9.41
WMale ... J0. . = Appendicitis 5.79 1.98 11.46
Male..... 28 - Pulmonary tuberculosis  4.88 2.28 11.15
Male..... a8 Carcinoma of stomach B 1.98 7.46
Male..... 3G Multiple Endotheliomata 9.G8 1.82 17.62
Wale.....36 2 F Acute nephritis .00 1.52 10.12
Male..... 410 Chronie nephritis 0.53 1.98 12.83
Female. . .25 Svphilitic myelitis 5.44 1.82 9.9
Male.... .26 = Prenmonia a.01 1.98 17.84
Male. .. .. 1 Meningitis 5.24 1.52 7.08
Male..... [ s it Prneumonia 4.10 122 5.0

He also gives the following from Boston and New York:

® Not. over 0.03 mgrs.
3
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Wefght of  Tedin Per Tolal Todin

ful 5 8 A, Creraese el Lealh. frlared,  Grawe fe Mo, i M.
Male..... 30 years  Phosphorous poisoning h.45 2306 12.03
Male..... 45 Snflfocation 365 4.04 158.03
Female. . .40 * Pneumonia 4.3 1.9 5.42
Female. .. 258 * Appendicitis 5.84 2.58 n.13
Mala.....55 ¢ Pneumonia 497 1.5 006G
Female, . .40 'neumonia 3.04 4,516 1G.14
Female. .. G0 * Chroenie nephritis 3.81 2.1 8.12
Male..... G = Prnewmeonia 3.47 1.44 .30
Female. . 35 Mitral stenosis G.37 2.20 14.01
Male..... 47 ¥ Poisoning 3.44 2.51 8.63

Male.ooBh & Pnemmonia 4.G5 2.74 12.74
Male..... ah " Meningitis ;.18 2.1 1G.44

Comparing his analyses with those of Baunmann and
others he concludes that the amount of iodin is inversely
proportioned to the amount of goitre in the distriet; and
that the usually accepted theory that the iodin is de-
ereased in chronie diseases is not according to the results
of his analyses, but that in old age the amount of iodin is
much below the average.

F'. Blum claims that iodothyrin has an inconstant quan-
tity of sulphur in the molecule and that the molecule is
not saturated with iodin. e considers iodothyrin to be
an unsaturated iodin toxalbumin, that the toxin is the iodo-
thyrin without the iodin and that it renders harmless sub-
stances which are being continually formed in the organ-
ism by means of the iodin. In support of this view Roos
shows that the saturation of the iodothyrin molecule with
iodin renders it inert, and he finds that the artificially
produced iodoalbumins give the same reactions as the
thyroid albumins, and will also produce iodin compounds
similar to but not identical with iodothyrin, which he
claims proves that iodothyrin is a decomposition product
from a thyroid iodoalbumin; he also states that after the
administration of iodid other organs hesides the thyroid
form iodoalbumins, but the thyroid the most readily. He
concludes that the hypothetical metabolie poison combines
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with the secretions of the thyroid, the most active of which
is the one containing iodin, and that the toxin plus the
iodoalbumin is the toxalbumin of the thyroid.

Fraenkel extracted the dried gland with acetic acid
when the proteids were precipitated and found the pre-
cipitate inactive, while the filtrate was active in obesity.
He concentrated the filtrate, treated with aleohol and
precipitated with ether or acetone, obtaining a erystalline
alkaloid which increased the pulse rate when injected into
the veins of a morphinized dog from 56 to 140, and de-
creased the convulsions but did not save the life of thy-
roidectomized cats.

Lanz states that thyroid sicea from swine, sheep or
calves were equally as good, and that 10.0 grms. of fresh
gland per day was sufficient to keep a thyroidectomized
dog alive. Wormser was unable to keep operated dogs
alive with any preparation except thyroid sicea. Bau-
mann and Goldman were able to reduce the tetanic attacks
in operated animals with from 2 to 6 grms. thyroidin per
diem and brought the tetanic convulsions to an end with
65.0 grms., but had to repeat the dose. Wormser found
that the precipitate from normal salt solution with acetie
acid did not prevent attacks or death in operated animals;
that the proteids with dissolved thyroidin were inactive;
that synthetically prepared iodin containing proteids were
inactive.

