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The structure, products and use of
the thyroid gland are still capable
of forming the subjects of
interesting inquiry.

Sir AStley Cooper, 1836.

In our knowledge of the physiology
and pathology of the thyroid gland,
the vast territory of the unknown

still dwarfs the area of certainty.

D. Hubble, 1956.
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INTRODUCTION

Our understanding of the thyroid in health and
disease has taken immeéense strides forward in the
past 15 years. The advances have been due largely
to the introduction of new techniques - radioactive,
biochemical, and more recently immunological - which
have opened up vast new fields for study in thyroid
physiology and pathology, and have elucidated many
problems which would have remained insoluble by the
traditional methods. Yet it is my belief that
'histological study of the thyroid has not been and
never will be rendered obsolete by the advent of new
techniques. Many investigators in recent years have
been so eager to apply the newer methods that they
have neglected to correlate their findings with simul-
taneous histological changes, and have failed to gain
the maximum information from their investigations.
The body of new knowledge which is now available to
us should be a fresh incentive to the histologist to
fe-examine the microscopic structure of the thyroid.

I make no apology, therefore, twenty years after

the introduction of radioactive iodine, for offering



g purely histological study of the thyroid, and hope
to show that the worker who is limited to routine
histological techniques has yet a part to play in the
investigation of thyroid structure and function.

Perhaps because thyroid histology has in the
past been the province of the surgeon rather than the
pathologist, there has been a tendency for histo-
logical studies of the alnormal thyroid to be based
on an insufficiently clear picture of the normal.
Much of this work is devoted therefore to a study of
the normal pattern of thyroid histology in different
age groups, and to drawing the (sometimes blurred)
line between the normal and abnormal.

Part I concerns the thyroid at birth - an age at
Which the histological pattern often differs greatly
from the familiar one of adult life. The origih of
the work was the chance finding of a neonatal thyroid
whose microscopic structure was so disorganised as to
cast doubt on the identity of the organ. An
examination of over 200 infants' thyroids was under-
taken in order to assess the incidence of such
changes and to determine whether they are wholly or

partly due to post-mortem degeneration. In the



course of the investigation, I had the opportunity

of studying the thyroids of 3 infaﬁts born of mothers
suffering from thyroid disease. To elucidate some
of the problems raised by the study of normal and
abnormalithyroids at birth, there follows an account
of the neonatal guinea pig thyroid and the effect on
it of various experimental procedures.

The histological changes supposedly peculiar to
the neonatal thyroid were looked for - and found - in
the thyroid at all other ages. “The study of a large
number of adult thyroids led in turn to observations
on squamous epithelium and anisotropic crystals in
the thyroid. These findings make up Part II.

In Part III, the same material is used for an
assessment of lymphocytic infiltration in the
'mormal" thyroid. The question is found to be
inseparable from the problem of lymphocytic infil-
tration in the abnormal thyroid, and leads to a con--
sideration of the pathogenesis of chronic thyroiditis

and myxoedema.



The "relative weight" of the thyroid is the
index used by Schamaun (1954), i.e. the thyroid
weight in grams divided by the body weight in kilo--
grams. For two reasbns, however, little emphasis
has been placed on the weights of the glands.
Pirstly, the variable and often intense congestion
of the gland at birth must give rise to misleading
results. Secondly, the objeétivés of the investi-
gation required the careful assessment of post-mortem
changes, and the additional handling and dissection

involved in weighing the gland was usually avoided.

In the anatomy and pathology of the thyroid, no
less than in other organs, chaotic terminology is
the source és well as the result of much confusion.
Until a fuller understanding of the subject allows a
more rationai terminology, each writer must explain
his terms and strive for consistency in their use.

The terms follicle, acinus and vesicle are all
freely used to denote the same glandular étructure.
The first appears to me to be the most suitable term,
éxpressing the idea of a functional unit, but as

lymphoid follicles occupy such a prominent place in
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thyroid pathoiogy, there is a danger of confusion
between the two types of follicle. The word
"vegicle" has a distinctly pathological connotation.
I have therefore used the term "acinus" throughout.

Interacinar cells are referred to in the full
knowledge that they are often regarded as merely
acini cut tangentially. The controversy over inter-
acinar cells need not be touched on here, but the
evidence in favour of their existence (Zechel, 1933;
Nonidez, 1933; Baillif, 1937; Sandritter et al.,
1956) seems to me to be overwhelming.

"Endothelioid cell" has other comnnotations, but
is in use to denote the flattened type of cell which
lines the least active acini in the thyroid.

Hirthle cells are also known as Askanagzy cells,
and were in any case first described by Baber.

There seems to be an incontestable case for dropping
the eponyms and substituting the accurate and des-
criptive term "oxyphilic cells".

The unfamiliar and ugly terms "lymphocrine" and
"diskomplexation" are used here to the minimum,‘and
their inclusion is only justified on the grounds that

they have already been introduced in the continental



literature, and that no satisfactory English alter-
native is available. |

Multinucleate cells within the acinar lumina
often appear to be derived from macrophages, but
_thére are some doughty opponents of this view, such
as Goetsch and Kamner (1955) and Weber and Bettini
(1956), %ho,insist on their epithelial origin.
Beliéving that either view can be correct in differh
ent instances, I havé found the non—committal term
"pséudogiant cell" to be useful, and it also
‘dis¥ingﬁishes the intra-acinar multinucleate cells
from the giant cells which are sometimes seen in the
‘thyroid stroma. |

Chronic thyroiditis is perhaps the most confused
fiéld of all, because of the generally loose usage of
the terms Hashimoto's disease, Riedel's disease,‘and
their synonyms. - The former wide use of the term
Riedel's struma, which relegated Hashimoto's disease
to the position of a sub-division or early stage, has
been superseded by the modern tendency to reserve the
~term Riedel's disease for a few distinctive cases and
designate all the remainder Hashimoto's disease.

Both usages ignore the fact that many cases of



chronic thyroiditis do not conform to the criteria
of either Riedel or Hashimoto. In this thesis, the
simple term "chronic thyroiditis" is preferred.

The eponyms are retained only when intended in their
strict sense, or in reference to published work in
which they are employed.

Finally, with regard to the organ itself, I have
no scruples about omitting the word "gland'.
Thyroid, like adrenal and pituitary, is an adjective
which has now achieved the status of a noun.

Abbreviations used are the well-known ones:

H & E for haematoxylin and eosin, P.A.S. for

periodic acid-Schiff, and TSH for thyrotropic hormone.

For ease of reference, illustrations, tables and
appendices have been grouped together in a separate

volunme.

Parts of Sections 1, 2 and 8 have already been
published (references 203, 220 and 221). Consider-
able additions have been made here to the published
material.

It should be noted that in Section 1, where the



results differ slightly from those published, this
is due to the addition of 12 further cases, and the
restriction of the series to infants surviving for

up to 7 days.

The work has been carried out in the Departments
of Pathology of Stobhill Hospital, Glasgow,
Withington Hospital, Manchester, and the University
of Manchester, under the direction of Dr. J.C. Dick,
Dr. L. Stent, and Professor A.C.P. Campbell.

It is a pleasure to record my gratitude to
Dr. Dick and Professor Campbell for their constant
encouragement and for their valuable criticism and
advice.

The entire technical work for the study of the
human neonatal thyroid, from the preparation of the
tissues to the cutting and staining of the sections
and the taking of the photographs, was carried out
by myself. For the preparation of all the remaining
tissues, I am indebted to Mr. K. Hollins, of
Withington Hospital, and to Mr. N. Mowat and the
technical staff of the Uﬁiversity of Manchester

Department of Pathology. Mr. Mowat has been



reéponsible also for all the remaining photographs,
with the exception of Figs. 17, 35, 47 and 61
(Professor Campbell), Figs. 29, 30, 72 and 83

(Mr. E. Smith), and Pig. 26 (Mr. I. Mackie).

The numbers of cases concerned are in general
insufficient for statistical analysis, but I am
grateful to Dr. M.G. Bulmer, Lecturer in Medical
Statistics at Manchester University, for advice in
the interpretation of the results.

Carbimazole in powder form was kindly made

available by British Schering Ltd.

Manchester,

Pebruary, 1959.



PART 1

THE THYROID IN THE NEWBORN -

Mot
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1. THE NORMAL HUMAN THYROID AT BIRTH

Of the seven ages of man,vthe first is the only-
one in which the normal histological structure of
the thyroid is not well establishqd. The familiar
arrangement of the epithelial cells to form colloid-
containing acini is not constantly present in the
newborn, and sometimes disorganisation of the
structure is so advanced that little resemblance is
seen to the thyroid of the adult.

The variations are usually thought to be
peculiar to the neonatal period, and do not stem
from any variations in earlier 1life.

It is known that the developing thyroid consists
initially of a solid mass of cells, and begins to
agssume an acinar structure at the twelfth to four-
teenth week of foetal life. The appearance of acini
coincides with the onset of phﬁsiological function,
as shown by the simultaneous development of the
abilityfto accumulate radioactive iodine (Chapman et
al., 1948; Hodges et al., 1955). Acini appear
first at the periphery of the gland, and differ-

entiation gradually extends towards the centre, until
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the entire gland consists of tiny colloid-containing
acini, resembling the adult thyroid in miniature.

At the seventeenth week differentiation into acini
is complete (Fig. 1).

The partial or total loss of acinar structure
and of colloid at birth therefore comes as something
of a surprise. It is usual to regard such changes
as being due to post-mortem degeneration (Potter and
Adair, 1949), and in the recently published Atlas of
Fetal and Neonatal Histology (Valdés-Dapena, 1957),
they are illustrated only in the last of 13 photo-
micrographs, with the caption "This picture was added
to show what one most often sees in the ordinary
infant autopsy. The thyroid at this age undergoes
autolysis very quickly; when it does, the lining
epithelial cells seem to fall together, and the
colloid disappears from view. As a matter of fact,
it is rather difficult to collect a set of autopsy
specimens because of this marked tendency . . . ".

The thyroid at other ages is not unduly sus-
ceptible to post-mortem degeneration, and there is
no known reason why it should degenerate so rapidly

after death in the newborn. The object of this
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study is to investigate the relationship, if any,
of the histological changes to delay in fixation,
to establish the "normal" structure of the gland at
birth, and to provide a standard by which possible

abnormalities may be judged.

MATERIALS AND METHODS

Thyroids were obtained at autopsy from over 200
infants who were stillborn or who survived for up to
7 days. The data recorded in each case were the
history of pregnancy and labour, subsequent clinical
course, age, sex, maturity, interval between death
and fixation of the tissues, and post-mortem findings.

The glands were dissected free with the minimum
of trauma, fixed first in 10 per cent formol-saline
and subsequently in formol-corrosive, dehydrated in
the usual way and embedded in paraffin. Three
staining techniques were used in every case;
haematoxylin and eosin, Masson's trichrome, and
periodic acid-Schiff (Pearse's "tripas" method).

Other staining methods used in certain instances were
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Heidenhain's iron haematoxylin and van Gieson,
Mallory's aniline blue-orange G, haematoxylin and
0.5 per cent Congo red, brazilin-wasserblau (Bensley,
1916), phosphomolybdic acid-metanil yellow (Okkels,
1932), and Gordon and Sweets' method for reticulin.

In the analysis of results, all cases have been
eliminated in which an ‘accurate history of pregnancy
or labour could not be obtained (as was often the case
with infants delivered elsewhere and subsequently
admitted to hospital), or in which there was obvious
autolysis of the organs microscopically (the liver and
kidney especially being used as a guide), or in which
the death-fixation interval exceeded 48 hours.
Stillbirths were included only when death was knowh
to have occurred during delivery, or when there was a
reliable record of the interval between cessation of
the foetal heart and delivery. Three cases in which
the mother's thyroid function was known to be
abnormal are considered separately in the next
Section.

There remain 106 cases for consideration. of

these, 22 were stillborn and 84 liveborn. Taking

the dividing line as 5 1b. (2265 g.) birth-weight, ﬁi
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52 infants were judged to be premature, and in 19
of these the birth-weight was under 3 1b. (1360 g.).
The interval between death and fixation of the
thyroid ranged from 3 to 453 hours. Details of the

106 cases are given in Appendix 1..

RESULTS

The histological appearances varied so widely
that no single description is applicable to all the
thyroids, and indeed in any individual gland there
was commonly a considerable difference between the
central and peripheral zones of each lobe. The
types of thyroid acini observed, however, fall into
three broad categories, which will be designated
A, B and C.

Type A: In this category are included all
ordinary colloid-containing acini, with numerous
interacinar cells, as seen in the normal adult
thyroid (Fig. 2). The size of the acinus was
roughly proportional_to the total size of the gland,
so that it never reached the dimensions of the

average adult acinus, and was smaller in the
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premature than in the mature infant. The shape

was sometimes spherical, but more often irregular or
even elongated. The lining epithelium was either
columnar or cuboidal; it was very rarely flattened.
The colloid usually stained poorly with cosin and the
P,A.S. method, especially in acini lined by columnar
epithelium. Deeper staining, when it occurred, was
seldom of the degree seen in foetal or in adult
thyroids. Corresponding staining reactions with
other methods are listed in Table 1. The rather

dif ferent staining reactions found in foetal thyroids
and designated "Type Ia" by Hewer (1927) were not
observed.

Two types of vacuole occurred in the colloid,
especially in acini lined by colummar epithelium: a
large solitary central vacuole, or a series of small
peripheral vacuoles. In many instances colloid was
apparently absent, although sometimes P.A.S. staining
gave a faint reaction which was not detectable by the

other me thods.

Iype B: The second type of acinus was charac-
terised by columnar epithelium, basal vacuolation of

the cytoplasm, partial or complete absorption of the
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colloid, and absence of interacinar cells (Fig. 3).
The vacuolation of the cytoplasm was sometimes so
pronounced as to suggest at first sight total
detachment of the cells from the acinar wall. The
contents of these vacuoles failed to stain with all
the methods used, including brazilin-wasserblau and
phosphomolybdic acid-metanil yellow. The luminal
border of the cytoplasm was indistinct, in contrast
to that in the first type of acinus described. The
bulk of the stainable cytoplasm was supranuclear, and
in many instances it was P.A.S.-positive. Colloid,
if present, was in one of two forms. In the first,
it stained deeply and was confined to the centre of
the lumen, with thin filaments radiating towards the
acinar wall, this being merely an exaggerated form of
peripheral vacuolation (Fig. 4). In the second, it
stained faintly and uniformly, filling the entire

lumen (Fig. 5).

Type C: This includes a wide variety of
changes which may be summarised as desquamation,
collapse and disorganisation of the acinus.
Desquamated cells occurred singly or in small groups,

or even occupied the entire lumen (Figs. 6, 7). In
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some instances, the lining epithelium remained
intact, even though the lumen was filled with cells;
in others, lining and desquamated cells were not
clearly distinguishable, though the acinar outlines
remained evident (Fig. 8). At a more advanced
stage, there was partial or complete disintegration
of the row of cells lining the acinus, and in the
extreme form the tissue consisted of a solid mass of
cells in which little or no acinar structure was
recognisable (Figs. 9, 10, 11).

The nuclei of the desquamated cells were often
pyknotic, and the cytoplasmic boundaries of both
lining and desquamated cells were indistinct. The
rarely-encountered large amoeboid cells described by
Williams (1937) were readily distinguished from
desquamated cells (Fig. 12).

In the compact cellular masses, where no dis-
tinction could be made between lining and desquamated
cells, the nuclei ranged from small and dark-staining
to large and vesicular, usually with a definite pre-.
dominance of one or other type (Figs. 10, 11).

The origin of the compact masses from hollow
acini was not evident in H and E sections, but was

clearly shown by reticulin staining, which revealed
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a pattern in no way different from that in tissue‘of
ordinary acinar structure. In the more congested
glands, the distended capillaries outlined the former
acini in a similar manner.

Colloid was uncommon in acini showing desquama-
tion, and was absent from all the more advanced
stages of disorganisation. With the P.A.S. tech-~
nique, only the cytoplasm of the desquamated cells
gave a reaction, and then not constantly so. Rarely,
in compact areas, a strongly positive P.A.S. reaction
togéther with fusion of the cytoplasm of neighbouring
cells gave the appearance of nuclei lying free in a

meshwork of colloid.

Distribution of the different types of acinus

When a section of an entire lateral lobe was
examined, acini of types A and C showed a character-
istic distribution (Fig. 13). Type A acini were
almost constantly present at the periphery, sometimes
in a broad irregular peripheral zone, sometimes only
as a few minute clusters just under the capsule or
even apparently isolated from the rest of the gland.
When present throughout the gland, they became

gradually smaller, and their colloid content stained
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less intéﬁsely, from the periphery to the centre.

Type C tissue showed the reverse distribution.
That is, desquamation and disorganisation occurred
characteristically in the centre of the lobe; ‘when
more extensive, they made increasing inroads into
the peripheral zone, perhaps sparing only a few small
areas at the periphery. When the changes were
extensive, they were more advanced in the central
than in the peripheral =zone.

Type B acini were sometimes confined to the
central zone, but more often they showed no special

distribution.

Incidence of the different types of acinus

The different types commonly co-existed in the
same gland. Even when the gland was at first sight
composed entirely of normal well-preserved acini, a
careful search almost always revealed a few central
acini showing basal vacuolation of the epithelium or
some desquamation of cells into the lumina, and con-
versely, whatever the degree of desquamation or acinar
disorganisation, well-preserved acini, singly or in
groups, could usually be found at the extreme

periphery.
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In classifying the glands, therefore, the .
incidence has been assessed only according to the -
predominating type of acinus - A, B or C - or where
more than one type of acinus was prominent, as AB,
AC, BC, or ABC.

The over-all incidence of the various types

(see Table 2) was:-

A 24
B 13
c 33
AB 4
AC 19
BC 11
ABC >

When this series is sub-divided according to
maturity, age in days, etc., the individual groups
become too small for accurate comparison; each of
the possible influencing factors is therefore con-
gidered in relation to the entire series (Tables 3 to

10).

Age (Table 3):  The incidence of the various
types of aéinus did not differ appreciably in the
stillborn (22 cases), those dying within 24 hours
(47 cases), or those dying at 24 to 72 hours (28
cases). At 4 to 7 days (9 cases), type A bec#me

commoner, type C less common, while type B showed
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little change. That is to say, the incidence of
desquamation and disorganisation diminished after

the first three days of life.

Sex (Table 4): The sex of the subject, which
is such an important factor in thyroid pathology in
the adult, showed no obvious influence on the histo-
logical structure in the newborn. (4 slight sex
difference in the thyroid weight at birth was re-
ported by Potter (1938). Too few glands in this

series were weighed to allow of any conclusions).

Maturity (Table 5): A simple division into
mature and premature does not reveal any striking
difference between the two groups: both showed the
same wide variation in types of acini, &nd, when
compact areas were present they éhowed the same pro-
portion of nuclear types. If the 19 cases in which
the birth-weight was under 3 1b. (1360 g.) are con-
sidered separately, there appears to be some increase
in the number of glands which were wholly or almost
wholly composed of normal well-preserved (type A)

acini.
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History of pregnancy and labour ﬁTables 6y, 7, 8)
did not have any obvious relation to the histological
picture. In particular, a note was made of pre-
eclamptic toxaemia (12 cases), difficult or prolonged
labour with foetal distress (31 cases), and Caesarian
section (12 cases), all of which appeared to be with-
out influence. There was nothing to suggest that
foetal distress is conducive to histological changes
in the thyroid, or that avoidance of the normal birth

process by Caesarian section protects against them.

Cause of death: This is notoriously difficult

to assess in the newborn, but so far as could be
judged there was little relation between the histology
of the thyroid and the post-mortem findings in other
organs. 7

In the 74 cases showing evidence of asphyxia
(Table 9), there was the same wide range of structure
as in the remainder. There was a slight increase in
the incidence of type A acini in the asphyxial group,
and, perhaps more significant, a rather greater
increase in type B.

