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INTRODUCTION

One difficulty encountered in the histological study of any human
orgen is the continued reference in textbooks to animel meterials To
the student of humen histology and pathology, this practice is most
discouraging- The histology of one species is often éimilar to that of

enother species, but the finer details seldom coincide. The -details of

animel histology are important to the investigator in pure research,

-providing the histology of cats is used when he is working with cats,
rets when working with rats, humens when working with humens and éo One
In the early phases of this study, it soom became apparent that the
authors of-some textbooks were ih meny instences dgscribing the histblogy
of lower animals, the details of which were not strictly applicable to
the human. except in & general way only. Further, statements made and
remade came to assume reality and finality but, in the light of more
recent investigations, did not hold. For some reason, many papers

dealing with humen material have been neglected and are not included in

the usual textbookse. An attempt has been made to list some of these,

but the lists admittedly fall short. The earlier experiments end studies
of pioneer investigatofs using animal material have contributed to the

later study of human material by others and in this particular study

only human material was utilized.
Human material suitable for sbudy is extremely difficult %o obtain.
Mosf of the material used and studied was obtained at autopsy within half

an hour of death. To collect the material for the few organs described,

over one and one~half years were required. Ultrafresh material is seldom
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seen by the pathologist. A parallel series of organs which have under=-
.gone the usual postmortem degenerations shoui& be includ;d but this
work is confined to a more or less academic study until time and other
factors permit further work.
bThe variations of most oréans et different age groups are well
.recognized, but there are actually few comprehensive reports aveilable. | ;;5

Such organs as the ovary and the ubterus are well sbudied, but only

recently has a report on the variations of the testes been published.

| Not a2ll the orgens known to produce hormones have been included,
but rather those orgens whose major or secondary function.is hormone
productions Thus, the thyroid, parathyroid, pancreas, adrenal, testis,
ovary, placenta gnd»hypophysis cerebri are described. Bach chapter
conteins a brief introduction, the nerve supply, bleod supply, lymphetic
drainage, gross description and embryologicel note followed by e more or
less detailed descriptioh of the histology. It is impﬁssible to attempt
any summary of the endocrinology literature. The monographs of Professor
A T Cameronvand Professor Hans Selye are excelleﬁt source books and
have been utilized for this aspect of the work.

Many problems are still unsolved. MNeny of these problems have

more than academic importance. The problems have all been appreoiafed by |

former investigators; indeed, some form the basis of strong controversy

in the literature. Many of the problems do not lend themselves to present
methods of investigation. Others have apparently given way to the most
recent means of investigation such as ultramicroscopes, enzyme staining,

etce The nerve supply of the testis, and especially the distribution of
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the nerves within the organ, await confirmation. The distribution and
the origin of the lymphatics within the testis is still to be determined
setisfactorily. The lymphatic drainage and the distribution 5f the
islets of the pancreas swait further work and explératibn. The biood
vascular pattefn of the humen ovary and the blood supply within the
humen adrenal apparently require re-investigation. Spermatogenesis of
the human has not been worked out in final detail. 0vulati;n in the
- human female has never been observed. A method of quentitative
estimation of the islets in the pancreas and the interstitial cells of
the testes is still wanting. Further confirmation of Spenner's work is
being offered only in part. The lymphatic drainage of the parsthyroids.
.is'still unknown. Days 3 to 6 inclusive are still unknown in the life
cycle of the human zygote. The mic?oscopic structure of the thjroid
gland is far from being settled and there are still some who include
interfollicular epithelium in their disoﬁssion of the organ, despite the
fact that Reinhoff and other able investigators have disproved its
existence. Lastly, the durel relations of the pituitary body ére still
ill defined. |

Despite all these hiatuses in our knowledge of humen histology,
the respect for early investigators grows steadily when one studies

their papers.
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THE ADRENAL GLANDS
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CHAPTER I

THE ADRENAL GLANDS

Introduction. The paired adrenal glands, one at the upper pole

of either kidney, are composed of two distinct éypes of tissue, each of
~which has a different crig;n, produces different hormones, and has dif-
ferent staining reactions. On cross section, the fat laden pale yellow
cortex is seen surrounding the dark red and grey wvascular medulla,

Each normal glandl'weighs from 3 to & grams, and measures from
40 to 60 mm in length, 20 to 30 mm in width, end 2 b0 8 mm in thickness.
The size and weight vary in different individuals, in sex, in health.

and disease.
I. THE CORTEX

Egg_cagsule. - The well defined capsule consists ofbdense conngc~
tive tissue embedded in which are arteries, arterioles, nerves, and
collections of sympatheti§ ganglionic célis. Fine fetiéular fibres
arise at right angles from the capsule, traverse the cortex and ars
found in eclose association With the radial cortical capillaries. These
feticular fibres are well seenvin silver, éeriodic_acid, Mallory aniline

‘blue, and Masson trichrome preparations.

The blood vascular system. Three arteries.usually supply the

adrenal gland, the superior suprarenal artery, the middle direct from

the aorta, and the inferior from the renal artery?. The smallest




[
i
i
{

FIGURE 1

Reticulum of the capsule, zona glomerulosa and zona
fasciculata. The fibres arise at right angles from
the capsule supporting the endothelial cells and the
parenchymatous cells. Formalin fixation. Hematoxylin
and eosin, plus periodic acide 200 x.
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FIGURE 2

Composite drawing of the adrenal capsule.
Different fields were used from various
preparations. Approximately 350 =x.




arterioles of the capsule empty directly into the capillaries of the

cortex, while soms of the larger arterioles pierce the cortex to empty
into the medullary sinuses. The medullary sinuses, which originate from
the continuations of the cortical capillaries and from the arterioles
passing directly from the capsule, eventually drain into central. veins
which join to form a single cenbral wvein that leaves the gland at the
hilus. The diagram of‘Flints serves well to illustrate the vascular
systemfof'the adrenal gland (Cf. post)s No lymphatics have been demon=
sfrated in the substance of the gland except those around the larger
veins of the hilus®. Bndothelial cells and fixed macrophages line the

- capillaries and the sinusoids. The macrophagss are part df the reticulo-

endothelial system.

The cortex. Three vaguely defined layers of the cortex are
recognized in the adult gland, an outer zona glomerulosa, a middle zona
fasciculata, and an inner zona retieularis. The transition from one
zone o another is gradual. Severalhnames for the various leyers have
been proposed by different authors. The terms acceptable are listed on
the right-hand gide of Figure 5 (cf£. post), and are‘taken from Cowd:y5.

The narrow zona glomerulosa is situated just below the capsuls,

the small cells being arranged in clusters or in closely packed ovoid
groups. There is close association with the capillaries which, being
the first in Cowdry's vascular gradiants, receive the arteriole supply
from the ocapsular vessels. Most of the cells have an outer free border

adjoining a capillary. The nuclei stain deeply, and in men irregular
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FIGURE 3

Diagram to show the arrangement of the intrinsiec

blood vessels in the cortex and the medulla of the
dog's adrenale. (Redrewn and modified from Flint, J oMo )
Contribution Sc. Meds e¢ses Pupils We N. Welch, Balte,
1900, 153=228.




FIGURE 4

Adrenal cortex and junction of medulla. Specimen from a

24 year old male who died of self inflicted gun wound.
Death 8 hours after injury. Mercuric chloride formalin
fixation. Masson's trichrome stain. 50 x. No. WGH A 7025.
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clumps of material in the scanty cytoplesm take on a chromatin staine

The cells of the layer contain little fat when stained with Sudan IV,
0il Red "O" or osmic acid. When present, the droplets are often seen
on one side of the nucleus next to the capillary; however, this rela=-
tionship is not consbantly féund. Many investigators find that the
growbth of the cortex occurs in this regibn ’ 7, the glomerulosa cells
arisiﬁg from indiffereﬁt colls resembling connective tissue (splanchnic

mesoderm) and transform to the specific lipid rich spongiocytes.

In the wider zona fascioulata, the cells are polyhedral, larger,

contain more fatty substance, and are arranged in columms which are more
obvious. Capillaries and fine reticulum separate the columns and are
well illustrated in material fixed in merﬁuric'chldride formalin since
the red blood cells are well preserved and take on a brilliant red stain.
In paraffin seetions, the lipids,of.the cells being dissolved out, the -
cqlls have a vacuolated appearance and are called "spongiooytes™, The
nuclei are centrally placed and occasionally there are two in the one
" .ocells Groups of cells, having less lipid content, take on a deeper red
stain in frichrome preparations, and aré usually found in the deeper
layers. Zwemer's workslexplains the reason for this difference in lipid
content of the cells. This work is discussed in commection with the
life cycle of the cortical cells on page 17.

In the innermost zone of the cortex, the zona reticularis, the

cells form a network, the colwms projecting into the medulla for vary-
ing distances. A close relationship to the capillaries still exists.

In the outer part of the zone, similarity of the cells to those -of the
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FIGURE 6

Zona glomerulosa and the capsule. The vascular spaces are
congested, and appear as dark massess Mercuric chloride
formelin fixation. Masson's trichrome. 350 x. Same case
as Fige 4.
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FIGURE 7

Zone. fasciculatsa.
spongiococytes, vascu
reticulum are seene.
Fige 4 350 x

Vertical columns of
lar spaces and
Same preparstion as
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FIGURE 8

Appearance of the spongiocytes under oil
immersgion lens. 1200 x. Same tissue as
Pige 7s '
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fasciculata is noted, with one exception: <there is less lipid mabterial
in the cells. Near the medulla, however, tv-vo distinct coll types are
seen: a larger "light" cell, with granular cytoplasm end pale vesicular
ﬁue’leus , and a smaller "dark" cell which has deeply staining cytoplasm
and dark shrunken hyperéhromatib nucleus. These dark cells are rich in
lipid droplets and contain yellowish or brofvnish pigment granules

(especially in older individuals).

The cortical lipids. The 1lipid droplets stained with conventional ’

techniques (Sudan IV, 0il Redb"o“, and osmic acid) ére small and numerous
in some cells, fewsr and 1argef in others. In an'y given cell the'size. is
approximately the same. |

| The fat-like material is apparently a mixture of doubly refrac-
tive cholestsrol esters and iso’cropig fatty inclusions of neubral and

Patty acids®.

Development of the sortex. The adrenal cortex develops from

splanchnic meso dermtL,

In embryos of 5 to 6 mm, the mesothelium at the
level of the upper third of the mesonephros proliferates and sends buds
into the mesenchyme at each side of the root of the dorsal mesen’beryl.
~ -Somewhat later in development, at the 17 mm stage, lateral migration of
primitive cslls of the medulla (sympathogon:.a) towards the cortical
anlage begins. Migration is complete and the medulla formed at the
85 mm (o 100 mm) stagelt. |

In fetal life the adrenal is almost all cortex, and at the third

month is actually larger than the kidney. Von Gierkesz

gives the following




FIGURE 10

The distribution of lipids in the adrenal cortex of a 50
year old male who died suddenly of unsuspected brain
abscess. Tissue obtained three quarters of an hour post-
morteme. Formalin fixatione O0il Red '0'. The stain
appears black in the photograph. 50 xe

15
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FIGURE 11

The same tissue as Fige 10, seen with oil immersion lense.
1200 x.

16
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size comparisons. During the first half of fetal life the adrenals are
larger than the kidneys, at six months perhaps 1:2, at birth 1:3, and

in adults the kidneys are larger than the adrenals in the ratio of 1:28.
The cells of the fetal cortex conmbain no lipid material and are arranged
in sheets instead of the columms desoribed in the adult type of cortex.
At birth there is a thin layer of cortex of the adult type around the
medulla. The entire fetal cortex degenerates after birth, and is slowly
replaced by cells of the adult type, the change being complete about the

end of the first year of lifelz.

6

Life history of the cortical cells. Zwemer in agreement with

other investigators finds that the cortex grows from without inward,

the new cells being formed at thé periphery and destroyed in the retic-
ular zone. This investigétor finds also that the glomerular cells arise
from in@ifferent connective tissue-like cells in the capsule.

These capsular cells lose their long processes, becoms short
ovals, and take up lipoid droplets. A further increase in the
amount of cytoplasm and marked increase in cell fats mark the

 transition to the spongiocytes. These retain and emulsify their
" fat content as they are gradually pushed inward by the formation
of new cellse + « o

. As the cells secrete, the ratio of oyboplasm to nucleus is
greatly diminished, so that the innermost regions of the cell
cords consist of rows of nuclei with very small remmnants of -
cytoplasm still surrounding them. In the end stage the cell is
represented by & pyknotic nucleus which is finally phagocytoseds
(ef Zwemer)

Ingle® has remarked thet the three zomes of the adult adrenal
cortex. represent different phases in the life history of the cortical
}

cells. Thus, one may say that the reticularis is the graveyard of the

cortex.
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Variation in cortical morphology. As in many other of the

specialized orgens, the adrenal suffers early in post mortem changes.
For this reason it is difficult to obtain striectly normal human material.
Conditions existing in the organism immediately prior +to dea.th have pro-
found influence upon the cytology and morpholegy of the cortex. Thus

6

Zwemer- describes at least eight variations of the cortex, depen&ing on

the demand of the body for the corticosteroid hormones before death.

Variation in cortical thickness. There is marked variation in

the thickness of the cortex and of the fat content of the cells. Thus

10 demonstrated wide variations in the adrenal cortex of nd.x"ma";l’

:Whitehead
guinea pigs. There is extensive hypertrophy during fetal development,
pubefby, pregnancy, end in scurvys. The effect of other hormones also
influences the thickness of the cortex, being a factor in some of those
conditions mentioned. Slight enlargemenfb' follows castration and the
administration of adrenalotropic hormoneslzo The edministration of
oestrogens is followed by cortical hypertrophy, while androgens may
cause regression in sizels. In most, if not all, memmals, the adrenal

‘cortex of the female is larger than that of the malelé,

Functions of the adrenal cortex. Many of the functions attri-

buted to the adrenal cortex are based upon observations made on the

adrenalectomized animal, the response of such .animals to the injection
~ of cortical extracts, and on patients suffering from Addison's disease.
The history of the physiology of the adrenals éates back to 'Ehe

original clinical and pathological observations reported by Addisonl®
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in his 1855 paper. In this paper, he reported his observations upon
eleven patients suffering from the disease which now 'bea.rs. his neme,
Five of _'bhese' patients had t;aberculosis of the adrenal glands, one had
atrophy, and five had metastatic new grewth involving the glands.
Addison observed the pi@enta‘bion, the weakness, anorexia, nausea and
vomiting, the constipation, and the emaciation tha'b“ these patientd suf-
fe'red'. Li‘btle has been added to the clinical picture since his time,
and 't;he weslmess, pigmentation, gastro-intestlnal symptoms s the wastlng
and the feeble pulse, together with the fatal outcone, AS'tlll form the
basis of the diagnosis at the presemt bimel.

~In 1856, Brown-Sequard extirpated the adrenals in experimental
animals, and rapldly fatal outeome cmunced him that the glands were
indispensable to 1ifel,

In 1895, Oliver and Schafer‘é9 prepared an aqueous extract of
adrenal gland, which when injected had profound fresor effects, Other
 workers, from 1867 to 1903, attempted organotherapy for treatment of
Addison's disease in the form of whole desiccated gland or extracts, by
mouth and injection. ?ome of the results were enoouragj.ng.v For the
next few years treatment using adrenine was .a'btempted for Addison' 8
disease, and as expected, with 1little s.uocess.A

In the early twenties; interest was agair; aroused in obtaining
a cortical extractl, but it was not until the late twenties that Hartman
and his associa‘beslg succeeded in obtaining extracts from the cortex |

which had profound effeots upon the adrenalectomizeé animal. This was

thought at first to be the hormone of the cortex and was named ®cortin®
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Later Hartman himself was able to show that there existed more than one
substance. In 1934 orystalline compounds were separated which could
maintain the life of adrenalectomized rats and dogs and by 1938 several

cerystalline compounds had been separatedZI.

The cortical hormones. ‘Repeated fractional eitraction; using
benzens, water, isdproéyl aloohol, and chloroform result:in two types
of compounds; the orystalline fraction which contains several steroids
and the "amorphous fraction" which is vefy active materials |

The following table is found in Soffer's mmm:»gra.ph-1 and that

which follows has been paréphrasaa from this work.