Hutchinson published his work on the chemistry of the
thyroid in 1896 and arrived at nearly the same conclusions
as Oswald. His method was to treat the fresh gland with
a one-tenth per eent solution of sodium hyvdrate and to
precipitate with acetic acid.

E. Lépinois examined the thyroid for oxidase and found
an indirect oxidase which gave the blue reaction with
tineture guaiacum upon the addition of hydrogen dioxid.
The presence of this indirect oxidase in the thyvroid is of
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great importance, as it may account for the increased
oxidation in the system from the administration of the
eland.

Gautier claims to have found arsenic in the glands of
dogs, swine, sheep and man. The question as to whether
this is ingested with the food and is merely as it were an
impurity or whether arsenic is necessary for the normal
funetionation of the gland has not been decided. Stein
has found that many of the garden vegetables, such as
cabbage, potatoes, turnips, contain arsenic.

*aderi and Baldi have both found traces of bromin in
the glands of dogs. If this should be confirmed and it
should also be proved that bromin was necessary for the
systemic metabolism, every member of the halogen group
will have been shown to be a normal constituent of the
body.

Clonrad and Marchetti performed complete thyroparo-
thyroidectomy on dogs and fed them with dibromostearic
acid. In some cases it was administered before the opera-
tion, in one it was continued after the operation, and in
another the feeding was entirely postoperative when the
symptoms were at their height. This treatment appar-
ently caused the attenuation and final disappearance of the
symptoms for a more or less prolonged period. Not only
was this true of the nervous and musecular exeitation and
depression but also of the cachexia, the animals living in
a condition of apparent health. These dogs having under-
gone the same operation, were fed with chloriodostearic
acid and two with di-iodostearie acid. In the former
the results were preéminently satisfactory, in the latter
hypodermie administration only gave good results. The
authors believe that the salutary influence of the halogens
studied upon operated animals are to he attributed to the
effect of the bromin and iodin, and to a more complex
physiological aetion representing within certain limits
the funetions of the thyroparathyroid tissues.
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There seems to be no doubt that in Oswald’s iodin con-
taining thyroglobulin we have at least the chief, if not the
only, active principle of the gland, and it is certain that
iodin in the molecule is also necessary for perfect func-
tionation. That thyroglobulin without iodin in the mole-
cule is physiologieal is probable, but to what extent is not
at present known. The phosphorus containing proteid,
which has been classed as a nucleoproteid, though small
i quantity, may have some physiological activity, as the
gland has some connection with the phosphorous metabo-
lism and the calcification of the bones.

There are three distinet theories as to the funetion of
the thyroid gland; that it is a secreting organ which 1s
necessary for the metabolism or for the nourishment of
the system; that it secretes an antitoxin for the poisonous
produets of metabolism ; that there is a form of digestion
in the gland whereby the toxic substances of metabolism
are converted into useful and necessary substances for
the organism by the action of an enzyme, and that in the
absence of these necessary substances the symptoms are
produced.

The advocate of the latter theory is Notkin, who found
that by the injection of 2.0 grms. per keg. of the acetic acid
precipitate from a normal salt solution extract of the fresh
gland into the veins or abdominal cavity of a partially
thyroidectomized dog he produced death with symptoms
of general paralyvsis, while repeated small doses produce
a cachexia resembling myxedema. His theory is that
there are two substances being continually produced in
the body as a result of metabolism, one a toxin which
produces tetanic symptoms if allowed to accumulate, the
other is a peculiar proteid substance, which, if similarly
allowed to accumulate, produees the eachectic condition
known as myvxedema. According to this theory it is the
function of the thyroid to antagonize these substances.
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The first substance is destroyed by the action of Fraenkel’s
thyroantitoxin, which is basic in nature and unites with
and neutralizes the toxin, the convulsions in operated ani-
mals are due to an arrest in the supply of the antitoxin.
The second substance, which produces myxedema, is con-
veved to the thyroid by the blood and thus split up by a
ferment into two constituents, one of which is of the nature
of a earbohydrate and is set free, the other is a proteid
which unites with an organie 1odin compound, rendering
it harmless. IHe denies that the iodin compound is able
to prevent the convulsions which follow thyroidectomy,
and he believes that it can only eure myxedema when
there is some thyroid tissue left to utilize it, and make it
unite with the proteid substance, which he elaims produces
myxedema. This complicated and ingenious theory has
several objections: one is that it has been shown that the
colloid substance without the antitoxin will prevent or
mitigate the convulsions; that the presence of an enzvme
in the thyroid is purely hypothetical, there being no ex-
perimental evidence of the existence of such a substance,
and further, if this theory were correct thyroid feeding
should make myxedematous patients worse instead of
which it is curative.

