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in the form of miliary tubercles or in that of caseous
tuberculous foci, have been noted.

The thymus is the seat of variouskinds of tumors, and
is the starting-point of a considerable number of the neo-
plasms located in the anterior mediastinum. Various
teratomas have been found in connection with it, the
most common one being a dermoid cyst with hair, epi-
thelium, and fatty contents similar to the dermoids of
the ovary. A more frequent variety of thymic tumor is
one taking a lymphoid structure and designated lym-
phoma or Jymphosarcoma, depending on its extent and
the production of metastases. However, since the lym-
phatic glands in the anterior mediastinum and about the
bronchi may also become the seat of these tumors, it
often becomes difficult to decide whether the thymus has
been primarily or secondarily affected. The question
may at times be determined histologically by the dis-
covery of Hassall’'s corpuscles in the primary tumor.
Besides the small-celled Jymphosarcoma, other varieties
of sarcoma may ocecur, and carcinoma, presumably orig
nating from the remaining foeci of epithelial tissue, is
ocecasionally encountered.

Extensive lymphoid infiltration and enlargement of
the thymus may attend leuksemia and psendoleukaemia.

Peculiar cysts of the thymus, probably at one time
misunderstood and consequently designated Dubois’s
abscesses, have been carefully studied by Chiari, who re-
gards them as originating from a growth of thymic tissue
into the corpuscles of Hassall. Besides these spurious
abscesses there are cavities with softened contents, prop-
erly called Dubois’s abscesses, due to the softening of
syphilitic nodules (small gummasg). Syphilitic infection
of the thymus may also manifest itself by a hyperplasia
of the organ, or by a diffuse connective-tissue overgrowth
with consequent induration. A. P. Ohlmacher,

LITERATURE.

As has already been mentioned, much of the literature upon the
thymus, especially as to its hypertrophy and hyperplasia, should prop-
erly be classed with that bearing upon status lymphaticus. A par-
t1cu1ar1y_ valuable paper giving the historical references is Duecrot’s
thesis (*" De la Mort subite chez les jeunes enfants par hypertrophie
du thymus au point de vue médico-1égal,”” Paris, 1901). A more ex-
tensive work dealing with fthe thymus as a_whole is Friedleben’s
monograph.f“ul)le Physiologie der Thymusdriise in Gesundheit und
Krankheit,” 1858). A thorough summary of the more recent literature
is to be found in Klein’s review (** Neuere Arbeiten iiber die Glandula
thymus,”” Cent. f. allgemeine Pathaologie, Bd. ix., Nos. 16, 17, 1808).
From these three sources the student can obtain a reference to most
of the literature dealing with the thymus except as pertains to certain
special aspeets of the embryology, anatomy, and histology, for which
the standard text-books may be consulted. ;

THYROID.—ANaromy.—There are few organs in the
body that show normally so many and so great variations
in structure, both gross and minute, as the thyroid. This
is to be explained by the fact that it has itsorigin in three
independent embryonal structures, so that in their fusion
there are many opportunities for variations. ain, the
absence of any excretory duct probably permits of
variations than might otherwise ocenr, for no matter how
arranged or where located the gland can accomplish its
entire function, provided only that it has proper circula-
tion. Ordinarily it presents two lateral lobes connected
by an isthmus, which latter lies across the trachea from
the second to the fourth tracheal rings, inclusive. This
isthmus is absent in from ten to fifteen per cent. of indi-
viduals. When present, it may merely consist of a mass
of fibrous tissue containing a minimum of gland tissue
or it may form the largest of the three lobes, with all pos‘—
sibleintervening variations. Quite rarely, 7.¢., in about
one per cent., the isthmus exists as an independent lobe.
When the isthmus is absent the lateral lobes are often so
closely applied that the absence of the isthmus may be
completely overlooked. At the level of the isthmus, the
recurrent laryngeal nerve lies in the angle between the
esophagus and the trachea, being covered externally by
the lateral lobe on each side. In front, the gland is
covered by the sterno-hyoid, the sterno-thyroid, and the
omo-hyoid muscles. Laterally, the lobes extend outward
in front of the common carotid arteries. The lower end
of each lateral lobe is usually at the fifth or sixth ring of
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of fatty connective tissue, which is of some surgical im-
portance, since it passes without any demarcation into
the anterior mediastinum. Behind, it is attached by
tough fibrous tissue to the larynx and trachea, so that it
moves with them in swallowing. When the head is
thrown back, the distance of 2 mm. that lies between the
lower border and the sternal notch is doubled (Sappey).
Frequently a conical process, called the “pyramid of
Lalouette,” extends upward to be attached to the hyoid
bone, thyroid cartilage, or thyro-hyoid membrane, This
may arise from the isthmus or from either or both lateral
lobes, its shape and size also presenting wide variations.
Its frequency varies greatly according to different ob-
servers. Marshall found it in 26 out of 60 thyroids, or
43 per cent. ; Streckeisen in 104 out of 153; Zoja in 109
out of 147, or 74 per cent.; while the writer found it with
36 of 60 thyroids, or 60 per cent. In 10 of these last it
arose from the right lobe, in 12 from the left, in 8 from
the isthmus, in 5 from both lobes, and in 1 from the left
lobe and from the isthmus. In 21 it was attached to the
thyroid cartilage or thyro-hyoid membrane, and to the
hyoid bone in 15. In one instance the pyramid was split
up into a chain of isolated masses of gland tissue, which
would have to be classified as accessory thyroids. In
structure the pyramid generally consists of regular gland
tissue near its base, but the colloid material disappears as
it ascends, and
the vesicles be-
come mere
groups of epi-
thelial cells,
which are grad-
ually replaced
by fibrous and
muscular tissue,
until near the
upper part of
the pyramid
they disappear
entirely. If the
muscle fibres are
numerous the
upper part is
considered a sep-
arate muscle,
and called the
levator glandule 4
thyroidew. 'The
pyramids are
considered by
Bland Sutton to
represent part of
the original thy-
roglossal duct.
In proportion
to its weight the
thyroid has per-
haps the largest
blood supply of
any organ of the
body, the blood
reaching it
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break up into a
rich meshwork of capillaries about the vesicles. In
some places these capillaries even penetrate the base-
ment membrane and come into direct contact with the