None of the infants were considered to have died

as a result of bacterial infection. Other causes of
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death (birth trauma, congenital abnormalities,
haemolytic disease and haemorrhagic disease of the
newborn, etc.) did not reach sufficient numbers for
their influence to be assessed, but there was nothing

to suggest that they had any relevance.

Death-fixation interval (Table 10): With

increasing delay in fixation there was a tendency for
the incidence of type A acini to diminish, yet there
was certainly no direct correlation between early
fixation and preservation of acinar structure. Figs.
14 and 15 illustrate a case in which the acini were
perfectly preserved in spite of a long death-fixation
interval, and another in which there was widespread
disorganisation after a comparatively short interval.
Many other cases, excluded from this series because
of a death-fixation interval of more than 48 hours,
have been seen which further illustrate this lack of
correlation. In the more advanced stages of auto-
lysis (Fig. 16), the picture is often unlike any of
those described, and does not permit of classification
according to this scheme. |

Generally speaking, desquamation occurred in the

majority of glands irrespective of death-fixation
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interval, but when fixation occurred within 12 hours
of death it was more often confined to the central
zone and showed less tendency to encroach on the
periphery.

In addition to the variations in acinar structure,’
and the distinction between the central and peripheral
zones, other noteworthy features of the neonatal
thyroid were distension of the lymphatics, engorge-
ment of the blood vessels, intra-acinar haemorrhages
and rarely, the presence of squamous or atypical
epithelium. The last-mentioned is discussed later

(Section 5), and will not be further referred to here.

Distension of the lymphatics

The lymphatic vessels of the thyroid take the
form of a connected system of wide sinuses which
enclose groups of acini. They are inconspicuous
except when abnormally distended.

In this series of cases, the lymphatics, both
within and outside the thyroid, were often distended
by a homogeneous eosinophilic substance resembling
colloid. The entire system, from the small inter-
acinar channels to the larger perivascular trunks in

the interlobular septa, was thus outlined (Figs. 17,
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18). The staining reactions of the contained sub-
stance were identical with those of colloia (Table 1);
the P.A.S. technique was by far the most satisfactory
for demonstrating it. The intensity of'the staining
varied as much as that of the colloid; it often
appeared, however, to be inversely related to the
staining intensity of the colloid in the adjoining
acini. |

Within the gland, colloid-like substance in the
lymphatics was seen in relation to type B acini, and
to all stages of "desquamation" included under type
C with the exception of tissue of true compact
structure in which the acinar outlines were lost:

Its presence in relation to these types of acini was
not invariable. It seldom, if ever, occurred in
relation to type A acini. Distended lymphatics,
like disintegrating acini, were often confined to the
central zone of the gland.

Distension of the lymphatics outside the éapsule
(Fig. 19) occurred in association with the same epi-
thelial changes, but was seldom so prominent, and the
staining reactions of the colloid-like substance

were usually weaker.



- 26 -

The two manifestations of‘the éhenomenon did not
necessarily occur together; of the 58 cases in which
collbid-like substance was observed in the lymphatics, .
the intraglandular channels alone were involved in
26 cases, those outéide the capsulevalone in 17 cgses;
and both were involved in 15 cases.

Lymphatic distension was not related to delay in

fixation (Table 11).

Vascular engorgemeﬁt

Congestion of the blood vessels was common,
especially in the stillborn and those dying within
the first three days. Cbﬁgestién of the inter-
acinar capillaries was comnspicuous in about>ha1f of
_the cases, and was sometimes of such a degree that
congestion alone appeared to have contributed'to
collapse of the acini (Fig. 20).

» It was unrelated to the type of acini composing
the gland, and reflected fairly accurately the degree

of congestion in other organs.

Intra-acinar haemorrhages

Isolated intra-acinar haemorrhages, of recent

occurrence, were noted in 6 cases, and were
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associated with epithelial desquamation (Fig. 21).
In two other cases, haemorrhages weré‘pumerous;
occurring in normal well-preserved acini;‘/%hey were

attributable to haemorrhagic disease of the"ﬁe&born.

DISCUSSION

The significance will be dlscussed flrst, of ;
the various types of ac1nus, then of the other o
phenomena, and finally of the histologieal’appear-

ances as a whole.

Significance of the three types of acinus

Type A: This, the familiar well—forméd acinus
of the normal thyroid, requires little comment. As
the height of the acinar epithelium is an accurate
measure of the degree‘of physiological_activity
(Rawson and Starr, 1938; Abel, 1940);>the prevalence
in the newborn of columnaf and cuboidal epithziium
and the:rarity of flattened epithelium are evidence
of a high level of activity. In the normal adult
thyroid, flattened or "ehdbfﬁ%liéid"'cells'pred@m-"\
inate (Goddard and Sommers, 1954). Goormaghtigh and
Thomas (1934 ) designated the columnar cell as the
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"excretory" cell, and observed that it is present in
late foetal life, and especially at birth. Other

features indicating active resorption of colloid are
the generally weak staining reactions of the colloid,

the presence of solitary central vacuoles in the

colloid (Popoff, 1943), and indentations of the
acinar walls (Williams, 1937). The two types of
staining reaction in the colloid probably have no
gignificance other than indicating differing concen-

trations of colloid (De Robertis, 1941).

Iype B: Basal vacuolation of the acinar cells,
with apical displacement of the nuclei, was first
described by Bemsley (1916) in the hyperplastic
thyroid of the opossum. His method for staining the
content of the vacuoles has not been successfully
used by subsequent investigators, but acini of similar
appearance have been observed in the guinea pig
thyroid as a result of compensatory hypertrophy (Loeb,
1929), and in the humen thyroid in exophthalmic
goitre (Okkels, 1932). Loeb gave a good account of
how the colloid comes to assume the form of a central
mass with fine threads radiating to the epithelial

lining.  Severinghaus (1933) noted basal vacuolation
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in the duck thyroid within 24 hours after injection
of thyrotropic principlew'

Ponse and Altschuler (1940) thought that basal
vacuolation might be due to artefact, as apical
displacement of nuclei in the guinea pig thyroid two
to four days after injection of anterior pituitary
extract was not accompanied by vacuolation. My own
observations on the guinea pig thyroid (p. 92 )
confirm this, and show that basal vacuolation may be -
due to autolysis alone; the point-is further dis-
cussed in Section 3. However, De Robertis (1941)
showed that basal vacuolation can occur even in
frozen-dried material, and that basal vacuoles are
much more evident in activated than in normal glands.

Acini of this type did not form part of the
secretory cycle described by Williams (1937) in living
thyroid tissue, and it is clear that they represent
the response to a more powerful stimulus.than occurs

under normal circumstances.

Type C: Controversy has from the first centred
on the significance of epithelial desquamation and
disorganisation of the acini. Ignoring the more

bizarre explanations offered by many earlier writers,
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of which a full account is given by Allara (1951la),
two possibilities are deserving of serious con-
sideration: +the changes are the result of unduly
rapid autolysis, or they indicate a state of increased
physiological activity.

The close similarity between the changes of post-
mortem autolysis and those of hyperactivity has given
rise to endless confusion. Both processes consist
essentially of absorption of the colloid and collapse
of the acini. Even pyknosis and cytoplasmic
degeneration, usually reliable indications of auto-
lysis, occur in the gland activated by thyrotropic
hormone (Severinghaus, 19%33). Desquamation of the
epithelium is so strongly suggestive of autolysis
that it is often accepted without question as such,
yet here again there is reason to believe that a
similar process may occur during life. De Quervain
(1904 ) noted that "both toxic effects and disturbances
of the circulation of a high degree cause histological
changes in the thyroid, and these are in the main
symptomised by proliferation, desquamation and
degeneration of the epithelial cells . . . The

reaction of the epithelial cells to any irritation
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whatever is in the form of desquamation". Rice
(1938 ) went so far as to state that "epithelial
desquamation is not found in the normal thyroid,
whereas it is one of the characteristic features of
exophthalmic goiter".

It might be thought that in animal experiments,
where no difficulty attends immediate fixation, there
would be no question of confusing the two processes.
But Jackson (1916), reporting the effects of
inanition in rats, found difficulty in distinguishing
between them, and drew an interesting analogy with
degenerative changes in the kidney: "So-called
degenerative conditions (desquamation and degeneration
of epithelium) appear to a limited extent in the
thyroids of normal animals (including man), although
these changes probably have no physiological
significance. Under various abnormal conditions,
these retrogressive changes appear to be increased in
extent and intensity . . . Changes in the renal
epithelium following ligation of vessels, infarcts,
intoxicatioﬂs, infections, post-mortem changes, etc.,
form a familiar example, in which the phenomena are

in many respects strikingly similar to the
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degenerative changes above described for the thyroid
gland".

Desquamated cells were seen in frozen-dried
normal rat thyroid by De Robertis (1941); the nuclei
were pyknotic, and the cytoplasm was loaded with
colloid droplets. Desquamation following stimulation
has been noted in the rat thyroid by Baillif (1937)
and Revabek and Rerabek (1947), and in electron micro-
scopic observations on the guinea pig thyroid by
Braunsteiner et al. (1953); desquamated cells in
the colloid have also been seen in experimental
thyroiditis (Terplan et al., 1958).

The belief that epithelial desquamation and
colloid depletion are purely post-mortem phenomena
received its greatest support from the work of Gloor
(1926) and Murray (1927). By fixing fragments of a
single gland at varying intervals after death, these
authors were able to demonstrate a succession of
changes closely imitating those under consideration.
Murray, however, made no comment on the fact that
the changes which occurred, on an average, within 2%
days of death in the newborn child, took 7 days to
occur in the adult dog thyroid. Gloor, while
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admitting the probability that some degree of
desquamation might occur during life, concluded that
the thyroid at the time of birth is more susceptible
to post-mortem change than in the mid-foetal period
or after the first two weeks of life. This left
unanswered the question as to why, during a particular
spell of two weeks, the thyroid should undergo
autolysis more rapidly than at any other time of life.
On the other hand, Allara (195la), in a careful
study of 16 neonatal thyroids, found no correlation
between delay in fixation and histological structure.
He observed that the thyroid in late foetal life was
composed of compact cellular masses, and that acini
began to form at the periphery of the gland in the
early hours of extra-uterine life. In the foetus of
7 to 8 months, the cellular masses were characterised
by small dark-staining nuclei, while at term large
vesicular nuclei predominated. He brought forward
a wealth of evidence to show that the former were an
expression of increased physiological activity while
the latter represented the stage of exhaustion. In
a later paper (Allara, 1953), he noted the coincident

intense degranulation of the basophils in the
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anterior pituitary. Whe ther by chance, or for some
other reason which is not obvious, none of the
thyroids he examined showed epithelial desquamation;
the structure was either acinar or compact.

The present series of 106 cases, though dominated
by the phenomenon of epithelial desquamation,
resembles Allara's series in the lack of correlation
between delay in fixation and histological structure.
It may be conceded that desquamation tends to be more
extensive when fixation is delayed beyond 12 hours,
but this tendency does not offset the many instances
in which desquamation occurred with only a short delay
in fixation, or good preéervation was seen after a
long delay. The failure to demonstrate any clear
relationship leads inescapably to the conclusion that
autolysis is not the principal cause of desquamation,
but is at most a contributory factor.

In rejecting autolysis and accepting the alter-
native explanation of "physiological crisis", the
following evidence has also been taken into account:

1. Preservation of the peripheral zone has
often been teken as an indication that the changes
in the remainder of the gland are due to autolysis.

Yet this preservation is itself strong evidence to the
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contrary. It is unreasonable to suppose that the
short time taken for the fixative to penetrate a few
millimetres from the surface to the deeper zones of
the gland would result in gross differences in the
histological picture; such an occurrence would be
without parallel in any of the organs which are known
to degenerate rapidly after death. It is, in any
event, often not a uniform band of preservation round
the margin of the gland, but is of focal distribution,
as is the distribution of less active acini in a
well-preserved gland. Moreover, preservation occurs
to an equal degree in the medial and lateral margins,
even when the thyroid and trachea have been left
attached to one another, allowing the fixative to
reach the central zoné of the gland before the

medial margin. A simple experiment puts the matter
beyond doubt: when one lobe is fixed whole and the
other is first bisected, the degree of peripheral
preservation remains the same.

2. As described later in Section 4, the
changes, when they occur in the adult thyroid, are
often focal and are totally unrelated to the time of
penetration of the fixative. Preservation of acinar

structure and of colloid occurs not at the periphery
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but in the larger acini and in pre-existing nodules
of colloid storage. In the adult, as in the new-
born, the less active acini do not respond to the
stimulus which affects the remainder of the gland.

3. From the contributions of Roger and
Garnier (1898a,b,c) onwards, similar changes have
been reported many times in the human thyroid in
bacterial infections, when the demand for thyroid
hormone 1is presumably greater. It is also true, of
course, that autolysis tends to be more rapid after
death from infection, but the experiments of Womack
and Cole (1931), mentioned below, confirm the occur-
rence of the changes during life. Frantz (1955)
states that the change is most striking in infants
after terminal illness, particularly a febrile
illness, and interprets it as "exhaustion hyperplasia®.

4. A study of the effects of autolysis on the
neonatal guinea pig thyroid, described in Section 3,
shows that ante-mortem and post-mortem "desquamation"
are distinguishable from one another. Autolysis in
the normal gland was characterised by progressive
detachment of the row of epithelial cells from the
acinar wall, the ring of cells remaining intact even

at the stage of disappearance of the nuclei. At no
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stage in the process did the lumen become filled with
cells as it does in the ante-mortem state, nor was
collapse of the acinus accompanied by an apparent
increase in the total number of cells. Autolytic
changes in the hyperplastic gland were similar,
Although there was some evidence that the detached
ring of cells is more likely to disintegrate in the
activated than in the normal gland, the early form of
desquamation following thyrotropic hormone injections
did not progress after death, and the lumen d4did not
become filled with cells.

5. Loss of colloid and of acinar structure
have been demonstrated in animals at birth and at
other times of physiological crisis. Smith and
Starkey (1940) described a "relatively undifferen-
tiated appearance" in the newborn mouse thyroid,
indicating a "very high plane of activity", while a
similar, though less pronounced, alteration was
again seen at the onset of sexual maturity; in some
acini, total loss of colloid was accompanied by a
breakdown of the epithelium. Glebina (1936) noted
similar but transient changes in the newborn fox

thyroid and again during one phase of the seasonal
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cycle (September tq March) in the adult fox; her
term "diskomplexation" is hardly capable of trans-
lation into English, but expresses quite well the
loss of organised structure which occurs at the time
of birth. She found that "diskomplexation" in the
newborn was followed by rapid regeneration. The same
phenomena are associafed with metamorphosis in the
salamander (Uhlenhuth, 1923) and the development of
feathers in chicks (Benazzi, 1929, 1932). Glebiﬁa's
Fig. 11, reproduced here (Fig. 22), makes it clear
that "diskomplexation" is not merely loss of colloid
and of acinar structure, but includes the apparently
degenerative changes in nuclei and cytoplasm usually
attributable to autolysis.

6. Comparable changes have been described in
experimental animals by Cramer (1926) and in a series
of papers by Cole and Womack between 1927 and 1931
(references 36 to 39; 274, 275). Cramer produced
them in the rat by exposure to cold, and by injections
of p-tetrahydronaphthylamin; among his illustrations
of desquamation was one (Fig. 5) showing typical
"activated" acini, indicating that "activation" and
"desquamation" are different stages of the same

process. In the experiments of Womack and Cole (1931),
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similar changes were produced in the dog thyroid by
production of infections, injection of drugs, chiefly
methylated purines, and implantation of contaminated
foreign bodies in the neck muscles. Most important,
they showed by means of serial biopsies not only that
such changes could occur during life, but that the
changes were readily reversible when the stimulus had
ceased to operate. Intestinal obstruction also
brought about these changes, as did histamine injec-
tions without production of fever (Womack et al.,
1928), and it was noted by Cole et al. (1929) that
following infections and toxaemias of a severe nature,
the same changes take place in the human thyroid as
in the thyroid of animals, though to a lesser extent.

More significantly, the typical picture of
desquamation (see Fig. 23) has been produced in the
rat by long-continued injections of thyrotropic
hormone (Weber and Bettini, 1956).

For all these reasons, the changes characteristic
of the neonatal thyroid are regarded as being of ante-
mortem origin.

Is autolysis therefore to be dismissed as of no
importance? Not entirely. With the similarity of

the two processes in mind, it must be acknowledged
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that the changes, when already present, may be
accentuated by autolysis. Indeed, the increased
rate of proteolytic activity known to be present in
hyperactive thyroid tissue (De Robertis and Nowinski,
1946) may be particularly favourable to the develop-
ment of autolytic changes. If so, then the artefact,
if such it is, is a significant one, and of the same
significance as the true ante-mortem changes.

While there may be, therefore, some basis for
Gloor's belief in an increased susceptibility to
autolysis at the time of birth, I would postulate
that the changes are in the main due to an increased
susceptibility to functional exhaustion.

Such evidence as is available indicates that the
thyroid at the time of birth is in a high state of
activity. Even in those glands which are entirely
free from desquamation or disintegration, the histo-
logical appearances are those of greatly increased
activity. The high level of protein-bound iodine in
the serum of newborn infants (Danowski et al., 1951);
and the high uptake of radioactive iodine - lying
within the range found in hyperthyroid adults
(Van Middlesworth, 1954) - provide ample corrobora-

tion; it is noteworthy, too, that fhe results in both
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these reports showed a wide range in keeping with
the widely varying histological structure reported
here.

It is at this time of life, therefore - a time
of prolonged hyperactivity in order to meet the needs
of the rapidly-growing child - that the thyroid is
most likely to be precipitated into a state of
"exhaustion hyperplasia" by an additional stimulus.

There is nothing in this series to suggest that
the additional stimulus necessarily occurs during the
process of birth, or that restoration of the normal
picture begins immediately after birth, as suggested
by Allara (1951a). All possible combinations of the
various types of acini were seen both in the still-
born and in the liveborn. The one pair of twins in
this series (cases 74 and 75) afforded an opportunity
of observing any immediately post-natal changes, but
none were found. The thyroids of the first twin
(aged 1% hours) and the second twin (7% hours) were
indistinguishable, both showing extensive "desquama-
tion" with small groups of well-preserved acini at

the periphery.
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Relative inactivity of the peripheral zone

This is a well-known feature of the foetal and
neonatalvthyroid, but it has never been satisfactorily
explained. The distinction between the two 2zones
rapidly diminishes after birth in the human thyroid,
but in experimental animals it persists into adult
life. The functional difference between the two
zones has been demonstrated experimentally. In the
rat thyroid, it has been noted that the peripheral
zone showed little or no involvement in collapse of
the acini following exposure to cold (Baillif, 1937),
in hyperplasia due to vitamin A4 deficiency (Van Dyke,
1955), and in desquamation and disorganisation due to
an auto-immune reaction (Lilien, 1954). In 6 out of
12 dogs which had been given large doses of radio-
active iodine to destroy the thyrqid, viable tissue
remained at the poles and peripheryfoi the gland
(Goldberg and Chaikoff, 1952), and similarly in the
mouse thyroid, maximal injury by radioactive iodine
occurs in the central zone (Speert et al., 1951).
Feeding of anti-thyroid drugs, too, causes hyper-~
plasia especially in the central zone of the guinea

pig thyroid (Fig. 41).
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These findings provide further suppbrt for the
view that the changes characteristic of the central
zone of the human thyroid at birth are not due to
autolysis but to a higher degree of physiological

activity and a readier response to stimuli.

Distension of the lymphatics

The frequent presence of a colloid-like substance
in the lymphatics raises the question as to whether
the thyroid hormone might be secreted into the
lymphatics as well as into the blood vesséls.