The antitoxic theory has been advocated by KEwald,
Blum and others, being expressed in two ways, that the
antitoxin in the gland seizes on the toxin in the blood,
acting upon it in the gland itself, and that it is only the
neutralized toxin which passes into the blood stream, thus
acting in an analogous manner to the bodies of Langer-
hans in the pancreas. The other theory is the result of
the doetrine of autointoxication, so ably brought forward
by Albu, by which he attempts to prove that almost all
diseases result from this cause; it presumes that con-
stantly during life the normal metabolism is produecing
lower chemical forms derived from proteid, which acen-
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mulating through failure of exeretion or neutralization,
poison the system, producing various symptoms. The
antitoxin theory of the funetion of the gland presumes
that the active principle of the gland neutralizes or de-
composes one or more of these toxins into innocuous sub-
stances. It is probable that the decreased oxidation re-
sulting from thyroid insufficiency will prevent the perfect
metabolism of the body proteids and if these imperfeetly
oxidized substances are toxie, then by inereasing the
oxidation they will be destroved and in this sense the
thyroid may be considered antitoxie in its functions. So
far the advoeates of this theory have failed to isolate or
detect these toxins in the blood or in the urine of thyroid-
ectomized animals. As previously mentioned one or two
observers claim to have produced typical symptoms by
injecting the serum or urine of operated dogs into healthy
animals, but their results have not been confirmed. Re-
cently Basedow’s disease is said to have been successfully
treated by injecting the sernm from a thyvroidectomized
goat into the patient but even if this sucecess is confirmed

L

it does not prove the theory. In opposition to the anti-|
toxic theory are arrayed nearly all the facts of experi-|

mental and chemical phvsiology, the extraet of the gland
reduces blood pressure, increases the amount of oxygen
absorbed ; inereases the elimination of ecarbon dioxid, in-
creases the nitrogen elimination by the urine and inereases
temperature in normal subjects, besides producing a va-
riety of symptoms which are hardly compatible with the
theory. Again, in cretinism and myxedema, two diseases
which are admittedly due to thyroid insufficiency, the
patients arrive at a certain stage and remain stationary,
while if the diseases were due to the acenmulation of
toxing they would be progressive. All the metabolism
experiments show that the action of the gland substance

18 in close relationship with the general metabolism and |



V2 THE THYROID AND PABRATHYROID GLANDS.

it has the dirvect effect of increasing the assimilation of
oxvegen. How mmportant oxygen is to the systemic fune-
tions is self-evident ; even a small excess of carbon dioxid
in the atmosphere of a room will, by reducing the amount
of oxygen inhaled, produce discomfort. The proper dis-
tribution of oxvgen to the various organs and tissues is
the sine qua non of life and if this supply is decreased the
cell nutrition and activity must be impaired. The special
connection of the thyroid with the organs of generation
cannot bhe explained by the theory that its function is
antitoxic.

Of the function of the parathyroids little 18 known at
present ; they appear to be connected with the thyroid and
perhaps to have some special relation to the nervous
system.

From its origin and mode of evolution it would seem
' that the thyroid is to be considered as associated with the
respiratory gaseous exchange of the blood and tissues, the
phenomena following its destruction by disease or experi-
- ment are to be interpreted as a disturbance of the gaseons
- metabolism, especially with the malassimilation of oxygen
by the body tissues, to which are probably correlated the
subnormal temperature, twitchings, loss of fat, and the
langnor and weakness of brain and muscle tissue asso-
ciated with the condition. It is also probable that there
is some connection hetween the thyvroid and the phosphor-
ous metabolism.