Desoxycorticosterone
Corticosterone
Dehydroeorticosterone

. Crystalline
17=hydroxycorticosterone

fraoctions
Thole . 17=hydroxy~ll~dehydrocorticosterone .
- ' : - ("E" of Kendall, "F" of Pfiffner &
adremal Winbersteiner) '
cortical | - _ 17-hydroxy=-ll-desoxycorticosterone ("s")

extract Amorphous

fraction




- DESOXYCORTICOSTERONE

Ch

This hormone causes marked retention of sodium,
chloride and wabter, and increases the urinary exoretion of
potassium end phosphorous. It has no effect upon carbohy-
drate metabolism or the pigmentation of Addison's disease.
In adrenal insufficiency, it will restore the electrolyte
pattern of the blood to closely normal pieture, eand will
elevate the blood pressure. Its continued use may produce
a temporary hypertension, edema and cardiac failure. When
there is hyperfunction of the adrenal cortex, administra-
tion of the hormone produces an increased exerstion of
sodium and chloride in the urine.

CORTICOSTERONE

.HO 3

GH3

21
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DEHYDROCORTICOSTERONE CHoOH

17-HYDROXY=-11-DEHYDROCORTICOSTERONE (ME® of Kendall, "F" of Pfiffner, etc.)

GHo0H

These three compounds, (corticosterone, dehydrocorticosteronse,
17-hydroxy-11l=dehydrocorticosterone), exercise a marked effect on
. carbohydrate metabolism and correct defects in these substances in
insuffioiencys. ¥Then these hormones are injected into the subjeoct,
glycogen is stored in the liver, the blood sugar levels are raised,
and hypoglycemia is prevented. 17-hydroxy-ll-dehydrocorticosterone
has the most pronounced effect upon carbohydrate metabolism, being
the only one of these three to form glucose from lactic and pyruviec
acidsy it produces & negative sodium balance with inecreased urinary
oubtput of this ion, while corticosterons and dehydrocorticosterone
have little effect on electrolytes, causing minimal retention of
blood sodium.

L3




17-HYDROXYCORT ICOSTERONE

HO CH3

0

This compound exercises a marked control over carbohydrate
metabolism and also causes an increased urinary exeretion of
sodium, inducing a negative balance. (Cf. Soffer-)

Amorphous fraction. This highly active residue is left after

the removal of the crystalline‘fraetions, and although it exerts no
effect upon carbohydrate metabolism, it is exceedingly potent in its
influence upon the distribubtion of electrolytes. According to Kbndallzl‘
only one or twoc micrograms per kilo are required Yo maintain the eleoc-
trolyte pattern in adrenalectomized dogse Relatively large amounts

of desoxycorticosterone are required to produce the same effects.

Cholesterol and ascorbic acid Eg‘the cortex. Cholesterol

(C27Hag0) is closely related structurally to the cholic acids of bile,

Vitamin Dz, and to the hormones and other steroids of the adrenal

22

cortex and gonads - There is evidence that cholesterol is the parent

substance of these compounds and its formula is included here.




HO

Structural formula of cholesterol (027H460)
(acoording to Cameron®?

Iong23 in a recent paper reviews some of the literature and

secretion of the adrenal cortex. The following is paraphrased from

this paper:

The chemioal characteristics of the adrenal cortex are
its high content of cholesterol -and ascorbic acid. No other
tissue of the body contains such a high quantity of these
substances. The role of cholesterol with respect to cortical
steroid hormones has been a matter of speculation for some
times On injecting adrenocorticotropic hormone of the aenterior
pituitary (ACTH), it was found that there is a decrease in the
. emownt of cholesterol in the adrenal gland, while this decrease
was not noted in other .organs. Thus this response is regarded.
by Long to be a spscific response to the trophic hormone. The
ascorbic acid oontent also decreases in the adrenal gland fol-
lowing the injection of ACTH. Pirect evidence, however, is
lacking for the conversion of the adrenal cortical steroids
from cholesterol, and the relationship of ascorbic acid is not
known. However, the deoreased amounts of cholesterol and
ascorbic acid in the cortex following the injection of ACTH is

24

reports new work when he writes of the conditions associated with the
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associated with increased rate of secretion of the cortical
steroid hormones, and it is probable that cholesterol is a
direct precursor of the cortical steroids. Stimmlation of
the autonomic nervous system, with conecomitant release of
adrenine appears to be a major factor in stimulating the
production .of ACTH from the anterior lobe. The manner in
which the adrenine produces this activation is not known.

. The author deals also with other factors such as_the bleood
level of the hormone of the target gland. (Long3%)

'The functions of the hormones. According to Cemeron®? the
various compounds whose actions are associated with the known functions
of the adrenals may be dividéd. into two groups.

Group I compounds have a regulatory action of the blood electro-

lytese Included here ars desoxycorticosterone and a compound present
in ‘the emorphous fraction.

Group II compounds control carbohydrate metabolism and include

those hormones which have an oxygen atom attached to

The exact number of hormones produced by the adrenal cor‘t‘.ei is
not known at the present timé-. Probably some hormones whose predom-
inating activity is associated with sex function b'a.re intermediate pro-
.duets of mé'babolism. Cameron points out in»his monograph that 'l‘-.he‘ two
distinet types of aotivity of the compounds of Groups I and II suggest |
that at least two specific hormones are produced, and that 'it seems
unlikely that four distinet Group ITI hormones should be ‘produced.
Cameron, in agreement with Hartman, believes that the four 6rys’calline
oompounds s6 far isolated ai-e the stable derivatives of a less stable

compound, the true hormone.
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Three groups of funotions are listed by Long24.

l. Control of carbohydrate metaﬁolism, and protein
metabolism.

2. Conbrol of electrolytes and water mebtabolism.

3. Provision of a mechanism of resistance to various
stresses such as thosse caused by bacterial
‘toxins, histemine, shock, water, intoxieation,
low temperature, and low oxygen pressure.

The 17-keto steroids. The neutral 1l7-keto steroids are the
urinary excretory products of androgenic metabolism and arise from the
1

substances produced by the adrenal glands and the male gonads
II. THE MEDULLA

The line of demarcation between the zona reticularis of the
cortex and the meduila is not well defined as eords-of‘the reticularis
project into the medulla for varying distancess

Iwo types of cells are deseribed in the adult medulla. These
are arraﬁged irregularly and seemingly without patterm. Ganglionic

"oells are found in groups or singly. They’are not frequent in number.
_ Axoﬁes from these ganglionic cells end in close association with the
chromaffin cells which they imervate and stimulate to produce adreniné.

The chromaffin cells meke up the mass:of the medulla.. Théy are
irregular in shape, and have uSuaily abundant cytoplasm. The ﬁendency_

| to shrink is marked even in well preserved tissue. Frequently a stél-
| late shape is observed. These cells are characterized by the presence

of fine brown granules in the cytoplasm when the tissue is fixed in
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chromiec aeid or its salts. It is from this reaction, which is shared

with other tissues of The Chromaffin System that the eells derive their

names The reaction is thought to be due to the polymerization or the
oxidation of the adrenine (or its precursor). The cells are green when

26 using osmic

stained with either Schorml's or Weisel's method. Cramer
acid vapour was able to demdnstra‘be adrenine granules in the chromaffin
cells and actually found the granules in the neighbouring sinuses.

A third type of cell is occasionally seen in the medulla. These
are arranged in small gréups, are smaller in size, and take a deep

stain. Many workers feel that these are immature sympathetic cells,

| while others believe that they are possibly lymphoo;)ftesz.

The development of the medulla. The embryology has been presented
11 | "

by Rabin™ " - The medulla and the chromophile bodies deveiop from the
primitive 'e,elis of the sympathetic ganglia or the sympathogonia, whj.oh »
in turn dévelop from the neural crest. In later stages of fetal develop-
ment, the sympathogonia differemtiate into two cellv types, the ganglion
cells_ and the pheochromocytes. The' migra@ibn of the medullary tissues
has been mentioned in conmection with the development of the cortex on
page 14. During this migration, according to Rabin, portions of the
embryonic fissue may become split off and these develop into separate

organs at vérying distances from the aorta to form the organs of

Zuckerkandl.

The blood supply. This has been discussed on page 4. The

vascular spéces of the medulla are wider than those of the cortex, and
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may properly be termed sinusoids. Sharpey-Schafer25 has remarked that
the medulla consists of "a sgolid cell-mass permeated by sinus=-like
blood vessels with the cells compactly arranged between and around
them." The seme intimate relation with the reticulum exists as in the

cortex, although the reticulum is more irregular and not as heavy.

The nerve supplye The ner;e supply of the.adrenal is best
discussed in Qonnection with the medulla, for there is no kmnown nervous
control of the functional activity of the adrenal co;texa.

The twenty to thirty nerveé to each gland come mostLy.from the
coeliac plexus (sympatheti&), in.part fiémtthe greater splanchnic

nerves and possibly from the vagus also®

» The innervation of the
medulle is pre-ganglionic., The fibres pass without synaétic interrup~
‘tion to the cells they inner@ate.. The greater splanchnic pefve conduocts
mos%® of the fibres to the gland where they form & network in the capsule,
penetrate the cortex ﬁithout innervating it, and end in the medulls in
~olose relationship With the cells there, each fibre being closely asso-
ciated with a definite number of 0911527. Othor sympathetic fibres
entér the glend through the hiluszf

' Stimulation of the splanchnic ﬁerves leads to the liberation of .
an increased smount of adrenine from the medulla. Cramer's illustra-

"~ tions show the grenules in the chromaffin cells and in the neighbouring
sinusoids after the fresh gland was treated with osmic acid #apourze.

The method of formation of adrenine is at present unknowm, although

theoretically, byrosine is possibly the parent substence (Cameron®2),
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Adrenine., As early as 1894, Oliver and Schafer29 dqmonstrated
the remarkable rise in blood pressure following an injection of an
oxtract of the adrenal medulla. In 1901, Aldrich and Takamineso’ 31,
independently, isolated the compound adrenine CgHjzNOz. Ab6118 reported
a method for producing a crystalline substance which he considered tile

active principle and which he called epinephrine. Subsequently it was

shown that the hormone has the constitubion:

O———o‘-ﬂ

.’-E_Q

—
“

CONSTITUTIONAL FORMULA OF ADRENINE

(Syn. = Epinephrine, Adrenaline)
(according to Cameronc?

When injeoted, adrenine produces closely the effects obtained
upon stimulating the sympathetic nerves, and for this reason has been
called a sympathomimetic drug. The most striking effect is the con-

striction of arterioles of the skin, mucous membranes and cerebrum,

resulting in 'an increased blood pressure which, however, lasts for a
short time, the blood pressure rapidly returning to normal. Adrenine

accelerates the enzymatic conversion of liver glycogen to glucose,
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FIGURE 12

Reticulum of the medulla. The sinus~like spaces which
permeate the tissue are wider than those of the cortex,

A tributary central vein is partly shown. The junction

of the zona reticularis and the medulla crosses the

upper third of the figure. Same section as Fig. le 200 x.

30
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and muscle glycogen to lactic acid, thus explaining the increased blood
values of these two substances after the injeotionzz. Although the
effect of adrenine is usually the constriction of smooth muscle fibres,
such is not always the case. The coronary arteries are dilated, hearﬁ
reate is increased, with increasgd cardiac outpub; auricsuloventricular
conduction time is decreased; the arterioles of striated mnscles-are
dilated while those muscles are contracteds The smooth muscles of_the
bronehi and broﬁchioles are relaxed, Thére is decreased motility of the
muscle of the stomach and the remainder of the gastro-intestinal tract.

] Eiperimentally, some animals survive the loss of the medullary
tissue. OSome writers feel that the hormone is unnecessary, and this is
probably true iﬁ part, providing the equrimental animals are kept in a
normal environment. Man with diseased adrenals does not require replace-
ment thgrapy. However, it is diffioult to believe that such a potent
physiological agent'serfes no useful function in body economy, simply
because we are unable to aﬁtribute to it a function absolutely peceséary
for life., Long's recent papér, %o which reference has been made, sheds
some 1ight on the problem.

As an emergéncy mechanism, secretion of inoregsed amounts of
adrenine has obvious advantagészz. Such a statement is based on gross
observations'such as the rise of blood pressure, and those functions
which are usually attributed to this hormone.v Perhaps adrenine plays
a more useful funetion in the maintenance of the race, and perhaps
because of it, men are men, and mice are mice, a difference too often

forgotten by men of science,
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THE MALE REPRODUCTIVE SYSTEM




CHAPTER 11

THE MALE REPRODUCTIVE SYSTEM

Intréduction. The male reproductivg.system consists of the
testes, with a complete system of excretory duots (rete testes,
epididymis and vasa deferentia); with euxillary glands (seminal
vesicles and prostate), and the penis. In this discussion fhe testes
only will be considered in detail, since these orgeans are the only
part of the male reproductive system known to prpduce hormones.

Eaeh testis is an oval body with flattened sides, varying
considerably in size. The adult organ averages 38 mm in length, 25 mm
in the antero-posterior diameter, snd somewhat less from side to sidel

Each orgén is located in a serous sac which normally contains
only a thin f£ilm of serous fluid to separate the parietal and visceral
layers of the tunicﬁ vaginalise The visceral layer of the tunica
covers the anterior surface and the sides of the testis.

TWU types of specialized tissue are found in the testise
Highly specialized stratified epithelium lines the seminiferous
tubulesf From this epithelium are produced the spermatozoa required
fbr the propagation of the species. Production of spermatozoa is
considered to be the basic function of the testis. The second tissue
is found scabttered irregularly throughout the testis as singly |
occurring or groupe& Leydig cells, which ars considered by most
investigators to produce one or more of the male sex hormones, a

secondary function of the testise.

*
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The connective tissue framework. Immediately beneath the

tunica vaginalis there is found the tunica albuginesa, which is a
thick, tough, white fibro-elastic capsule measuring from 0.4 to 0¢6 mm
in thicknesss. The deep surface of the tunica is very vascular,
especially in the young, and has been called the tunica vasculosae.

The tunica albuginea forms the basis for the entire fibrous framework
éf fhe organ. Posteriorly the capsule is thickened to produce a
vertical ridge, the mediastinum testis. The mediastinum eonsists of
dense fibrous ;igsue, a few strands of smooth muscle, ana a few elastiec
tissue fibres. From the mediastinum radiate fibrous ribbons of the
septulae testis. These pass forward and laterally to become attached

~ to the inner surface of the tunica albuginea. In this manner the
orgen is sub-divided iﬁto 100 to 200 conical compartments, the

1obules2

» oach with the apex toward the mediastinume. The septulae
are incomplete in places,’espeoially toward the periphery, where the
lobules communicate. Comnective tissue extends from the septulae to

support the contents of the lobules. Elastic tissue fibres increase

with advancing age in the tunica albuginea,

The arterial supply of the testis. Hillzs, a student of Mell,

gives an excellent account of the blood supply of the humen ﬁestis.

Okkels and Send®? in a recent paper, agree essentially with Hill.
The testiocular artery arises from the anterior aspect of the

abdominal aorte at a level slighfly inferior to the origin §f the

renal arteries. Each slender artery passes obliquely downwards,




38

retroperitoneally on the psoas miscle, to reach the deep inguinal ringe.
From here the artery follows the spermatic cord to the testis. The
testicular artery gives rise to a branch (externsl spermatic artery) .
high in the cord, shortly after that structure lesaves the external
abdominal ringe The external spermetic artery divides into smaller
brenches as it descends in thé cord, and supplieé the membranes of

the testis., |

The main trunk of the testicular artery ends in one or more
terminal branches which become very tortuous just before reaching the
mediastinum. The terminal arteries further divide near the media=
stinum and send a great number of small arteries into the gland. From
the.mediastinum, vessels (ascending) follow the septulae between the
lobules, radiating like 'spokes of a wheel.' The ascending arteries
give off finer branchés to the tubulese

Neér»the globus major, one 1arge.vessel from the terminal
branches of the testiculaf artery goes to supply the tunica albuginea
and enéircles the testis, while on the inner or deep surfacs of the
tunica, descending branches from this capsular vessel enter the gland
substance and enastomose with the ascending arteries given off at the
mediastinum.

A small branch from the terminal arteries descends to the
globus minor and passes under the tunica albuginee to run under the
capsule and anastémose with the capsular vessel arising at the level
of the globus majof. These capsular vesseié send out meny small

arteries which are tortuous and which encircle the gland in the deep
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surface of the tunica albuginea, termed the tunica vasoculosa by Astley
Cooper. Branches of these anastomose with vessels from the mediastinum.