the irachea, and the upper end is at the middle of the
thyroid cartilage. The lower edge is embedded ina mass
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secreting cells. So great is the vascularity, that when
an active dilatation of its vessels occurs the gland in-
creases noticeably in size, and in this condition a distinct
pulsation can be felt throughout the gland. The veins
unite to form the superior, middle, and inferior thyroid
veins, the two former of which empty into the internal
jugular vein, the last into the innominate. They are
devoid of valves, and a rich plexus surtounds the gland,
often causing much bleeding in operations. Some au-
thors have described collections of a colloid-like sub-
stance in the veins of the gland, and suggested that this
was the method by which the gland disposed of its seere-
tion, .e., directly into the circulation. IHowever, th
appearances are probably due to accidental extravasa-
tions occurring in the handling of the gland. It seems
most probable that the excretion of the colloid substance
oceurs through the lymph channels, which are very nu-
merous in the thyroid and lie in direet contact with the
hasement membrane of the vesicles, sometimes even with
the gland cells themselves. In ftheir lumen colloid is
usually to be found, distinguished from other substances
by its staining with Van Gieson’s stain.  After free anas-
tomosis the lymph vessels leave the gland and pass
through the superior and inferior deep vical glands,
(See description of lymphatics under *Tumors of the
Thyroid.”)

The nerves of the thyroid come from the middle and
inferior cervical sympathetic ganglia, and pass into it
with the blood-vessels. The recurrent and external laryn-
geal, the hypoglossal, and the vagus all send filaments
the gland, but these all seem to be vaso-motor or s
tory, that is to say, they are all of sympathetic orig
(Kodlliker). The branches run to the bases of the epithe-
lial cells, but the actual endings are not exactly deter-
mined.

The weight of the thyroid seems to vary greatly in
different countries, since most German authors (Virchow,
Rauber) place it at from 80 to 60 gm.; Schaefer in Eng-
land gives it as 80-40 gm. ; Poirier and Charpy in France
give the average as 22-24 gm. In sixty thyroids re-
moved in this country, I found the average weight but
22 gm. It would seem that in goitrous countries the
normal gland is larger than in non-goitrous countries.
The thyroid shows the effects of genility sooner and more
than any other organ that is not essentially reproductive.
In my series in persons over forty-five years of age the
average weight was but 16 gm., while in people between
twenty and forty-five years it averaged 25 gm. Differing
from the other organs, it is larger, asa rule, in women than
in men—a fact which, together with its early atrophy, in-
dicatesits closerelation to the reproductive organs. It is
relatively larger in infants than in adults; in the former
the proportion to the body weight heing 1 to 700 or 1,000,
in the latter 1 to 1,500 or 2,200. According to Huschke
there is even a decrease in size after birth, followed by a
rapid growth at puberty. In the adult the transverse
measurement is usually 50-60 mm., antero-posterior
thickness of the lateral lobes 18-20 mm., of the isthmus
6-8 mm.; length of the lateral lobes 50 mm.; height of
the isthmus, 5-15 mm. The right lobe is slightly larger
when a considerable number of cases is averaged, al-
though often in individual glands the opposite is true.

DeveLopyENT, —Three separate “anlagen” unite to
form the human thyroid. 1. A median diverticulum of
the pharyngeal hypoblast pushesits way downward, and
forms a tube that is connected with the base of the
tongue. Subsequently it becomes solid, its upper end
forming the foramen csecum, from its lower end develop-
ing the isthmus, part of the lateral lobes, the pyramids
(when they are present), and occasionally accessory thy-

roids. It sometimes happens that this structure remains
in the adult as the “ductus lingualis.” 2. From the
fourth visceral cleft on each side spring pouches which
pass in front of the larynx and unite with the lower end
of the median diverticulum, ultimately forming the outer
part of the lateral lobes. These three masses fuse to
form a horseshoe-shaped structure encireling the embry-
onic larynx, and are separated from their origin in the

Liypoblast, At first the gland consists merely of rod like
columns of epithelial cells, resulting from the division
and branching of its original rudiments. The ingrowing
connective tissue divides these cords of cells into short

F1G. 4712.—Thyroid of Fcetus at Term. The lobular ouflines are
more prominent than in the adunlt; there is no colloid in the acini.

segments, which form the vesicles later, when colloid ig
secreted. Colloid formation begins in intra-uterine life,
but the vesicles are not generally filled until some time
after birth, scction of the gland of a new-born child
showing but few of the acini containing colloid. Be-
cause of the method of formation, in the feetus a lobular
structure is distinet, but in the adult this is generally
absent or indistinct.