CHAPTER V.
GOITRE.

Goitre, struma— Goitre, French; kropf, German; gozzo,
Italian; lobanillo, Spanish ; wen, Derbyneck, English.

The term goitre was first used by the early writers for
the enlargement of any organ or gland which was so evi-
dent as to be a visible deformity, but has in recent years
been restricted to enlargement of the thyroid gland.
Struma is an abbreviation from struere and ruma defined
as struere rumam sew propendentem de collo mammam.
1t was also termed gutter turgidum or bronchocele.

It is remarkable that the ancient writers on medicine
have left so few records of so evident a deformity as
goitre.  Plimius, Vituw and Ulpian mention the disease,
looking upon it as a divine punishment. The same view
seems to have existed in the middle ages, as on many of
the old churches where goitre is endemic the griffins and
devils are represented with goitres as if it were a mark of
depravity. Marco Polo, writing in the thirteenth century,
mentions its existence in the highlands of Central Asia.

>aracelsus, in the fifteenth century, deseribes the dis-
ease as occurring in the Tyrol, pointing out its association
and probable connection with eretinism. Malearné, of
Turin, published in 1789 a series of scientific observations
followed in 1800 by Fodéré. From this time the litera-
ture has inereased until it has become so voluminous that
in 1893 the eatalogue of the Surgeon-General’s Library
at Washington contained no less than 1857 references to
articles on the thvroid gland and its diseases.

Goitre oceurs as an endemie, epidemie and sporadie
disease. The endemic form oceurs in more or less circum-

-~
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seribed areas in both hemispheres, being always associated
with eretinism. To what extent the disease exists in
affected distriets can be gathered from the government
military statisties. In Switzerland, between the years
1875 and 1881, no less than 12,277 men were rejected on
account of the deformity; in Italy, between 1859 and
1864, 301 out of every 10,000 inhabitants were rejected,
of whom 209 were cretins and 92 goitrous; in 1883, in
Piedmont, there were 154 eretins for every 10,000 inhabit-
ants; in Lombardy, 205, and in Venice 23. The total
population of these three provinces was 9,565,000, of
whom 12,882 were eretins and 128,730 goitrous.

A remarkable feature of the disease is its periodicity, at
one time declining in a particular neighborhood and then
again inereasing, or it may suddenly appear in a district
where 1t was previously unknown. Denny states that
when the French first settled at Pittsburg goitre was
unknown, and that in 1798 it had become so prevalent that
out of 1500 inhabitants 150 were goitrous, after 1806 it
began to decline.

There are many cases on record where an epidemie of
acute goitre has oceurred in places where it was previously
unknown. In 1877, in the barracks at Belfort, Vigny and
Richard observed 900 cases among 5300 men. In 1889
Angieras saw 18 cases in a wing of a pavilion among a
regiment of infantry at Clermont-Ferrand. 1In Neu-Brei-
sach in the years 1847, 1858, 1869 and 1870, an epidemie
occurred in every fresh regiment that arrived, appearing
as a rule in summer or autumn. Bottini observed an
epidemic among the prisoners in Pallanga. 1In all cases
these epidemies have oceurred in barracks, prisons or
seminaries, the inhabitants of the town not being affected.
In nearly all cases these epidemies occurred in distriets
where goitre ‘was endemic and among persons who had
come from a nongoitrous distriet, who are liable to an
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acute attack which soon disappears after leaving the goi-
trous district. It has also been observed that persons
afflicted with goitre may partially or entirely lose their
goitre on removing to a nongoitrous district. Horses,)
dogs, pigs, goats, cats and sheep have been observed to
acquire goitre on being brought into an affected distriet,
which gradually subsides after a week or a month. '