Following the observation of King (183%6) that
gentle compression of the thyroid expelled "the
contents" into delicate lymphatics, which united on
the surface to form larger trunks, there was nearly
a century of inconclusive controversy until Rienhoff
(1931) made a detailed study of the lymphatics in the
thyroid of dog and man. The interacinar lymphatic
network was shown to lie external to the blood
capillary plexus around the acinus. "Differing thus
from the blood capillary system, the lymphatic
capillary system is not individually devoted to
separate and distincf follicles but rather to the

spaces between groups of follicles . . . The
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specific secretion would therefore have to go out of
its way to avoid the more delicate blood capillary
plexus to gain access to the lymphatic capillary
plexus. This would seem unlikely from the structure
alone, but, of course, is possible™. From a study
of the lymphatics in the human neonatal thyroid,
Kulenkampff (1950) reached a similar conclusion. His
findings leave no doubt that the spaces in question
are indeed lymphatic channels (Fig. 24). He pointed
out that the lymphatics were separated from the
epithelium by blood capillaries; he had noted a
homogeneous coagulum in the lymphatics, and suggested
that collapse of the acini in the phase of colloid
release allows filling of the intervening lymphatic
spaces by lymph from outwith the thyroid.

On the other hand, Allara (195la,b) suggested
that the presence of’colloid—like substance in the
lymphatics might represent an emergency "lymphocrine™
mechanism whereby the thyroid hormone was secreted
directly into the lymphatics in states of hyper-
activity. In his cases, unlike those reported here,
lymphatic distension occurred constantly and ex-
clusively in relation to tissue of compact structure.

In this series, its presence during the intermediate
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stages of epithelial desquamation and colloid
depletion, and its absence from the final stage of
functional exhaustion, provide stronger evidence in
favour of a "lymphocrine" mechanism.

A major difficulty all along has been the lack
of a satisfactory histochemical method for detecting
iodine (Gersh and Stieglitz, 1933). All the staining
methods showing the similarity between colloid and
the substance in the lymphatics can equally well be
used to demonstrate other protein accumulations, such
as renal casts, and are by no means specific for
thyroid colloid (Mayer, 1949). A P.A.S. reaction of
comparable intensity may occasionally be seen in dis-
tended lymphatics in other organs, and in any event
the P.A.S. reaction of thyroid colloid is not
attributable to its thyroxin contenf (Fisher, 1953).

The introduction of radioactive iodine has gone
some way towards resolving this question. Dobyns
(1956) stated that the lymphatics leading from the
thyroid are important pathways of exit for the thyroid
hormone; administration of TSH into the thyroid
artery results in a rapid rise in the amount of radio-
activity in the thyroid lymphatics. And again
Dobyns and Hirsh (1956) showed that there is an



- 46 -

enormous increase in output of radioactivity in the
lymphatic pathways from the thyroid after intravenous
administrétion of TSH, and that the increase in the
cervical lymphatics is greater than the increase in

the thyroid veins. The increase appears to be in

the form of a protein molecule, possibly thyroglobulin,
rather than as thyroxin per se.

Whatever the anatomical objections, it is evident
that the "lymphocrine" mechanism cannot be altogether
dismissed, and that further studies with radioactive
iodine will be necessary. In the meantime lymphatic
distension can be accepted as part of the complex
changes which occur in the thyroid at about the time
of birth, and can be used as an index of such changes

when they occur under other circumstances.

Vascular engorgement

Much has been written on this subject, and con-
gestion has repeatedly been cited;as a characteristic
feature of the neonatal thyroid, but the question
deserves only a brief mention. As pointed out by
Koch (1938), the parathyroids show a similar condition,
and indeed in the present series so also did the
abdominal viscera. The generalised congestion

associated with an asphyxial death is so common, and
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often so pronounced, in the organs of the newborn,
that there can be no justification for interpreting
congestion of the thyroid capillaries as physiological
hyperaemia. Any greater degree of congestion in the
thyroid might well be only a measure of that organ's

very rich blood supply.

Intra-~-acinar haemorrhages

When not associated with generalised haemorrhages
(as in haemorrhagic disease of the newborn), haemorr-
hage into the acinar lumen mey be regarded as yet
another menifestation of the response to a powerful
stimulus. This is suggested by the constant
agsociation with "epithelial desquamation". Such
haemorrhages occurred, too, in Cramer's experiments,
already cited, and in the résponse to injections of

TSH (Loeb, 1929; Braunsteiner et al., 1953).

Causation of hyperactivity in the newborn

The appearance of the newborn babe in no way
suggests that its thyroid is hyperactive. As
Hiilesmaa (1948) put it, "In spite of histological
changes suggesting hyperfunction, the functional
value of the thyroid of the newborn has proved to be
slight". One must assume that the excessive activity

is a response to increased demand during the later
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stages of gestation - a time when growth is pro-
ceeding very rapidly indeed.

Although the histological changes are similar to
those induced by administration of TSH, the hyper-
activity is not necessarily mediated through the
pituitary, as suggested by Hiilesmaa. Doniach
(1957) considers that it is part of the growth
process, unrelated to the influence of the child's
pituitary. He points out that the ability of the
thyroid to grow and of its cells to divide without
TSH can be demonstrated by tissue culture, and that
the thyroid grows in the hypophysectomised young
animal although it shrinks in the hypophysectomised
adult.

It is readily understandable that in late foetal
life the thyroid would be precipitated into
"exhaustion hyperplasia" by a less powerful stimulus
than would be required at any other time. Little
information is available as to the nature of any
additional stimulus which might operate. It would
be natural to suppose, as did Morison (1952) that
when difficult labour has resulted in foetal or early
neonatal death, the maternal hormones evoked by the

stress of labour might have crossed the placental
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barrier and stimulated the foetal thyroid. Yet no
correlation has been shown here between difficult or
prolonged labour and histological structure. More-
over, the presence of the same wide range of changes
both in the stillborn and in those surviving for
several days, and the persistence of the changes,
though with diminishing frequency, into later child-
hood (see p.1%6) would exclude the influence of
maternal TSH as an important factor.

The stimulus is not necessarily the same in all
cases, as the changes have been shown to occur under
many different conditions. Perhaps the factors
which cause death, even though acting for only é short
time, are partly responsible for the changes in the
thyroid, and indeed it may well be that the glands of
infants who survive do not undergo the grosser degrees
of acinar collapse and disorganisation.

It is not necessary to suppose that the
additiohal stimulus is a long-acting one. Womack and
Cole, in one of their experiments, observed a marked
transformation in as short a period as 18 hours,
reaching such a degree that the thyroid was difficult
to recognise as such microscopically, and Farrant

(1914) illustrated a guinea pig thyroid, devoid of
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colloid and showing little trace of acinar structure,
24 hours after inoculation with glanders. Other
experiments, though unsupported by histological study,
lead to the same conclusion. For example, in rats
subjected to intramuscular injections of formalin
(Paschkis et al., 1950), the decrease in thyroid
weight, 21 to 28 hours after injection, ranged from
17 to 36 per'cent. These decreases are too great
and too rapid to represent "atrophy and involution",
which were stated by Selye (1946) to be the response
of the thyroid to stress; they suggest, rather,
massive colloid release. And again, Hetzel et al.
(1952), studying the effects of stress on the human
thyroid, noted marked fluctuations in serum pfotein-
bound iodine - rises as great as 100% from 1 to 3
hours afterwards, or falls of as much as 60%.

Whe ther or not "stress", in the modern sense,
can result in the histological changes in question
must be a subject for future study. Meanwhile, it
Would.be idle to speculate further until more is\
known of the circumstances which provoke a demand

for thyroid hormone.



SUMMARY AND CONCLUSIONS

The human thyroid at birth often bears little
resemblance to the adult gland. The thyroid in the
newborn is characterised by a series of changes,
occurring especially in the central zone of each
lobe, which involve loss of the colloid, desquamation
of the epithelium, and collapse or disorganisation of
the acini. Such changes, though closely resembling
those of post-mortem autolysis, and probably
accentuated by autolysis, are interpreted as evidence
of increased physiological activity.

The extent of the changes varies greatly in
different cases. They do not appear to be related
to the maturity of the child, its sex, the nature of
labour, or the cause of death; they occur as fre-
quently in the liveborn as in the stillborn, but are
of decreasing prevalence after the third day of life.

The view that the thyroid at birth is unéuly
susceptible to autolysis is not regarded as an adequ-
ate explanation for the histological changes. It
is suggested, instead, that the thyroid in late
foetal 1life is normally in a higher state of physio-
logical activity than at any other period in life,

and is unduly susceptible to functional exhaustion.
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2. THE INFLUENCE OF MATERNAL THYROID
DYSFUNCTION ON THE NEONATAL THYROID,

AND THE INFILUENCE OF ANTITHYROID
DRUGS GIVEN DURING PREGNANCY

In the course of collecting sections of infants'
thyroids, three cases were seen in which the mother
had suffered from thyroid disease during pregnancy:
myxoedema in one case and thyrotoxicosis in the
other two. The three case-reports are followed by

a discussion on congenital thyrotoxicosis.

Case 1

The mother, aged 34, had had a severe post-
partum haemorrhage, following ante-partum haemorrhage
and stillbirth, 6 years previously. She had sub-
sequently developed myxoedema, and was considered to
have suffered necrosis of the anterior pituitary:
since then, she had been treated with desiccated
thyroid, 3 gr. daily.

She presented shortly before delivery with signs
of hyperthyroidism, due apparently to excessive
thyroid medication. The estimated duration of
pregnancy was 41 weeks, |

Labour: Occipito-posterior presentation, manual
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rotation, followed by mid-cavity forceps delivery.
The cord was twice round the neck, the second loop
quite tightly, and there were signs of foetal dis-
tress (meconium staining).

The child, a male weighing 2945 g., lived for
only 15 minutes. Autopsy was carried out 41 hours
after death. ‘Two congenital abnormalities were
present: atresia of the R. lung, and an inter-
ventricular septal defect in the heart.

The thyroid was symmetrical, was not enlarged,
and was of normal appearance both superficially and
on section. Microscopically, the acinar structure
was for the most part preserved, but all degrees of
epithelial desquamation were present; many of the
adini were devoid of colloid and contained only
désquamated cells, while others contained both colloid
and desquamated cells (Fig. 25). The peripheral |
acini showed léss desquamation; meny were well
formed, lined by cuboidal epithelium, aﬁd filled with
colloid. '

Comment: The histological picture in the
thyroid is within normal limits, and exhibits no
feature which would raise any suspicion of thyroid

dysfunction in the mother. There has as yet been
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no reported case of infant thyroid abnormality due
to pituitary myxoedems in the mother, though single
cases have been recorded due to primary myxoedema
(Moran, 1952) and post-thyroidectomy hypothyroidism
(Koerner, 1954), in which of course the hormonal
abnormalities in the mother are different.

In Moran's case, the mother was myxoedematous,
but could tolerate only low doses of desiccated
thyroid. The infant had an interventricular septal
defect in the heart, and the thyroid, though con-
siderably enlarged, was microscopically similar to
that just described. )

It is open to question whether the maternal
hypothyroidism, or even the excessive thyroid medi-
cation, in the present case played any part in
causing thé congenital abnormaiities of heart and
lung. Myant (1958) studied the passage of thyroxinev‘
and tri-iodothyronine across the human placenta; his
results suggested that thyroid hormone is not con-
cerned with early stages of growth and differentia-
tion of the foetal organs. However, Mayer and
Hemmer (1956) were able to collect a series of cases
showing an association between maternal hyper- or

hypo-thyroidism and malformations of the infant,
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including athyrosis, hypothyrosis, congenital heart
defects, true cretinism and faulty ossification.

In the present case, there is the additional
possibility that the absence of pituitary hormones
(other than the thyrotropic hormone) may have been

deleterious to foetal development.

Case 2

The microscopic sections of this case were kindly
shown to me by Dr. I.D. Riley. The history as given
to me was as follows: The mother, a 29-year old
primigravida, developed thyrotoxicosis for the first
time during pregnancy. She was treated with
thiouracil for a period of 10 weeks, the treatment
ceasing 3 weeks before delivery. The daily dosage
was 1000 mg. for the first 4 weeks,.then 600 mg. for
one week, then 400 mg. for the remaining 5 weeks.
The child, a full-term male, weighed 2764 g. at birth.
There was visible enlargement of the R. lobe of the
thyroid, and the baby was thought to be hypothyroid
in appearance. He developed vomiting and diarrhoea,
and died on the 13th day. At autopsy, the body was
emaciated, with loss of nearly all subcutaneous and

body fat. There was no information as to the size
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of the thyroid, or the interval between death and
autopsy.

Microscopically, the thyroid acini were poorly
preserved in all areas; they showed varying degrees
of epithelial desquamation, and in many instances
the lumen was totally occupied by desquamated epi-
thelial cells. The nuclei were small and stained
deeply; the cytoplasm stained faintly, and had
indistinct margins. Colloid was absent throughout.

Comment: Here again the histological picture
is within normal limits. There is nothing that
points to thiouracil as the cause of the goitre. It
can be shown experimentally (p. 96 ) that thioufacil
goitre in the newborn, as at any other age, is char-
acterised by the conventional picture of hyperplasia,
~and that autolysis would not account for the conver-
gion of such a picture into the one described here.

Persistence of thyroid enlargement with reversion
of the histological picture to normal has been noted
in the rat 65 days after cessation of prolonged
thiourea administration (Goldsmith et al., 1945), and
it may be that the interval of 5 weeks between

cessation of treatment and death in this case allowed
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a similar return to normal. Yet there are on record
other cases of congenital goitre with normal histo-
logical picture which cannot be explained in this way.
In the case reported by Salm (1954), in which com-
paratively small doses of mgthylthiouracil had been
given during pregnancy, the child was stillborn, and
the thyroid, though enlarged, showed only doubtful
evidence of hyperplasia histologically and was closely
similar to that in the present case. In another
stillbirth (one of twins) following propylthiouracil
treatment during pregnancy (Saye et al., 1952), the
infant's thyroid weighed 32 g., yet was composed of
empty acini lined by cuboidal epithelium, a descrip-
tion which does not suggest'hyperplasia. In both
these cases, antithyroid medication had been con-
tinued to term. )

Case 2 of Skelton and Gans (1955), in which anti-
thyroid drugs were not implicated, is aggin similar,
and Zampi and Cinti (1957), describing congenital
gpitre in twins, remarked on the similarity to the
normal histological structure. | Indeed, many other
descriptions of congenital goitre;vwhether or not
following antithyroid medication, leave one in doubt

as to the presence of true hyperplasia. It may be
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noted here that in 6 cases of congenital (endemic)
goitre reported by Hiilesmaa (1948), the histological
picture in no way differed from the normal.
Enlargement of the thyroid associated with a
normal histological structure is contrary to our
general experience of thyroid pathology in the adult.
The present case adds nothing to our understanding
of this phenomenon, except to show that it can occur

even with high doses of antithyroid drugs.

Case 3

The mother, aged %4, developed thyrotoxicosis
and exophthalmos during pregnancy, and was treated up
to delivery with 100 mg. methylthiouracil and 0.1 mg.
laevothyroxine daily. This dosage was insufficient
to control the symptoms, but was not increased for
fear of affecting the foetal thyroid. The gestation
period was 34 weeks. The child, a premature male
weighing 1937 g., had visible thyroid enlargement at
birth. Signs of thyrotoxicosis were noted on the 8th
day (tremor, moist skin, hyperactivity, tachycardia,
slight exophthalmos). There was no gain in weight
during the second week, although hyperactivity

temporarily diminished. The blood cholesterol was
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104 mg. % on the 2nd day, and 124 mg. % on the 23rd
day. Signs of hyperactivity returned, and treatment
with Lugol's iodine was begun on the 36th day, but
death occurred one day later, apparently due to
aspiration of a feed.

At autopsy, 60 hours after death, the body weight
was 1865 g., and emaciation was pronounced. The
presence of food in the respiratory tract was
confirmed.

The thyroid weighed 10 g., and showed uniform
enlargement of both lateral lobes and isthmus (Fig.
26). The external surface was smooth. The gland
was firm, and the cut surface was of fleshy appear-
ance, without nodules; the individual lobules were
clearly visgible.

Microscopically, the acini were rather small, of
irregular outline, and lined by cuboidal or ocecasion-
ally low columnar epithelium (Fig. 27). Desquamated
cells were common in the lumina, but there was no
disintegration of the acinar walls. Interacinar
cells were numerous. The colloid stained poorly in
all areas. The interlobular septa were considerably
thickened, and in some areas there was intralobular

fibrosis. High-power examination showed that
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although the epithelium was mainly cuboidal, there
was considerable variation in nuclear structure
(Fig. 28). The nuclei varied both in size and in
staining intensity, ranging from medium-sized and
dark-staining to large and vesicular; many were of
irregular shape, and a few were exceptionally large.
Mitotic figures were not seen. The cytoplasmic
boundaries were well defined.

Comment: The general structure and the colloid
content of the thyroid (like the body weight) are more
in keeping with those 6f a newborn child than one aged
5 weeks. The obvious abnormalities are in the
nuclear variability and the increase in connective
tissue. The findings are best explained as a stage
in the involution of a hyperplastic thyroid. The
contradictory presence of nuclear variability and
colloid depletion with cuboidal epithelium and increased
connective tissue suggests recurrent hyperplasia and
involution, as is indeed apparent from the clinical
history. The picture so little resembles that of
active hyperplasia that one would scarcely expect it
to have been associated with hyperthyroid symptoms.
However, the very bulk of the gland would account for

an output of thyroid hormone many times greater than
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normel. It can be inferred that, had the child
survived, he would have made a spontaneous recovery
from his condition of hyperthyroidism.

An attempt must be made to determine the res-
pective roles of maternal thyrotoxicosis and of
thiouraéil treatment in the pathogenesis of congeni-
tal thyrotoxicosis in this case. Before thiouracil
is held accountable, it is well to recall Case 2, in
which & much higher dosage, and a similar interval
between cessation of the drug and death, produced no
histological change in the infant thyroid, and to note
that the great majority of infants born of thiouracil-
treated mothers show no thyroid abnormality whatever
(literature summarised by Elphinstone, 1953). More-
over, while congenital goitre following thiouracil
treatment has in different cases been associated with
hyperthyroidism, hypothyroidism, or normal thyroid
function, so also has congenital goitre in untreated

cases.

CONGENITAL THYROTOXICOSIS: A REVIEW

As I have been able to find in the literature
only 12 published cases of congenital thyrotoxicosis,
it would seem more rewarding to review them all rather

than attempt to unravel the tangled etiology in this
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case alone. It seems justifiable to include also
the much-quoted but briefly-described case of Keynes
(1952), in which the child, like the mother, had
exophthalmos without thyrotoxicosis. Case 2 of
Bongiovanni et al. (1956) is excluded, since hyper-
thyroidism was diagnosed only in the laboratory and
the infant does not appear to have been cliniéally
thyrotoxic.

Details of the 13 cases are tabulated in chrono-
logical order (Table 12) and will be referred to for
convenience by the case numbers which they have been
given here, The present case is No. 12 in the series.

It will be seen from the Table that all the
mothers either were or had previously beén thyrotoxic.
Five had previously undergone thyroidectomy (Cases
5, 6, 8, 10, 11), one had been treated with radio-
active iodine (Case 13), and one had had both
thyroidectomy and radioactive iodine (Case 7). Of
the five cases in which exophthalmos was the chief
symptom, one was only slightly hyperthyroid.(CaseAl3),
three were euthyroid (Cases 5, 6, 8), and the fifth
hypothyroid (Case 7). Five mothers had been treated
during pregnancy with thiouracil or its derivatives

(Cases 2, 4, 9, 11, 12), and in at least four of these
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control was incomplete.