(ce. m11128)

Artefial sugglz of the lobule. Each lobule receives an arterial
supply from two or'more arteries arising at the mediastinum (ascending)
and an equal number from the capsular vessels (déécending), end amongst
all thgse there are rich anastomoses; Small arterioles arise from
these vessels. These arterioles encircle the tubules and end as
plexuses about theme

Hill28 points-out that the arteries and veins which supply each
lobule are in the septuiae and because of the presence of these vessels.
the septulae are more conspicuous which give the testis a definite

lobular appearances

Venous dreinage. The veins follow the general course of the

arteries. Several large capsular vessels encircle the gland while on
the deep or inner ;urface of the tunica albuginea. These empty into
the pampiniform plexus. Capsular veins receive blood from the venules
and veins on the inner surfece of the tunica albuginea, from the tunica
vaginalis and from anastomes with the ascending veins of the lobules.
Blood is also returned to the pampiniform plexué by the desoending
veins whichvfolloW‘the course of the descending arteries. These empty
into the wvenous plexus at the mediastinume (cr. Hillze)

The convoluted pampiniform plexus eventually gives rise to a

single spermetic vein on either side. The right spermatic vein entérs
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the inferior vena cave at an ascute angle. On the left side the
spermatic vein enters the renal vein at a right angle. According to

Rivingtonzg, the testicular veins are supplied with wvalves.

Lymphatic drainage of the testis®0s 51, Within the testis

the peritesticular, peritubular and pefilobular lymph capillaries forn
a rich network. According %o RouviereS! lymphetic capillaries from
the interstitial tissue pass into the septulae‘andbthen into the media=-
sﬁinum; or more frequently to the tunioca albuginea to follow the
surface of the testis. All the tributaries eventually arrive at the
postero-superiof border ofithe organ. From here 4 to 8 collecting
vessels ascend in the cord in the company of the veins®0,

Above the level of the inguinal ring, the ascent is retro=-
peritoneal on the. anterior surface of the psoas muscle still in the
company of the spermatic vessels. At the level where the spermatiec
vessels eross the ureﬁer, the lymph vessels leave the company of the
veins aﬁd as woll part from each other. In ‘the upper part of the
abdominal course the vesssls branch, and also communicate with one
enother. BHach testis has its own group of nodes which cgmmnnicate with
sach other, and resceive as well lymph from other organse

On the right side, one to three nodes lie in the’groove betwesn
the aorta and the vena cava, and one node is deeply placed between the
two vascular trunks. In many cases nodes are found at é lower level
arranged in a more or less irregular manﬁer.

On the left side the nodes lie in the tissue to the left of the
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sorta, generally grouped behind the origin of the inferior-mesenteric
artery. Occasionally a node is found as high as the left renal vein,
end as low as the engle between the aorta and the left common iliac
artery.

The secondary nodes are scattered irregularly amongst the
para~aortic group, and receive lymph from the primary nodes, as well
as from nodes above end below the level of the renal wveins, and from
still others in the chain of nodes along the outer side of the common

iliac artery. (Cf. Jamieson and Dobson®0)

Nerve supply of the testis. The testicular plexus is derived
from the renal plexus (formed from thebcoeliae plexus, the aortico-
renal plexus and the aortic plexus, gnd also from the lowest splanchunies
and branches from the vagus)e. The nerves accompany the tes#ioular
vessels and are derived from the tenth thoracic segment of the spinal
cord through the renal end the aortic plexus. Fibres from the pelvic
plexus are carried by'the-artery to the vas deferens to supply the

testes and the epididymis (T1l, 12 and L1)5%s 35,

The distribution of
the nerves within the testes and the relationship of these nerves to

the interstitial c¢ells are discussed on page 66.
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- I. THE TUBULAR SYSTEM

General plan of the tubular system. Each lobule contains one

to three, and sometimes more greatly convoluted seminiferous tubules
(tubuli contorti) which are supported by délicate connective tissue.
The seminiferous tubules afe very long slender loops that are coiled
or bent in sharp, short cur#es, sach tubule forming several small
compact convoluted massesz. The tubules measure from 30 to 70
centimetres in length and from 150 to 250 micra in diameter®. The

combined length is estimated to be 250 metres by Maximow and Bloom;,

and by Johnsonls'as 800 feet for eash testise.

16, the commonest type of tubule found are

Acocording to Johnson
the anastomosing loops connected in & complete series. Single
anastomosing loops and single unbranching-fubules are fouhd, but are
rare. Small diverticulae are found hers end there along the tubules;
and are more frequeﬁt near the mediastinal end of the tubules.

The ‘tubules follow their tortuous course, converge on the apex
of the lobule, pass sbruptly into the straight tubules (tubuli recti)

.that enter thé mediastinum end joint %o form a racemose network of
- wider calibre, the rete testis. The rete testis consists of an

irregular intercommunicating system of chennels lined with ouboidal
epitheliuﬁ. The duct system emefges from the testis proper at this
point as the ductuli efferentes. These pierce the tunice along the

posterior border of the testis near the upper pole, forming the coni

vasculosi, and connect the rete testis to the highly convoluted canal
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of the epididymis. (Cf. Piorsol?)
The epididymis has about 26 feet of tubules of inconstant
volume end diameter?®, Finally from the epididymis, there emerges

the vas deferens to conduct the products to the exterior. (Cf. post)

The seminiferous tubules. A highly specialized stratified

epithelium lines the seminiferous tubules. This epithelium rests on a
well developed finely fibrillar basement membrane. A thin layer of
cqndensed connective tissue is applied to the oubter surface of the
tubulese.

Two kinds of cells arse found in the complex epithelium; the
sustentaéular cells (of Sertoli) have a supporting and nutrient
function, and secondly the germ or spermatogenic"(sex) cells whioch
after a series of proiiferations and transformetions give rise to
- mabure spermatozoa. The histology of the seminiferous epithelium
varies with age. In the testis showing active spermatogenesis,
spefmatogonia, primary and secondar& spermatocytes, spermatids,

~immabture and mature spermatozosa are present.

The gells of Sertoli. Numerous nemes have been applied to the

Sertoli cells from time to timelg; among these are the terms
sustentacular cells, follicle cells, and the more désoriptive ! sperm-
nourishing cells.'

In the testis of the adult, during the period §f active
- spermatogenesis, the Sertoli cells are slender, eloﬁgéted, irregularly

pyramidal cells, perpendieular to the basement membrane on which they




FIGURE 14

Seminiferous tubule showing the fibrillar struoture

of the wall, the seminiferous epithelium and the
contents of the interstitial space. Stained with
periodic acid, Schiff's reagent and hematoxylin. A 7088.
300 x.
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rest. Wide divergence of opinion exists as to the nature of these
célls, whether or not they form a syncytiumso Henesl? points out that
Regaud in 1910 deseribed the Sertoli cells as forming & syncybium,
despite the fact that von Ebner in 1902 was able to tease the cells
apart in physiologicai saline.

Although the cell outlines are indefinite, identification of
the Sertoli cells is usually possible by recognition of the character-
jgtic nucleus. The mucleus is found in the expanded basal portion of

the eell, usually some distence from the basement membrane. The

nucleus as a rule is oval in shape, with the long axis.radially directed.

The average size is 9 by 12 micras- A compound nucleolus, consisting
of en acidophil granule and one-to three basophil granules, further
characterizes the vesiéular nucleus. Mitotic division is rare.

The Sertoli cells have several kinds of inclusionse Granules
staining with iron hematoxylin, wavy fibrils, lipoid granules and a
spindle shaped crystalloid (Gharcot-Bgttsohar) may be found in the
cytoplasme

- The Sertoli cells are presumed to have at least two fﬁnctions.
One function is to suppbrt the germinal cells. The second is nutrient.
Spermatids and unripe spermatozoa are attached to the distal end of
the cells. The spermatozoa lie with the heads attached to the cyto-
plasm of the cell as figured on pége 49.

In the straight tubules, the Sertoli ocells are morse columner
in shapé, in contrast to the pyramidal shape of those in the

seminiferous tubules, where they extend out to the lumen, the distanoé
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varying with the stage of the cell they are nursingl7.
The cells are highly resistant to noxious agents sueh as
Roentgen rays, toxins of different sorts, and high temperatures, all

of which are injurious to the more sensitive spermatogenic cells.

The spermatogenic cells. Spermatogenesis mey be divided into

two phases or stagese. in the first phase, kmown as spermatocytogenesis,
thé spermatogonia undergo repeated divisions; primary spermatocytes
. are formed from spermatogonia; secondary spermatocytes are formed from
primary spermatocytes; spermatids are formed from éecondary spermato=-
cytes; No further cell division occurs after the spefmatids are
formeds In the second phase, known as spermiogenesis, mature
spermatozoa are formed from spermatids after a series of complex
structural transformations. The structural details of the two phases

are not completely elueidated for mends 175 27,

Spermaetocytogenesis. Spermatocytogenesis begins with the

mitotic division- of the‘spermatogonia, which are found situatgd close
to the basement membrane. The primary generations of the spermetogonia
are relatively large cells, eéch'with e spherical nucleus which contains
dust-like particles and a round body thaf stains similar to chromatin.
The cytoplasm contains granuler mitochondria and near the nucleus a -
pair of cemtrioles®. Occasionally there is a small rod-like

erystalloid (of Lﬁbarsch) which is smaller than those found in the

17

Sertoli cells

The spermatogonis of the first generations ars puéhed toward
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the lumen by succeeding generations. Spermatogonia of>the'1ater
generations are smaller, and tend to have a smaller nucleus, although
the differences betwéen earlier and later generations of the sperﬁato-
gonie are not marked.

After an undetermined number of diviéions, the spermatogonia
develop into primary spermetocytes. These primary spermatocytes are
moved towards the lumen of the tubuie. After meny generations, there
is considerable variation in cell sizé and nuqlear morphologye The
fully developed eell is large, either spherical or oval, with the long
 axis of the cell perpendicular to the‘basement-membrane. The nucleus
is large and shows all the variations encountered in‘meiotio divisione
The secondary spermatocytes develop into spermatids.

- Spermatids are relatively small cells having a smail darkly
staining spherical nucleus each about 5 to 6 micra in diameter. AtAthe
stage bf‘spermatid formetion, the phase of spermatocytogenesis is

completed.‘ (Cfe page )

Spermiogenesis. The phase of spermiogenesis consists of the

production of mature spermatozoa from the spermatids, & process which
requires a series of complicated changes in the latters No cell |
division ococurs in this phase.

While the details of spermiogenesis,Are not within the scope of

17

this work, the paper of Gattenby and Beams™' is mentioned as an

excellent reference.
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FIGURE 15

Di_eigre.m to show the development of the
spermatozoa in the human testis. Redrawn
and simplified after Gattenby and Beams.
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Meture spermetozos. Leeuwenhoek reported the discovery of

spermatozoa to the Royal Society of London in 1677. The “living.
animalcules™ were first seen by Hem who directed the attention of
Leeuwenhoek to them in e specimen of human semen. Leeuwenhoek
continued the study and found spermetozos in enormous numbers in the
- semen of fishes, birds, insects and quedrapeds. (Cf. Bremer?).

A mature spermato;oa consists of & head and a tail, the latter
being divided into three p;rts.

The flattened head is ovoid eand when seen on edge is pyriform
in shape. The antérior moargin is sharp end is supposed‘by some to be
a cutting edge when the spermetozoon enters the ovume. The head has
three subdivisions. The anterior two thirds is the galea cepitis
whiéh stains less intensely with hematoxylin than the posterior one
third. The galea is said to be covered with a thin, closely adherent
structureless membrane® which originates aé the acrosome from Golgi
apparatusl7. The head measures 4 to 5 micra in length and 25 to 3.5
micre in width; it is actually the condensed nuclear meterial of the
spermatid and contains the chromosémes of that haploid cells The =
chromatin does not appear to be arranged in threads or networks.

The neck is actually the point of attachment between the head
and the tail. No marked constrictiop is found in human spermatozos.
Separation of the head from the tail occurs easily at this point.

The tail has three parts: the connecting piece (middle piece

of some suthors); the chief piece; and the end piece. The connecting

‘piece measures 5 to 6 micra in length and is approximately 1 micra in




GALEA
CAPITIS

CONNECTING
PIECES

CHIEF PIECE

FIGURE 16

Meve's concept of the spermatozoa,
based on the study of lower snimals.
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FIGURE 17

The cepsule and tunica vaginalis of the testis
of & twelve-year=old boy. Hematoxylin and eosin
stains 150 x. WGH A 7911.
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dismeter. It consists of oytoplasm, an "axial®™ element and two parts
of the posterior acrosomee. The spiral element, which is often figured
in texts, does not exist in human material according to Gattenby and
Beems!’ or Bowen®'. The chief piece measures from 40 to 60 micra in
length and gradually tapers as the tip is reached. An axial filement
surrounded by e membrene maskes up the chief piece. The end piece is
simply the last 10 miera of the tail and is the naked prolongation of
the axial filsment. In ordinary-preparations, the head end the tail
are easily identified. Special methods of staining and special lenses
are required to study many of the above details which are usually
figured in text books of cytologye.

Spermatozoa are produced in great numbers, the average counf
being 60,000 per cubiec millimefre‘of semen. During the active
reproductivé period epproximately 340 billion spermatoioa are produced

by an individualz'

Abnormal forms of spermatozoa. Abnormal forms of spermatozoa

are very common. Moench!® after the study of & small series concludes

that normel semen may contain up to 20 per cent of abnormel sperm headse.

When the sperm head abnormalities exceed 25 per cent, clinical
sterility can be assumed. Among the fifty or more abnormal forms this
author describes are micfosperm, megelosperm, narrow irregularly
staining aplastic head, coiled tail, ebnormal astbachment of the tail,
no tail, multiple tails, thickened body. The most importent variant

from the normal, from the stahdpoint of fertiliby, is the frequent
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finding of tapering narrow heads, or those that are sickle shaped.
Motility of the sperm is not as jimportant as their morphology from

the standpoint of fertilizing powerlé.

Spermatogenic wave. A marked difference in the stagés of

épermatogenesis is noted when examining one tubule after another in
the seme cross section. The process is not synchfonous along the
tubule. Spermatogenesis at one point is different in the stage
reached at another point. The study of a longitudinal‘section of a
tubule makes the difference more evident. Some laboratory animals
have a definite wave pattern which is measuresble and constent for
the speciess Such a condition does not exist for man. The reason for

the spermatogenic wave is not known at the'presenﬁ.

Theory of determination of sex. Porty=-eight chromosomes are.
found in the somatic cells of mani8, These chromosomes consist of
twenty-three pairs of varying shapes and sizes (autosomes) and one
pair‘of sex chromosomes, w@ich oarryrthe genes controlling sex. In
the femalé, the two sex chromosomes are similar end differ little
from the sutosomes. They are the X chromosomes. In the male, however,
the sex chromosomes are unlike, one being the X chromosome of maternal
origin and the other the Y chromosome of paternal origine The latter
is small and atypica133.

During the division of the spermatogonia of men the chromosomes
split in the usual way (mitotic division)s Forty-eight chromosomes |

are found in each of the daughter cells. Primary spermatocytes
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FEMALE MALE

OOGONIA
CONJUGATION
OOCYTES SEPARATION SPERMATOCYTES
POLAR
80DY -
ONE OVUM IO SPLITTING SPERMATIDS
GAMETE
SPERMATOZOA

FEMALE MALE
ZYGOTE ZYGOTE

FIGURE 18

Disgram to illustrate the development of the
meture sex cells of the male and female.
Redrawn after Bremer, slightly modified.
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develop from spermatogonia.

Through a process of re-arrangement of the chromosomes, primary
spermatocytes develop from the spermatogoniae. The chromosomes arrange
themselves in pairs and fuse. In this conjugation, there is simply a
reduction‘in the number of ochromosomes and no reduction in the emount
of the chromosome matefial; Each primary spermatocyte contains twenty=-
three paired autosomes and the sex chromosomes XY.

Seéondary spermatocytes arise from the primary spermatocytes
through & process of meiosis in which the emount of chromosome materialv
is reducéd. Bach paired chromosome splits longitudinally, resulting
in 23 autosomes snd the X chromosome going to one secondary spermatocyte,
and 23 autosomes and the Y chromosome going +to the other. Thus in the
humen, the secondary spermatocyte and all cells subsequent to that stage
have twenty-three ordinary chromosomes (autosomes of Painteri®) and
either an X or a Y chromosome to make up the twénty-fourth.

Secondary spermatocytes divide to form the spermatids. The
chromosomes split longitudinally so thet from each haploid secondary
spérmatocyte, two heploid spérmatids are formed, each with twenty~-three
plus X chromosomes or twenty-three plus Y chromosomes, depending upon
the chromosome makeup of the mother cell.

No division occurs in thé transformat;on of thé'spermatids into
spermatozoas In theory there are two types of spermatozoaes One half
of the spermatozoa contain 23 ordinary_chromosomes plus an X chromosome,
the other half 6ontaining'23 ordinary ehromosomes plus & Y ehromosomé.

Every ovum contains 23 chromosomes plus an X chromosome alwaysls--never
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a Y chromosome. Thus the sex of the orgenism depends entirely upon the

type of the spermatozoa which unites with the ovum during fertilization.

During fertilization, the total and original number of chromosomes
A numbering forty-eight is restored. If by union, there results an X-Y
combination of the sex chrdmosomes, the new individual is & male. A
female results if the combination is X-X.