(zoitre 18 endemic in certain districts of nearly every
country in the world, being more especially pronounced
in the deep river cut valleys descending from high moun-
tain ranges where the river water has become stagnated
and formed marshes. In Europe the valleyvs of the Alps,
the Pyrenees, the Carpathians, in the Black Forest, in
Thiiringen, in the Hartz mountains, in Sussex, Hampshire
and Derbyshire in England it is partienlarly prevalent.
The vallevs of the Apennines are an exception, it being
very rare in mid-Italy. In Russia it oceurs in Finland
and in the Eastern provinees. In Asia it is met with in
the valleys of the Himalayas, in Tibet and in Siberia, in
Japan, Sumatra, Ceylon and Java. In Afriea, in Moroe-
co, Abyssinia, in the Niger valley, in the Azores and in
Madagascar. In North Ameriea it is found in Canada,
in the Hudson Bay territory, in Connecticut, Michigan,
New Hampshire, Vermont and Mexico. In South Amer-
ica in the valleys of the Cordilleras, in the central parts
of Brazil and in Chili. Franklin observed it in Green-
land, so that no zone is free from it. Alfitnde appears
to have little effect, it having been observed in the Hima-
layas 4000 feet above sea level.

A disease whieh is so universal, and which incapacitates
so many citizens, besides being acecompanied by eretinism,
a still more terrible affliction, has naturally been the
subject of much seientific research. The etiology of the
endemic goifre and eretinism has exercised the minds of
pathologists ever since scientific observations were made
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upon disease. Such an evident and unsightly deformity
and the deplorable and pitiable condition of the eretins
has caused an immense amount of experimentation and
theorizing. St. Leger has collected no less than forty-two
different views on the genesis of goitre. Light, air, sea-
son, temperature, race, configuration of the ecountry,
trauwma, continued artificial pressure on the neck from the
carrving of loads on the head, ete.,, have all had their
advoeates, but as vet no very satisfactory theory has bheen
brought forward. In the Alps the natives aseribe the dis-
ease to the drinking of snow or glacier water but as goitre
15 endemic in countries where there is no perpetual snow
and no glaciers this cannot be the primary cause. There
18, however, much evidence to show that 1t is the result of
drinking water which rises or passes over certain geolog-
1cal strata, viz: the marine sediments of the paleolithic
trias.and tertian formations. Others again claim it is due
to a specific organism in the waters of the affected dis-
triets. Virchow is of opinion that the drinking water is
the medium through which the disease i1s produced and
that the geological conditions in which the water rises or
through which it flows are the primary cause. Kocher is
of the same opinion. Liicke claims the disease fo be of

micro-organic origin, and that the organism only grows on
Ef_sﬁépiﬁc medium, entering the body with the drinking
water. The Sardinian commission on goitre and cretin-
ism concluded that no geological formations were entirely
free from the disease but that it was more prevalent on
the tertian than on the more recent strata. Bircher, after
the most careful and painstaking research, is of opinion
that endemic goitre is confined to definite geologieal forma-
tions, viz: Devonian, Silurian, coal dvas, trias and tertian;
that it does not appear on voleanie or erystalline rocks, on

~the river sediments or chalk formations nor on the qua-

ternian or fresh water sediments.
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Drinking water is considered by all observers to be the
medium by which the disease enters the system, a very
important proof of which is that certain wells in the af-
fected distriets produce the disease when their water is
used for drinking purposes; so well is this recognized by
the inhabitants that it is a common practice for men to
drink from these Kropfbrunnen so as to aequire the de-
formity, thus escaping military service. These wells have
been known from the earliest times, Vitravius writes
“ Aequeculis in Ttalia et Alpibus nation: medullorun est
genus aquae quam qui bibent effecuenter turgitis gutturi-
bus.”” It has also been observed that families or indi-
viduals in affected districts who abstain from drinking
from the Kropfbrunnen, nsing cistern water instead, re-
main free from the disease, and even those who have
already acquired the disease are cured or relieved by
abstaining from the affected water. In some districts
goitre has entirely disappeared on the inhabitants obtain-
ing a fresh water supply. An instruetive example of this
is the case of Rupperswyl near Aarau, which changed its
water supply in 1884, drawing it from a goitre-free dis-
trict. The reduction in the affected children was most
marked. In 1885 59 per cent were goitrous, in 1886 44
per cent, in 1889 25 per cent, in 1895 11 per cent. Against
the theory of the origin of the disease being in the drink-
ing water is the fact that certain places drawing their
water from the same source as a goitrous distriet are
goitre free, which is possibly accounted for by the tribu-
taries of the stream either diluting the water on its way
to the unaffected distriet or by a tributary from an in-
fected spring bringing the infection into the stream be-
fore its arrival at the affected area.