Hristor.oey.—Fully as great variations are seen micro-
scopically in the thyroids of persons who die of diseases
that have no known effect on the thyroid, as have been
noted in the gross anatomy. Study of the thyroids from
consecutive autopsies shows such a variety of conditions
as to suggest that perhaps this organ suffers much more
in disease than we have reason to suspect from any clini-
cal evidences. What may be considered the normal
structure is described most briefly by saying that it dif-
fers from other tubular glands chiefly in having the
tubules closed and filled with colloid to varying degrees
of distention. The arrangement of capsule, septa, base-
ment membrane, vessels, and nerves is that common to
glandular organs in general. By reconstruction methods
Streiff has shown that the vesicles are not always spheri-
cal sacs, but often are tubular, and frequently are saccu-
lated. The size of the vesicles varies greatly, some being
quite without lumen, while others aremore than half a
millimetre in diameter. As the epithelial cells are modi-
fied by the pressure of the colloid in the lumen of the
acinus, they vary much in size and shape from those fhat
are distinetly columnar in empty acini to those flattened,
in distended sacs, to the nature of an endothelial cell.
For the most part they are cuboidal, with a small spheri-
cal nucleus that stains more intensely than thaf of most
epithelial cells. They are described as of two kinds—the
chief cells and the colloid cells, The chief cells, which
form by far the greater part, are clear or with very finc
eranules and have no distinet membrane, but seem to
blend with one another, their outer ends resting on the
basement membrane, the inner lying in the colloid sub-

| stance. The colloid cells are characterized by a more
granular and opaque appearance, obscuring the nucleus,
and they are lower than the chief cells, from which they
seem to be derived. The granules stain like colloid, and!
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they seem to become converted into this substance, to be
replaced by new cells from the chief cells. All stages
between these forms may be found. Acidophile granules
are also deseribed, which are considered analogous to the
zymogen granulés of other glands. The colloid content
of the alveoli stains a clear pink-white eosin, and is usu-
ally structureless. Often, however, nuclei or (zut‘it'q ('{?ILS
are present, but the frequently observed total exfoliation
of the epithelial cells into the colloid is probably to be
interpreted as a post-mortem occurrence, quite the same
as the desquamation of the endothelium of blood-vessels.
Red corpuscles are frequenily found, apparently nor-
mally, and it is stated that they will retain their form
and staining properties for a very long time in the colloid.
However, pigment from this source is frequently present.
The vacuoles that often fringe the colloid are probably
for the most part, if not entirely, the result of shrinkage
in the hardening process. Ernest considers the orange,
or yellowish-brown ecolor assumed by the colloid when
stained by Van Gieson’s method to be characteristie, but
this is by no means constant; sometimes it gives a good
red color. Fat is constantly found in the epithelial cells
of the thyroid as well as the parathyroids and hy pophysis,
increasing in amount with age (Erdheim).

The stroma of the gland is scanty in the adult, but
more abundant both in infancy and in old age. Larger
septa of very dense fibrous tissue separate the o
lobules of the gland, while bands that are often ext:
ly thin separate individual acini. In it are the wide,
colloid-filled lymphatics, the abundant vessels, and the
nerve fibres, which are mostly non-medullated. There
are no intrathyroid ganglia, but simple ganglion cells of
very irregular form, which, as a matter of fact, are not
fully distinguished from branched connective-tissue cor-
puscles (Poirier and Charpy). Between the follicles are
often found groups of cells that scem to indicate un-
developed follicles, even to the extent of sometimes con-
taining colloid droplets. What are considered to be em-
bryonal rests are found, especially under the capsule.

£16. 4713.—Parathyroid, Thymie Vesicle, and Thymic Lobule of New-
Born Guinea-pig.  (Poirier and Charpy.) th, External thymic
lobule ; v, thymie vesicle ; g.l, external parathyroid.

The cells lic with little order in the stroma, and have
large, chromatin-rich nuclei and little ecytoplasm. Their
exact nature is not settled. Bozzi found no alterations
in embryonal rests present in small stumps of gland tissue
remaining after removing the greater part of the gland,
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nor did their presence prevent the death of the animal,

suggesting that perhaps they are not really embryonal

rests. :
Parathyroids.—These organs are composed of columns

of epithelial cells, with large, deeply staining nuclei, and -

a rather small amount of cytoplasm. They resemble the
carotid glands in structure, but the thyroid nof at all,
and it is considered by Prenant that they are derived
from the fourth inner branchial cleft, from which the
thymus and the lateral rudiments of the thyroid are also
derived. Gley believed that they represented embryonic
rudiments of the thyroid, buf, as will be shown later
under Physiology, this interpretation is not correct. For
further description of these organs see under Goitre, Vol.
1V.. p. 378, and under Paratlhyreid, Vol. VL., p. 506.