Thus only Case 1, and perhaps Case 3, can be
regarded as examples of straightforward hyperthyroid-
ism in the mother. In the remainder, there had been
surgical or medical treatment of the condition, with
varying degrees of succesé, and therefore a dis-
turbance of the pituitary-thyroid relationship
ordinarily present in primary hyperthyroidism. In
particular, this small series seems to include an
undue proportion of cases in which thiouracil
derivatives were not wholly effective, and of cases
in which exophthalmos occurred or persisted in spite
of more or less successful treatment of the thyro-
toxic state. When one recalls that the great
ma jority of thyrotoxic mothers give birth to normal
infants, in many cases after thiouracil treatment,
it is clear that the cases reviewed here are of a
distinct type or types showing a special tendency to
result in congenital hyperthyroidism.

A study of the infants' histories is also
rewarding. ‘

Sex: Of the infants whose sex was stated, 9 were
males and 3 females. Such a disparity could well

occur by chance, but it is of interest that in two
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families described by Davies (1943), congenital
goitre (without hyperthyroidism) affected males only.

Maturity: This has not always been stated with
accuracy, and where the birth weight alone is given
it must be remembered that intra-uterine thyrotoxi-
cosis may have resulted in a birth weight dispropor-
tionately low in relation to gestation age.

Premature and mature infants are about equally
represented; +the three which succumbed were all
premature.

Clinical picture: Thyrotoxicosis was present in
all except Case 5, goitre in all except Cases 2, 3
and 5, exophthalmos in all except Cases 9 and 11l.

The incidence of exophthalmos is high, as compared
with the incidence in adult thyrotoxicosis, and
reflects the high incidence of this symptom in the
mothers.

Onset of symptoms: In 4 cases, it was noted that
symptoms of thyrotoxicosis were not present at birth,
but appeared a variable time afterwards. In Case 2,
there was a delay of about 6 weeks. In Case 4,
thyrotoxic symptoms appeared at 3 days, goitre at 6
days, and exophthalmos at 8 days. In Case 11, there

was a delay of 8 days, and in Case 12 goitre was
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present at birth but thyrotoxic symptoms did not
appear until the 8th day. The one factor common
to these four cases of delayed onset was treatment
of the mother with thiouracil derivatives during
pregnancy. Indeed, in only one thiouracil case
(Case 9) was a delay in onset not remarked upon;
medication had been discontinued 2 months before
delivery.

Reviewing these cases, two clinical pictures
emerge. In one, the mother has been treated for
thyrotoxicosis either surgically or by radioactive
iodine; sﬁe has persistent exophthalmos_but shows
little or no evidence of hyperthyroidism. The
child has thyrotoxicosis and exophthalmos, recog-
nisable at birth. In the other, the mother has
primary hyperthyroidism, responding incompletely to
antithyroid drugs, and the child develops thyro-

toxicosis a variable time after birth.

Pathogenesis of congenital hyperthyroidism

This must necessarily be different from that of
hyperthyroidism in the adult. It is highly unlikely
that the infants developed primary hyperthyroidism

analogous to Graves' disease, unrelated except
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through hereditary disposition to the mother's
condition. There is sufficient evidence against
such a concept in the rapid, permanent and often
spontaneous recovery which occurred in those infants
who survived. It is reasonable to assume that con-
genital hyperthyroidism is due to transient stimula-
tion of the infant's thyroid by thyrotropic hormone,
in contrast to Graves' disease, in which there is
'strong evidence that the hyperthyroidism is not
mediated through the pituitary (Werner, 1955).  The
question to be answered is: What is the source of
the excessive thyrotropic stimulation? Does it lie
in the mother's or in the child's pituitary?

To incriminate the maternal thyrotropic hormone
requires two assumptions: firstly, that there is
excess circulating TSH in the mother's bloodstream,
and secondly, that this TSH is capable of crossing the
placenta to reach the foetal thyroid.

1. It is usually stated that the serum TSH
level in thyrotoxicosis is normal or even lower than
normal. Such evidence as there is, however, shows
that it is not constantly so. Of 14 cases investi-
gated by Rawson and Starr (1938), 2 had raised TSH
levels. Four of the 8 hyperthyroid patients studied



- 67 =

by De Robertis (1948) had very high levels, and
these four had special symptoms in addition to

those of hyperthyroidism (localised oedema in two,
ophthalmopathy in two). A higher level occurred

in myxoedema, and the highest (nearly 100 times
normal) was in a case of myxoedema and persistent
exophthalmos following treatment of thyrotoxicosis
by radiotherapy. Purves and Griesbach (1949) found
the level to be normal in untreated thyrotoxicosis,
but significantly increased on treatment with
thiouracil, and high also in malignant exophthalmos.
Gilliland and Strudwick (1956) separated their cases
into those with and those withoutsevere eye signs.
In those with severé eye signs, 7 out of 8 had high
levels, while of those without, 2 out of 5 had
moderately high levels. Of great interest is the
report of Asboe-Hansen et al. (1952). TSH was not
detectable in the serum of normal controls, cases of
Graves' disease without severe eye signs, nor in
myxoedema, but high levels were found in 9 out of 10
cases of progressive exophthalmos. This series
included 7 cases of progressive exophthalmos following
thyroidectomy for thyrotoxicosis. On the other hand,
D'Angelo et al. (1951) found a high level in one of
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10 cases of thyrotoxicosis without severe eye signs,
and in only‘2 out of 8 cases of ophthalmopathy.
Bottari (1958) reported an increased level in "most
cases" of thyrotoxicosis.

While there are many contradiétory results,
partly owing to the differing sensitivities of the
methods employed, it is fair to conclude that a
minority of thyrotoxic cases, especially those with
exophthalmos, have raised TSH levels, that the level
is possibly increased by'thiouracil treatment, and
that cases of progressive exophthaimos following
thyroidectomy have high levels, perhaps most notably
those who have become hypothyroid. .

Thus 11 of the 13 cases reviewed here belong to
the minority in which one might expect a raised TSH
level (6 because of previous surgical or radioiodiﬁe
thyroidectomy, with persistent exophthalmos, and 5
because of thiouracil treatment).

2. If it is‘aécepted that some or all of.thQSe'
mothers had high serum TSH levels, it is also
necessary to assume that maternal TSHSis capable of
crossing the placenta. Such a possibility has ofteﬁ
been discounted because of experimental evidence that

it cannot do so (Tobin, 1941; Peterson and Young,
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1952; Nikitovitch and Knobil, 1955). However,
there are probably differences between species, and
the rat and guinea pig experiments provide no grounds
for concluding that maternal TSH is unable to
influence the human foetus. Perhaps it does so only
exceptionally, or perhaps an abnormal form of TSH
can cross the placenta, such as that which Adams
(1958) considered might be the "exophthalmos-
producing factor".

Considering for the moment only those cases in
which antithyroid drugs were not concerned, there
are strong reasons for believing that excess maternal
TSH was responsible. It is clear from the generally
benign course of congenital hyperthyroidism and the
tendency to spontaneous recovery that this is not a
primary disease of the infant, but a transient dis-
turbance due to maternal influence. As the condition
is recognisable at or even before birth, it is
equally clear that the cause of the hyperthyroidism
is operating during intra-uterine life, and does not
lie in release of the foetus from maternal influence
at the time of birth.

The only maternal factor other than TSH which

need be considered is excess thyroid hormone, and this
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is readily dismissed because it would not cause
goitre or exophthalmos, and would not account for
the prolongation of thyrotoxic symptoms beyond a few
days. From the case histories, and from the TSH
assay studies already quoted, it can be seen that
most of the mothers have belonged to the small group—
of thyrotoxic cases in whom one might expect high
serum TSH levels.

It might be objected that the duration of symptoms
in all cases was greater than could be accounted for
simply by maternal thyrotropic stimulation of the
foetal thyroid; if this were the whole explanation,
the symptoms would disappear shortly after birth, as
soon as the excess TSH is eliminated. But if pro-
longed stimulation of the foetal thyroid has resulted
in a gland several times the normal size, then even
after the excessive stimulus has been removed the
increased volume of functioning tissue would account
for an abnormally high output of thyroid hormone.

Into this complex picture must be fitted the
influence of antithyroid drugs given to the mother
during pregnancy. We do know that the incidence of
congenital hyperthyroidism is very low, irrespective

of antithyroid drugs, but it is not known whether
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these drugs influence the likelihood of congenital
hyperthyroidism developing. It is arguable that

the 5 cases in which thiouracil derivatives had been
giﬁen may have been cases in which congenital thyro-
toxicosis would have occurred in any e#ent. The
demonstrably higher serum levels of TSH during
thiouracil treatment, and the occurrence of exo-
phthalmos in 3 of the 5 infants in this group, might
suggest that the same mechanism is operating.
However, there are good reasons for believing that the
role of antithyroid drugs is not confined to increag-
ing the maternal output of TSH.

Experimentally, transplacental transmission of
thiouracil and related drugs has been demonstrated in
the guinea pig (Hughes, 1944; Webster and Young,
1948; Webster, 1949; Logothetopoulos and Scott,
1956), in the rat (Goldsmith et al., 1945;
Freiesleben and Kjerulf-Jensen, 1947), in the rabbit
(Freiesleben and Kjerulf-Jensen, 1947; Krementz et
al., 1957), in the mouse (Kauffmen et al., 1948), and
again in the guinea pig by myself, in the next Section
of this work. It has further been shown that
development of a hyperplastic goitre in the foetal

guinea pig can be counteracted by the simultaneous
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administration of thyroxine (Peterson and Young,
1952). There is no reason to suppose that in the
human the small molecule of thiouracil behaves
differently. There is indeed one case on record
(Aaron et al., 1955) in which propylthiouracil
administration throughout pregnancy to a woman who
had no thyroid disease resulted in a congenital
goitre, apparently with normal thyroid function, in
the child.

A study of the mothers' and infants' histories
in the 5 thiouracil cases suggests that these form a
separate group, significantly different from the
other ("untreated") group of 8 cases. All the
thiouracil-treated mothers had a moderate to severe
degree of thyrotoxicosis during pregnancy, while in
6 of the untreated caseé thyrotoxicosis was absent
or only slight. Only one of the treated mothers had
had a previous thyroidectomy or radioiodine treat-
ment, compared with 6 in the untreated group, and in
none was exophthalmos the predominant symptom, com-
pared with 5 or perhaps 6 in the untreated group.
In the treated group, 4 out of 5 infants showed a
delay of from 3 days to 6 weeks in the onset of

symptoms, while in none of the untreated group was
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any such delay noted.

It is postulated here that antithyroid drugs
initiate a wholly different mechanism of stimulation
of the infant thyroid. It cannot be accepted that
they only delay the onset of the mechanism which
operated in the untreated group, as transplacental
transmission of maternal TSH could hardly be respon-
sible for thyrotoxicosis developing as late as the
6th week of life, or even the 8th day. In at least
4 of the treated cases, therefore, it would seem that
the infant's thyroid was responding to excess secre-
tion of TSH by the infant's pituitary. This could
be explained by the fact that during intra-uterine
life synthesis of thyroid hormone had been blocked by
thiouracil, resulting in a long-standing hyper-
activity of the thyrotropic cells of the foetal
pituitary; the thyrotropic hypersecretion could not
result in thyrotoxic symptoms until the thiouracil
had ceased to be effective. Thyrotoxicosis would
not therefore be expected to occur until some days
after birth, although the goitre might be clinically
evident at the time of birth (as in Case 12). A
rebound high uptake of radioactive iodine was

demonstrated in the foetal guinea pig by
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Togothetopoulos and Scott (1956) 3 days after with-
drawal of prdpylthiourééil from the mother. Per-
sistence of the thyrotoxic symptoms for some weeks
or months, with gradual spontaneous recovery, is
nofvdifficult of explanation. Just as in the un-
treated group the hyperplastic thyroid over-
secretes after the stimulus to hyperplasia has been
removed, if only because of the increased bulk of
the tissue now released from the abnormal stimulation,
so in the treated group the hypertrophic pituitary
continues to secrete excess TSH until, some weeks or
months after the influence of thiouracil is removed,
it slowly adjus‘ts itself to the normal pituitary-
thyroid equilibrium. |

If antithyroid arugs set the stage for thyro-
toxicosis developing shortly after birth, why have so
few cases been reported? It may be that many milder
cases have gone unrecognised, as the symptoms would
more readily escape notice in the newborn child than
in the adult; such cases could only be diagnosed by
modern laboratory methods, as in Case 2 of
Bongiovanni et al. (1956). In many cases the child
has been described as goitrous but euthyroid (Eaton,

1945; Herrera, 1948; Vérel, 1949; Iund, 1950;
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one of the twins reported by Saye et al., 1952;
Themdrup, 1952; Branch and Tuthill, 1957); in all
except the cases of Herrera and Thamdrup, anti-
thyroid medication had been continued until delivery.
A more serious objection to the above hypothesis is
that hypo- as well as hyper-thyroidism has been
reported in the offspring of thiouracil-treated
mothers (Morris, 1953; Elphinstone, 1953; Scerizza,
1954; Krementz et al., 1957; and Case 2 reported
here). In at least the last-mentioned case, as
already stated, the histological evidence does not
confirm that thiouracil was responsible for the
goitre.

It has often been suggested that thiouracil
treatment in pregnancy is dangerous to the foetus
only if the dosage is excessive (Caren, 1949;

Crooks, 1957, and many others). Only Elphinstone's
case of congenital hypothyroidism is & possible |
example of overdosage, the mother having been
rendered mildly hypothyroid with methylthiouracil.

In congenital thyrotoxicosis, overdosage does not
seem to be a factor, as at least 4 of the 5 cases were
inadequately controlled with thiouracil derivatives.

The duration of treatment is probably of greater
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significance. Continuation of treatment up to the
time of delivery in 4 of the 5 cases was probably
unwise, as it subjected the foetal thyroid to the
effects of thiouracil at a time when it is normally
in a state of great activity.

The histological findings in congenital thyro-
toxicosis unfortunately contribute little to our
understanding of the problem. Only 3 cases have
come to necropsy. In Case 1, White described a
hyperplastic goitre, but did not illustrate the
microscopic appearances; the description is rather .
vague, and appears to refer to the changes character-
istic of the normal neonatal thyroid as well as
those of hyperplasia. In Case 8, Skelton and Gans
illustrate a truly astonishing picture in which the
acinar structure is totally lost and the thyroid is
composed of small nodular aggregates of cells; thefe
is little resemblance to the picture of eithef a
normal or a hyperplastic thyroid. vThe'ohly fhiouracil—
treated case is the one described here, in which the

picture suggests involution in a hyperplastic gland.
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SUMMARY AND CONCLUSIONS

Three cases are described in which thyroid
dysfunction in pregnancy was followed by early death
of the infant.

In the first case, the mother had pituitary
myxoedema. The infant survived only 15 minutes, and
its thyroid was macroscopically and histologically
normal; there were congenital abnormalities of
heart and lung.

The second mother had thyrotoxicosis, treated by
thiouracil. The infant survived 13 days, and was
considered to be hypothyroid. Its thyroid was en—
larged, but, despite the high dosage of thiouracil to
which it had been subjected, the histological picture
was of a type which commonly occurs in the normal
newborn.

The.third mother had exophthalmic goitre, treated
by methylthiouracil. The infant was goitrous,
thyrotoxic and exophthalmic, and died on the 37th day.
The histological appearance of the thyroid suggeéted
involution of a hyperplastic state.

From a review of all the reported cases of

congenital thyrotoxicosis, it is concluded that there
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are two different mechanisms of pathogenesis. In
the first, maternal thyrotropic hormone crosses the
placenta and stimulates the foetal thyroid; +this is
the probable explanation in cases where the mother
has persistent exophthalmos, though not necessarily
persistent thyrotoxicosis following thyroidectomy{
and the infant is recognisably thyrotoxic at birth.
In the second mechanism, antithyroid drugs adminis-
tered to the mother during pregnancy block the foetal
synthesis of thyroid hormone and thus indirectly
stimulate the foetal pituitary; in these cases, the
onset of thyrotoxicosis is delayed, and is attribut-
able to the action of the infant's own thyrotropic

hormone.
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3. EXPERIMENTAL OBSERVATIONS

The studies of the neonatal thyroid in the two
preceding Sections raised almost as many questions as
they answered. The greatest handicap in studying the
human gland and its varying histological appearances
was the inability to exercise any control over the
many factors which might be implicated.

Over 50 litters of newborn guinea pigs have
therefore been examined, in order to gain more precise
information on some of the questions raised.

The objects were (1) to clarify the significance
of the epithelial desquamation and colloid depletion
noted in the human gland, (2) to note the occurrence
of the associated features of congestion, lymphatic
distension and inactivity of the peripheral zone,

(3) to determine whether the histological picture is
the same in animals dying spontaneously as in their
sacrificed littermates, and (4) to study the effects
on the neonatal thyroid of antithyroid drugs adminis-
tered to the mother during pregnancy and lactation.
As hyperactivity and post-mortem degeneration are the

two factors most often held responsible for the
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peculiar histological appearances of the human neo-
natal thyroid, particular attention was given to the
effects of thyrotropic stimulation and to the degen-
erative changes observed in the thyroid at measured
intervals after death. An attempt was made to
determine whether these factors, singly or in combina-
tion, could be employed to produce a histological
picture resembling that found in the human neonatal
thyroid.

In some instances, the possible factors were as
inextricably intermingled as in the human cases. For
example, if an animal died during the hours when the
animal house was unattended, the result was an inexact
death-fixation interval combined with (usually) an
unknown cause of death; in the case of stillbirths
there was the additional unknown factor of the interval
between intra-uterine death and delivery. Under such
circumstances, there was difficulty in gauging the
effect of any experimental procedure.

Uncertainty as to the precise hour of livebirth
proved to be less important, as there was no detectable
variation in the histological structure during the
first few days of life.

Except when otherwise stated, the histological
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descriptions refer to cases in which only one factor
was known to be implicated. |

The guinea pig was chosen as the most suitable
experimental animal for several reasons other than
its ready availability. The newborn guinea pig ié
of a sufficient size to allow easy identification of
its thyroid; the newborn rat proved to be far too
small. The effect of pituitary extract on the
thyroid is more intense in the guinea pig than in
other experimental animals (Thurston, 1933). The
guinea pig is one of the animals which does not nor-
mally show colloid depletion and collapse of the
acini in the neonatal thyroid (Benazzi, 1929); it
was therefore considered to be & suitable animal in
which to attempt to produce these changes experiment-
ally, unhampered by the possibility that they might'
occur as part of a normal physiological process. The
onset of physiological function in the foetal guinea
pig thyroid at the 28th day of foetal life
(Logothetopoulos and Scott, 1956), with a total gesta-
tion period of 66 to 72 days (Hughes, 1947), allows a
period of 5 to 6 weeks in which antithyroid drugs
administered to the mother might affect the foetal

thyroid. The corresponding periods of 4 days in the
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mouse (Speert et al., 1951) and 3 days in the rat
(Gorbmen and Evans, 1943) between the onset of
thyroid function and delivery, are too short. The -
rabbit is a poor animal for antithyroid drug studies
(Krementz‘et al., 1957), as only a limited response is
obtained even with high dosage.

The obvious disadvantage of the gﬁinea pig is the

relatively small number of animals in each litter.

METHODS

Animals were killed by chloroform. The neck
structures were removed in toto andvfixedrimmediately
in formalin. On the following day, the portion of
trachea bearing the thyroid was separated, and after
further fixation the tissue was dehydrated and embedded
in the usual way. In some instances, the thyroid was
dissected free and weighed; to minimise any fallacy
due to fixation, weighing was always carried out after
exactly 24 hours of fixation. Diagrams were drawn
repreéenting the size of the thyroid after fixation;
some of these diagrams are reproduced in Fig. 30.

Sections were cut at six levels from each blbck,

and at each level H and E, Masson's trichrome and
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P.A.S. stains were used.