Many experiments have been made to produee goitre
in animals. Bircher gave five voung dogs water from a
Kropfbrunnen for a month, as well as mixing the sediment

e
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of the well with their food but none of them developed the
disease, which he explains by the short duration of the
experiment and by the animals being too young, goitre not
usually developing in the child before the fifth year. Lus-
tig and Carle experimented with a horse and found that
by giving the water from an infected well one lobe stead-
ily and pmgrewivelv enlarged ; this they removed when
the other lobe began to enlarge, returning to its normal
size on giving the animal ordinary water. Thirteen dogs
were treated in the same manner, only one developing an
enlargement of the left lobe, and on its removal the right
lohe began to swell, but returned to normal on filtering the
water. Ten other dogs remained normal on being fed
with boiled or filtered infected water. These experiments
are not conclusive, the number of animals developing
goitre is very small and it has been observed that animals
in_goitrous dlbt‘[‘]lﬂb that n}mw enlargement of the gland
uaud]_lv hﬂ*mm' normal in a few weeks without change of
environment,

From the above it seems most probable that the water
which arises from or passes over certain geological forma-
tions contains a ‘*something’’ which produces goitre. The
nature of this *‘something’’ has been investigated with the
following results:

Zscholkke observed that the inhabitants on the right bank
of the Aar were more subject to goitre and eretinism than
those on the left; only this difference could be observed
that the water on the right bank was more contaminated
“Ith animal and vegetable extractions than the left.
Blondeau and Tinot amﬂ}md the inorganic constituents
of infected wells for lime salts, earbonates, phosphates,
magnesia, ete., but obtained no constant results. Chatin
in 1852 found that the water from the mountains and in
the vallevs affected contained less iodin than normal,
which is of interest in connection with Baumann’s dis-
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covery in 1896 that the thyroid contained iodin. Later
imvestigations show so many exceptions that the absence
of iodin cannot be considered as a cause. These analyses
show that the inorganic salts of the drinking water have
no connection with the disease.

Humboldt considered that goitre and eretinism were the
result of an infection. Vest, Bramberg, Schausherger,
Troxler and Hirsch were of the same opinion. Virchow
believed that the vapor eontained a substance which acted
upon the organism as a miasma. Liicke maintained that
the miasma of goitre was similar to the marsh miasma of
malaria.

The baeteriological examinations of the waters of in-
fected springs have not yet produced any definite results.
Klebs found an infusoria whieh he named navieulieula,
Bircher a diatom eucyvonima, also a comma-shaped baecil-
lus with snake-like movements, but all efforts to produce
the disease in animals with cultures failed. Tavel ex-
mined clear water from springs which produced the dis-
ease and isolated thirty-three different bacteria, while in
neighboring wells he could only find nine. Still none of
these were apparently capable of producing the disease,
Lustig and Carle examined twenty-five wells in the valley
of Aosta by modern bacteriological methods. They were
unable to find the baeillus of Bircher. They found, how-
ever, a bacillus which was constant, liquefying gelatin,
but which produced no effeets when injected into animals
in pure culture.

The etiology of endemic goitre is still not proven, the
weight of evidence points to the water which springs from
or passes over certain geological formations being the
means of entrance into the system of some contaginm
vivum which has as vet escaped detection.

Oecasionally in distriets where goitre is endemie it may
be eongenital. Demme records 37 cases out of 642 goi-

%
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trous children that he examined. When congenital it may
be so large as to interfere with delivery, growing with ex-
treme rapidity, cansing compression of the trachea, which
may be fatal. It is usually hyperplastie, though Demme
has observed both the eystic and mixed forms. Its weight
at birth may reach 10 to 20 grms., the normal being from
2 to d grms.  Virchow and Bednar found an enlarged thy-
mus present in most cases ; Kulen-
berg and Libert found persistence
of the thymus in goitrous children
and in adults. The persistence
of the thvmus has been observed
in cases of Basedow’s disease, and
Ohlmacher finds it in eases of so-
called idiopathic epilepsy with
Iyvmphatie constitution.