The theory of determination of sex as outlined above is noﬁ
universally accepted. It has not been proven in the case of humense.
Two types of spermetozoa containing either an X or a Y ohromésome have

not been described morphologicelly for men thus rarS,

.Semen. While only a small part of semen is actually avproduct
of the testis, this discussion is included to give a short summary of
Killian's paper15.

Semen is the fluid me&ium in which the spermatozos are
trensmitted during coitus. It is the product of the combination of
meny secretions from the auxillary sex glands such as the prostate and.
the seminal vesicles. It is thick, viscid, opalescent, §1ight1y
alkaline fluid, of 2 to 5 cc's volume. Few reports of the metabolism
of the human spermatozoa are available. Killianl® hes reported some
of his studies. This worker finds that the concentration of sugar in
semen is from 4 to 6 times higher than thﬁt of the blood. When semen
is inoubated at 38° C, the sugar content falls éff progressively for

_the first 6 to 9vhours, with a corresponding increase in lactic acide

The pH is slightly higher them of blood plasma, an average of Te6.

The urea content is about twice that of blood being ebout 60 milligrems
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per 100 ml. Addition of solutions having a pH between pH 5 and

pH 8 have no influence upon the motility of the spermatozoa. Solutions
with a pH lower then pH & of higher\than.pH 8 depressed the motility,
the meximum depression being at pH of 3 and 1l respectively. Also the
lower the viscosity, the greater the motility. The addition of urea
solutions increases the motilit& of the spermatozoa, and élso decreases

the viscosity of semen. (Cf. Killianl®)

The physiology of the tubular system. Not all spermatogonia

become spermatozoa. Degenerating spermatocytes and spgrmatids'may be
seen‘in the.lumen of normal tubules. Present also in the lumen is a
collbid material, the source of which appears to be the autolysis of
degenerating germ cells and apparently also from the Sertoli cellszs.
Physiolbgicallyvspeaking; the tubules form a closed system of
tubules, open only at the straight tubules. The continuous'formation
of colloidal material; the deganefation of germ cells, end the
proliferation of cells produces a head of pressure which forces itself
along the tubules. This head of pressure can be easily aemonstrated.
After-ligation-éf the vase efferentis, the‘testiS‘begomes tense and
swollen, so much so that the tunice will on occaéion rupturezs.
The movement of the secretions has been graphically described
by Oslundzsz
This material moves‘slcwly but steadily through the
seminiferous tubules to the collecting tubules. Its movement,
brushing along the sides of the tubules, causes the spermatic

elements to slant much like grass or weeds in & slowly moving
stream. (o'-) .
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-The cellular slements including the spermatozosa are therefore
carried passively along the tubules. This concept was put forward‘by
»Griffiths in his 18956 series of 1§cturesz4. Spermatozoa are insetive
in the tubuleszs; probably & fortunate circumstence considering the
maze of tubular architecture. The column of fluid forees its way from
the seminiferoﬁsAfubules, through the straight tubules, the rete, the
ducts of the epididymis and to the vas deferens.

There is no appreciable storage of spermatozoa in the genital
traotzs. Spermatozoa are not stored in the seminal vesicalsl4’ 25.
Indeed, rather than reservoirs, these appendages are considered as

their graveyardsl4.

Oslund points out that the epididymis is supplied
with motor nerves. Moensh believes that most storage of spermatozoa
occurs in the epididymis, where in the tail they are kept inactive by

lack of oxygen and "inhibiting secretions of the epithelium.”™
II. THE INTERSTITIAL TISSUE

Introduction. Filling the angular spaces between the tubules

.are thin cbllagenqus fibres, blood and lymph vessels, nerves and
connective tissue cells. JAmong these latter cells are fibroblasts,
fixed end wendering macrophéges, fat cells rarely, perivascular embry-
onioc elements end the interstitial cells of.Leydig. The intertubular
connective ﬁiss;e represents from 13.5 to 30 per cent (average 22 per
cent) of the tissue of the testiss- About 66 pér cent of the testis
is tubulaf tissue. (Cfs Fige , page )

In this discussion, the term "interstitial tissue®™ will be
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used to include all those tissues filling the intertubular spacese
The term “interstitial cells" will be reserved for those cells

described by Leydige.

The inberstitial cells of Leydige Leydig® in 1850 noted the
masses of cells which contained either colourlessior yellowish fatty
globules and which are consténtly in the inbterstitial tissue.

Several nemes have been assigned to these cells. Bouin and
Anoel7 in 1908 designated them as the "interstitial gland“ of the
testise The undesiresble term of “puberty glend" was introduced by

Steinbacha in 1911.

Distribution and amount 3£ interstitial cells. Bebtween 8 and

28 per cent (average 12 per cent) of the testis is ococupied by
interstitial cellss. Such a high percentage is not épparent from the
casual study of stained sections.

Generally the cells are found in rather dense masses, élthough
singlé cells occure They are found scattered throughout the testis,
vévefywhere.exeept within the tubules.

When the interstitial eells fill the intertubular spaces a
¢lose relationship to bleod vessels naturally-resuits. Thié arrange-
ment is probably secondary, for if a decrease of the amount of
interstitial tissue ocours, the close.relationship to blood vessels
does not appear to existg. The cell nests are not especially
vascular and are considerébly less vascular than most of the other

endocrineslo.
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FIGURE 19

- Interstitial cells almost completely surrounding

the seminiferous tubule at the plane of section.
Hematoxylin and eosin stains. A 7088. 125 x.
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FIGURE 20

Interstitial cells situated just beneath
the tunica vasculosa. Hematoxylin and
e0osin staine A 7088, 260 x.
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FIGURE 21

Interstitial cells situated just beneath
the tunica vasculosa. Hematoxylin and
eosin stain. A 7088. 260 x.
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FIGURE 22

| A group of interstitial cells in the interw
tubular space, showing relationship to blood

i vessels and comective tissue. Hematoxylin

: and eosin stain. 260 x.
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FIGURE 22 &

The interstitial tissue and cells of the testié of an
elderly man, showing the pigment and crystalloids. -
H & E. 350 x. (WGH 2185-50).




The interstitial cells appear first in the 19.5 mm humen
embryoss. Most authors agree that théy probebly arise from
mesenchymal cells. The cells are abundent at birth; however, they
subsequently disasppear. At the time of puberty they reappear.

Spermatogenesis commences at the time of their réappearance.

Histological details. Typically the interstitial cells are

large, irregular polygonel cells, measuring from 15 to 20 micra4.
Numerous inclusions make the abundent oytoplasm grenulars

The nucleus measures from 6 to 10 micra, mostly 7.6 micrall.-
v.Usually there is one nucleus, although some authors have reported the
rare finding of binuclested cells. Mitosis is rarell, One, or
occasionally mbrébnucleoli show disfinctly after most staining
reactions. The spherical nucleus is vesicular and has a typical
arrengement of chrometin end smell granuless

- A lérge idiosome is present in the endoplasm near the nucleuse.

Two rod-shaped centrioles are usually present. The mitochondria sare
in the form of filaments end granules. A typica; Golgi net is fouﬁd
in the interstitialicells. Various round granules which are larger
then the mitochondria have been desoribed by some authors. No agree-
ment has been reached as fo the nature or significence of these
granules. (cf. Rasmusseng)

Abundent fatty giobules are found in the fully developed

interstitial celles There is considerable variation in the size of

the globules. These fatty substances consist of cholesterol,
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cholesterol esters, and smaller amounts of cerebrosides and phosphatideslz.

The role of the lipoid meterial is not knowng.
Brown pigment in the form of granules is usually not found in
the humen interstitial cells until the adult stage is reachedg, after

which time the amount of the pigment increases. In old age, numerous

cells may be packed with granules of pigment.

The first description of elongated crystalloids in human inter=-

stitial cells was given by Reinke in 1896, These‘inclﬁsions are
generally regarded as cheracteristic of humens, although they have
been described in a few other species. The crystalloids do not appear
until after puberty; after which time they persistg.

Four characteristics df the interstitial cells in humens may be
listed here. Compared with the interstitiel cells of other species,
those of the human have relatively large amounts of lipoid materiel.
The crystalloid of Reinke is absent or rare in other species.' No .
seasonal variatién in the number or appesrance of the Leydig cells is

found in mene. The cells form large groups or collections which are

easily identifiede In memny of the lower animels, the Leydig cells are
found singly pleced, and are often difficult to identify. In other

.animels the interstitial cells are very numerous.

Relationship between nerves and the Leydig cells. Details of

the relationship of the nerves supplying the testis and the Leydig

cells are due mostly to the work of Okkels and Sandsz, whose peper is

summarized in the paragrsphs to follow.
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According to Qkkels end Sandsz, the nerves of the humen testis
are more numerous then has been previously assumed. The nerves on
reaching the organ in compeny with the blood vessels, continue to
follow the course of the latter into the interior of the gland, some
passing directly through to the mediastinum, but tﬁe majority and the
larger nerves following the arteries which run in the deep layers of
the tunieca albuginea. From the deeper layers of the albuginesa, they
pess into the interlobular sepfaeb

ihree types of connections are described by Okkels and Send:
(a) perineural Leydig cells are found in the region of the hilum or. at
a point just after the nerves havé entered the tunica_&asculosa._ The
contact is essentially’superficialg (b) while the nerves are still in
the albuginea, and are about to enter the septulae, occcasionally are
found intreaneural Leydig celis séattered throughout the nerve 'like
raisins in a bun'; (c) when the large ﬁasses of Leydig cells are
reached, the nerve splits up and blends with thé ecells, where the
neurofibrils stop at the surfece of the cell, but do not penetrate
int§ the eytoplasme These investigators hgve not been able to
demonstrate an intimate relationship between the nerves and the Leydig
- cells before pubserty.

The larger nerves follow a periarterial course until the
parenchyme. of the gland is reached. During this course, it is probable
that vasomotor nerves are given off. The nerves apparently have a
functional significance and Okkels and Sand suggest that this function

is secretory. (Cf. Okkels and Sandsz)
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FIGURE 23

Diagrem illustrating the varying relationship of
interstitial cells to a nerve as it courses from
the capsule of the testis into the septum. Re-

drawn efter Okkels and Sand.
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Variation of the testes with age.  Full size or function of the

testis is not etteined until puberty or afterwards. In a boy'of ten
years of age, the organ is almost round, and is firm and compacte

The orgen measures 10 by 10 by 15 mm in size. The seminiferous‘
tubules are almost indistinguishable from one another. The tubules
are not greatly convoluted and are closely packed together. There is
little interstitial tissue, most of which is fibrocellular connective
tissue. Fach tubule coﬁsists of a Solid column of cells. All the
cells are in a quiescent stats.

In the adult, the organ is softer, larger and more plump. When
the organ is out in the fresh state, the yellow tissue bulges. From
the surface the tubules may be picked up with fine forceps and are
seen to rgsemble fine contorted threads. The tubules are larger than
those of the young male. The tunica propria is thin. |

| The process of aging leaves its effect upon the male genital
system but the changes are not so uniform when compared to similar
changes in the female genital system. Nor are the changes found in
old age so well known. Thefe is a lack of published data. Spermato-
geﬁesis ceases at a period varying greatly with the individuales
Reports found in the literature vary greatly with respect to the upper
limit of this period. In meny individuals there occurs with failing
spermatogenesié a thickening of the basgment membrane of the tubule.
The connective tissue of the tunica propria increases in thickness,
usually éssociated with a decrease in the size of the tubule. Aé

well there is an inocrease in pigment found in the interstitial cells
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FIGURE 24

The testis of an infant male of one monthe The
tubules have no lumen. The intertubular tissue
is very cellular, but shows no interstitial cells.
CH 48-2067. Hematoxylin and eosine. Low powsr.
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FPIGURE 25

. The tubules and interstitial tissue of the testis

of'a normel twelve=year-old boy who died of

. accidental electrocution. Autopsy twelve hours

post-mortem. Hematoxylin and eosin stain. 275 x.
WGH A 7911,
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of meny individuals. (Cf. EngleS9)

Note on development of the testis. The development of the

testes and the ovaries is closely associated with the development of
the urinary system. The development of the genital system is complex
owing to the fact that its different portions arise from diverée
primordia. The contributions from these primordia vary qualitatiVely.
and quantitatively in the two sexes.

While the sex of the fubure embryo is determined at the moment
of fertilization by the presence or sasbsence of the X~-chromosome, the
jdentification of the sex of the embryo is not possible until the 17
mm stage.

The primordia of the sex glands appear in embryos of 4 to 5 mm
(CR) length. The genital ridges appear as thickenings of the coelomic
epithelium on the medial aspect of the mesonephros. The basement
membrane seéarating the coelomic epithelium from the underlying
mesenchyme diseppearse Cords of cells proliferate from the epithelium
and project into the mesenchyms. Until the 17 mm:stage;Athese develop=-
mental changes in these ridges ére the same in either sex.

At about thé 13 mm stage, the gonadal‘blastema becomes divided
into cords by the development of fibrous tissue bundles. The sex
cords are atvfirst joined to the germinal epithelium. At about the
25 mm stage, the dense tunica albuginea forms and separates the cords
from the epithelium. Later,'the cords exfend into the region of the

mesorchium where they form a.netwofk, the rete testese. FSome of the
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cords become canalized to form the seminiferous tubules, the cells of
which are either the sustantacular cells or the primordial germ cells.
Some of the shorter cords do not become canalized, and persist as small
groups to become the interstitial cells.

The ovaries and the testes in late fetal life occupy a different
Hposition from that in which they are found in thé embryos The change
in position is most marked in the case of the testes, since these
orgens pass from the abdominal cavity through the abdominal into the
scrotal sace. |

By the third month of fetal life (70 mm), the testis lies
retroperitoneally in the false pelvis. It rémains gt the abdominal
end of the inguinal canal until the seventh month. During the seventh
month it passes through the inguinal canal. Normally the testis is
within the scrotum by the end of the eithth feﬁal monthe (Cf.-Hamilton,

Boyd and Mossman®®)

The hormones 2£ the testes. The mals sex hormones are discussed

in Chepter V, together with the other hormones of reproductions




1.

2e
3o
4.
5.
8.

Te

8.
9.

10.

11.

12.

13.

74

BIBLIOGRAPHY

Cunninghem's Menual of Practical Anstomy, Vol. II, Revised by
A. Robinson. BEighth edition; London: Humphrey Milford
Oxford University Press, 1930. 524 pp.

Bremer, J. L. (Rewritten by H. L. Weatherford), A Textbook of
Histology. Phila.t The Blakiston Company, 1944. 723 ppe.

Maximow, A. A., and Wm. Bloom, A Textbook of Histology. Fifth
edition; Phila.: W. B. Saunders Company, 1948. 700 pp.

Piersol's Normel Histology (re-sdited by W.H.F. Addison).
Thirteenth edition; Phila.: J« B. Lippincott Company, 1926.

Leydig, Fe, Zur Anatomle der mannlichen Geschectsorgane und
Ansldrusen der Sangetlere, Ztschr. f. wissench. Zool.
1850, ii, I. (quoted by Hanes- 19)

Slotopolsky, Be. and He R. Schinz, Histologische Hodenbefunde
bei Sexuvalverbrechern. Arch. f. pathe. Anate. u. Physiol.
ue fo klin. Med., 1925, 257:294. (Quoted by Rasmussen = 9)

Ancel and Bouin (Quoted by Sharpey-Schafer - 10)

Stelnbach, E.,, Umstimmung des Geschlechtscharakters bei
S8ugetieren durch Austausch der PubertStdrfsen.
Zentrabl. f. Physiol., 1911, 25:723. (Quoted by Rasmussen)

Rasmussen, A« Te, Interstitial Cells of the Testis. Section XLII,
Special Cytology, Vol. III, pp. 1673-1726, Edited by
E. V. Cowdry. New York: Peaul B. Hoeber Incorporated, 1932.

Sharpey-Schafer, Ee As, The Endocrine Organs. Second edition,
part IT; London: Longmens, Green and Co. Ltd., 1926. 418 ppe.

Clara, M., Untersuchungen an menschlichen Hodenzwischenzellen
Zugleich ein Beitrag zur Kenntnis des rhythmischen
Wechstums der Zellen durch Verdopelung ihres Volumens.
Ztsch. fo mikr. anat. Forsch., 1928, 13:72.

(Quoted by Rasmussen - 9)

Lotz, A., end R. Jaffe, Die Hoden bei Allgemeinkrankungene.
Ztsch. fe Konstit., 1924, 10:99. (Quoted by Rasmussen - 9)

Moench, G. Ls, and He Holt, Sperm Morphology in Relation to
Fertility. Amer. J. Obstet. end Gynec., 1931, 22:199.




14.
15,
16.
17.
18.