Tlymic Lobules.—As a rule these little-known bodies
are four in number, but sometimes there are but two,
and in some animals they are lacking (Nicolas). There
are two external lobules, usually on the posterior surface
of thelateral lobe; and two internal lobules, in the centre
of the lateral lobes, surrounded on all sides by glandular
tissue, or sometimes they are near the tracheal face. They
possess the structure of the thymus, even to the concen-
tric epithelial corpuscles, but they are often mistaken for
lymphnodules. They are ascribed to the common origin
of the lateral lobes of the thymus and thyroid in the
fourth branchial clefts. They seem to occur infrequent-
ly in man (Miller). Besides these normal structures not
rarely rests of thymus tissue are found in the thyroid
gland, or about it.

Ciliated Vesicles.—Vesicles lined with ciliated epithe-
lium are occasionally found, not only in the thyroid, but
in the parathyroid, or thymic lobule (see Fig. 47138), orin
the thymus; they may give rise to cysts. Their content
is a clear fluid, quite different from the colloid. They
are probably derived from the original pharyngeal or
branchial diverticulum, and persist as does the thyro-
clossal duct.

CHEMISTRY.

Until 1896 the thyroid was studied frequently to learn
something of its chemistry, because as a gland with in-
ternal secretion it seemed possible that this unknown
secretion might be found. It was learned that it was
rich in the various extractives, indicating metabolic ac-
tivity, and that it contained a nucleo-proteid and a glohu-
lin of some interest. Fraenkel thought he had isolated
an active principle in a erystalline, alkaloid-like body,
apparently belonging to the guanidin series. Baumann
in 1896 succeeded in isolating the real active principle in
the iodine compound, thyroiodin or izodothyrein. This,
according to Baumann, is a brownish, amorphous com-
pound, remarkable for its resistance to chemical and
physical agencies: it can be boiled for days with ten per
cent. sulphuric acid or undergo prolonged digestion with
gastric juice without alteration. This explains its suc-
cessful use per os therapeutically. Itis almost insolu-
ble in water; in alcohol it dissolves with difficulty. It
manifests no proteid reactions, and in the purest speci-
men that Baumann was able to obtain, he found 9.3 per
cent. of iodine, which is probably below the true propor-
tion, Working with Baumann, Roos subjected it to
physiologic and therapeutic tests that showed it to be
the active principle of the gland. There seem to be no
essential differences in the substance as obtained from
either human glands or from the lower animals. How-
ever, the variations in the amount of iodine found in the
glands of individuals in health is great, but it may be
stated that in goitrous districts the amount of iodine is
much less than in the places where goitre is rare, This
is shown by the accompanying table.

The manner in which the iodine is combined in the thy-
roiodin is still unknown, although according to the work
of Oswald it is preponderatingly, if not entirely, united
to aromatic groups. However, it is known that the
1odine is combined in a non-proteid body, the thyroiodin,
which in turn is combined with a proteid, forming the
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| Frequeney of

Place. goitre.

Todine

Freiburg ! 0.f Endemie.

Hamburg. B 3.83 | Not endemic.
Berlin.... e s .80 .60 | Not endemie.
Chicago ... At adim o] | T, 2.10 .79 | Not common.
Boston and v York 5 = 2.64 .80 | Not common.
Baltimore o 2.36 .76 | Not common,
Montreal ... 4. 2.40 10.77 | Not common.

thyroglobulin. Thisthyroglobulin contains 1,6 per cent,
of iodine, and is found entively in the colloid of the gland,
but it is not the sole ingredient of the colloid. which
contains a neucleoproteidalso. Oswald believes that the
iodine is united with the globulin either just as it is ex-
creted from the cells or after it is in the acini; a thyro-
globulin devoid of iodine may be found under some con-
ditions. The thyroid of new-born infants, as well as of
calves and other young animals, is either devoid of de-
monstrable quantities of iodine or contains but traces. and
in them a colloid containing elobulin free from iodine is
found. Many experiments have shown that the func-
tional activity of the thyroid, whatever it may be, is due
entirely to this iodine compound, acting not as iodine or
as an lodide, but specifically as thyroiodin. Whatever
effects can be obtained by administration of the entire
thyroid can be as well obtained with the pure thyro-
iodin. There is no evidence of any function on the part
of the nucleoproteid. The thyroid, then, differs from
orcdinary glands simply in having the lymph vessels for
its excretory ducts. What becomes of the thyroiodin
after it is eliminated from the gland is unknown, but it
is thought that the iodine is refurned to the gland after
it has performed its functions, to be rebuilt into thyro-
iodin. Jodine cannot be found in the other organs in
appreciable quantities, although infinitesimal quantitics
are said by some observers to be quite widespread. If
lurge quantities are administered to animals iodides ap-
pear in the urine (Blum), but according to Oswald physi-
ological doses do not lead to its appearance in quantities
that can be detected. Nor is it known in what manner it
is taken up by the gland, whether from unknown tissue
iodides, or organic iodine compounds, or from minute
traces that exist as iodides in the water and air. It is
known that when iodides are administered therapeutically
the colloid becomes richer than normal in iodine, but it is
questionable if the iodides are converted into thyroiodin
hefore exerting their effects.  Administration of bromides
does not influence the iodine content of the thyroid, and
there is nostorage of bromide in the gland. Administra-
tion of pilocarpine does not increase the thyroiodin.