Blocks were taken simultaneously from heart,
lung, liver, kidney, adrenal and sternum.

The experimental procedures are summarised below

(details of individual litters are given in Appendix 2).

1. Untreated newborn guinea pigs were killed at
varying intervals after birth; when the precise time
of birth was not known, the probable limits of the age
in hours are given.

2. All animals stillborn during the period of
the investigation were examined as soon as possible
affer delivery. Six guinea pigs died late in preg-
nancy, and the foetuses were extracted from the uterus.

3. Newborn guinea pigs were injected intra-
muscularly with a preparation of thyrotropin supplied
by Armour & Co., Chicago, and were killed at varying
intervals up to 96 hours after injection. Each
injection of thyrotropin was equivalent to 15 mg.
Armour standard.

4. Antithyroid drugs were administered to
prégnént guinea pigs by substituting solutions or sus-
pensions of the drugs for drinking water, and adminis-
tration was continued during lactation. The three

substances used were thiouracil, in concentrations of
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0.1%, 0.05% and 0.005%, potassium perchlorate, in
concentrations of 0.1% and 0.005%, and carbimazole
("Neomercazole"), in concentrations of 0.005% and
0.0005%. Despite the very low solubility of
thiouracil, this method proved to be satisfactory.

The lower concentration of each drug represenfed
a dosage per kilo equivalent to, or just a little
higher than, the usual human therapeutic dosage.

Most of the offspring were killed within 24 hours
of birth. Others were sacrificed at intervals up to
the time of weaning, and some neonates were suckled by
untreated sows.

5. Aﬁtdpsy wag carried out on some animals at
measured intervals uﬁ”to 5 days after death. One of
a litter was examined and the tissues fixed immediately,
while the others were allowed to remain at normal
animal-house temperature (about 20°C) between death and
autopsy. This method was used to asséss the effect
of autolysis in normal neonates, in thevstillborn,
after TSH injection, and after administration of anti-

thyroid drugs during géstation.
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RESULTS

1. The normal guinea pig thyroid

The weights and relative weights (thyroid weight
in mg. divided by body weight in g.) are listed in
Table 13A. In the mature neonate, the relative
weight ranged from 0.38 to 0.43, while higher values
were found in the immature. The average for six neo-
nates,mafure and immature, was 0.44 - that is,

0.00044 or 1/2300 of the body weight. The relative
weight in 3 untreated adult guinea pigs was 0.15, 0.16
and 0.08, and was therefore one-third or less of the
relative weight in the newborn.

The thyroid isthmus was usually absent in the
newborn, and was always absent iﬁ the adult.

Histological structure at birth: The gland was

composed of rounded or polygonal acini, with few
interacinar cells (Fig. 31). The acini were filled
with deep-staining colloid which; with the fixation
method used here,was retracted from the margins but
was seldom vacuolated. The epithelium lining the
acini was cuboidal or low cuboidal. The nuclei were
vesicular, rounded in the cuboidal cells but tending

to be elongated when the epithelium was lower. The
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cytoplasm was not vacuolated, and cytoplasmic granules
were not seen with any of the staining methods used;
the cell boundaries were well defined. The row of
cells lining the acinus was always intact, and
desquamation of the epithelium was not seen in any
instance. Rarely, cells with deep-staining nuclei
and abundant cytoplasm, apparently macrophages, were
seen within the colloid.

In several glands, there were isolated dilated
acini, usually empty, lined by flattened or rarely
stratified epithelium; occasionally two or three such
acini appeared to be in communication with one another.
Within the substance of the thyroid, also, there were
sometimes islets of parathyroid tissue, and, less
often, of thymus.

There was constantly an easily-recognised dis-
tinction between the centre and the periphery of the
gland, and usually a narrow intermediate zone could
also be distinguished. The central zone occupiéd by
far the largest area; +the acini were large, sometimes
of rather irregular outline, and were well filled with
colloid. The lining epithelium was perceptibly
taller in this zone than elsewhere, though the height

rarely exceeded the breadth of the cells.
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In the intermediate zone, the acini were smaller
and more often rounded, and the colloid staining was
relatively weak.

The peripheral zone usually consisted of a single
row of acini which were oval or pear-shaped, with
their long axes directed towards the centre of the lobe.
The epithelium was lower than in the other two zomnes,
especially at the peripheral margin of each acinus,
where it could be justifiably described as "endo-
thelioid". In H and E sections, the staining inten-
sity of the colloid differed little from that in the
central zone, but in trichrome and P.A.S. sections
it was seen to be considerably greater.

The larger blood vessels were congested, but blood
corpuscles were not seen in the interacinar
capillaries.

Colloid-like substance was seen in the lymphatics
in only two of 14 cases, once within the gland and
once just outside the capsule. In each instance, a
single narrow lymphatic channel was seen. Neither
gland showed any evidence of increased activity.

Colloid-like substance was more often seen in
the veins.

Groups of lymphocytes were present in the
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connective~tissue septa in most glands.

In one case, there wére scanty small haemorrhages
into the colloid, unaccompanied by épithelial
desquamation or other abnormality.

Neither the birth-weight nor the age in hours
had any demonstrable effect on the histological
picture, whether judged by a comparison of unrelated
neonates or by a comparison of littermates of differing
birth-weight or age. At the age of 16 days, the
histological picture remained the same.

In the adult guinea pig thyroid, the basic struc-
ture was the same, though part of the gland was
replaced by fat. The distinction between the central
and peripheral zones was as clear as in the newborn;
the epithelium, however, tended to be lower, and the
peripheral zone of acini lined by flattened epithelium
was much broader. Clumps of interacinar cells were
numerous in the.central zone.

Lymphocytes were fewer than in the newborn;
neither macrophages nor epithelial cells were seen in
the acinar lumina.

Rarely, single acini were lined by stratified
epithelium; these were often empty, but sometimes

contained discrete strands or particles which were
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intensely P.A.S.~positive, or a homogeneous substance

of the same staining intensity as colloid.

2 Stillbirths and intra-uterine deaths

Some of the stillborn animals were macerated, and
were of little value for studying the histology of
the thyroid. The following description refers only
to those cases in which post-mortem changes were
negligible in the other organs examined.

The histological picture in the stillborn did not
show the same uniformity as in the normal neonates,
both colloid content and epithelium varying from case
to case.

Colloid depleﬁion was usually considerable, and
often the surviving colloid showed marked peripheral
vacuolation (Fig.’32). Colloid depletion was greatest
in the intermediate zone, and least in the peripheral
zone,

The lining epithelium was normal in many cases,
but in others it was slightly taller, often varying
from one acinus to another; large hyperchromatic
nuclei were seen in a few instances, and in one there
were scanty mitotic figures (Fig. 34). The cyto-

plasmic margins tended to be indistinct. Occasional
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segments of taller epithelium showed displacement of
the nucleus to the centre of the cells, and P.A.S.-
positive granules were present in the cytoplasm;
sometimes similar granules were seen in the inter-
acinar cells. Vacuolation of the cytoplasm was
uncommon, and was more often diffuse than localised
to the base of the cell. (Figs. 34, 35).

Desquamation of the epithelium was seeﬁ in only
one case, in which it was accompanied by early dis-
integration of the row of lining cells (Fig. 33). 1In
another, a few nuclei were protruded towards the lumen,
but the cells had not completely separated from the
lining (Fig. 34).

Congestion was usually much greater in the still-
born than in the sacrificed liveborn, irrespective of
the structure of the acini. It affected the inter-
acinar capillaries as well as the larger vessels, and
in every instance it was paralleled by increased con-
gestion in the neighbouring tissueé and in the
abdominal viscera. | | .

Distension of the lymphatics by colloid-like
substance was seen in most instances, involving the
lymphatics both within and outside the gland, and

sometimes the degree and extent of the distension
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eciualled that already described in the humen neonatal
thyroid. It occurred especially in those glands
showing peripheral vacuolation of the colloid, and in
those showing vacuolation of the cytoplasm (Figs.
32, 35).

The offspring of two untreated sows dying late
in pregnancy are of impor tance here, although again
the death-fixation interval is not known. (In a
third litter, autolysis had proceeded too far for
useful study). In each case, autopsy was carried out
within a few hours of the mother's death, and 3
foetuses were found in utero. The foetal viscera all
showed some degree of autolysis, while the maternal
tissues did not. The foetal thyroids were devoid of
colloid and of colloid-like substance in the lymphatiecs.
The acinar epithelium was detached, here and there the
row of cells was disintegrating and epithelial cells
were seen in many luminaj; degenerafive changes in
the nuclei were not advanced. - The resulting picture,
although suggestive of autolysis, was unlike that
produced by deliberately delaying fixation in the
normal neonatal thyroid.

There were only three spontaneous neonatal deaths

among the untreated animals - at a few hours, at 3
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days, and at 5 days. The thyroids showed no abnor-
malities which could not have been due to autolysis

alone.

3. The effects of thyrotropic hormone

Eight newborn animals were given single injec-
tions of TSH, and killed after intervals of 20 to 96
hours. The tissues were fixed immediately after
death. Untreated littermates were examined simul-
taneously.

At 20 hours after injection, the acini were
slightly reduced in size, and had become definitely
irregular in outline. The colloid stained poorly,
and showed large peripheral vacuoles. The lining
epithelium was cuboidal or high cuboidal, with vesicu-
lar nuclei; +there was no desquamation or cytoplasmic
vacuolation. The peripheral zone was unaffected, as
regards both epithelium and colloid content.

At 23 to 28 hours, there was further colloid
depletion; +the acini of the intermediate zone were now
empty, and those in the central zone contained only
faint-staining strands (Fig. 36). The epithelium was
now cuboidal even in many peripheral acini; many of

the nuclei were hyperchromatic, and tended to be
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displaced towards the apex of the cell, though there
was no vacuolation of the basal cytoplasm. Mitotic
figures were seen for the first time in the 28~hour
specimen. P.A.S.-positive cytoplasmic granules were
seen in one case.

At 44 to 46 hours, epithelial hyperplasia and
colloid depletion were further advanced. The acini
were now enlarged and irregular, with infoldings of
their walls. Colloid persistéd as faint strands in
the central zone, bﬁt was absent elsewhere. The epi-
thelium in the central and intermediate zones was
columnar. In the peripheral gzone, it was high
cuboidal in the greater part of each acinus, while at
the peripheral margin of the acinus it remained low
cuboidal or flat. The nuclei were enlarged, and
varied considerably in shape; some showed prominent
clumps of chromatin, while others were uniformly dark-
staining. The majority of the nuclei were situated
at the base of the cell, but some were displaced
towards the apex and others - especially if hyper-
chromatic or undergoing mitosis - protruded beyond
the apical margin of the cell into the lumen (Fig.37),
in much the same menner as the dividing nuclei of a

proliferative endometrium project into the lumen.
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Rarely, the cells lay free in the lumen (Fig. 38).

Other cells in the lumen resembled macrophages
rather than epithelial cells. Sometimes they were
fused to form a giant cell in which the nuclei either
formed an irregular clump, or were arranged in a
peripheral ring around a central mass of P.A.S.-
negative cytoplasm.

At 96 hours, hyperplasia was increased (Fig. 39)
but there was no further loss of colloid. Most of
the acini now showed papillary projections into the
Jumen, and the epithelium was columnar even in the
peripheral acini. Mitotic figures were most numerous
at this stage, but the nuclei had reverted to the
central or basal position and there was no suggestion
of desquamation. Scanty red cells were seen in the
lumina.

At all stages, there was appreciable congestion
of the inter-acinar capillaries. Colloid-like sub-
stance in the lymphatics provided a very different
picture from that seen in the stillborn: it took the
form of very narrow interacinar strands, just pgr—
ceptible in P.A.S. sections, and did not involve the

larger lymphatic channels.
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Large acini lined by flat epithelium did not share

in the hyperplasia, or showed only mild changes
(Fig. 36).

4. Effect of antithyroid drugs administered during
gestation. .

Thiouracil was administered to 8 pregnant guinea

pigs, potassium perchlorate to 9, and carbimazole to
T The offspring were born with congenital goitres.
They showed no exophthalmos, no abnormalities of
behaviour, and no evidence of respiratory distress.
At autopsy no abnormality was detected in any organ
other than the thyroid; the bone marrow was of
normal cellularity.

The isthmus was well developed in most of the en-
larged thyroids, but was sometimes absent even with
massive enlargement of the lateral lobes (Fig. 30).

The relative weights of the thyroids were increased

up to 5 times the normal value for a mature newborn
guinea pig (Table 13C). They did not show the con-
stancy observed in the untreated animals, and there‘
were considerable differences even in littermates.
Given in the same concentration, thiouracil produced
generally greater increases in weight than did

potassium perchlorate. Carbimazole, even when given
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in the same concentration (though supposedly 10 or
more times as potent) caused no greater enlargement
of the thyroid than did potassium perchlorate.

The relative weights of two adult thyroids follow-~
ing thiouracil and potassium perchlorate administra-
tion (Table 13D) 4id not reach the values for the
untreated neonate.

Histological picture in the thiouracil- and

potassium perchlorate-treated neonates: After admin-
istration of the drugs in the lowest concentration
(0.005%), the central acini were larger and perhaps
more irregular than normally, but without papillary
infoldings (Fig. 40). Colloid depletion was con-
siderable only in the intermediate zone. The epi-
thelium was cuboidal or high cuboidal for the most
part, and was only a little lower in the peripheral
zone than elsewhere. Of the three litters treafed
with this concentration of each drug, one in each
group showed columnar epithelium. The nucleli were
basally situated; some were hyperchromatic, but
there were no mitotic figures. The cytoplasm was
not vacuolated; in one case, a few segments of
epithelium showed strongly P.A.S.-positive granules.

With a concentration of 0.05% (thiouracil only),
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and similar duration of treatment, hyperplasia and
colloid depletion were more advanced. In one case
where thiouracil administration was begun only two
days before delivery, there was no detectable effect
on the neonatal thyroid. f

With a concentration of 0.1%, hyperplasia was
intense and colloid was absent (Figs. 41, 45).  The
epithelium was uniformly columnar, and some hyper-—
chromatic nuclei were displaced towards the apex of
the cell; there was no desquamation of the epithelium.
Clusters of fuchsinophil P.A.S.-negative granules were
seen in some cells in the central zone.

In spite of the uniformly colummar epithelium,
the peripheral zone was still easily recognisable in
that the acini retained their normal size and shape.

With all concentrations, there was no increase
in intra-acinar macrophages, and no increase in
lymphocytes. Colloid-like substance in the lymph-
atics was as inconspicuous as in the untreated
neonates.

Variations in the degree of hyperplasia occurred
even with identical concentrations of each drug.
These were not due to differences in the ages of the

animals, as only those examined within 24 hours of
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birth are considered here, nor were they due to
differences in the duration of treatment, as hyper-
plasia was no less intense after 17 days than after
35 days or more. Varying daily intake of the drug
may have been a factor.

Hyperplasia was in general more marked in the
thiouracil-treated than in the perchlorate-treated
animals. Another difference between the two drugs
was in the degree of congestion produced in the
thyroid. With the lower concentrations, congestion
was evident only after perchlorate treatment. With
the higher concentrations, congestion was notable in
all cases, and was definitely greater in those treated
with perchlorate. In one remarkable casé, in which
there had been only 17 days of 0.1% potassium per-
chlorate administration ante-natally, the right lobe
of the thyroid was enormously enlarged macroscopically,
(Fig. 30) and was greenish-black. Microscopically,
almost the entire lobe was destroyed by old and
recent haemorrhage (Fig. 42). |

Neither drug produced any hyperplasia in the
flattened or stratified lining of abnormally large

acini (Fig. 40).



- 99 -

The effect of carbimazole was relatively mild.

The concentrations used were 0.0005% and 0.005%, in
the expectation that carbimazole would produce similar
effects in one-tenth of the concentrations used for
thiouracil. Hyperplasia and colloid depletion were
not striking (Fig. 43), in spite of weight increases
comparable to those produced by potassium perchlorate.
The case with the longest duration of treatment - 34
days - showed the most pronounced hyperplasia (Fig.
44), but was yet less hyperplastic than the goitres
produced by the same concentrations of thiouracil or
potassium perchlorate.

Hyperplasia eéual to that produced by the other
drugs was seen only in one litter. The concentration
of carbimazole administered to the mother had been
increased after 22 days from 0.0005% to 0.05%, and
continued at this high level until death of the
animal - presumably from the effects of the drug -

12 days later. In the foetal thyroids, irregu-
larity of the acini and heightening of the epithelium
were no less than were obtained with the 0,05%
thiouracil.

To judge the effect of antithyroid drug secretion
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in the mother's milk, administration was continued
after parturition, and some of the offspring were
sacrificed at intervals up to 16 days. For comparison,
three other neonates were suckled by untreated mothers,
and two normal of fspring of untreated mothers were
suckled by animals receiving antithyroid drugs.

When administration was continued during lactation,
some regression of the hyperplasia occurred in the
thyroids of the offspring. Re-filling of the acini
with colloid, beginning at the periphery of the gland,
occurred before there was any detectable fall in the
height of the epithelium. With 0.05% thiouracil,
re~-filling was already evident at 2 days, and some fall
in the height of the epithelium was seen at 7 days.

At 16 days, both colloid content and epithelium had
reverted to normal, and the hyperplasia left its mark
only in the persistent enlargement of the acini in the
central zone.

With 0.1% potassium perchlorate, as would be
expected, involution was slower. Colloid was still
absent at 5 and 9 days; there was considerable re-
filling at 12 and 14 days, but the epithelium

remained high cuboidal. Only one case with similar
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dosage of thiouracil is available for comparison: at
3 days, there was considerable re-filling with colloid
and a slight fall in the height of the epithelium.

Regression was more rapid in the two 0.1%-
perchlorate-treated neonates suckled by untreated sows.
At 12 and 14 days, colloid re-filling was almost
complete and the epithelium had reverted to cuboidal
or low cuboidal; enlargement of the acini persisted
(Pig. 46).

Intra-acinar macrophages, which were rare in the
normal gland and in the drug-induced goitres at birth,
became more numerous during regression (Fig. 47).

The increase was already evident 2 days after birth,
and was still present at 16 days; it occurred both in
those receiving transmammary antithyroid drugs and in
those suckled by untreated sows.

The lesser effectiveness of transmammary as com-
paréd with transplacental passage of antithyroid drugs
was demonstrated again in the three normal neonates
suckled by treated sows. Fourteen days of trans-
mammary 0.1% potassium perchlorate resulted in only a
mild hyperplasia, confined to the central zone; 14
days of 0.05% thiouracil, and 12 days of 0.005%

carbimazole, had no detectable effect. The duration



- 102 -

of treatment in this v;ay was of course limited by the
occurrence of weaning at about 2 weeks, but the
transplacental experiments had already shown that
hyperplasia had reached its maximum at 17 days.

The effect of antithyroid drugs on the maternal

thyroid was comparatiﬁely slight. The fat deposits
disappeared, and were replaced by glandular tissue.
The central zone of cuboidal epithelium was more
extensive than in untreated animals, leaving onlyla
single row of acini af the periphery unaffected.
Colloid depletion was negligible.

With the highest concentration of thiouracil,'the
epithelium was columnar. Colloid persisted in many
of the acini.  Macrophages and multinucleate cells
appeared within the lumina (Fig. 48) and lymphocytes
were more numerous in the stroma.

Administration of the drugs was discontinued after
lactation, and the animals were re-mated. They showed
no loss of fertility, and in one litter born 12 weeks
after cessation of treatment the neonatal thyroids were

normal in weight and in histological appearance.
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5. The effect of autolysis under diiigrent conditions

Autolysis did not proceed at the same rate in all
glands, eveﬁ when they were subjected to identical
conditions and (judging by the appearances in litter-
mates) were histologically similar. Unexplained
variations in the rate of post-mortem change were well
shown in the liver and kidney as well as in the thyroid.
However, it is possibie to form a compbsite picture of
the stages of autolysis by studying all the glands in
which fixation was delayed for a measured interval
after death.