19.

20,

2l.

22,

23.

24,
25,
26,

27,

75

Moench, G. L., A Consideration of Some of the Aspects of Sterility.
Amer. Je Obstet. and Gynec., 1936, 32:406.

Killian, J. A., Metabolism of Spermatozoa in Semen. Ame. J. Surg.,
1933, 19376,

Johnson, F. P., Dissections of Human Seminiferous Tubules.
Anst. Rec., 1934, 59:187.

Gatenby, Je Be, and H.'W} Beams, The Cytoplasmic Inclusions in
the Spermatogenesis of Man. Quart. J. Micro. Se., 1935, 78:l.

Painter, T. S., Studies in Mammalian Spermatogenesis. II. The
Spermatogenesis of Men. J. Exper. Zool., 1923, 37:291.

Henes, Fo Me, The Relations of the Interstitial Cells of TLeydig
to the Production of an Internasl Secretion by Mammalian
Testise Je Exper. Med., 1911, 13:338.

Kolliker, Mikroskopische Anatomie oder Gewebelehre des Menschen,
Leipzig, 1854, pt. iie (quoted by Hanes - 19)

Reinks, F., Beitrgge zur Histologie des Menschen. I. Uber
Krystalloidbildungen in den interstiellen Zellen des
menschlichen Hodens. Arch. f. mikr. Anst., 1896, 47334,
(Quoted by Rasmussen - 9, and Hanes - 19)

Bouin et Anecel, Recherches sur 1a signification phy31olog1que
de la glende interstitielle du testleule des memmiferes,
Jour. de physiol. et de path. gén., 1904, 6311012,
(Quoted by Hanes - 19)

Bouin et Ancel, Recherches sur les cellules interqyitielles du
testicule des memmiferes, Arche de zool. exper., 1903,
Series 4, 1:437. (Quoted by Henes - 19)

Grmfflths, Je, Three Lectures upon the Testes. Lencet, 1895,
- 12791, 795, 9186.

Oslund, Re. M., The Physiology of the Male Reproductive System.
JeleMeAs s 1928, 29_3 829,

Brannen, De., The Sympathicotropie Cells of the Ovary and Testis.
Amere Je Pa‘bho, 1927’ 233430

Arey, Le. B., New Diagrams Illustrating the Transformation Period
of the Human Spermatid, as Prepared by the Late Professor
Bowen. Anat. Rec., 1930, 47131,




28,

29.

30.
3l.

32

33
34.
35,
36
37

38

76

Hill, B+ Ce, The Vascularization of the Humen Testis.
Amer. Je A.nat., 1909, 23465.

Rivington, Quoted in Gray's Anatomy34.

Jamieson, J. K., and J. F. Dobson, The Lymphatics of the Testicle.
Lancet, 1910, 1:493.

Rouviere, He, Anatomie des lymphatiques de 1l'homme.
Paris: Masson et Cie., 1932. 489 pp.

Okkels, H., and K. Sand, Morphological Relationship between the
Testicular Nerves and the Leydig Cells in Man. J. Endoorin.,
1940, 2:39. ' -

Hamilton, We Je, Je Ds Boyd, and H. W. Mossmen, Human Embryology.
Cambridge: W. Heffer and Sons, Ltd., 1945. 366 pp.

Gray's Anatomy, edit. by T« B. Johnston and J. Whillis. ‘
Twenty-ninth edition; London: Longmens, Green and Co., 1947,
1587 pp.

Johnston, T« Be., A Synopsis of Regional Anatomy. Sixth edition.
Philae.s Lea and Febiger, 1948. 436 ppe.

Engle, Earl T., Male Reproductive System, Chapter 15, in
Problems of Ageing, E. V. Cowdry, Editor. _
Balte: The Williams & Wilkins Compeny, 1939. 758 pp.

Herman, L., The Practice of Urologye Phila.: W. B. Saunders .
Company, 1938. 923 pp.

: _ : )
Selye, Hens, Textbook of Endocrinology, 1947. Universite de
Montreal, Montreal. 914 ppe. ' ,




CHAPTER THREE

THE FEMALE REPRODUCTIVE SYSTEM

THE OVARY




CHAPTER IIIX

THE FEMALE REFRODUCTIVE SYSTEM

Introductione The female reproductive system consists of the
ovarieé, oviducts, uterus, vagina, mam;qary glands, and the external
genitalia. Of these, the ovaries produce hormones and discussion will
be restricted to thém. Discussion of the placenta is fouhd in Chapter
Four.

Embryology, anatomy, end function of the ovaries and testes have
meny similarities and as may be expected, many‘ differénces. A comparison

of the ovaries and testes is mede on page

General descrip‘cioﬁ of the ovariess. Textbook descriptions of
the norﬁal ovary are oftten too restricted and sb‘ereo;by-ped to allow for
the great variations which may fall within the normal range of the orgens
Measurements generally give range from 2.5 cm to 5 em in length, 1.5 om
to. 3 om in width, and 06 om to le5 om in thickness. It is fairly
common for the normal ovary to attain larger proportions. All too _
 often these "large" ovaries are regarded as pafholdgical and are sent
to the surgical 1a50ra.‘cory for examination. |

There are many quite nbrﬁal variations of the surface appéaranoe.
A pale smooth or slightly pitted surface is considered by many as the
normal appesararce, ﬁrhile a vigorous end healthy organ with its bulging
follicles, deeb soars, hemorrhagic and non-hemorrhagie corpora lutes is

often incorrectly considered abnormal.
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Cross sections of adult orgens show variations from specimen to
specimen. The thin, pale, germinal epithelium on the surface cennot be
distinguished by the naked eye. The tunice albuginea immediately |
beneath the epithelium is much thinner than in the testes and is not
prominent. An ill-defined rather firm cortex surrounds the softer
more vescular medulla. Near the hilus a few gaping slits, the rete
ovarii, are present. Follicles which are actively groﬁing may reach
the size of a few millimetres and are thus visible to the naked eye.
Corpora lutea are usually easy to identify, especially later in their
development when they assume a fairly characteristic shape and yellow
coloure. OCorpora albicantes and the smaller corpora fibrosa are white
in colour because of the large emount of fibrous tissue present in
these structuress Atretic follicles may ettain great size, frequently
reaching the diemeter of a centimetre or mores These follicles are
filled with clear fluid which is oftten under considerable tension.
When the follicle is cut across, the fluid escapes and the wall of'
the oystic structure above the surfaée of the ovary‘oollapses, while

the wall beneath the surface is held in shape by the stroma.

222.21229 supply of the ovary. The ovarian arteries arise from
fhehaorta in e manner similar to the testicular arteries in the male.
The arteries arise from the antero-~lateral aspect of'the abdominal
aorte, near the origin of the renal arteries. From here they descend
retfbperitoneally, eross the external iliac arteries approximstely an

inch below the level of their origin, and then descend into the
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infundibulo-pelvic ligament. After reaching the mesosalpinx, each
ovarian artery anastomoses with fhe corrésponding'uterine artery, and
after giving off some branches 1_:'0 the oviduct, traverses the mesovarium
to enter the hilum of the ovary7.

The veins emerge from the hilum to form a pampiniform pie‘xus
which communicates with the plexus of the uterine vessels. Two veins
issue from this plexus and ascend retrOperitoneally in a manner
similar to the testioular veins'. |

Lymphatic vessels from the ovaries arse agsooia’ced with the

lymphetics of the body and fundus of the uteruss They drain into the

lateral and pre-aortic gx"oups'?-

Vessels within the organe Recent studies of the vascular

patterns of the human ovary show that standard deécriptions found in
text boc_»ks are no longer tenable. Delson, Lubin, and Re‘ynol‘dse. report
their studies and the rediscovery of Farre's descriptiori of 1858,

| The main arterjr as it courses in the hilum of the ovary is
undulent, tbrtuous and is somewhat flattened. From the main artery
arise the primary arteries which are mostly tortuo‘;is and undulémt.
Secondary arteries arise frém the pfimary vessels. As these becoms
smaller they show a tendency o spi"ralling. The smallest veésels that
tﬁes‘e 11}vestiga.tors were able to injeoct wif.h élas‘cic were the tertiary
vesselse These showed regularly the greatest spirallinge The spirals
were in the form of a counter-clockwise helix of gradually dim_iﬁishing '

diamstoer.
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The veins show no spiralling and are larger and irregularly
flattened. Anastomoses are fregquent. The veins drain into the
pempiniform plexus in the hilar region. (Cf. DelSon, Lubin and

Reynolds®)

The nerve supplyQ Fibres from the coeliac, renal and superior

mesenteric plexuses supply the ovarye The origin of the ovarian plexus
is often difficﬁlt to determine by dissectiones The fibres are very
fine and surround the vessels to the ovaries in the form of a networke.
Following the vessels, they reach the hilus where twigs are given off
to supply the oviduct and others continueé with the vessels in the
ovary and brench with theme. (Cf. Maller®)

After reaching the ovarian strome, only fine non@medullated
nerve fibres are found. Mﬁllerg eould find ﬁo ganglionic cellse Fine
- non-medullated nerves reach the follicles. The "egg layer™ (cortex) is

] it 9
devoid of nerves. (Cfe. Muller”)

Note on embryology of ovaries. The early development of the

gonads in either sex is similar until the 17 mm stage (seven weeks) is
reached. The essential features of the early stages were given
briefly in oonneotion with the development of the male gonads at the -
end of Chapter 11,

About the time the 13 mm stage‘(six weeks) is reached, the
: gonadal.blastema becomes divided into cords by the formation of
fibrous tissue bundles. The cords are at first attached to the

‘germinal epithelium, but soon becoms broken into isolated cell massess
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The small groups of cells resulting from the fragmentation become
grouped to form the primordial follicles. (Cfe Hemilton, Boyd and

Mossmanzo)

A summary of the fate of the primary follicles, i.‘ Be,

development of the Graafian follicles, Corpora lutea, corpora albicanteé,
and atrgtic follicless Probably no other organ has so many variable
componentse -The foilicles whioch have been designated as: (a) primordial,
(b) primery, and (c) vesicular (maturing and Graafien), are not static
but are changing from day to days. The corpora lutea as well undergo _
changes rapidly. A definite pattern is followed in the case of each
structure, but before considering the detailed microscopic picture of
sach and the various phases of its eXiétence, a brief summary of thé‘
development of en ovum end its subsequent possible fates is given.

From the'germ“cglls there develop the primary'follicles, each
of which is essentially an ovum surrounded by a single layer of
flattened follicular cells. 'As the follicle grows, the follicular
célls become more numerous, and evéntually are separatedAfrom the ovum
by the development of a olear, glassy membrane known as the zona
pellucidas Fluid collects in the interspaoces of the follicular cells.
As this follicular fluid collects, it enlarges the-interspacés until a
» cpntinuous follicular cavity is formed. Evenﬁually the 6vum with its .
zona pellucida and surrounding follicular cells is situated as a.
rounded mass of cells (cumulus'ogphorus) on the inner surféce_of‘the
liniﬁg of the vesicle. The folliclé (now meture and éalled‘the

Graafian follicle in this discuséion)bcontains fluid whioh is under '
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The development of the Graafian follicle and its
subsequent fate. Based on several authors.
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considerable tension. The follicle ruptures to release the ovum and
some of the liquor folliculi. Following the rupture, the wall
collapses and changes soon occur in the lining follicular cells %o
become the cells of the corpus lpteum.. The subsequent history of the
corpus luteum depends upon the presence or absence of conceptions If
conception has occurred, the corpus 1uteﬁm contimies to grow in size
and inoreases in function until the period between 50 and 60 days of
the gestation, after which it undergoeé regression. In the absence of
conception, regreésion,of the corpus luteum occurs forthwith, without
continuation of growth. Finelly the corpus luteum is replaced by
collagenous connective tissue of the corpué albicans.

Not all primordia develop along the same plan as given aboﬁe.
Countless numbers become vesioular follieles, but as a rule»only one,
infrequently more then oné, reaches the stage of mabturity to discharge
an ovums When ovulation occurs, for some unknown reason, the other
follicles "racing to maturity® undergé en arrest of development and

" become atretic follicles.

The germinal epithelium. Except at the hilum, the ovary is

covered with a single»lgyer 6f cuboidal or columnar "germinal
epithelium." This layer is deséribed asimédified‘peritoneum or
mpdified mesotheliume As age increases, the cells tend to become
flatﬁened. No basement membrane is found beneath the layer. A slight
| condensation of eollagenous fibres, termed the tunioca albuginea, is

directly beneath the germinal epithelium. Compared to the structure of




FIGURE 27

Germinal epithelium of the ovary of a
sixtys=three year old woman. The
epithelium is cuboidal. Masson's
“trichrome stain. 400 x.
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FIGURE 28

Germinal epithelium. Higher magnification of the same
section as Fige 85. The basement membrane is seen where
the epithelium is missing (artefact produced in handling
of the tissue). Masson's trichrome stain. 800 x.
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the same name in the testis, this tunica is thin and delicate.\

| There is general agreement'among various ﬁorkers that the
germinal epithelium arises from coelomic epithelium in embryonic
development4.

Throughout the functional period of the ovary, the germinal
epithelium shows marked‘acfivity of growthe. Groups of cells from the
epithélium‘migraﬁé into the cortex and finally reach the deepér cortex
end lose their attachment. Whether these cells develop into ova or

degenerate is not definitely known. (Cf. Schwarz et al.s)

Cortex and medulla. Division into cortex and medulla is poorly

defined in the ovary. Follicles and their derivatives are found in a
-characteristioc. stroma of compaoct spindle~celled comnective slements of
the cortexs. The cortex is wide during tﬁe reproductive period making
appfoximately one half to three quarters of the cross-section. The
medulla haé a loose comnective tissue stroma and numerous large
contofted blood vesselse. 'At the hilus, the medulla is not covered by
the cortex. Smooth muscle fibres extend in from the mesovarium at the
"~ hilus, elsewhere a few mey be found, chiefly around the blood vessels.
A few slit-like spaces are found at the hiluse Thesge are the

rete ovaree and are lined‘ﬁith‘a simple 10& epitheliume

| In the senile ovary, the cortex is a relatively thin zone of
connective tissue. The vessels of the medulla show endarteritis
obliterans and in the walls of many of them there is often extensive

calcifieation. Corpora lutea are not present. Primary follicles and
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atretic vesicular follicles are found, although they are rare.

Origin of ovae. While consideration of the different phases of

maturation of the developing ovum is not within the scope of this
discussion, brief reference is made to the work of Swezy and Evansl.
Ace_ording to these authors, the human embryoniec ova ari’sé by
proliferation from the germinal epithelium; During the period between
seven weeks to three months of intrauterine development only growth
end multiplication take plece. Maturation phases of the ova are found
‘during the period from three months to five months. From five months
'bc; seven months maturation phases which are similar to those found in
the male germ cells are founde.

in the ovary of the adult, embryonie ova have disappeared.
Definitive gernm cells arise then in one of two methods: first by
proliferation from the germinal epithelium of the surface of the organ,
and secondly by division of germ cells already existing in the organ.

(Cf. Swezy end Evansl)

5

Séhwarz ot al.® support the view that new ova are formed after

birthe The origin is mainly from the germinal epithelium according to
these workerse Following is a quotation from their paper:

(ess) The concept that in the mammals the ova are all formed
before birth and remain gquiescent until cyels maturity has no
foundation in facte On the conbrary, all of the ova in adult
life are new formetions and are being constantly produced and
are constantly being destroyed. (ess)
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Primary follicles. Simkins® defines the primordial follicles as

an ovum which is inconstantly and incompletely surrounded by flat end
ellipsoidal cells. The average diameter of the primordial foliicles is
30 micras Primary follicles are completely surrounded by spherical

" gells and have an average diameter of 50 micrae In the ovary of the
newborn, the primordial follicles greatly outnumber the primary |
follicles, while at 14'years, their numbers are about equa16;

The single layer of spherical to cuboidal epithelium rests on a
basement membrasne and surr§unds the owvum or germ oeil. The nucleus of
the ovum is large and vesicular with a loose network of linin threeads,
small chrometin granules and a large chrometin nucleolus.

| Surrounding the follicle, the stromal cells are lightly stained
and give the impression of a capsule. This ié not é true capsulse The
appeafanée is mentioned here because of the subsequent fate of these
cells. They become the thecal cells to be discussed later.

Counts of the follicles vary considerably, probably due to
different techniqpes5 and are subjeét to such wide variations that

2

estimates have no significancea. Maximow and Bloom™ mention the figure

8 gives the

~of 400,000 ova in the ovaries of a newborne. ve.Hannsemenn
number of ove in a single ovary between 40,000 and 80,000>in the’
newborne - veHanngsemann found only 20,000 ova at the tenth year of life
end by the beginning of‘puberty 16,000 in each ovary. While the

numbers are very variable, the tendency for a progressive decrease in

the total number with age is esteblishedZ.