The colloid seems to vary greatly in its composition,
but as a rule the more colloid there is in a gland the less
the proportion of iodine, so that the total iodine content
is kept nearly constant under normal conditions. This
is far from frue in the goitres, for some are nearly devoid
of iodine, while ofhers contain much greater quantities
than normal. In goitres, while in a way the amount of
iodine increases with the amount of colloid, yet this is
only partly true, for the greater the amount of colloid
the less its proportional amount of iodine. Oswald has
found that in colloid goitres this is due to the accumula-
tion of a globulin in the colloid that differs from thyro-
globulin in not possessing any iodine. Tn the parenchy-
matous form of goitre, in which microscopically the
enlargement is due to the development of enormous
amounts of epithelium with wvery little eolloid, the
amount of colloid in each part of gland tissue is much
lower than normal, although the total amount will usually
approximate that found in the normal gland. The scanty
presence of iodine is not dune to an inability of the gland
to combine if, for in the goitrous thyroids of people wha
had received iodides before death the amount of jodine
has been found to be large. In exophthalmic goitre the
proportional amount of iodine has generally been found

to be small, although here, too, the gland has been found
by Oswald to be capable of utilizing iodine administered
therapeutically. The colloid from goitres, so far as it
contains iodine, possesses the same physiological proper-
ties as the thyroglobulin from normal glands, but in less
quantity. If free from iodine it is entirely inactive (Os-
wald).

According to Gautier the thyroid contains about 0,75
mgm. of arsenic in each 100 gm. of substance, and is the
richest in arsenic of any of the tissues of the body. He
considers that it is bound to the nucleoproteid of the col-
loid, perhaps substituting for phosphorus, and that it. is
of physiological importance, especially in relation to
sexual phenomena. The amount of arsenic is too smalt
to cause confusion in medico-legal matters.

PrYysroLoay.

Most of our knowledge of the action of the thyroid
gland is based upon the changes observed in man and
animals when they are under one of two conditions,
which are:

1. When the animal is receiving less than the usual
amount of secretion from the thyroid, as in extirpation
experiments.

2. When the amount of secretion in the body is above
normal, as when thyroid extract is being administered.

These observations include not only the results ob-
tained by experiments, but also those obtained from
clinical observations, since here the symptoms are due
sometimes to hypo-activity, e.g., myxcdema and eretin-
ism; or to hyperactivity. as sometimes in therapeutic use
of thyroid, or after operations, and possibly in exophthal-
mic goitre.

In the first case when the subject is receiving less than
the full influence of the thyroid gland, we observe symp-
toms that may be divided into nutritional and nervous.

(«) The nutritional changes seem to be of such a nature
that the metabolie changes throughout the body do not
proceed to their full extent, or are reduced in rate, and
the power of cellular reproduction is altered. As a re-
sult of the first the connective tissues stop in their meta-
bolic processes just short of completion, leaving them, as
Semon suggested, in an embryonic condition, that is, in
the form of myxomatous tissue, which is their embryonic
representative. - From this resnlts the condition of the
skin seen in myxecdema. This change seems not to be
confined to the subcutancous tissues, but is a general
change, for Halliburton has shown that in the blood of
monkeys rendered myxomatous 4s a result of thyroid-
ectomy, there is demonstrable a considerable quantity of
mucin.  Beecause of the failure of complete cell repro-
duction, or an alteration in the process, we observe a
change in young animals, quite analogous to cretinism
in children. Besides this, there is a decrease in the oas
exchange of the blood, for in thyroidectomized animals
the amount of carbon dioxide is increased and the oxy-
gen diminished until the arterial blood may be below the
normal venous standard. The urine indicates that all
metaholic changes are lessened. Oligocythaemia is usu-
ally marked.

() The nervous system is apparently areatly afected,
the most marked symptoms from this source b ‘ing those
due to the excitation of the muscular fibres, viz., twitch-
ing, tremors, and spasms. These seem to proceed from
the lower centres, for Horsley has observed them in
monkeys subjected to ablation of the motor cortex, and
Munk found that they were not affected by division of
the cord, while Schiff showed that they were not of per-
ipheral origin by finding that section of the motor nerves
stopped them. Degenerative changes have been found
in the anterior horn ganglion cells of thyroidectomized
dogs. Later, these symptoms are followed, if the animal
survives, by a lessening of the power of voluntary action,
as well as by loss of sensation. The thermotaxicapparatus
is also affected, so that the body temperature falls three
or four degrees below normal.” Lorrain Smith has ob-
served that the reaction of thyroidectomized animals to
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changes of temperature is abnormally rapid, so that ].l
such an animal is exposed to cold the production of car-
bonic acid is increased immediately, instead of bcmg
delayed for some time as in normal ;mezll& ,\_‘Iore.ovm'
many of the symptoms of athyreosis are alleviated by
artificial heat. .