Sporadie goitre is a totally dif-
ferent disease from the endemie
form, having no connection as far
as is known with any specifie in-
fection. It is usually observed in
voung chlorotie girls who have
developed early, and is probably
the result of sexual disturbances,
often suppression or partial sup-
pression of the menses, trauma or
hyperemia of the gland. The na-
ture of the employment may have

Fig. 16.—Cireular stricture some connection with the produe-
';'_D;::Wl;““h““ from goitre. 54m of sporadic goitre. Hahn ob-

: served in Luzerches that goitre
was a common affection among the workers in needle fac-
,tmw% since this form of industry has ceased in the district
the defor mity has disappeared. There is another form of
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goitre which is occasionally observed in aente diseases
which will be deseribed later.

The enlargement of the gland may be unilateral, bilat-
eral, or median, extending in various directions. In some
cases no deformity may be visible and even its detection
by palpation is attended with much difficulty. In the
median form the swelling
extends in the direction of
the suprasternal notch, en-
tering the mediasternal re-
gion. In these cases the
gland moves with the res-
piration and may entirely
disappear on deep inspira-
tion. This form is termed
by Foderé ‘“‘goitre ende-
dans’ or ‘‘goitre plon-
geant.”” In other cases the
swelling may be held fast
by the surrounding tissues
under the sternoclavicular
articulation and the first
rib, causing great pressure
on the gland, preventing
diagnosis by palpation. Oe- TP, 17 Rayonct shaped ten-
(!ﬂsi(}nﬂ“}' it des_-:ﬂ(_']][‘]f-; into chea from bilateral goitre.
the pleural eavity as far as  ‘Vomme)
the aortic arch, pressing on the lung. It mayv extend into
the submaxillary region, making but little visible deform-
ity, though reaching as far as the mastoid process. This
is the most common direction of enlargement in children
and in congenital cases.  Another form i1s known as mov-
able goitre, ** Wandernden Kropf’’ of Wolfler, the result
of excessive mobility of the trachea and larynx, so that at
one time it may be behind the sternum and at another in

i
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its normal position, differing from the **goitre plongenat”’
in the regularity of the latter’s movements with the res-
piration.

Goitres may grow to a great size, it being not uncom-
mon to see one the size of a small child’s head hanging
as low as the breasts. When only one lobe is enlarged
it is usually the right, the disease as a rule commencing

Fig. 18, —Showing the enlarged veins in geitre. (Wilfler.)

in this lobe, a possible reason being that the venous return
from the right lobe is more interfered with owing to the
relation of the vein to the heart. As the goitre increases
i size so does the eirenmference of the neck, the sterno-
hvoid, sternothyroid and sternocleidomastoid museles he-
ing pressed forward and outward, nusually atrophying, but
in some instances they become hypertrophied, producing
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great pressure upon the gland and through it on the
trachea, being occasionally the cause of sudden death.

In nearly all cases of goitre the most pronounced symp-
tom is the interference with the respiration, which may be
caused in three ways, the prolongation of the trachea in
relation to the larynx; nar-
rowing of the lumen of the
trachea; changes in the
walls of the trachea; in
severe cases all three may
occur,  Simple prolonga-
tion of the trachea in rela-
tion to the larynx is usually
not accompanied with se-
vere svmptoms, but when
accompanied by distortion
of the trachea and conse-
guent narrowing of the Ilu-
men the respiratory svmp-
toms are much more severe.
The contraction can be
either unilateral, bilateral or cireular, sometimes taking
the form of the letter D, at others becoming half-moon
shaped. In double seated compression the trachea as-
sumes a bayonet shape. Compression of the anterior
of the trachea is rare, being due to enlargement of the
isthmus of the gland.. After the compression has lasted
some time trophie changes in the wall of the trachea take
place o that the rings become soft, the trachea kinking
as 1t were, sometimes causing sudden death.