FIGURE 29

The germinal epithelium and cortex of the ovary
from a female infant, aged 3 months, showing
columnar germinal epithelium and many primary
follicles. Hematoxylin and eosin stain.

CH 48-4191,
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FIGURE 30

Primary follicle of an adult ovary.

The nucleus shows

some degeneration. Masson's trichrome stain. 800 x.
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Growing follicles. As development progresses in the follicles,

the nucleus of the ovum increases in size, and the cytoplasm increases

in emounte TYolk granules of two types appear in the cytoplasm at a

later date. Simultaneously, chenges also ocour in the follicular
cells and the adjacent connective tissues It is believed that ten to
fourteen days are required for a mature follicle to develop from a

primary folliclez.

By the time the ovum is 60 to 80 micra in dismeter, a highly
refractile membrane, the zone pellucida, sufrounds 162, The chemical
nature of this thin layer of clear substance iS”HSt known, although
from its staining reaction it must contain'mDStly'proteinlo. Tt
stains deeply, is highly fefractile, and increases in thickness as the
ovam and follicle meture. Striations and layers have been deseribed
by older writers. These striations are never seen in fresh speoimenslo.'
(Cf. Corner) : ' %1‘

Enlargement  of the follicle in the early stages is due mostly

to the rapid proliferation of the folliocular cells. While still a

single layer, the follicular cells inorease in size end number, their
form chenging from flattened to columnar 09118110 Proliferation
continues until the ovum is surrounded by a solid mantle of darkly

staining cells meny layers thick. Growth of the follioular cells is

eccentric being more rapid at the pole containing the ovum with the
result that the follicle is oval in shapeg. No blood vessels are found

among the follicular oellslz, which are now also called the granulosa

cellse.
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~ FIGURE 32 L

A growing follicle which has proceeded in develop=~
: o ment slightly further than the follicle shown in
- - PFig. 3l. Masson's trichrome stain. 400 x.




FIGURE 33

The growing follicle. The follicular cells are

three and four layers thick.
stain. 800 x.

Masson's trichrome




When the follicle has reached a diameter of 0.2 mm, irregular

spaces filled with liquor folliculi appear between the granmulose cellse.
As more fluid accumulates, the collections of fluid coalesce, and as a
result, the follicle increases in size and is now termed a Graafian
folliclez. |

The Graafian follicle is a vesicle filled with fluid. The
granulosa cells have darkly stalnlng nuclei and cytoplasm. The oslls
are arranged in sheets, densely packed together, and assume a
polyhedral shape. At one side of the vesiclg, there is a mass of -
cells which form the cumulus oophorus (discus proligerus), deriving
its neme from the fact that the ovum is embeddedvin this.mound of
cells.

| The granulosa cells adjacent to the ovum form the corona
radiata, where the cells are arranged radially to the zone pellucidae
Next to the bodies of Call-Exner, and next to the theca internsa, the
gramulosa cells tend to be radially arranged and to be columar in
shape. (cfe CornerlQ)

Call-Exner bodies may be present in the growing or mature
follicles. These ;pherioal bodies measure from & few micra to as
large aé 100 micré in diameter. They are not found in all folliclés.
About them fhe granulosa ceils are arraﬂged in a radial fashion, and
the cells tend to be columnare The Call-Exner bodies stain faintly
with eosin eand sometimes have baéophil granules in their centres.
(cf. Cornerlo) Very little is known of thsir origin, composition; or

functional significance.
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FIGURE 34

The developing follicle with early format

jon of the

A Call«Exner body with typical radial

vesiclee

8

Masson!

is situated just

See also Fige. 35, Page 98.
A 6566,

arrangement of the cells around it
225 x.

_above the ovum.
trichrome.
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The Cali-Exner body

35

shown in Fige. 34«

Masson's trichrome staine. 500 x.
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Mature follicles. Mature follicles (Graafian) are oystio

structures which may reach the size of 8 mm in diemetere Most of the
Peatures of a mature follicle have been discussed in connection with
the gfbwing follicles It is difficult to determine Whethér a follicle
is still growing, has reached maturity, or is beginning to involute?.

The wall of the mature follisle has three layerss (1) the
membrana granulosa, (2) the theca interna, (3) the thecsa extornas

The innermost layer of cells is the membrana granulosa (the
stratum gfanulosum or granulosa-lutein layer resulting from a
transformation of the follicular cells of the growing folliele)s This
layer completely surrounds the central cavity or entrum whioh contains
the liquor folliculi. The protein content of the liguor folliculi
accounts for Mthe granular eppearance in fixed, stained seotions.‘
Shrinkege in sections is common and difficult to overcome. Consider=
able tension of the follicle results as more and more of the fluid
col).ects. Accumilation of the fluid accounts for the rapid increase
in size of the vesicle as it approaches maturify.

The membrana grenulosa is Suppofted-- by & ﬁe-ll defined basement
~ membrene, which also serves as a lendmark to demarcate the membrana
grenulosa and theca iﬁterna in mieroscopic sectionse

The cumulus ogphorus‘ha.s been desoribed in the section dealing
‘with the growing foliicle. | |

The two layers of theca reach their greatest development at

this time in the life history of the follicle. As growth begins in

the Graafian follicle, a change is noted in the stroma of the ovarian
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cortex in the immediate visinity of the follicle. In the earliest

. stages of development of the folliele the connective tissue stroma
surrounding the‘folliecle is similar to the stroma found elsewhere. As

development proceeds, two layers emerge. When the follicle reaches
the 2 to 3 mm stage, the innermost layer becomes very vasocular (®the

perigr#nulosa vascular wreath™)s The cells of the inn§rmost theca

layer are loosely arranged and form the thece interna. During the

development of the follicle these cells are very sensitive to hormonal
stimlation end teke the appearance of "epitheloid" cells which are
polyhedral in shape and whieh have oval nuclei and fine lipoid droplets
in the oytoplasm;z.

The theca externa, however, retains its appearance of condensed,
laminated, concentrically arranged connective fissue cells which are
fusiform in shapez. The layer has many large blood vesselse As far as

"is known, the rather condensed ovarian strome of the theca externe

plays no importént part in thé life history of the folliclel?,

The ovume The ovum in the mature follicle reaches a diameter of

2

120 miora or more®. A thick structureless membrane, termed-the' ]
" .
zona pellucida or oolema, surrounds the ovum and is closely applied to

the surface. The large eccentric nucleus measures up to 25 miera in

diameter; has a thick nuclear membrane, slightly granular linin
netwofk, and a large nucleolus (the macula gérminaﬁiva)z. Yolk
granules of different sizes and of different colour are found
scaﬁteﬁed throughout the cytoplasm when the ovum is seen in the fresh

S‘b&tezo
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The

space between the granulosa lutein cells and the

The growing

follicle in the upper right hand corner is shown

Messon's trichrome stain.

e
[
o
7]
[
%
Ny
<
Gq ®
o 42
np o
] Gy
&) 0]

© e P

[0 /-] Mm

jea] ) ]

E 8238

& &

[ (o] (4

Py .hs“ e .

o B3
[} i
~t i o '
(o] © &0
o« [3] o
— 2,
e =
o] o o
Gt © m
o+

= =1
=R
o °
G oo e
[\ Q Py
S (o 0
4 K g o
o + ot




102

OggeneSis. The development of the mature ova from the primordial
sox cells is similer in ﬁany respeéts to the development of spsrmatozoa
in the testese Spermatogenesis is discussed in Chapter II..

The primitive female'séx cells are the oggonia, which correspond
to spermatogonia in the male gonade An oggoniuﬁ divides an indefinite
number of timess. Each daughter cell resulting from these mitotic
divisions has 48 chromosomes, consisting of 46 ordinary chromosomes
and a pair of X chromosomes. |

Oggonia give rise to primary ogcytes by fhe process of‘conjugation,
in which>the chromosomes arrange themselves in pairs and fuse. In the
process, the number of chromosomes is reduced to one half, but here
there is no reduction in the aﬁpunt of chromatin materiale When
reduced to one half, the number of chromosomes is said to be haploid,
the full number being diploide The chromosomes of the primary ogoytes

"divide by meiosis to produce secondary ogeytes. 'Ffom the division of
each primary ogoyte, there results two cells of unequal size. These
cells have hapioid nucleie By far the greater mass of the cytoplaéﬁ
goes to the secondary ogeyte. The other cell is very much smaller,
has‘the same amount of chromosome material as the ogcyte énd much less
ocytoplasm, and is known as the first polar body or polar celle The
’polar body maey divide, giviﬁg rise to two polar bodies or it may |
degénerate without the division teking plaﬁe. A1l haploid female sex
cells contain 23 ordinary chromosomes and one X chromosome.

A sécondary ogéyte diyides by meiosis to produce ova and smaller

polar bodies. During the divisions from primary ogcyte to secondary
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FEMALE MALE

. , SPERMATOGONIA
OOGONIA ‘

CONJUGATION

SEPARATION

OOCYTES SPERMATOCYTES
1

SPERMATIDS

SPERMATOZOA
GAMETES

FEMALE MALE
ZYGOTE ZYGOTE

ONE OVUM ENY
GAMETE

FIGURE 37

Diagrem to illustrate the development of the
mature sex cells of the male and female.
Redrawn after Bremer, slightly modified.
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ogcy'be to ovum, there results only one ovum from one primary ogcyte,
_and not four sex cells as in the case of spermatogenesise.

As in the case of the male Sex cells, mich of the process above
outlined is still theoretical and has not been observed in man. Many
observations of similar nature have been made in lower enimals, and it

is assumed that the same cell divisions are present in humen oggenesis.

(Cf. Bremerl?9)

Further development of the Graafian follicles. Following the

stage of maturity, the further development of the Graafian follicles
‘follows either of two coursese. First, the follicle may mature,
discharge its ovum end then become a corpus luteume The corpus luteum
is further discussed on page o Secondly, atresia of the follicle may

oceur, .the details of which are given in the section below.

Atresie gi_‘. the folliclese. At“the time of ovulation from a

follicle, countless numbers of other Graafian follicles are approaching
maturity simultaneously bub only rarely does ovulation ocour from more
than one follicles Why one follicle should be éo selected is not knowne.
The remainder undergo involution and regression, commonly termed
abtresia follieuli. |

. King (quoted by Gardnerll) 1ists various forms of régression:
(a) absorption, (b)v atresia with cystic formation, (c) atresia with
prolifera‘bion of the stratum grenulosum and cystic formation, and
(d) atresia with proliferation of the stratum gré.nulosum and no oystie

formation.
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The cells lining the stretic follicles are granulosa cells.
They are considerably smaller than the lutein cells and are somewhat
smaller then the granulosa cells of thé follicle from which the&
originated. 006asianally if a section in the correct plane happens to
be obtained, the cumulus ogphorus and the degenerating ovum is seen.
Lining the rest of the folliclé the cells are found in 1ayeré which
vary in thickness from four to eight cells thick. In others, the cells
ars tﬁinned out to layers of one to two eells in thickness. The shepe
of the cumlus ogphorus in older cysts varies greatly and is often
distorted in shaée. (cf. Gardnerll)

Atrefic follicles are found in-the ovaries of all normel women
during their active rgproductive period of lifee. Sueh follicles are
. Pound also in the ovaries of young girls and of women after menopause.
In these as well as in active ovaries, they must be considered as
qrfested developing folliclese These follicles are usually less than
one.centimetre in dismeter, but occasionally and probably quite
pormaily mey reacﬁ 1arger dimensionse. In time they disappear, leaving
as their mark a small mass of fibrous tissue which differs in éattern
outline from the corpus albicanse To this mass of fibrous tissue is

given the name corpus fibrosuml? or corpus qandican315.




I, THE CORPUS LUTEUM

Introductione. The transitory nature of the corpus luteum adds

to the difficulty of the study of this structure. It is not statiec,
and any description must take into account its continuous and
relatively rapid transformation from one stage t§ anofherls. The
whole pidture is pieced together from thq study of many ovaries
together with a correletion of clinical and operaﬁive findings.
Robert Meyer (quoted by Novaklé) was the first to call to

attention that the corpus luteum passes through éertain stages
corresponding to phases in the endometrium. The corpus luteum under-
goes changes from day to day14.

| The corpus 1ﬁteum ariges from the granulosa cells of the
Graafian follicle after the ovum is discharged from‘ﬁhe'follicle. The
changes begin immediately after ovulétioni immediately after the
rupture of the Graafian follicle of course there is no demonstrable
chenge of the granulosa cellse. Soon however, the walls collapse and
the early corpus luteum is a thin walled collapsed struocture. - The
thin walls are moderately undulating~aﬁd have a grayish'yéllow colour
insteed of the brilliant yellow of the later stagese. At this stage
fhe structure is easily overlooked; it is inconspiouous and its
discovery is largely accidentall4, The commoﬁ déscription of thé '
bright yellow thick léyer with a wavy outline is the structure of the

corpus luteum seen only at certain of the later stagese.

Reference to the influence of conception upon the development
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and history of the corpus luteum has been made on page . If
conception has not occurred, the corpus lubeum begins forthwith to
show degenerative and regressive stages prior to the onset of the
ﬁenstrual flow. If conception has ocourred, then the corpus luteum
continues to grow and furetion until the pregnancy is definitely
establishe&a After 50 to 60 days it then begins to show signs of
regression.‘ In either caée, conéeption or no conception, tpe
ultimate outcome is.fibrosis to form theﬁcorpus albicans which is a
functionless mass of fibrous tissue. In time,vthe corpus albicans
itself disappéars.

That the corpﬁs.luteum is indispenéable to menses was pointed
out by Novakl4 in 1916. During the menstfual life of & normal woman,
lutein tissue in some stage or another is'always to be found in the
ovafies. On the other hend, in non—menséfuating women, corpora iutea
are absent. Nor are corpora lutea found in the ova%ies of the fetus,
new born, or girl before pubertye. For a number of months after the
last menstrual flow at menopause, regressive corpora lutea ars fouhd
in different stages. The amennorrhoea of lactation is explained by
other hormonel factors suppressing the action of the cofpora lutea.
(C£. Novakl?)

Four stages in the history of the corpus luteum of memstruation
have been describede The terms are mostly due to Meyér (Arche fe
Gynak., 1911, 931354--quoted by Novail4);

| 1. Stage of proliferation or hyperemia

2. Stage of vascularization
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3. Stage of maturity (blossom)

4. Stage of regression.
II. THE CORPUS LUTEUM OF MENSTRUATION

Hyperemic stage. Within a few hours after ovulation, structural

changes ocour in the wall of the folliele. The follicle collepses.
The large oveid or polyhedral theca interna cells which contain lipoid
droplets resemble the iutein cells at this stége more than they do the
granulosa ¢ells. The theca layer is-characteristically hyperemic
while the granulosse layer is avascular. The picture then differs

little from that of the well of the mature follicle.

Stage of vascularizabtion. Blood vessels in the hypéremic theca
interna proliferate and grow into the granulosa layer. Smsall
capillaries growing into the gramulesa cell layer have been demonstrated

15 approximately 24 hours after ovulation. Cepillaries extend

by Brewer
csompletely through the granulgsa‘eell layer and project into the
central cavity by three days after ovulation. Growth of the vessels
is rapid as evidenced by mitobic figures found in the endobhelium.
The majority of the capillaries are'distended.with blood end extra=-
" vascular blood is merked throughout the entire granulosa cell layer.
Thg entire picture during the first three deys of the life of the
corpus luteum is one of extensive and ra@id vascularization of the

grenulosae cell layer. (Cfe Brewerls)A-Ghanges are noted in the

grenulosa cellse The cells increase in size, stain less intensely,
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have a relatively small nucleus and often a vacuolated appearance.

Five days afte? ovﬁlation, the cepillaries are tortuous and
arrenged so that most of the granulosa cells are in contact with a
vessel. There is an ingrowth of connective tissue elong with the
capiliaries which projecﬁ into the central cavity. Hbmorrhagé into
the cavity occurs from these vessels. During the next few days there
forms a sort of lining separating the granulosa cells from the central
cavitys .

While the lutein cells are developing from the granulosa cells,
the cells of the theca interna are regressing. With a loss of lipoids
and a decrease in size, they take the appearsnce of ordinary commective
tissue cells. Trabecﬁlae, which are wedge'shaped, grow into the
granulosa~lutein layer to'produce the familiar undulating appearancé
of the corpus luteums. The corpus luteum now has a bright yellow
colour, wavy outliﬁe end hemorrhagic centre.