S PI‘he clinical picture resulting from ‘rhc_ub_ovc-desm':ho‘d
changes is referred to as cachevia strumipriva, or thyroid
cachervic. : e

When the thyroid preparations are administered to
animals experimentally, or to man therapeutically, oppo-
site effects are produced.

(@) Nutritional.—Metabolism thronghout the ]JU’Q_\"IIII.]—‘
dergoes an inerease, shown bes_t by. the urine. 1111_5. 15
considerably increased in quantity; it contains a greater
amount of urea as well as chlorides and phosphates. At
the same time the weight of the patient decreases, par-
ticularly if it is above normal on account of fat deposi-
tion. This decrease in weight is constant and consider-
able, and, according to Wendelstadt, but one-sixth can
be attributed to destruction of proteid, as indicated by
the urinary nitrogen, the rest being due to loss of water
and of fat through increased oxidation. I_n young indi-
viduals of stunted growth the height is often mc_rens_nd.

() Nervous.—Of these, palpitation of the heart is pften
one of the most prominent. With it come hr:.ﬂ.da.ch(;
nausen, and vomiting, if the dose is very excessive, and
the heart may weaken to a dangerous degree. The pa-
tient is excitable, irritable, and often sleepless. Dm_r—
rheea often sets in, and in some patients taking thyroid
extract continuously in myxwdema and cretinism the
condition of the bowels is found a good guide to the
amount of the extract to be administered. Sometimes
glycosuria is produced, which in a few ‘]I.ISTE.lll(:Cﬁ is Su}d
to have developed inlo a true diabetes mellitus.  Schaefer
has also shown that if thyroid extract is injected into the
veins of healthy dogs there follows an immediate fall of
blood pressure due to general vascular dilatation.

It is to be noted that the symptoms that are attributed
to the thyroid may he due in part to the parathyroids,
which according to some experiments seem to be really
more essential to the individual than the thyroid itself.
There is a tendency to attribute much of the nervous
manifestation to the parathyroids, while the me!abnlic:
processes are credited to the thyroid. According to
Tlutehinson, removal of the thyroid alone probably causes
myxcedems, while removal of the four parathyroids
causes the acule tetanic symptoms. (See article on
Parathyreid.)

From the facts noted above have been developed two
theories to explain the action of the thyroid. One as-
sumes that the thyroiodin that has been excreted by the
gland neutralizes a toxic material, either while passing
through the thyroid in the blood, or, more probably,
while circulating in the blood stream of the body as a
whole. This hypothetical toxic substance may come
either from alimentary absorption, or from metabolism,
as an abnormal or normal intermediary or end-product.
The other theory advocates the idea that thyroiodin is
essential in normal metabolism, It suggests that thyro-
iodin may be essential for certain of the normal cell proc-
esses, much as calcium salts are involved in the coagu-
lation of the blood. Either of these theories may be
applied to most of the known facts, but neither is entirely
satisfactory. One of the strongest evidences in support
of the antitoxic nature of thyroiodin is furnished by
Blum, who found that ninety-six per cent. of his thyroi-
dectomized dogs died when fed upon meat, while but sixty
per cent. died when they were fed upon milk. Dogs that
were getting along well on a milk diet developed symp-
toms of athyreosis when fed upon meat. Tence it is
considered by him that symptoms that follow thyroid
extirpation are produced by substances formed by the
meat in the gastro-infestinal tract, which are produced in
less quantity by milk, and which the thyroid normally
neutralizes. It is, however. probable that milk contains
thyroiodin, for young calves are said by Oswald to have
no iodine in their thyroids, and he believes that the defi-
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cieney is supplied by the mother’s milk, for, as is well
known, the maternal thyroid is hypertrophied during
sestation and lactation. He is inclined to think that if
fhere is a toxin it is one of the normal 11|1crme(1|:;1'y prod-
uects of metabolism which does not undergo its usual
transformations because of the general decrease in meta-
bolic activity.

That there is a close relation between the thyroid and the
reproductive functions, ;')m'timmu']y in the female, is be-
yond question. This isshown by its enlargement during
menstruation and pregnancy, its (*5\:‘]}' za.t.r.()phy after the
menopause, its greater size in the female, its tendency to
develop goitre during pregnancy, and the loss of sexual
appetite in many of the thyroid (114.. ases.  Itis 51-;1‘1?(1 that
from ecighty to ninety per cent. of all cases ot goitre myl
eichty-six per cent. of the cases of myxwdema are in
women, and Graves’ disease occurs chiefly in fmpnlcg..
Halsted observed that bitches that had lost part of their
thyroids, but not enough to give rise to symptoms, when
impregnated showed evidences of athyreosis as the time
of parturition approached, which disappeared soon after
the litter was born. Further, in all of the pups of these
litters the thyroid glands were many times the normal
size of the glands of pups of the same weight. Just
what part the thyroid playsin pregnancy 1s unknown.