In the untreated neonate, the earliest change was

colloid depletion. This was shown by a gradual
reduction in the intensity of staining (Fig. 49), the
reacfion becoming fainter until it was no longer
detectable; only rarely did loss of colloid develop
at the periphery of the lumen, leaving a central mass
of colloid unaffected (Fig. 50).

The next stage, which usually began before
absorption of colloid was complete, was detachment of
the epithelium from the acinar wall. An early and
inconstant form was the appearance of vacuoles in the
basal cytoplasm, with preservation of the intercellular

boundaries and displacement of the nuclei towards the
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lumen. The epithelium then became totally separated
from the acinar wall and persisted as an intact ring
of apparently normal cells (Figs. 49, 50). Iater,
the nuclei underwent pyknosis, and some disappeared.
When the nuclear substance no longer gave any staining
reaction with haematoxylin, the ring of cytoplasm
still remained intact (Fig. 51). Desquamation of
cellsvinto the lumen did not occur at any stage.

When colloid-like substance was present in the
lymphatics, it disappeared during post-mortem degener-
ation in the same way as did the intra-acinar colloid.

In the peripheral zone, the process of autolysis
was considerably slower than elsewhere. loss of-
colloid, detachment of the epithelium, and pyknosis
and disappearance of the nuclei all lagged behind the
corresponding changes in the central zone, so that at
an intermediate stage the periphefal acini retained
their normal appearance while the central acini showed
loss of colloid and detachment of epithelium (Fig. 49),
or nuclei survived at the periphery when they were
absent elsewhere (Fig. 51). Disappearance of fhe
nuclei generally occurred in the central zone at 3 to
4 days, and in the peripheral zone a day or two later.

When the process was complete, the two zones could no
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longer be distinguished.from one another.

Of the other organs examined, only the adrenal
showed a similar preservation of the peripheral zone
during autolysis. | N

Autolysis in the stillborn could not be studied

so satisfactorily; even when there was more than one
stillbirth in a litter, one could not know whether

the interval between intra-uterine death and delivery
had been the same in each. One litter of four still-
births in which all were free from obvious maceration
was studied by fixing the tissues as soon as possible
in two, and after delays of 49 and 73 hours in the
other two; the process of autolysis did not differ
from that already described.

Antolysis in TSH-injected animals: Fixation was

delayed for varying periods up to 5 days after sacri-
fice in TSH-injected neonates, using as controls
similarly injected littermates with immediate fixation
and non-injected littermates with similar delays in
fixation.

The stages of autolysis were broadly the same as
in the non-injected animals (Fig. 52). Protrusion of
the nuclei into the lumen, occurring at the 23 to 46

hour stages of activation, was not accentuated by
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autolysis. In 3 of the 7 animals in which fixation
was delayed for a measured period, however, there was
some disintegration of the acinar lining, especially

in the central zone (Fig. 53). The result was a
picture not unlike that described in the neonatai
thyroid, differing in that disintegration did not occur
until the nuclear substance had almost ceased to stain.
The greatest degree of disintegration occurred in the
animal sacrificed 46 hours after injection.

An attempt to determine whether autolysis pro-
ceeded at a different rate in the thyroids of in-
jected and non-injected animals gave curiouslj
inconstant results (Table 14). In 5 instances,
injected animals and littermate controls were sub-
jected to identical delays in fixation. As judged
by the degree of epithelial detachment, and of pjknosis
and disappearance of nuclei, 1 case showed considerably
more rapid autolysis in the injected animal, 3 éhowed
slightly more rapid autolysis in the contrdls, and in
one case the rates were about equal.

In two instances, segments of P.A.S.-positive
cytoplasm were seen in the autolytic glands while
they were absent from the immediately-fixed TSH-

injected controls.
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Autolysis in thiouracil and potassium perchlorate

goitres: In addition to the animals which died
naturally ahd were not autopsied immediately, there
were 4 litters in which the animals were subjected to
measured delays in fixation, ranging from 29% to 97
hours. Two had been treated with thiouracil and twd
with potassium perchlorate.

In all cases, post-mortem degréneration began
with loss of any remaining colloid, followed by basal
vacuolation and then detachment of the epithelium,
pyknosis, and finally disappearance of the nuclei with
persistence of a shrunken but intact ring of cyto-
plasm (Figs. 54, 55, 56). Desquamation or disinte-
gration of the epithelium did not occur at any stage.
The autolytic process was notably retarded in the
peripheral zone.

Autolysis thus took the same form as in the un-
treated thyroid. Whether or not it proceeded at the
same rate is uncertain, as with this method. there can
of course be no untreated littermate controls.
Comparison with the untreated neonates which were
subjected to measured delays in fixation did not
provide conclusive evidence of any difference in the

rate of autolysis.
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DISCUSSION

Before considering the significance of the results
in relation to the human neonatal thyroid, it would be
well to note the differences between the normal thyroid
in the two species. The guinea pig thyroid, unlike
the human thyroid, is relatively much heavier in the
newborn than in the adult. The thyroid in the new-
born guinea pig is composed of well-filled acini, with
few interacinar cells; +the epithelium is cuboidal or
low cuboidal, but never columnar, and at the periphery
of the gland it is flattened. Desquamation of the
epithelium does not occur, and colloid-like substance
in the lymphatics is inconspicuous. Lymphocytes and
intra-acinar macrophages are normally present, as was
noted by Gray and Loeb in 1928.

The invariable acinar structure, and the lack of
- columnar epithelium, are in contrast with the picture
seen in the human neonate and in many other species.
The newborn guinea pig is an active animal, and a
comparative study by Benazzi (1929, 1932) demonstrated
that the typically acinar structure, with abundant
colloid, occurs in the thyroids of active neonates,

while in inactive neonates, such as the mouse, the
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gland is composed of solid cords and of acini con-
taining little colloid and lined by téll epithelium.
The implications of the findings will be con-
gidered first in relation to the histological structure
of the normal human thyroid at birth, and then in
regard to the problem of congenital goitre. In the
normal human thyroid, the main point at issue was the

significance of the acini designated types B and C.

The type B acinus

Basal vacuolation of the epithelial cytoplasm,
associated with colloid depletion, was seen as an
early stage of post-mortem degeneration both in normal
and in activated guinea pig thyroids. Activation
alone did not result in basal vacuolation, as was
noted also by Ponse and Altschuler (1940) and Ponse
(1951), though it has been reported as doing so in
other species (p. 28).

Normal acini undergoing autolysis sometimes
closely imitated the type B acini described in the
human thyroid; +the resemblances between Fig. 50
(autolysis in the guinea pig thyroid) and Fig. 3
(human neonatal thyroid) are considerable. One

cannot but accept that, at least in some instances, the
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type B acinus in the human thyroid is a post-mortem
artefact.

The persistence of well-stained colloid, deeply
indented by peripheral vacuolation, however, was
common in the type B acini in the human thyroid;
this was rarely seen in the guinea pig thyroid under-—
going autolysis. The peripheral vacuoles are
probably a fixation artefact (De Robertis, 1941), but
indicate that active colloid resorption was occurring
during life. Such acini, and those associated with
colloid-like substance in the lymphatics (which is not
a post-mortem phenomenon) can be accepted as examples
of hyper-activity. Moreover, basal vacuolation in
experimental autolysis has not been seen to occur with
such a short death-fixation interval as in many of the
human cases, and it occurred only as a transient stage
before complete separation of the epithelium from the -
acinar wall. In the human cases, the incidence of
type B acini varied little whatever the death-fixation
interval.

The observations indicate that the type B acinus
in the human neonatal thyroid may often be a con-
sequence of post-mortem degeneration, but do not

affect the likelihood that other instances are a
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manifestation of hyperactivity.

The type C acinus

It may be said straight away that none of the
“experimental procedures used were successful in
bringing about the epithelial desquamation and dis-
organisation of acini designated Type C in the
description of the human neonatal thyroid.

Autolysis, whether in the normal gland or in the
goitre produced by antithyroid drugs, resulted in
colloid depletion, separation of the epithelium from
the acinar wall, and eventually collapse of the
acinus, but the row of epithelial cells remained in-
tact and epithelial cells did not appear in the lumen.
Even when autolysis had proceeded so far as to cause
complete disappearance of the nuclei, the remaining
cytoplasm still formed an intact ring.

Both thyrotropic hormone injection and the admin-
istration of antithyroid drugs (which results in
prolonged thyrotropic stimulation) produced for the
- most part the conventional picture of epithelial hyper-
plasia, without loss of the normal acinar structure.
The much higher doses of thyrotropic hormone used by

Weber and Bettini (1956) in experiments on the rat



- 112 -

gave different results. Injections on alternate days
for several weeks produced first an intense hyper-
plasia, followed by the picture of "functional
exhaustion" (Fig. 23) in which the nuclei were pyknotic
and the cells were desquamated into the lumina.

In the present experiments, little desquamation
followed single injections of thyrotropic hormone.
Between 44 and 48 hours after injection, the picture
suggésted incipient desquamation, though few cells
separated completely from the lining; thereafter, the
more advanced stages of desquamation did not develop,
and the displaced nuclei seemed to revert to their
normal position.

The picture closest to that seen in the human
'néonatal thyroid was produced by combining the effects
of activation and autolysis (Fig. 5% ). It is perhaps
significant that autolysis produced this effect only
at one stage of activation; it did not do so at
earlier or later stages, nor in the gland subjected fo
long-standing thyrotropic stimulation by administration
of antithyroid drugs. The stage at which this change
occurred was the one at which the calloid depletion,
though not the hyperplasia, had reached its maximum,

and is therefore the stage at which there would be
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the greatest content of proteolytic enzyme in the
thyroid. Only at this stage, too, did autolysis
occur more rapidly in the activated than in the un-
treated thyroid.

On the other hand, in a proportion of untreated
animals dying spontaneously before or during birth, the
thyroid showed changes similar to those occurring in
the human gland, though of lesser degree. The se
glands had inevitably undergone some degree of auto-
lysis, which was not susceptible to the same precise
control as in the animals which were sacrificed.  The
epithelial desquamation and disorganisation of acini
contrast sharply with the appearances observed during
autolysis in the normal thyroid, so that whatever part.
autolysis played in the stillborn, it is unlikely to
have been solely responsible. It must be admitted
that the different environmental conditions in utero
might result in some modification of the autolytic
process, but some of the signs of increased activity
in the stillborn are undoubtedly of ante-mortem
origin.

Of especial interest is the stillbirth illustrated
in Fig. 34. This thyroid showed what appeared to be

an early form of desquamation. While most of the
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nuclei remained in the basal position, a few had
moved towards the apex or even protruded beyond the
apical margin of the cell into the lumen - a picture
very similar to that seen in the TSH-activated
thyroid (Fig. 37). The presence of hyperchromatic
nuclei and of scanty mitotic figures added to the
resemblance, leading to the conclusion that this
thyroid had been subjected to endogenous thyrotropic
stimulation a short time before death.

It has already been shown (Fig. 53) that autolysis
alone, in the activated gland, may result in some dis-
integration of the epithelial lining but does not
produce the typical picture of desquamation; clumps
of cells do not appear in the lumina, and disintegra-
tion occurs only when the nuclei have already dis-
appeared. The examples of established desquamation
in the stillborn, such as that illustrated in Pig. 33,
must be attributed to further thyrotropic stimulation,
with autolysis playing at the most an accessory role.

These findings strengthen the suspicion that in
the human neonatal thyroid, similar changes are to some
extent a result of the factors which cause death; they
are perhaps less likely to occur in surviving infants,

in whom of course there can never be an opportunity to
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study the thyroid histologically.

The lower frequency of these changes in the
guinea pig thyroid is only to be expected, this
animal having been deliberately chosen as the one

least likely to show the changes spontaneously.

The less active peripheral zone

This was as evidentiin the guinea pig thyroid as
in the human thyroid at birth, and as evident in the
adult as in the newborn guinea pig. The anatomical
separation of two zones of differing functional
activity is a fortunate arrangement for the study of
their response to abnormal conditions. The peri-~
pheral zone was not only less active in the normal
animals examined, as judged by its flat epithelium
and deeper-staining colloid, but showed a slower
response to thyrotropic stimulation; in the later
stages of the response, the hyperplasia in the peri-
pheral zone began to approach that in the rest of the
gland. In the response to antithyroid drugs, too,
and in the return to normal after withdrawal of the
drugs, the lesser activity of the peripheral zone was
evident.

The presence of the two distinct zones is of

greatest value in the study of the autolytic process.
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It was suggested in the discussion on the human neo-
natal thyroid that the rate of autolysis might be
related to the degree of physiological activity in

the acinus. Comparisons of autolytic changes in the
normal and activated guinea pig thyroid gave equi-
vocal results, partly perhaps because of the diffi-
culty in controlling all the factors affecting the
rate of autolysis. More constant results were obtained
by comparing the rates of autolysis in the central and
peripheral zones of individual glands, thus excluding
the unknown factors which might influence the rate
even in littermates subjected to identical delays in
fixation.

Examination of many normal glands at differing
intervals after death left no doubt that the rate of
autolysis is indeed related to the degree of activity
of the acini. Detachment of the epithelium from the
acinar wall, and degenerative changes in the nuclei,
occurred first in the central zone; but by the time
similar changes were occurring in the peripheral zone,
the nuclei in the central gzone had begun to disappear.
After 4 to 5 days, all nuclei had disappeared,.and
only a slight differencé in the diameters of the

surviving cytoplasmic rings remained to distinguish



- 117 -

one zone from the other.

With such a narrow peripheral zone, and with
equal preservation of the exposed margin and the
margin attached to the trachea, there can be no
question of more rapid fixation of the peripheral
zone leading to its better preservation. Presumably
the peripheral preservation noted in the autolytic
adrenal is similarly related to differences in
functional activity of the "adult" and "foetal"

cortex.

Colloid-like substance in the lymphatics

This phenomenon occurred in very minor degree
both in normal glands and in those modified by TSH or
antithyroid drugs. Accumulation of sufficient sub-
stance in the lymphatics to cause distension was seen,
as in the human gland, in association with loss of
colloid from the acini and desquamation of the epi-
thelium, and So was confined to a few stillborn cases.

Examination of the guines pig thyroid has not
solved the problem of the colloid-like substance.

It has shown, however, that the phenomenon is not
produced by subjecting either the normal or the hyper-

plastic gland to post-mortem degeneration, and has
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confirmed its association with colloid depletion and
disorganisation of the acini. Its occurrence during
life, under these circumstances, lends some support
to the view that the substance is indeed colloid, or
a constituent of colloid.

Whether or not this is the true significance of
the colloid-like substance, it seems that its presence
will be of value in studying the human thyroid, where
there is so often difficulty in distinguishing ante-
mortem '"neonatal changes" from the effects of post-
mortem degeneration. In doubtful cases, its presence
will be a strong indication in favour of true ante-

mortem change.

Congestion

The experimental observations provide an oppor-
tunity of testing the proposition that the congestion
So commonly seen in the neonatal thyroid is a measure
of its hyperactivity.

In the guinea pig, undoubted congestion of the
thyroid followed administration of thyrotropic hormone,
and of antithyroid drugs. The degree of congestion,
however, did not approach that occurring in the

stillborn, where the thyroid shared in the generalised
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congestion of all the viscera, whatever the degree of
activity of the gland.

The hyperaemia associated with increased activity
must therefore be of little cohsequence in comparison
with the intense congestion associated with an
asphyxial death. Only in the animal killed instan-
taneously could the state of the blood vessels be
accepted as reflecting the degree of activity of the
thyroid.

Evidently the degree of_congestion is of no value
as a measure of the functional state of the human

thyroid at birth.

The abnormally large acini

The presence of a few abnormally large acini,
lined by flat or stratified epithelium and often
empty, suggests that such acini represent non-
thyroidal tissue incorporated within the gland; so
also does their poor response to thyrotropic stimu-
lation. Such "acini", though closely similar to
functioning thyroid tissue (Kingsbury, 1935b) are
probably of ultimo-branchial origin (de Winiwarter,
1933). The presence of develoﬁﬁental inclusions

within the thyroid is discussed in Section 5.
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The effect of antithyroid drugs administered to the
mother during pregnancy and lactation

Reference has already been made (p. 71) to

experimental work demonstrating the transmission of
antithyroid drugs across the placenta in the guinea
pig, rat, rabbit and mouse.

Goldsmith et al. (1945) postulated three mechan-
isms by which feeding of thiourea to pregnant rats
might cause thyroid enlargement in the offspring:

(1) Passage of the drug through the placenta.

(2) Lowered thyroxin production by the mother, so that
the foetus receives less thyroxin than normally and
responds by increasing its own output. (3) Passage
of maternal thyrotropic hormone through the placenta.
The experiments of Peterson and Young (1952), who
administered propylthiouracil, thyrotropin and
thyroxin to pregnant guinea pigs, demonstrated that
in this animal at least passage of the drug through
the placenta is the most probable mechanism. The
antithyroid drug blocks the synthesis of thyroid
hormone by the foetal thyroid, leading to hyper-
secretion of TSH by the foetal pituitary.

Thiouracil, potassium perchlorate and carbimazole

(2-carbethoxythio-1l-methyl-glyoxaline, "Neomercazole")
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have been selected as representative of the various
antithyroid drugs in therapeutic use. Potassium
perchlorate has an antithyroid action qualitatively
similar to that of thiocyanate (Stanbury and
Wyngaarden, 1952) but about ten times more effective
(Wyngaarden et al. 1952), while carbimazole probably
acts in similar fashion to thiouracil, at a later
stage of hormone synthesis (Burrell et al., 1956).

Carbimazole was synthesised by Lawson et al.
(1951), in a search for less toxic alternatives to
methimazole. Macgregor and Miller (1953) found by
radioactive iodine studies that methimazole and
carbimazole had a potency possibly 50 times greater
than that of methylthiouracil, but they noted that
considerably higher doses of the new drugs were
required in clinical practice than were originally
assumed to be necessary. Clinical experience
indicates that carbimagole is about ten times as
active as methylthiouracil or propylthiouracil
(McGavack et al., 1956).

Thiouracil and its derivatives have repeatedly
been implicated in the causation of human congenital
goitre (refereﬁces in Section 2). So far there have

been no reports of congenital goitre following
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potassium perchlorate therapy, though potassium
chlorate, administered to euthyroid pregnant women,
has caused congenital goitre in the offspring
(Anderson,ll958). Chlorate was one of the anions
found by Wyngaarden et al. (1952) to have a weak
antithyroid activity. I am not aware of any cases

of congenital goitre due to methimazole or carbimazole
therapy.

The present experiments with three antithyroid
drugs show that all affect the foetal thyroid in
similar fashion, though in differing degree. The
hyperplasia was rather more intense with thiouracil
than with potassium perchlorate, and was considerably
milder with carbimazole. Potassium perchlorate is
particularly liable to cause hyperaemia‘of the gland.

Feeding the drugs directly to rats, Wyngaarden
et al. (1952) found that thyroid hyperplasia due to
potassium perchlorate was at least equal to, or rather
greater than, that due to propylthiouracil. They
noted a great increase in the vascularity of the
thyroid following perchlorate administration, and
Godley and Stanbury (1954 ) recorded the same obser-
vation in the human thyroid. Because of this,

potassium perchlorate is probably unsuitable for
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pre-operative therapy (Crooks, 1957).

The relatively slight effect of the antithyroid
drugs on the meaternal thyroid is attributable to the
lower level of activity of the adult guinea pig
thyroid. Both from the relative weight of the normal
gland, and from its histological structure, it can be
seen that the thyroid in the adult guinea pig is a
comparatively inactive organ, with a much greater
reserve capacity than in the newborn. The persistence
of colloid and the presence of intra-acinar macro-
phages (Fig. 48) indicate that even a high dosage of
thiouracil does not completely block the synthesis
of thyroid hormones.