15, during the period of eight to ten days

Accbrding to Brewer
after ovulation, there is gradual diminution of the hyperemia in the
graﬁulosa—lutein layef, the qapillaries becoming straighter and
narrower, with little or no extravasated blood. In the connective
tisgsue core, howe#er, the vessels‘are dilated end filled with blood.
‘According t§’the seme author,_after'tén days, there is little or no
blood in the grahulosa-iutein layer. The vessels are mostly collapsed
and the connective tissue eround them increaseé. (¢f. Brewerl®)

The granulosa cells become larger and acquire & more functional

end active appearence as the vascularity of the granulosa-lutein layer
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FIGURE 40

Corpus luteum of menses in the ovary of a young
woman. The tissue has been torn in the left=
hend side. Hematoxylin and eosin stain. G 4566,
10 xe ’
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increases. All cells do not develop or regress simultansously, so that
the processes aré patchye At seven to eight days after ovulation,
some cells contain small lipoid dropleﬁs. The greafést increase in
lipoid content is observed in the cells alohg the border of the cavitys
_(cr. Brewerls) |
At the end of the vascularization stage at eight to nine days
after ovulation, some of the granulosa-lutein cells begin to degenerate.
The cells showing degenerative changes have a large smount of clear
cyfoplasm and pyknotic nuclei. At the end of eleven days the lipoid

droplets are larger, and there are extensive zones of necrosise

Stage of maturity. Mature corpora luteea mey be large structures

measuring up tov1.5,cm in diemeter and larger. The central core is
delimited by the surrounding lutein tissue. Fluid which is either
clear or Bloody mey be found in thevcentral space, which is also very
variable in size. The éavity may be small due to fhe-presence of &
great deal of commnective tissue. The folded bright yellow lutein
tissue varies greatly in thickness and may measure up to 5 mm in
thicknesse. The corpus lu#eum“is an enormous body when its size is
comparéd to that of the primery follicle.

Offshoots from the thece interna invﬁde +the band of granulosa-
lutein cells and carry with them meny blood vessels. The theca cells in
the septa often become epithelbid in appearance and often show an
alveolar arrengement. These are the paralutein cells of Pinto_(1905).

Their endocrine function, if any, is nobt known.
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As maturity proceeds, the blood in the central cavity is
gradually resorbed. Complete résorption seldom occurs; some of thé
pigments remain in the tissues end in the macrophages. Along the
inner edge of the lutein zone a layer of fibroblestic tissue is

developed.

Stage of regression. The stage of maturity'is apparently
restrictéd fo a few days. NMeyers in discussing Brewer's paper15,
stafes'that he has found evidence of degeneration of the corpus luteum
between days 22 and 24 of the menstrual cycle. According to Brewerls,
regression of the corpus lubeum begins at the end of the stage of
vascularizetion (four to six days before onset of menses) in thet he
has demonstrated at>this time a marked decrease in the amount of blood
 in the blood vessels of the granﬁlosa-lutein layer, fatty degeneration
and atrophy of'the'granﬁlosa-lutein cells, as well as an inoreése in
the amount of visible fats in the cells. There is as well an increase
in the amount of cholesterollin the cells of the corpus 1uteuﬁ. Other
workers quotedvby Brewer have shbwn“a decreased emount of pregnadiol
excreted in the urine after this time. (Cf. Brewerl9)

Corner, on the other hand, (quoted by Novaklz) places the
beginning of regression about two to three days before the onset of
mensess His conclusion is based on observations upon the rhesus
monkey. Actuallj all these times are very close if one considers them

from the same reference point in the oycle. Meyers used as his point

of reference the begiﬁning of menses, Brewer the moment of ovulation,
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FIGURE 43

Degenerating corpus luteum. The granulosa
lutein layer shows some hyalinization.
Masson's trichrome. 50 x.




FIGURE 44

Macrophages filled with lipoid material in s
degenerating corpus luteum. Stained with

Suden I1I. The dye appears black in the photo=
graphe 400 x.
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and Corner also the beginning of menses. If all the stated times are
expressed in the same terms, they fall within two to three days of each
other.

The degeneration of the granulosa-lutein layer is a slow and
. gradual procesél7e The transformation need not progress uniformly
at all points of the walli8, In the early phases of regression, the
process is reversible, should preéﬁancy occure. negression is not
sudden in onset and begins at the onset of the menstrual flowe.
Typically not all cells ere involved. TImmediately prior to the onset
of menses, many histological variations are encountered in the granulosa-
lutein layer. Uniforﬁ degeneration may occasionally involve all the
cells. Degeneration may occur in localized groups of cells, or
degeneration may be minimal and scarcely evidents Variations within
the same corpus luteum may ocoure. (Cfe Brewer and Jonesl7)(

In regression, there is an increass in the amount of lipoids %o
be foﬁnd in the cells. This increase of lipoids is the basis of
comparison with the adrenal cortex. The comparison is applicable only
to the olaer corpora lutea and is not applicable to the sarly corporas
Only old corpora lutea undergoing regression have a decided yellow
colourt®, Not all species have a yellow corpus luteum. The yellow-
colour has been traced to carotin found in the dietl®,

Fibrosis increases and countinues until the whole structure is
converted into a mass of connecti%e ﬁissue. The lutein layer shows

2lso some hyalinization so that the contour of the layer is easily

recognized. The yellow colour mey persist for some time but after many
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FIGURE 45

Corpus albicanse. Only part of the structure is
included. Masson®s trichrome staine. 50 xe
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weeks, the familiar white corpus ablicans is well established. In

time, the corpus albicans disappears to leave no tracello

III. THE CORPUS LUTEUM OF PREGNANCY

Material for the study of the corpus luteum in all phases of
pregnancy is difficult to obtain. Féw roports are available. The
account which follows is mostly from the paper of Gillman and Steinl6,

Although there are wide individual variastions, a growth pattern
is followed. Affer conception, the corpus lubeum increases slowly in
size. The early increase in size is due mostly to the formation of e
relativgly large cavity containing fluid within the centre of the

structure. According to Gillmen and Steinl®

s the cavity increases
slowly in size until the 50th day of gestation, after which it enlarg;s
repidly until the 60th day, end from then on it decreases rapidly in
sizeo. The decrease in size is due to a decrease in the size of the
cavity which continues to decrease until about the fifth month when
obliteration is complete. The amount of lutein tissue remains fairly
constant throughout the pregnanéye

Septa from the theca continue %o produce a folded appearance of
the granulosa-lutein layer. Bebtween the septa are reticular fibres
which support the glanduler cells and the fine capillaries. The thecal
layer, so prominent in the early months of pregnancy; gradually
diminishes %o completely diseppesar by the £ifth months

Dilated blood vessels and lymphatics are prominent in the

capsule of the early corpus luteum. Fibrous tissue lines the central
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FIGURE 46

The corpus luteum of pregnancy at three monthse
From the ovary of a twenty-nine-year-old women
who died following air embolism, resulting from
a vaginal douche with soapy solutione
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cavity and consists of widely separsted young fibroblasts in a faintly
staining matrixe.

The cells of both the gramulosa=-lutein and theca-lutein layers
have inclﬁsions, some of which are common to both types of cells,
while other inclusions are found in only the granulosa=lutein cellse

Of these inclusions, the lipoids have received much attention.
The lipoids were first described by Meyer in 191l. Gillmen and Steinl6
find that the number of fat containing cells is greater at the
beginning of pregnancy than at term, although fat is found in some
cells throughout the whole of the_gestation. Generally the lipoid is
found in the form of small globulese Some may fuse to form larger
messes. Cholesterol is found in relatively small amounts and is
characterigtically scarce in the corpus luteum of pregnancye

Secrstory granules which stain red after Mallory's stain are
found in epproximetely 50% of cells in the eérly months. The granules
are not specific for pregnéncy end ere also found in the corpus luteum
just before the onset .of mensese.

Colloid droplets staining with Mallory's stein are cell
inclusions which are labile in nature and disappear guickly after
death. They are seldom seen in avtopsy material unless they have
undergone degenerstion and have become calcified. These bodies are

found only in the corpus luteum of pregnancy. Some of the colloid

bodies have vacuoless’



The grenuloss=lutein layer. Cells of the granulosa-lutein

layer form the bulk of the corpus luteum in early months and at term
all of it. Refcicular fibres are irregulerly arranged throughout the
layere.

Compared with the theca-lutein cells, these cells are largere.
Staining is less intense. The larger nucleus is vesicular and
contains one or two and occasionally more prominent nucleoli which
are oval or rod shapeds The nuclear membrane is delicate and the
chromatin within the nucleus is arrenged in a delicate linin networke

'Sixty or more fine, dark red granules are found in each cell
when stained with Mallory's connective tissue sfaino They ars
contrasted against the dark blue of the cytoplasme The granules are
scattered throughout the cell or they may be arranged in a peripheral
mennere. About 30 per cent of the cells conbain these granules in
early pregnancy while at term only 2 per cent contain them.

The lipoid ocours as fine droplets which occasionally fill the
whole cell. They are characteristic of early pregnancye

In the first two months of gestetion, less than 15 per cent of
the granulosa=-lutein cells contain one to two colloid granules
measuring from 3 to 10 miora in diameter. At term, 50 per cent may
contain colloide The droplets increase in size and in numbers as the
gestation progresses. The cell may disintegrate and leave only the
colloid. Staining is vériablee With Mallory's staein, the colloid
droplets may stain red, blue or yellow. With eosin and hemetoxylin,

the granules take a pale pink stain. The colloid bodies are labile
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and are seldom found in autopsy meterial. INo colloid bodies are found

in the theca cellse.

Vacuoles in the form of round colourless spaces in the granulosae-

lutein cells are most numerous in early stages, especially in the cells
bordéring the central cavity. The vacuoles gradually enlarge to fill
+he whole celle. Specimens from the latter half of pregnancy have
fewer vacuolese The contents of the vacuoles become progressively more
stainable and form the colloid dropletse Vacuoles are not found in the
thece=lutein cells,

Chromidial substance in the form of filaments, trisngular or
club shaped bodies in the eytoplasm are found in the cells of both the
gronuloss=lutein and theca-lutein layerse It is most abundant in Tthe
early months of gestation. A progressive decrease in the amount of
chromidisl substence is seen throughout pregnancye. MNuch of this work

of Gillmen and Stein eweits confirmation. (Cf. Gillmen and Stein16e)

The theca~lutein layer. The reticular fibres of the thece-

iutein form a regular fine network and support regular groups of cellse.
The cells are closely associated with blood vessels, The cells are
small, polyhedral end measure 15 micra in diameter. ‘The round nucleus
averages 7 micra in diemeter. Within the nucleus, a single large round
nucleolus is found. Compared with the nucleus of the granulosa~lutein
cells, the nucleus is darkers The granules found in the theca=lutein
layer are slightly larger then those of the granulosa=-lutein layer and

average 2 micra in diameter. Only a few are found in each celle The
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lipoid grenules are relatively large and few are found in each cell.

The colloid bodies are sbsente
IV. THE TESTES AND OVARIES COMPARED

Until the 17 mm stage (seven weeks) of development is reached,
the ovaries and testes have similar embryological histories. In each
case the gonads arise as thickenings of coelomic epithelium. Later
in development, the germ cells arise as part of the sex cords which
are developed from the coelomic epithelium. Both the male and female
gonads descend during developmenf, the descent being most marked in
the case of the male. The male gonads must be in an environment
slightly cooler than body tempersbture in order thet spermetozos may be
producede During development a complete excretory system is developed
to convey the countless numbers of spermetozoa to the exterior. On
the other hand, the female has what seems to be & rather precarious
and incomplete duct system.

Development of the germ cells in the testes and ovaries is
essentially the same. Both ova and spermatozoa are haploid cells as
s result of mitotic and leter the meiotic cell division. One half of
21l spermatozoa have 23 ordinary chromosomes plus an X chromosome;
the other half have 23 ordinary chromosomes plus a Y chromosome. All

~ova have 28 ordinary chromosomes plus an X chromosome (never a Y
chromosome). From one primary spermatocyte, four spermatozoa develope
From one primary ogcyte, only one ovum develops (the one half of the

chromosome material going to the polar bodies)s On the one hand,
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spermatozoe are produced by the thousands and with no apparent economy,
while on the other hand ove are produced one at a time. Several ova
may be developing, of course, at the same time, but only one is
extruded as a rule.

Structurally the ovary is more complex than the testise In the
ovarys there are more varisble components which undergo cyclic changes
that may occur from day to day. The testis has interstitial cells
which are not found in the ovary. Senile changes occur in both male
snd female gonads, the changes being more pronounced in the case of
the ovaries and ocourring at en earlier age as a rules

The testes produce more androgens than oestrogens, while the
ovaries produce more osstrogens than androgens. The difference is
quentitative rather than qualitative. It is interesting to note that
the ovaries, testes and adrenals all begin their development in
approximately the same part of the body and all produce in varying
smounts the steroid compounds which influence the sex pattern of the
individual. The ovaries have one function for which the testes have
no counterpart in the production of progesterone. Both organs are
influenced by the hormones of the anterior lobe of pituitary as well

as by hormones of other endocrine organse
V. THE HORMONES OF THE OVARIES

The hormones of the female and male gonads are discussed in

Chepter V, in which the hormones of reproduction are comsidered.
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CHAPTER IV
THE PLACENTA

While nutrition of the fetus and removal of its metabolites are
functions of the placenta which have been recognized for a long time,
- the production of hormones has been proved only within.fecent yearse
The presence of oestrogenic substances in the placenta was demonstrated
earlyleg however, their presence was attributed to storage of the
" hormones by the placenta and not to the production of them in the
organe In the early 1930's, Collip produced crude active extracts
which he believed contained hormones produced by the placenta.
Subsequently other investigators produced crystalline compounds and
within recent years hofmones have besen produced by placental tissue
growing in tissue cultures?ls 2%,

Material for the study of implantation and nidation of the
embryo is difficult to obtain. Barly studies of these processes were

8 reviews some of the early hisbtory

made on laborabtory animalse. Grosser
and points out that fowl and rabbits were the first animals to be
studiede These animals have features which are similar to each other
and which ére not found in other species. The dedﬁctions based on the
studies of these and other enimals were used to bridge the wide gaps

in our knowledge of early human and primete development. Gradually the
~ gaps have been narrowed by further studies of humen material.

The early development of the placenta is intimately associated

with the development of the owvum, although ovulation, fertilization and
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migration of the ovum occur before implantation which is the initial
stage of plscentation. The entire life history of the placenta may be
divided as follows:

(a) TImplantation (nidation).

(b) Placentation.

(c) Growth and maturity of the placenta.
(d) Expulsion of the Placenta.

Rock and Hertigl

have traced humen development during the first
two weeks. The first part of the discussion in this Chapter is found
mostly in their report.

A zypote results from the union of an ovum end a spermeatozoon.
The term zygote has been used very little in recent literature and the
torm ovum is used to describe the newly formed orgenism up to the
fourteenth day. The term embryo denotes the organism up to the end of

the second month, and from this time on, the term febus is used. 1In

this discussion, the term ovum is used instead of zygote. ;

Development before implantation. The mature ovum is fertilized,

traverses the oviduct, and undergoes segmentation into at least two
blastomeres during the first twenty-four hours after ovulation,
according to the deductions of Rock and Hertigl. By the third day,
the ovum is in the uterine cavity. The eight cell stage is reached by
the fourth day.

Development between days 3 and 7 has not been observed in the

human and deductions are based on observations on the monkeyle In this



Primitive Embryonic  Surface © Cellular S
mesoblast  Entoderm  disc  epithelium Amnion C trophoblast tropho
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Endometrial gland Lacuna with maternal Stroma Coiled
blood cells artery

Photomicrograph of a section through the implentation site of the slsven~
dsy Hertig=Rock ovum, megnified 140 dismeters. The bulk of the ovum
consists of irregular masses of trophoblast (syncytium) which is invading
the endometrivme. Within the syneytial trophoblast is the cellular tropho=
blast, the cells of which are arranged os simple epithelium except at C.
The cellular trophoblast immediately surrounds the primitive chorionic
mesoblast in which the embryo is suspended. (After Hertig and Rock,
Carnegie Contribe to Embryol., V. 29, 1941, Fig. 14) Reproduced from "4
Textbook of Histology,” by A. A. Meximow 2nd Vm. Bloom, Fifth edition,

ps 572, with written permission from the publishers, The W. B. Saunders
Company, Phila.
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animel, during the period between days 3 and 6, & multicellular moruls
develops and it acquires & central segmentation cavity and so becomes
a blastocyst. At one pole, a small mass of cells remeins grouped,
forming the immer cell mass which gives rise to the embryo proper. The
other cells spread out to form the cyst wall and give rise to the

trophoblast and allied structures.