It may be that it hypertrophies to supply the needs of
the feetus, which, as we have noted. does not form thy-
roiodin in its thyroid, and whose needs must be great
if thyroiodin is necessary for cell growth. As fo the
hypertrophy of menstruation, Gautier claims to have de-
monstrated both iodine and arsenic in menstrual blood as
well as in the thyroid, and he believes that the latter sup-
plies the former. It has been thought by some that the
thyroid may play a rdle in the production of puurpcra!
eclampsia. - One writer states that hy]u_-rtml')ll_g.' olt the
thyroid is absent in eclampsia, and ascribes this disease
to thyroid inefficiency. In this connection the experi-
ments of Blum ave of interest. Hefound that in the dog
thyroidectomy was followed by albuminuria almost con-
stantly, sometimes with hematuria, and accompanied by
marked renal lesions if the animal survived long enough
to develop them. Alterations in the central nervous
system, affecting chiefly the Nissl bodies, have been de-
seribed by Blum and other observers.

Lange sums up the relation of the thyroid to preg-
nancy as follows: A physiological hyperplasia like that
observed in the thyroid in pregnancy has never been
found in the kidney at this period. Pregnant animals
need a larger thyroid than those not pregnant. When a
piece of thyroid just sufficient to continue life in a non-
pregnant animal, is allowed to remain in a pregnant ani-
mal, an insidious kidney disease develops, one that may
result in convulsions and coma, which are not relieved
by thyroiodin, and which are distinet from the convul-
sions of tetany.

The marked atrophy of the thyroid in old age has been
regarded as indicating some possible influence on senil-
ity. More probably it is related to the decline of sexual
life. 1t is interesting to note that the thyroid arteries are
prone to show very early sclerosis, often before other ves-
sels are at all affected. The decrease in red corpuscles
after thyroidectomy is probably the result of the de-
ereased activity of the blood-making organs, or it is de-
pendent upon an increased destruction by toxic sub-
stances. The decrease is not, as was once thought, an
indication of hematopoietic properties of the thyroid.
Another old theory, probably baseless, was that the thy-
roid was a reservoir into which the carotid blood might
be shunted to produce cerebral anemia and thus favor
sleep.

PaTnoLogy.

MALFORMATIONS. —Because of its manner of develop-
ment the form of the thyroid is very inconstant, and this
matter has been in part discussed under the subject of
anatomy. The commonest alterations from the usual
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Thyroid.

form are absence of the pyramids, or of the isthmus; the
latter may also be of peculiar shapes, and it has been
known to pass between the trachea and the esophagus.
Hypoplasia, and even total absence, may be observed in
cretinism, and it is usunally absent in acephalics. Hek-
toen has recently reported a case of dwarfism, related to
the type of achondroplasin feetalis, in which the very
small gland was nearly devoid of epithelial elements,
and contained no demonstrableiodine. = Unilateral glands
are uncommon, Many abnormalities of form are pro-
duced by the formation of colloid cysts, and by the cica-
tricial contraction of healed cysts.

The ihyrolingual duct may fail to become obliterated,
remaining as a canal which extends for a longer or shorter
distance from the foramen crecum; occasionally residual
portions of this duct become dilated into cysts of varying
size. These eysts may open and form a median cervical
fistula, usually opening below the cricoid cartilage, and
lined either with stratified or with columnar epithelium.
Lingual dermoids and tumors at the base of the tongue
have been traced to this origin.

Accessory thyroids are of a structure identical with that

-of the thyroid, although they sometimes reproduce rather
the feetal than the adult type. They are far from con-
stant in occurrence, or location, or numbers. In general
they are located in an isosceles triangle which has its base
atthelower jaw and itsapex at the aorticarch. The most
frequent location is in the vicinity of the hyoid bone, and
they have been found within the bone itself. Many of
them are attributable to remnants of the diverticulum
that ordinarily forms the pyramids, often replacing this
structure. Of particular practical importance are those
found within the larynx or trachea, for these may give
rise to marked symptoms. Thiesen found in the litera-
ture 10 positive and 2 doubtful cases of this sort, 8 of
which occurred in Germany. Of 91 benign intratracheal
growths which Bruns in 1898 collected from the litera-
ture, 7 were of thyroid origin. The structure is usually
the same as that of normal thyroid, and, like it, contains
-colloid. Accessory thyroid may be the result of inclu-
sion of anaccessory thyroid lobulein the larynx or trachea
in intra-uterine life, or the membrane hetween the rings
-of the trachea may be penetrated by adherent thyroid
tissue during later life. Usually the growth is located
on the posterior or on the lateral wall, being attached by
a pedicle to the thyroid. Seven of the 10 cases were in
women, and were detected usually beiween the fifteenth
and thirty-third years. In Thiesen’s case dyspnoa was
increased by pregnancy. In only 2 cases did goitre co-
exist. One case of thyroid tumor at the base of the tongue
is of particular interest, in that its removal was followed
by symptoms of myxcecdema, which wererelieved by thy-
roid therapy (Shurley). Here it would seem probable
that atrophy of the gland proper had resulted in a com-
pensatory hypertrophy of the remnants of the thyro-
lingual duct.