The range of changes in the maternal thyroid was
not sufficiently great to be of much value in
assessing the effectiveness of the antithyroid drug.
Some doubt therefore remains as to why carbimazole
failed to cause the same degree of foetal thyroid
hyperplasia as did the other drugs. It may have been
due to diminished passage through the placenta, but
the possibility remains that for some undetected
reason the drug was not reaching the'mother in

sufficient concentration.
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The effects of transmammary passage of anti-
thyroid drugs are of importance in view of the usual
prohibition against breast feeding during antithyroid
drug therapy. Regression of hyperplasia was seen
in congenital goitres in spite of continued adminis-
tration of the drug to the mother during lactation,
indicating that the drug passes into the milk in
lower concentration than it passes through the placenta.
The tendency of the newborn guinea pig - a very lively
animal within a few hours of birth - to forage for
itself at an early age is probably not sufficiently
great to affect the validity of these results; re-
filling with colloid was already evident 2 days
after birth.

It seems therefore that the danger involvéd in
transmammary passage‘of antithyroid drugs is not
great, and is less than the dangér associated with
antithyroid medication during pregnancy. However,
if antithyroid drug medication has of necessity been
'~ continued up to delivery, a more rapid regression of

the infant thyroid hyperplasia can be obtained by
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artificial rather than breast feeding. If an
infant's goitre is of such a size that it might
embarrass respiration, the importance of obtaining
the speediest possible regression of thyroid hyper-
plasia is obvious.

On the other hand, when respiratory obstruction
is not the chief cause of concern, one must weigh
also the danger of precipitating an upsurge of thyroid
hormone secretion by sudden withdrawal of the drug.
Such an event could well endanger the life of a
premature infant, even though not producing clinically
recognisable hyperthyroidism. There must be
occasions when a more gradual withdrawal of the drug

is desirable.

The increase in intra-acinar macrophages and
multinucleate cells during regression is of great
interest. These cells, and their presence as a
response to thyrotropic stimulation, were observed
experimentally by Thurston (1933%), Williams (1939,
1944 ), and others, as well as in the present |,
experiments; +the relation of "colloidophagy" to

epithelial hyperplasia in the human thyroid has been
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studied .by Hellwig in 1951 and in subsequent papers
(See p.202).

Intra-acinar macrophages characteristically occur
‘during the process of activation, not of involution.
Their paradoxical presence here, in the early stage
6f regression, indicates that resumption of hormone
synthesis, when it occurs on withdrawal of the drug,
does so in the presence of excess TSH secretion; this
confirms that the hyperplasia is due to hypersecretion
by the foetal pituitary and not to transplacental
passage of excess maternal TSH. The continued '
presence of macrophages at 16 .days, when the colloid
content and the height of the epithelium had both
reverted to normal, indicates that the level of TSH
secretion remains high after the stimulus to hyper-
secretion has éeased. Immediately after resumption
of thyroid hormone synthesis, the output ig necess-
arily lower than normal, but soon it must reach and
then exceed the normal level, both because of the
increased bulk of the thyroid and because of the
continuing excessive thyrotropic stimulation.

The appearance of intra-acinar macrophages is

the histological counterpart of the experimental
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finding that a "rebound" high uptake of radioactive
iodine by the foetal thyroid occurs three days after
the withdrawal of antithyroid drugs from the mother
(Logothetopoulos and Scott, 1956), and of the
clinical finding that the onset of transient hyper-
thyroidism is delayed for a short period after birth
in infants with congenital thiouracil goitres (Frisk
and Joseffson, 1947; Fischer, 1951; Riley and
Sclare, 1957). Significantly, in the only case where
such a delay has not been noted (Bongiovanni et al.,
1956), antithyroid medication had been discontinued

2 months before delivery. On the other hand, thyro-
toxic symptoms have been recognisable at birth in all
cagses of congenital hyperthyroidism not attributable
to antithyroid drugs (see Table 12).

As congenital hyperthyroidism, whether or not due
to antithyroid drugs, is the result of abnormal con-
ditions prevailing only during foetal life, it is
understandable that the condition usually resolves
spontaneously. Thyrotoxic symptoms, however, must of
necessity persist for some weeks or months after
birth, while the excessive amount of functioning

thyroid tissue is gradually returning to normal.
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- SUMMARY AND CONCLUSIONS

The normal guinea pig thyroid, unlike that in
many other species, does not go through a phase of
colloid depletion and loss of acinar structure about
the time of birth. While attempts to produce
experimentally the epithelial desquamation and acinar
disintegration seen in the human thyroid were only
partially successful, such changes were found to occur
spontaneously in a few animals which died in utero.

Examination of the thyroid at intervals following
single injections of thyrotropic hormone showed that
apical displacement of the nuclei, with early desquam-
ation, occurred after 1 to 2 days, but thereafter most
of the displaced nuclei reverted to the basal position
and the picture of massive desquamation so often seen
in the human gland did not develop. Intra-acinar
macrophages, which are rare in the normal gland,
increased during activation.

Normal glands allowed to undergo post-mortem
degeneration likewise failed to show the changes seen
in the humen thyroid at birth. The epithelium became
detached from the acinar wall, but even in an advanced
stage of autolysis the ring of cells remained intact

and none of the cells entered the lumen.
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Post-mortem changes in the TSH-activated gland,
and in the gland subjecfed to long-standing thyro-~-
tropic stimulation by administration of antithyroid
drugs, followed a similar course; +the incipient
desquamation of the activated gland was not con-
verted into massive desquamation by autolysis.
Disintegration of the acini did occur during post-
mortem degeneration in some of the activated glands,
but only at a stage when the nuclei were disappearing;
loss of acinar arrangement with preservation of the
cellular structure, so familiar in the human neonatal
thyroid, was not seen. | |

The thyroids of some untreated stillborn animals,
however, showed such a picture, while others closely
simulated the activated gland. It would seem that
the thyroids of animals dying spontaneously in utero
occasionally undergo changes which do not occur in
the survivors. These changes may resemble those of
activation, or those found in the human neonatal
thyroid, and cannot be reproduced by allowing the
normal gland to undergo post-mortem degeneration.
Weber and Bettini (1956) have shown that they can be
reproduced by more prolonged exogenous TSH stimulation

than was used here.



- 130 -

While freely admitting the possible role of
autolysis in accentuating the changes, it is suggested
that they represent the response to excessive thyro-
tropic stimulation, and that they may in some way be
associated with the abnormal conditions obtaining
before spontaneous intra-uterine death. It may well
be true of the human gland also, that the epithelial
desquamation so often found in the neonatal thyroid
is less common, or less pronounced, in surviving
infants.

The type of acinus which falls under the heaviest
suspicion of post-mortem artefact is that in which
colloid depletion is accompanied by basal vacuolation
of the cytoplasm (the type B acinus). Yet even here
there is good reason to believe that post-mortem
degeneration, if it produces such a picture, does so
only in a hyperactive acinus.

The peripheral zone of the guinea pig thyroid
was seen to be the least active zone in the normal
gland. It was slower in its response to thyrotropic
stimulation, and the first to return to normal when
the stimulation ceased. That it was also less
susceptible to post-mortem degeneration is attributed

not to its earlier fixation but to its lower level of
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functional activity.

As in the human gland, distension of the
lymphatics by colloid-like substance accompanied
the colloid depletion and epithelial changes which
are attributed to excessive thyrotropic stimulation.
The presence of the colloid-like substance is not a
post-mortem artefact. These findings lend support to
the concept of a "lymphocrine'" mechanism in states
of intense hyperactivity.

The thyroid is notably hyperaemic following
stimulation by exogenous or endogenous TSH. A much
greater degree of vascular engorgement, however, may
occur in the normal gland as the result of asphyxial
death. The degree of congestion is therefore not a
reliable measure of functional activity in the human
thyroid at birth.

Administration of antithyroid drugs to pregnant
guinea pigs resulted in enlargement of the foetal
thyroids. This is considered to be due to passage
of the drugs through the placenta, blocking hormone
synthesis in the foetal thyroid in the same way as
when the drugs are administered directly to animals
or human beings.

Thiouracil was slightly more effective than
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potassium perchlorate in causing hyperplasia of the
foetal thyroid. Carbimazole, although 10 or more
times as potent, had to be given in the same concen-
tration as these drugs in order to produce an equal
degree of hyperplasia. The goitres produced by
potassium perchlorate were notably more vascular than
those produced by thiouracil or carbimazole.

Hyperplasia in drug-induced neonatal goitres
regressed after birth, even though the mother was still
receiving the drug during lactation, indicating that
transmammary is less effective than transplacental
passage of the drug. Regression was much more rapid
in animals not subjected to further antithyroid
medication after birth. An increase in intra-acinar
macrophages, characteristic of the activated gland,
occurred as early as 2 days after birth and was still
evident at 16 days; this indicates that hypersecretion
of ISH by the pituitary was continuing after the

stimulus had been withdrawn.

The findings are in accordance with the clinical
observations that congenital hyperthyroidism may follow
the administration of antithyroid drugs to the mother

during pregnancy, that the onset of thyrotoxicosis
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is delayed for a short time after birth, and that
congenital hyperthyroidism usually resolves

spontaneously within the first few weeks or months

of life.
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PART II

OBSERVATIONS ON THE THYROID AT OTHER AGES

The foregoing refers only to the thyroid in the
newborn. In the following pages are recorded obser-
vations'on the thyroids of 28 older children and 191
adults, obtained at routine autopsy, as well as 38 sur-.
gical specimens. The observations concern, firstly,
the occurrence at later ages'of the histological changes
supposedly peculiar to the newborn, which, for want of
a better term, will be called "neonatal changes';
secondly, the presente in the thyroid of sduamous or
other atypical forms of epithelium; and thirdly, the
occurrence of anisotropic crystals in the thyroid.

As the autopsy specimens were not collected with a
specific view to studying these features, a further
sefies of 63 specimens was collected with this dﬁjeétﬂ
In this second series, the number and site of the
pieces of tissue selected for examination wefg Qonstant,
and routine P.A.S. staining was used in addition to
haematoxylin and eosin. |

It has been thought worth-while to keep these
groups separate, in order to discover how far the two
methods of approach differ in revealing the features

under consideration.
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4. THE INCIDENCE AND SIGNIFICANCE OF "NEONATAL
CHANGES" IN OTHER AGE GROUPS

The cases discussed in Section 1 were arbitrarily
limited to infants surviving for up to 7 days. But
in the course of collecting the material it soon
became obvious that the histological changes which so
commonly occur in the newborn are by no means confined
to the first 7 days of life. A wider study, made
with a view to determining at what age these chénges
cease to occur, has led to the conclusion that some of
them, at least, may affect the thyroid not only in
later infancy, but also in childhood, in adult life,

and even in o0ld age.

MATERTAL AND METHODS

Sections of thyroid have been reviewed from a
total of 282 autopsies: ‘
23 infaﬁfs between the ages of 9 days and 6 months,
5 children of from 2 to 10 years, (
191 adults between the ages of 21 and 90, and
63 adults between the ages of 20 and 90.

In the first series of adults, one or two blocks of

tissue were taken from each gland; all sections
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were stained with haematoxylin and eosin, and a few
also by the P.A.S. technique. In the second series
of adults, three blocks of tissue were taken in each
case and both H and E. and P.A.S. methods were used
with every block. A note was made in every case of
the time elapsing between death and fixation of the

tissue.

RESULTS

The histological findings in the 23 infants and

5 children are summarised in Appendix 3.

Infants of 9 days to 6 months

Between the ages of 9 and 12 days (7 cases), the
histological appearances did not differ greatly from
those already described. The most notable change
was a diminution in the incidence of "activated"
acini. Desquamation of the epithelium and dis-
organisation of the acini were scarcely less prominent
than in the first week of life, and there was the same
lack of correlation between death-fixation interval
and histological structure. The well-preserved acini
were still of irregular outline; their lining epi-

thelium was cuboidal or low columnar; they were
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generally well filled with colloid. The distinction
between the central and peripheral zones was still
evident in most cases, though less conspicuous than
before.

Distension of the lymphatics was negligible.
Congestion of the blood vessels was prominent in only
one case, in which death had been due to aspiration of
a feed and there was generalised congestion of all

the organs.

At 23 to 8 weeks (10 cases), there was a con-
siderable change in the picture. The well-preserved
acinus was now predominant, making up the whole of the
gland in 4 cases and almost all in another.
"Activated" acini were rarely seen. Desquamation and
disorganisation were extensive in the two cases which
had the longest death-fixation intervals.

With the predominance of well-preserved acini,
there was a further increase in the colloid content of
the glands. Where well-preserved acini only were
present, the distinction between the central and
peripheral zones, so prominent in the newborn, could
still be detected in the larger diameter of the

peripheral acini and the deeper staining of their

colloid.
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Lymphatic distension and congestion of the blood

vessels were again inconspicuous in this group.

In the age-group 4 to 6 months (6 cases), there
was a further advance towards the adult histological
picture. Only one gland showed widespread dis-
organisation of acini, and one other showed detachment
of the epithelium; these were the two cases with thé
longest death-fixation intervals. The remaining
glands were composed of well-preserved acini, lined
mostly by cuboidal epithelium and well filled with
colloid. The picture still differed from that in
the adult in the irregular outline of the acini and
the absence of flattened epithelium. The lesser
activity in the peripheral zone, too, was still
detectable.

Lymphatic distension was seen in two cases, and
in one of these it was unaccompanied by changes in the
epithelium. Congestion of the blood vessels was
prominent in only one case, again a case of death by

aspiration of food.
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Considering together the 23 cases aged 9 days to
6 months, it can be seen that there is a gradual
diminution in the incidence of the histological
changes which characterise the neonatal thyroid. In
contrast to the neonatal series, there appears to be
some relation between the presence of these changes
and delay in fixation of the thyroid. There is
possibly also an inconstant relation between the
changes and the presence of pyogenic infections, but
the number of cases is insufficient to justify reaching
any conclusion on this point. The changes, when they
occur, tend to be less severe than in the newborn, and
no case beyond the age of 4 weeks was seen in which

the acinar structure was totally lost.

- Children of 2 to 10 years

Only 5 cases were seen in this age-group. In two
cases, aged 5 and 10 years, the acini were lined by
uniformly cuboidal epithelium, they were well filled
with colloid, interacinar cells were scanty, and there
was little or no distinction between the central and
peripheral zones, so that the appearances closely
resembled those of the normal adult thyroid. The only

abnormal feature was the presence in the younger case
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of occasional desquamated cells in the colloid.

In the other three cases, aged 2z, 7 and 8 years,
the appearances resembled those of the neonatal thyroid.
(Pigs. 57, 64). There was extensive collapse and dis-
organisation of the acini, desquamation of the epi-
thelium, colloid depletion, and prominent lymphatic
distension. The epithelium of the well-preserved
acini varied from cuboidal to columnar. The case
showing the most advanced changes (aged 8 years) had
the shortest death-fixation interval; preservation
of the peripheral zone was as distinct as in the neo-
natal thyroid (Fig. 57).

There is no scope in this small group for assess-
ing the incidence or significance of the changes. It
is sufficient to note that they occur also in this age
group, that delay in fixation (see Appendix 3) can
have played little part in these cases, and that if
the changes are sufficiently advanced the distinction
between the central and peripheral gzones can be
appreciable even at the age of 8 years.

Of the three cases showing "neonatal changes",
two died of acute infection, and one during anaesthesia
and hypothermia. In‘the case showing only occasional

groups of desquamated cells, death also occurred during
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anaesthesia and hypothermia. In the case showing
perfect preservation of the acinar structure, death
was due to multiple injuries, including severance of
the spinal cord, and was considered to have been

instantaneous.

Adults

The findings in the newborn and in the succeéding
weeks of infancy led to the expectation that the
incidence of "neonatal changes" in the adult thyroid
would be negligible. This proved to be so only in
the sense that the grosser degrees of acinar collapse
and disorganisation were rarely seen. A less
striking change was relatively common, namely, basal
vacuolation of the epithelium or early detachment of
the lining cells from the acinar walls, together with
pyknosis, indistinct or absent staining of the cyto-
plasm, and often colloid depletion. Although these
changes seldom affected the entire gland, they showed
no trace of the central distribution characteristic of
the neonatal thyroid. They were usually confined to
the smaller acini (Fig. 58) so that their extent and
distribution were governed by the extent and distri-

bution of small acini. A common pattern was one of
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large well-preserved acini scattered at random
throughout a field of small acini showing colloid
depletion, with pyknoéis and loss of cytoplasm in

the epithelium., Alternatively, groups of small
acini showing the changes were scattered throughout a
field of larger well-preserved acini. The suscep-
tibility of smaller acini to the changes was often
seen more strikingly iﬁ nodular glands, in which there
was often a considerable difference in size between
the acini composing the nodules and those in the
remainder of the gland, (Fig. 59). " The changes
might affect microfollicular areas or nodules in a
gland composed of normal-sized well-preserved acini,
or might spare involutional nodules in a gland which
was otherwise extensively affected. Pig. 60 shows
breservation of the larger, less active acini in an
autopsy thyroid specimen from an elderly thyrotoxic
subject.

Of the other changes described in the neonatal
thyroid, the only one found to be conspicuous in the
adult series was distension of the lymphatics (Fig.
61). This was no less common then in the newborn,
and was often just as prominent; +the lymphatics

outside the capsule, however, were only rarely
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involved. The staining reactions of the colloid-like
substance, and the tendency for the staining intensity
to vary inversely with that of the intra-acinar
colloid, were the same as in the newborn. In the
first series of 191 adult cases, in which usually
only H and E sections were studied, lymphatic dis-
tension was seen in 62, or 32%. In the second series
of 6% adult cases, in which P.A.S. sections were also
available, lymphatic distension was seen in 38, or
60%. This is a measure of the value of the P.A.S.
technique in demonstrating the colloid-like substance.

Lymphatic distension was usually associated with
the epithelial changes just described (Fig. 784),
less often with the more usual signs of hyperplasia.
Rarely, it occurred in areas of only mild hyperplasia,
but it was never seen in areas of relative inactivity
or of frank involution. The degree of lymphatic
distension, however, was not clearly related to the
severity of the epithelial changes.

in addition to broad lymphatic sinuses, there were
occasionally narrow channels forming a network between
small hyperplastic acini; the narrowest channels were
not easily distinguished from basement membranes,

which are also P.A.S.-positive. Rarely, in P.A.S.
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sections, there was apparent continuity between the
colloid in the acini and the colloid-like substance
in the lymphatics (Pig. 62), an appearance not seen
in any of the neonatal series.

In the adult, as in the newborn, the character-
istic epithelial changes were not invariably accom-
panied by lymphatic distension. Thirty-one cases in
the first series of adults and 5 cases in the second
series showed the epithelial changes in appreciable
degree without distension of the lymphatics.

Although an assessment of these cases alone (Table 15)
does not demonstrate a clear relationship to delay in
fixation, the presence of epithelial changes without
lymphatic distension does not provide.a satisfactory
basis for the estimation of "neonatal changes".

Not only are the epithelial changes as seen in
the adult too similar to those of autolysis (Fig. 78A),
but the milder degrees merge imperceptibly with the
normal, so that classification of the cases on this
basis ﬁould be entirely arbitrary. The same is true
of colloid depletion. On the other hand, the presence
of colloid-like substance in the lymphatics, although
rather capricious in its occurrence, has the advantages

that it is readily recognised, cannot be confused with
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other abnormalities, and is unlikely to be a post-
mortem artefact. It will therefore be usedvhere as
the principal index of "neonatal changes" in the
adult thyroid.