At autopsy in these cases the mieroscopieal examination
shows hyvperemia of the mucous membrane, fatty degen-
eration of the rings and also of the museles of the posterior
wall of the trachea. Omne of the results of the narrowing
of the trachea is an enlargement of the lower portion of

F1a. 19.—Bending and narrowing of
the trachea by geitre. (Demme.)
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the tube followed by chronic bronchitis.  Very rarely the
larynx is also compressed when the same degenerations
: ocenr.  Pressure on the esophagus
and consequent narrowing with de-
generation of the walls may oceur,
causing difficulty in swallowing ;
complete ocelusion of the esopha-
gnus has been recorded.

The arteries and the veins of the
gland suffer from dilatation, the
walls becoming thin and brittle.
The auricles dilate and dilatation
or hypertrophy of the heart, with
fatty degeneration of the heart
muscle, oceur in a large proportion
of cases.

Of the nerves the recurrent
laryngeal, the superior laryngeal,
the vagus, the sympathetic and the
hypoglossus are affected in certain
CHSES,

The degenerations of the gland
in goitre are of the nature of an
hypertrophy with hyperplasia of
the glandular constituents, the re-
sult of hyperemia. The changes
are various, resulting from the increase of the separate
constituents of the gland, either of the parenchyma, the
colloid substance or of the connective tissue, which may
be classified into four forms, but which are rather a ques-
tion of degree than of definite pathological lesions.

Struma parenchymatose seu follieularis arises from a
hyperplasia of the follicles, commencing by the formation
of zones or grooves in the interstitial tissue, containing
small empty follicles, lined with eylindrical or cubiecal

Fia. 20, —Goitre of accessory
thyroids. {Adjutolo.)
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epithelinum, which inerease in size, forming perfect nod-

ules containing colloid. The septa of these follicles be-

FF16. 21.—Retrosternal goitre in a deep-seated thyreid lobe.
(Wuhrman.)

come thin; the epithelium disappears, the walls give way,
forming larger follicles of irregular shape. Zielinska

Frg. 22.—Intrathoracie goitre. (Dittrieh.)

claims to have seen the colloid mass in the veins and ar-
teries at this stage. The struma of the gland does not



86 THE THYROID ARD PARATHYROID GLARDS.

differ from normal except in the formation of blood ves-
sels and connective tissue, the latter surrounding the
follicles and forming a nodule while the gland remains
soft to the touch, rarely reaching any great size. There
is only a graduated difference between this form and the

Fig. 23.—Follicular goitre. (v. Eiselsberg.)

struma gelatinosa seun colloides, the amount of colloid sub-
stance being greater, owing to a larger number of the
follicles and alveoli coalescing from the atrophy and pres-
sure from the excess of colloid forming struma cystica.
Gutkneckt differentiates another form of eyst formed by
the breaking down of the walls of the alveoli by hyalin
degeneration. The eysts consist of a capsule of fibrous
connective tissue which, in the earlier stages, is lined with
epithelium and filled with an opaque fluid containing fatty
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detritus, degenerated red blood corpusecles, leucocytes,
blood coloring matters, erystals of caleinm oxalate, choles-
terin, ammoniomagnesium phosphate, sodium and potas-
sium chlorid, of a brown or greenish color, showing that
hemorrhage has taken place. In old evsts there is often
caleification, which prevents the walls from falling to-

Fic. 24.—Goitre marked by diffuse follicular hypertrophy.

gether when the fluid is withdrawn, broken septa often
remain in the eyst, showing on section an apparent net-
work through the mass, which may also contain varicose
veins, bleeding easily.

Struma Vasculosa.—In acute eases of hyperemie goitre
the tumor fluctuates, pulsates, is compressible, and a mur-
mur is audible on auscultation, while the neighboring ves-
sels of the neck are congested. In chromie cases there is
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an equal dilatation of both arteries and veins, the latter
being varicose,

Struma fibrosa is produced by a hyperplasia of the in-
terstitial tissue and is generally the result of or econtem-
poraneous with a struma follicularis.  In the centre of a
nodule there i1s a vellowish eartilaginous shining spot of

Fig. 25.—Colloid goitre. (v. Bruns.)

connective tissue. Oeccasionally the connective tissue is
diffuse. The nodules are scattered through the gland tis-
sue in eircumscribed areas, it being rare for the whole
gland to be affected. Iach nodule appears like an en-
eyvsted tumor with a nueclens, in which are rings of con-
nective tissue, 