CIRCULATORY DISTURBANCES of the thyroid are promi-
nent because of its great vascularity, but they canse rela-
tively little trouble unless the gland is already enlarged,
when the added size may be of importance.

Passive congestion may occur in heart disease and from
pressure on the cervical veins, but it is rarely evident,
has no apparent effect on the function of the organ, and
1t seems not to cause struetural changes of moment.

Active hyperemic is frequent, usually physiological,
and it is held responsible for the visible enlargement of
the gland in menstruation, pregnancy, sexual excitement,
andat puberty. However, it isnot always easy to deter-
mine how much of the enlargement isdue to the vascular
dilatation, and how much to hypertrophy of the gland
elements or to increased produetion of colloid, since all
these may go together. At times it may be so great that
a distinct bruit can be heard over the gland; this is par-
ticularly the case in Graves’ disease. In various forms
of goitre (¢.2.) hyperemia is present; in fact, a vascular
form has often been mentioned in the literature, although
it is very doubtful that there is such a thing as a real goi-
tre produced solely by vascular enlargement. Probably

the active hypersemia of sexual origin is the same as that
of other glands during physiological activity. Sudden
hyperemia may cause severe, even fatal attacks of dysp-
nea when the glands are goitrous. So in pregnancy
dyspncea is always increased if it existed previously, or it
may appear first at this time.

Lufarction does not seem to oceur, the circulation being
too free. If emboli lodge there they seldom seem to
cause effects, for even in pywmia, miliary tuberculosis,
and vascular dissemination of malignant growths the
thyroid escapes more often from secondary lesions than
do other organs, particularly if the great amount of blood
that it receives is considered.

Hemorrhage is a prominent feature of the goitres, but
it also seems to occur even in the normal gland. The
red cells are preserved for a long time in the colloid, but
eventually give rise to accumulations of pigment and
cholesterin crystals, which latter may be very abundant.
Any trauma of the thyroid is likely to give rise to hem-
orrhage, either into the vesicles or into the periglandular
tissues, Large intraglandular hemorthages may soften
and lead to cyst formation, or become infected.

Proaresstve CEaxees.—Thyroid tissue has great vi-
tality, and there is no other gland that can be trans-
planted so successfully. As the secretion is removed by
the circulation any transplanted portion ean funetionate,
and the treatment of myxedema was first successfully
accomplished by grafting. Animportant fact, in view of
the study of cytotoxins, is the following: transplanta-
tions can be made from one species into another with per-
fect results. For example, sheep thyroid has been im-
planted into man and has cured myxcedema, showing
that the secretion is practically the same in the different
species. At first, the graft undergoes considerable ne-
crosis and is partly absorbed, but some cells remain alive,
and from these develop thyroid fissue in proportion to
the needs of the body, for thyroid tissue has almost un-
equalled capacity to undergo compensatory hypertrophy.
Grafts removed after four and one-half years have been
found of the same structure as normal or hyperactive
thyroid.

During hyperactivity, whether compensatory or not,
the gland shows a decrease in the amount of colloid in
the vesicles, as if it were being absorbed as fast as
formed. The epithelial cells increase in size, either be-
cause of lack of pressure from colloid or because of for-
mative or secretory stimuli, and the walls are thrown into
folds so that the secreting surface is increased. Such
changes as this were observed by Halsted in remnants
of glands left after partial thyroidectomy, and they are
seen in many cases of exophthalmic goitre, supporting
the theory of the origin of this disease in thyroid hyper-
function. But a small remnant of the gland needs to be
left in most cases to enable the demands of the hody to
be met, and not only normal gland tissue, but accessory
thyroids and even tumor metastases, may functionate

adequately.

Hypertrophy of a simple nature seems to be the process
which causes many goitrous enlargements, and it is un-
doubtedly physiological in many instances, in response to
some unknown demand of the body for increased activ-
ity. Itis probably in such cases that operation is par-
ticularly likely to be disastrous. In acromegaly, asso-
ciated with disease of the hypophysis, the thyroid is often
enlarged, as it also is in many cases of giantism. The hy-
perfrophy of pregnancy is undoubtedly physiologic.

RETROGRESSIVE CHANGES.— Afrophy oceurs promi-
nently in old age, and is accompanied by a relative in-
crease of the connective tissue, and a decrease in the
amount of both colloid and epithelial elements. This is
without evident effect on the individual, and seems to be
secondary to decreased needs of the organism. It has
been suggested that it may have a relation of primary
importance to senility. In this connection it is to be
noted that sclerosis of the thyroid arteries seems to occur
particularly early in life. In youth atrophy sometimes
gives rise to cretinism, while in adults it may lead to

myxcedema. However, one may find very small thyroids
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