Considering together all cases in which colloid-
like substance was seen in the lymphatics, the
incidence varies remarkably little with age (Table 16).
A different result is obtained, however, by ignoring
the lesser degrees and selecting the cases in which
lymphatic distension was both prominent and extensive,
equalling or exceeding the picture seen in any of the
neonatal cases. Lymphatic distension of this degree
occurred especially in the aged (Table 17). Of the
12 outstanding cases, the youngest was aged 44, and
there was only one case in each of the fifth and
sixth decades. Seven of the 12 cases occurred in the
age-group 76 to 82. Exceptional degrees of lymphatic
distension were accompanied by a notable increase in
the severity of the epithelial changes, sometimes
approaching the picture seen in the neonatal thyroid.

There was no definite sex incidence (Table 18).

Whether or not there was any relationship to the
cause of death was more difficult to determine,

because of the multiplicity of causes and because of
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the possibility that the actual mode of dying might

be more important than the primary éause of death.

To circumvent the difficulties involved in classifying
so many heterogeneous conditions, and in classifying
cases in which more than one disease of impértance

was present, the conditions incriminated by previous
investigators - tuberculosis, pyogenic infections, and
intestinal obstruction - were first selected, and

the incidence in these cases compared with the total
incidence. FProm a study of the remainder, it became
clear that a distinction could be made between
conditions which were rapidly fatal and chronic
diseases of long duration. The causes of death were
therefore grouped into four categories:

(1) Cases of relatively sudden death, such as
those due to myocardial infarction, pulmonary embolism,
accidental injuries, or aspiration of foreign material
into the respiratory tract. When any of these con-
ditions had been rapidly fatal, cases were included
in this category regardless of any pre-existing
disease. In no case’could death be said to have been
instantaneous; +the shortest interval bet@een the
onset of the fatal condition and death was 15 minutes,

but in most instances the interval ranged from several
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hours to two or three days. The use of the term
"sudden death" therefore does not imply an instan-
taneous death, in which one would expect the thyroid
to be histologically normal.

(2) Acute peritonitis, whatever the cause,.and
other abdominal catastrophies, such as intestinal
obstruction and mesenteric embolism.

(3) Cases in which pyogenic infection (other than
intraperitoneal) was considered to be either a major
or a contributory cause of death.

(4) A1l others. This category includes all
cases of malignant disease in which there was no
evidence that any of the above conditions had been a
significant contributory cause of death. Tubercu-
losis showed no association with thyroid changes
(Table 19), and has therefore been included in this
category.

In the first series of 191 céses, omitting the 4
in which there was obvious autolysis, lymphatic
distension was commonest in the first category, a
little less common in the second, and considerably -
less common in the third and fourth categories
(Table 20). In the second series of 63 cases, when

H and E sections alone were studied, the results were
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similar except for a markedly increased incidence in
the third category (Table 21). The additional exam-
ination of P.A.S8. sections provided a further 11
cases, but left the relative proportions much the same
(Table 22).

Combining the figures of Tables 20 and 21 to
make a total of 250 cases (Table 23), lymphatic dis-
tension was seen in 51% of cases in the first cate-
gory, in 41% in the second category, in 32% in the
third category, and in 23% in the fourth category.
9ix of the 12 outstanding cases were in the first
category.

It will be seen, therefore, that lymphatic dis-
tension is related both to the age of the patient and
to the cause of death. The more pronounced examples
occur especially in the elderly. It tends to be
commoner in cases of "sudden death" and in those who
have died of pyogenic infection, or of acute

peritonitis or other acute abdominal condition.

Surgical specimens

The same changes have been looked for in 38
surgical thyroid specimens, in which fixation was
prompt and adequate. P.A.S. staining was used only

when the changes were already evident in H and E
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sections. There were 9 examples of diffuse epithelial
hyperplasia, 28 of nodular goitre (focal hyperplasia,
involution and degenerative changes), and 1 of normal
thyroid tissue removed during a search for a para-
thyroid adenoma.

Five cases of diffuse epithelial hyperplasia
showed "neonatal changes". In two, there were foci
of epithelial desquamation, accompanied in one by
lymphatic distension. In the other three cases,
lymphatic distension was associated with advanced
hyperplasia but not with epithelial desquamation or
disorganisation of acini.

Of the remaining 29 specimens, only two showed
the changes. One thyroid showed focal hyperplasia,
involution and fibrosis, and included a nodule showing
both lymphatic distension and the epithelial changes.
The periphery of the nodule was composed of small
well-preserved hyperplastic acini, while in the
centre the picture was akin to "diskomplexation" in
the newborn, (Fig. 63A). In both zonés, there was a
network of narrow lymphatics containing colloid-like
substance (Pig. 63B). In the centre of the nodule,
too, were masses of free colloid surrounded by multi-

nucleate giant cells.
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Another nodular thyroid showed lymphatic dis-
tension in association with epithelial hyperplasia
(Fig. 814).

In none of the specimens was lymphatic distension

seen in relation to normal or involutional areas.

DISCUSSION

Whatever the controversy surrounding the histo-
logical changes in the neonatal thyroid, at least the
existence of such changes is well established. Not
so with the adult thyroid. Epithelial desquamation
and acinar disorganisation in the adult thyroid have
received comparatively little attention, and they have
never been regarded as part of the normal structure.

The morphological significance of the epithelial
changes and lymphatic distension has already been
discussed in Section 1. It is sufficient to note here
that in the adult, as in the newborn, the smaller acini
are the most severely affected, so that the character-
istic involvement of the central zone in the newborn
is replaced in the adult by a variety of patterns
dependent on the distribution of the smaller acini.

In éither case, it is the smaller, and therefore the

more active acini (Nadler et al., 1954), which respond

q
%
3
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most readily to the unknown stimulus. Because the
changes in the adult thyroid are milder, and of the
type most difficult to distinguish from autolytic
changes, the presence of colloid-like substance in
the lymphatics has been preferred as a measure of
"activation". The fact that lymphatic distension
may occur also with the more usual picture of hyper-
plasia, as in the surgical cases of toxic goitre,
does not detract from its value; hyperplasia and
"desguamation" are considered to be of similar
significance, differing only in degree.

Nearly all reports of "desquamation" in the adult
thyroid have concerned its association with infections
and toxaemias; Sokolow (1895) is credited with having
been the first to record this association. Roger
and Garnier (1898a) described a sclerosis of the human
thyroid in tuberculosis, and commented on the signs
of hyperactivity and the presence of acini '"en voie
de disparition". A more detailed description of
desquamation and disorganisation was given in their
experimental observations on the effect of typhoid
bacilli on the rabbit thyroid (Roger and Garnier,
1898¢). In a later paper on the human thyroid in

acute infections (Roger and Garnier, 1899), they noted
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distension of the lymphatics, colloid depletion, and
detachment or desqﬁamation of the epithelium, and
commented that the general appearance recalled that
of the infantile thyroid. A number of similar
observations were cited by Hashimoto (1912).

A high degree of specificity in relation to
different causal infections was claimed by Farrant
(1914). He stated that the degree of change was
dependent on the amount, virulence and duration of
the toxaemia, and separated the diseases studied into
three groups according to their effect on the thyroid.
Chronic tuberculosis was among those producing a
"chronic hyperplasia, that is, a slight increase in
cells accompanied by abundant masses of colloid,
while acute tuberculosis was among those producing an
"acute hyperplasia", that is, loss of colloid and of
acinar structure. S0 constant were the changes in
the thyroid that they could be used to determine the
duration of the disease, and even to differentiate
one causal organism from another. McCarrison (1917)
included the childhood fevers among the many
diseases causing such changes, but stressed above all
the influence of intestinal bacteria and their toxins.

The production of similar changes experimentally
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by Cramer (1926) and by Cole and Womack has already
been referred to (p. 38). Particularly effective

in producing the changes was the content of a loop of
small intestine of dogs dying of obstruction in the
region of the ileo-caecal valve (Cole and Womack,
1929). It was shown by Cole et al. (1929) that
infections and toxaemias are associated with similar,
though less extensive, changes in the human gland.

The most advanced changes were in caseé of respiratory
infection or peritonitis. Womack et al. (1928)
attached considerable importance to the production of
the changes by injection of histamine, as in these
experiments the metabolic, structural and chemical
changes were not accompanied by a rise in temperature,
showing that pyrexia alone was not responsible.

The changes reported in young dogs following
infection with Trypanosoma cruzi (Goble, 1954) were
similar, though the cells in the acinar lumina more
closely resembled macrophages than desquamated epi-
thelial cells. The changes occurred in 12 out of 17
females, but in only 1 out of 17 males.

Nolan (1938), in a study of 725 autopsy specimens,
did not observe extensive epithelial desquamation;

he noted that colloid depletion was associated with
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acute infections, but not with death from accidental
injuries. On the other hand, Sigurjénsson (1940)
considered that signs of colloid resorption were more
frequent in tuberculosis than in acute infections;
lymphatic distension and epithelial desquamation he
dismissed as being post-mortem artefacts.

In the two series of adults reported here, there
is an undoubted relation to infection and toxaemia.
Acute peritonitis and intestinal obstruction were
rather more prone to produce the changes than were
pyogenic infections generally, of which the great
ma jority were bronchopneumonia. None of the disease
groups considered showed an invariable association
with thyroid changes.

The present findings differ from those of previous
observers in that the changes occurred most commonly,
not in infections and toxaemias, but in a group of
non-infective conditions which had in common a
relatively short interval between onset and death.
This unexpected finding provides the link between the
changes in the adult and those in the newborn. The
exact cause of death in the newborn is often difficult
to determine, but there can be little doubt that in

the majority of stillbirths and neonatal deaths the
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cause of death is one which operated for a relatively
short period. The "sudden death" group in the
adult series is therefore the one which corresponds
most closely with the newborn.
The rapidity with which the changes have been
shown to occur has already been mentioned (p. 49).
The reported association with tuberculosis has
not been confirmed here, but tuberculosis nowadays
is seldom the acute rapidly-killing disease it was
at the time of the earlier reports.

In the discussion on the neonatal series, and
again in the guinea pig experiments, a doubt has
already been raised as to whether the changes which
are presumed to have occurred during life are indeed
those of the normal thyroid, or whether they might be
attributed in some measure to the factors which caused
death. This doubt is considerably strengthened by
the clear, though inconstant, asso¢iation with the
cause of death in adults, and especially by the assoc-
iation with "sudden death". The lower incidence and
the lesser extent of the changes in the adult are
explained by the normally lower level of functional
activity in the adult thyroid.

The observations in the different age groups
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suggest that the susceptibility to such changes
diminishes very gradually after the third day of
life, is considerably reduced by the age of 6 months
but in middle childhood has not yet fallen to the
adult level. Cooper (1925), describing the histo-
logical structure of the normal thyroid from intra-
uterine life to 0ld age, first mentioned "piling"
and detachment of the epithelium in her account of the
thyroid at 3 to 4 months.

In old age, though one would not suggest that
the thyroid enters its second childhood, there appeérs
to be again some increase in susceptibility. It is
indeed possible that in the aged, thyroid function
might diminish more rapidly than hormone requirements,
| resulting in a state of diminished reserve or potential
insufficiency analogous to the state of the gland in

late foetal life.
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SUMIMARY

The changes described in the thyroid at birth
have been looked for in thyroids at other ages up to
90 years.

The epithelial changes and accompanying colloid
depletion occur with gradually diminishing frequency
during the first six months of life, but may occur
also in later childhood. In adult life, the severer
changes, involving disorganisation of the acini, are
rare; milder changes are common, but cannot be dis-
~tinguished with certainty from those of autolysis.

Distension of the lymphatics by colloid-like
substance is no less common in the adult than in the
neonatal thyroid, and tends to be more prominent in
old age. It is most commonly seen when death has been
due to some rapidly-fatal condition such as myocardial
infarction, pulmonary embolism, or accidental injury,
and shows also an association with pyogenic infections,
acute peritonitis and intestinal obstruction.

It is sﬁggested that the diminished susceptibility
of the adult thyroid to the epithelial changes so
commonly found at birth is due to the normally lower
level of physiological activity in the adult thyroid,
and a greater reserve capacity. The greater severity

of the changes in o0ld age may be due to loss of this

reserve capacity.
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5. THE PRESENCE OF ATYPICAL AND
SQUANMOUS EPITHELIUM IN THE THYROID

- Only rarely is squamous epithelium seen in the
human thyroid. In most reported instances, the
gland has been the seat of a chronic inflammatory
process, and the condition has been interpreted as
one of squamous metaplasia, though some authors have
regarded squamous islets as representing ultimo-
branchial or thyroglossal remnants.

My own observations suggest that while true
stratified squamous epithelium is rare in the human
thyroid, other forms of atypical epithelium, more or
- less resembling squamous epithelium, are not uncommon.
'This study arose out of the observation of atypical
epithelium in 5 of the neonatal thyroids described in
Section 1. A search for similar epithelium in
autopsy specimens from 28 infants and children and 191
adults yielded 26 examples. The blocks of tissue from
these cases had been taken at random, the site and the
number of blocks varying from case to case. To gain
a clearer idea of the_incidence of atypical epithelium
in the thyroid at autopsy, a consecutive series of 63

adult thyroids was examined in which the blocks were
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taken from 3 standard sites: one from the central
zone of each lateral lobe, and the third in the
midline. Eighteen examples were found. Twelve
surgical and 4 autopsy specimens from other sources
bring the total number of cases considered here to

65 (Appendix 4).

Morphology

Many varieties of atypical epithelium were seen,
and only a few of these could confidently be labelled
"squamous". The ultimate criterion for the identifi-
cation of stratified squamous epithelium is the
presence of intercellular prickles or "bridges", and
these were seen in only 3 instances. In many other
examples, the'general structure was that of stratified
squamous epithelium, but intercellular bridges could
not be identified with certainty. Keratinisation
was not observed.

The atypical epithelium took the form of solid
cell nests, nests ﬁith lumina, and thyroid acini
partly or wholly lined by stratified epithelium
(Figs. 64, 65) but these forms were not neceSsarily
present together in any individual -case.

The commonest appearance was a solid nest of
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cells with large oval or elliptical nuclei and
cytoplasm which stained purplish in H and E sections,
both nucleus and cytoplasm contrasting sharply with
those of the neighbouring thyroid epitheliuﬁ (Pig.
644). The nests were sometimes rounded, sometimes
elongated, and often showed many apparently branching
processes. In a few instances, the nests were
solitary; more often, there was a cluster of closely-
related nests, which on serlal section were usually
seen to be continuous with one another.

A small round or elongated lumen was occasionally
present in the centre of the epithelial nest, and the
long axes of the nuclei tended to form concentric rings
about the lumen. When the lumen was larger, there
was a close resemblance to the true thyroid acini
(Figs. 64B, 65); the contents, however, were sometimes
unlike colloid, consisting of discrete strands or
particles which took both eosin and the P.A.S. stain
much more strongly. Rarely, the lumen was distended,
and the lining epithelium was reduced to a single
flattened layer (Fig. 69).

Direct continuity was demonstrated in several
cases between the atypical epithelium and true thyroid

epithelium (Figs. 65A and B). When acini were lined
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partly by stratified and partly by normal thyroid
epithelium, the contents stained as for normal colloid.

Another variety of atypical epithelium, seen only
in adult thyroids, took the form of a single ring of
cells resembling those of the basal layer of stratified
squamous epithelium, with their nuclei arranged
radially (Fig. 67). The ring enclosed a group of
cells with darker-staining nuclei in some instances,
or a tiny empty lumen in others. Cell nests of this
type were nearly always seen in conjunction with those
.. described above, and were associated with lymphocytic
infiltration. The few instances in which they were
not accompanied by other varieties of atypical epi-
thelium are excluded from consideration, as a clear
distinction could not always be made between epithelium
of this type and other cells which occur in lymphoecytic
foci in the thyroid, particularly those of small empty
disin tegrating acini.

In one neonatal thyroid (Case 4), a nest of
stratified epitheliuﬁ, its wall about six cells thick,
surrounded a small lumen without stainable contents.
The inner layer of cells appeared to be ciliated.

In further describing the atypical epithelium,
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a distinction must be made between normal and abnormal

thyroids.

Histologically normal thyroids

Thirty two adult thyroids, and all 7 thyroids
from subjects below the age of 10 years, were con-
sidered to be histologically normal. Included in this
group are Case 12, in which there were scanty lympho-
cytic foci unrelated to the atypical epithelium, Case
47, in which there was a history of thyroidectomy for
Graves' disease 10 years previously but no histo-
logical abnormality in the thyroid, and Case 49, in
which there was a true adenoma unrelated to the
atypical epithelium.

In nearly all cases, the cell nests were either
solitary or occurred in a single cluster, the whole of
which could be viewed in a single high-power field.
Examination of serial sections contradicted the
impression sometimes gained of a duct or branching
system of ducts; the extent of the atypical epithelium,
as judged from further sections of the same block, was
no greater than the extent as seen in the original
plane of section. When the focus was traced to its

termination by means of serial sections, the lumen, if
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present, became gradually smaller and finally
disappeared, leaving a so0lid nest; +then this nest too
became smaller, until it was represented only by an
inconspicuous band of flattened cells which might
otherwise easily have escaped notice.

When atypical epithelium had been identified,
further blocks of tissue were taken from the same
gland. In 36 of the 39 cases, no further atypical
epithelium was found. In 2 cases, a similar focus was
found in the opposite lobe, and in one case the foci
proved to be multiple.

The foci occurred with about eéual frequency in
the right and left lobes, but were less commonly seen
in the isthmus.

In 4 cases, the foci were accompanied by trivial
lymphocytic infiltration, while lymphocytes were not
seen elsewhere in the gland. In the one case already
mentioned where scanty small lymphocytic foci were
scattered throughout the gland, these were not
associated with the atypical epithelium. Lymphocytes

were not seen in any of the remaining cases.

Histologicallz abnormal thyroids

This group comprises all the remaining autopsy

specimens, and all the surgical specimens - 26 cases
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in all. There were 6 cases of toxic goitre, 2 of
non-toxic nodular goitre, 6 of chronic thyroiditis,
and 3 of myxoedema, as well as 9 clinically normal
thyroids which at autopsy showed focal lymphocytic
infiltration.

The foci of atypical epithelium in these cases
were assoclated either with chronic inflammatory
cellular infiltration or with focal or diffuse fibrosis
(Pig. 89). Multiple foci were the rule in this
group, and there was a wider range of types of epi-
thelium than in the histologically normal thyroids.
In all cases there were cell nests, with or without
lumina, similar to those already described; the
three examples in which intercellular bridges were
identified all belong to this group. In addition,
there could be seen within the lymphocytic foci
epithelial nests which showed less resemblance to
squamous epithelium, as well as some in which the
basal cells only appeared to be represented, and
others which in their different forms resembleé the
structures more usually associated with lymphocytic
infiltration - small empty hyperplastic acini, intra-
acinar giant cells, and oxyphilic cells. It was

occasionally possible to trace in a single section
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- several transition forms between hyperplastic thyroid
epithelium and solid cell nests (Figs. 66, 67, 68).
Several other clinically normal thyroids, not listed
here, showed such transition forms in relation to
lymphocytic foci or to areas of fibrosis, without the
solid or hollow cell nests which are suggestive of
squamous epithelium.

The most extensive example was in a case of
myxoedema (Case 8), in which the parenchyma was
reduced to small irregular islets widely separated by
dense fibrous tissue (Figs. 69, 70). No normal
thyroid epithelium was present, the islets consisting
either of atypical or of oxyphilic epithelium. All
the forms of atypical epithelium already described
were seen, including true stratified squamous

epithelium (Fig. 71).

The incidence of atypical epithelium in the thyroid
at autopsy

(1) The adult thyroid (Table 24). The total

incidence in the 191 adult thyroids initially examined
was 12.6%. In the later series of 63 adult thyroids,
in which more blocks of tissue were examined and care

was taken to include the central zone of each lateral









































































































































































































































































































































































































































































































































































































































































