Implentetion. The cavity of the blastocyst is probably formed

during the fourth or fifth day, following which there is differentistion

of three kinds of cells; the trophoblast on the wall of the blastooyst,
the ectoderm end endoderm of the embryo. Contact with the endometrium
occurs about the sixth day. The segmentation cavity collapses as it
does in the monkeys. "The newly differentiated syncytial trophoblast
gt the embryonic pole engrosses some of the superficial epithelium and
Strester puts it “forages" its way into this tissue." (Rock and
Hertigh)

The ovum becomes embedded in the endometrial strome and this
process is known as interstitial implentation. In the monkey, at
day 9, the blastocyst attaches itself to the endometrium and begins to
implant. The development in the monkey is not so rapid as in the
humans There is intense edema and congestion of the endometrium in
the neighbourhood of the ovum?.

At 11 days, the ovum is = slightly raised pale area, a little
less then 1 mm in diameter. It is translucent and is surrounded by
congested endometriung By this time the ovum is buried in the

endometriumle
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Placentation. Implantation represents the initial stage of the

process of placentationze

In the nine-day-old specimen described by Rock end Hertigl,
it is illustrated as being almost entirely surrounded by endometriume
The segmentation cavity is redistended and the ovum, consisting of
ectoderm and endoderm, is found within it. The enlarging amniotiec
cavity is bounded dorsally by the early amnion which is a product of
the adjacent cytotrophoblaste. The mass of syﬁoytium has increased six
times in amount. Lacunae have formed in the synctial mass, most of
which, if not all, communicatebto form a network of canals. In their
specimen, one lacuna conteins maternal blood, forming the first stage
of the placental circulation. (Gf. Rock and Hertigl)

By twelve days, the ovum is 1 mm in diameter and is entirely
embedded in the endometrium although the site of entry is not quite
coverede The embryo itself measures O.1 mm in dismeter. It consists
of a pyriform plate of pseudostratified ectodermal cells and a thin
layer of endodermal cells. The mesoderm has not yet appeared. The
amiotic sac is a thin-walled oyst on the dorsal surface bounded by
amnion end ectoderm. The embryo lies in a cavity which is fiﬁe times
its size end which is filled with fluid. A lacework of mesoblasts
subdivides the extraembryonic cavity into numerous spacés, one large
and many small.

Trophoblast surrounds the whole central space that contains the
embryo. The trophoblast exhibits two layers, an inner ecytotropho-

blastic layer and an outer syncytiotrophoblastic layere. The
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gytotrophoblast surrounds and gives rise to the primitive mesoblastic
tissue. The syncytiotrophoblast has made contact with the endometrium
and hes "engrossed and digested the maternal stroma in which it grows.™
A portion of a thin—walled sinus has been dissblved.. Maternal blood
has filled the fused lacumnae within the syncybtium. At this sbage,
the ratio of syncytiotrophoblast to.cytotrophéblast is about three %o
one, a relétionship which is soon lost. (Cf. Rock and Hertigl)

By the fourteenth day, the oytotrophoblast has grown rapidly
snd by this time is arranged in masées of discrete cells that project
into the syncytiumlo These are the primary vi11i? which have no
mesodermal core. Except at the zone of contact with the endometrial
stroma, the syncytium forms now only a thin layer lining the lacunaee.
The greater amount of trophoblast is made up of cytotrophoblast and
a correspondingly less amount of foraging syncytiotrophoblast.
Extensions from the mesoblast project into the primary villi forming
the supporting structure of the villi which are known as secondary in
types Maternal blood is found‘in the lacunar spacese. The whole ovum
now measures from 2 to 3 mm in diameter in the fixed state. (Cfe Rock

and Hertigl)

Growth and maturity of the placenta. By the fifteenth or
sixteenth dey, secondaryivilli have appeared and these contain a core
of extraembryonic mesoderm in which a plexus of embryonic vessels soon
develops. The core of mesoderm is immediately surrounded by a layer of

cytotrophoblast which in turn is covered with a layer of
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syneytiotrophoblast. The tips of the secondary-villi continue to
extend as columns of cytotrophoblast. IMesoderm gradually extends into
these tipse The ends of the villi fuse at the periphery of the
growing ovum to form a trophoblastic shell which is composed meinly of

cellular trophoblast. (Cf. Wislocki®)

Chenges in the endometrium. The endometrium adjacent to the

growing ovum undergoes a number of chamges. In the zone where the
trophoblastic shell and endometrium meet and intermingle, the maternal
- tissue undergoes degeneration. This area has been called the
"junotional,"™ ¥composite,® or the "penetration™ zone. The endomebrium
is divided into three layers. The superficial layer is the stratum
compacbum, in which the stromal cells ars transformed into a zone of
large, characteristic polygonal decidual cellse The middle zone is the
stratum spongiosum which is characterized by very much dilated actively
secreting glends. The thin stratum basilis is adjacent to the
myomebriume

The decidue is divided into three regionss basalis, capsularis,
and paristalis. BFach term indicates the relationship of the decidua
to the ovume The decidua basalis (serotina) is immediately beneath the
ovum and forms the maternal part of the placenta. The deoidua
capsularis (reflexa) is over the ovum and separates it from the uterine
cavitye The decidus parietalis (vera) lines the remainder of the
uterine cavity. All the decidua is cast off with the fetal membranes

during the third stage of labour. After parturition, the endomebrium
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is renewed by éubsequent growth of those residual portions of the
stratum basalis which remain intact.

At an early stage, the chorionic villi are present over the
entire chorionic véSiclee The villi become long, branched, and grow
more profusely where the trophoblast of the ovum is in contact with
the deeper end more vascular endometrium. These constitute the chorion
frondosum, and eventually develop into the placenta as we know it at
term. Owver the gemainder of the ovum, the v@lii are much shorter and
their development is minimal. By thse third month of gestetion, the
villi, together with the decidue capsularis, dwindle and leave a
relatively smooth membrane termed the chorion laeve. During later
development, with enlargement of thé fetus and the amnionic sac, the
chorion laeve eventually fuses with the decidua parietalis of the
-opposite wall, theréby obliterating the uterine cavity until the end

of gestation. (Cf. Wislocki?)

Angiogenesis. Towards the end of the first month of gestation

blocd begins to circulate in the capillaries of the choricnic villie
The red cells are nucleated. The secondary villi continue to grow and
branch. They project into the intervillous spaces. A certain number
of villi attech to the decidua and become anchoring villi.
(Cf. Wislooki?) |

According to Hertigg, there is morphological evidence that
angioblasts and primary mesoderm originete simultaneously by

delamination end differentistion from the chorionic trophoblast.
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Furthér origin of angioblasts and primery mesoderm is usually associated
with the metamorphosis of trophoblastic columns into primary villi and
continues only as long as the primary villi are being formed. The
isolated vascular primordia thus formed soon possess the power of
’independent growth and lumen formation, resulting not only in the
vascularization of the chorion and primery villi but also of the
secondary villi as well. (Cf. Hertigg) It is important to note that

some other authors do not support Hertig's theorye

Villi at 12 weeks. The villi at the twelfth week of gestation

are large and have both cytotrophoblast and syncytiotrophoblast. The
outer syncytiotrophoblast layer stains bluish gray with hematoxylin end
the cytoplasm is fery finely granular. The nuclei stain darkly and are
somewhat irregular in shape. The cytotrophoblast (Langhans' layer) is
made up of large, clear cells, which are discrete and have large pale
staining nuclei. The stroma of the villi consists of locsely knit,
embryonic comnective tissue, with scattered nuclei. Blood vessels are
few, small in calibre, and contain nucleated red blood cells. The
endothelial cells are large and embryonic. Hofbauer cells are present.

These contain lipoids, and appear vacuolatedd,

Villi at twenty weeks. The villi become progressively smaller

a3 the gestation advancese. Such = change is evident at this time if
the villi are compared with those of an earlier gestations The cyto=
trophoblast has begun to disappear by this time. There sare more blood

vessels present and the stroms has become slightly more dense. Nuclear
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FIGURE 47

Placental villi of e six wesks gestation.
Hematoxylin and eosin sbain. WGH 1208-48.
75 X




FIGURE 48

Villus of six wesks gestaticn, showing
cytotrophoblast, synctiotrophoblast,
loose stromo and few blood vessels.
WGH 1208=48. Hematoxylin and eosin
gtain. 175 xo




Villus of a six weeks gestation.

The Langhans
layer and syncytium are well differentiated. The

loose strome haes few blood vessels. Hofbauer cells
are present. Hematoxylin and eosin stain. 400 x»
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knots are present, although they are not as numerous as st o later date.

(Cf. infrsa)

Villi at thirty weeks. The villi are still smaller. Here and
there on the syncytial layer the nuclei are grouped together, leaving
adjacent clear areas in the synoybium devoid of nuclei. The groups of
nuclei have been termed nuclear kndts, and these are regularly present
in the placental villi after nineteen weeks. By thirty weeks the
cytotrophoblastic cells are rare. The stroma is still slightly more
compact end has still more capillaries. The red corpuscles in the
cepillaries are without nuclei. The endothelial cells lining the
capillaries are mature in that the cells are more compact and the
nuclei sre flattenedeb

Villi at forty weeks (term). At term the villi are smallest and

are more numerous in a unit areea than at any other time of the
gestation. The syncytium at term is thin and acidophilic with meny
nuclear kmots attached to the side of the villuse Cytotrophoblast is
characteristically absent. The capillaries make up two thirds of the

connective tissue core. Hofbauer cells are not presentse

Expulsion of the placenta. Expulsion of the placenta occurs

during the third stage of labours Normally, separastion occurs along

the spongy layer of the decidua basalise
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PIGURE 52

Villi at ‘twenty-nine weeks. Langhens layer is beginning
to disappear. The red cells in the blood vessels appear
nucleeted due to the intensity of the staining. MMagson's
trichroms stain. 400 x.
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FIGURE 83

Villi et full terme. DHematoxylin and ecsin. 75 z.
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FIGURE 54

Villi at full term, showing nuclesyr knots and
extensive hyalinization. Hematoxylin and eosin
stain. 75 X
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I. GROATH CHANGES IN PLACENTA DURING GESTATION

Chenges in the villi. Morphological changes occur in the villi

from the time of their earliest formebtion until parturition. The
altered structure is not a wearing out process but in all probability
a chenge with a definite purpose benefiting the fetus®, While the more
.obvious debtalls of morphology are well known, the finer details of
cytology and physiology are still to be determined®. The following
features should be noted when studying a series of placentae at
different ages:
(a) The number and size of the villi.
(b) Change in the nature of the mesoblastic core.
(¢) Increase in the size and number of capillarieso'
(d) Change in the endothelial lining of the capillaries.
(e) Appearsnce snd dissppearance of thé Hofbauer cellss
(£f) The presence of nucleated red cells in the capillaries
in the early months and the gradual chenge until
mostly non-nucleated at term.
(g) The disappearance of the cytotrophoblast (Langhans' lsyer).
(h) The appearence of nuclear knots.
(i) The persistence and thinning of the syncytial layer.
(j) Degenerative chenges, the deposition of fibrin, and
celcification.
Meny of the features listed above have been discussed ané of those,

e brief summary will suffice. The Hofbauer cells, the cybtotrophoblast,
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the syncytium, and the degenerative changes will be discussed more
fully.

The number of villi in the early stages is naturally small.
These early villi are relatively large. As the gestation proceeds,
the number of villi seen in a unit area of section increases, and at
the same time the average size progressively decreases. The early
mesoblastic core of the villi is embryonic in nature. With aging,
the stroma becomes somewhat more dense. Blood vessels do not oceur
ﬁntil the end of the first month. They become progressively larger and
more abundant. At term, the capillaries are often reférred to as
sinusoidal-like vessels. _The only tissues to separate the fetal and
maternal bloods are the endothelium, synoytium and the argyrophil
fibrese The endothelial lining of the capillaries becomes more adult
in appearance as the gestation proceeds in that it is thinner,’the

cells are smaller, end the nuclei are smaller and stain more darklye.

Hofbauer cells. Hofbauer’ in 1905 described in detail the large

~cells found scattered throughout the stroma of the villi at a certain
period during pregnancy. These cells were recognized long before

%s6,  (Cf. Meyer)

Hofbauer gave his descripbion
The cells are large with rather granuler cytoplasm which contains

lipoid grenules or vacuoles. The nuclei vary considerably in size,

position, and staining reaction. In sections, the cells are detected

by their large size and nucleus, contrasted with the nuclei of the

mesenchymal cellge Their position within the villus is not constant6e
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Hofbauer cells are phagocytic in naturse, they exhibit amoeboid
movements in fresh specimens., and take up neutral red dyes. Their
number present is erratic. Lewis® when studying the material of the
Carnegie collection, was unable to find these cells in the 2, the 3;
or the 5 mm stage of embryo. They were present in the 5.2 and the
5.5 mn stages. From six to twenty weeks the cells are abundant and
easily found. At term they are again relatively fews (Cf..Lewisﬁ)

Hofbauer cells are found to be increased in some pathological
conditionse They are associated with degenerative processes of the

mesenchyme (Cfs Meyer). The origin of the Hofbauer cells is not known

et the presentso

The synceytiume. Wislocki and Bennett? have recently given a full

description of the trophoblastic layers. Accofding to these authors,
there is more or less general agreement that the syncytial trophoblast
is derived from the cytotrophoblast layer. Cells in transitional
staeges have been found. Mitotic figures are frequently seen in the
cytotrophoblast, while they have never been described in the syncybtiums
The syncytium hes more darkly sbaining nuclei which are small and
irregular in outline as compared with those of the cytotrophoblast.
This latter observation is used as an inference that the nuclei of the
syncytium are older than those of the cytotrophoblast. Furthermore,
the cytotrophoblast disappears as the gestation progressese.

(Cf+ Wislocki snd Bemett?)

The outer surface of the syncybtium is variasble. Fixzation plays



FIGURE &6

Nuclear knot=-full term villus. Hemetoxylin
and eosin stain. 700 x.
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e part in this appearsnce. Whether there is a true brush-border has
long been a matter of contention. Wislocki and Bennett were able to
find areas on the surface where the cell was covered with regularly
distributed protoplasmic proéesses of equal size and length. Their
distribubtion is not constant. In other areas the cyboplasmic
processes are more irregular in size and length, and more indefinite
in pattern. These are called cytoplesmic streamers. As term approaches
the brush border and cytoplasmic streamers are less conspicuous and
more diffiocult to demonstrate. At term, the outer border of the
syncytium is composed of fine, olosely but unevenly set hair-like
irregular processes. The surface of tﬁe syncytium adjacent to the
cytotrophoblast is relatively smoothe. As the cytotrophoblast disappears
during the course of the pregnancy, conbtact betwesn stroma‘and synctyium
increases grestly. (Cf. Wislocki and Bennett?)

Vacuolization is characteristic of the syncytium. Vacuoles
appear in the syncytiuﬁ early in development during the period of
implantation. With the coalescing of these vacuoles the beginning of
the lacunar system is laid downe. A very marked vacuolization appears
at the time of the formation of thé syncytiel trophoblast and continues
in lesser degres until the primery villi eppear end the chorionic
circulation begins. Vacuolization of the syncytium of the secondary
villi, after the circulation is established, is much less evident.

(Cfo Wislocki and Bennett?)
Pat droplets are present in the syncytium throughout the entire

gestations They diminish in size end number as time goes on, but fat
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FIGURE 56

Cytotrophoblast end syncytiotrophoblast of a six
weeks gestetion. The ®brush-border™ is also seen.
Hematoxylin and eosin stein. 800 x.




FIGURE 57

Villus at full term. Trophoblast is now almost all
syneytium. Stroma is comparstively dense and has

many large blood vessels. Hematoxylin and eosin
stain. 700 =x.

18
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is present at term in the form of very fine droplets. (Cf. Wislocki
and Bennett?)

The development of nuclear knots in the syncytium is character-
istic and becomes more marked as the pregnancy advances (Cf. post)e
With the development of nuclear knots, the syncytium is irregularly

thinned over the surface of the villi.

The cytotrophoblast (Lenghens' layer). The villi of the very

early blastocyst are made up of cybobrophoblast alone. After the
appearance of the mesenchyme and during the first few ﬁeeks, the
mesenchyme is everywhere separated from the syncytium by cytotropho-
blaste. Gradually the cybotrophoblast disappears, epparently transforme-
- ing into syncytiume. There is no agreement when the cytotrophoblast
completely disappears. The fifth and sixth months are mentioned most
frequently. Wislocki and Bennett? believe thet they find very
occasionally cells at term which probably represent cytotrophoblaste

The cells of the cytotrophoblast are spherical, oval, or
somewhat polyhedral. Their size varies considerably, probebly because
they are dividing. Mitoses are rather frequent. The faintly grenuler
cytoplasm is clearer, and takes less stain than that of the syneytium.
In many cells there are faint vacuoles.

No fat is found normally in the cytotrophoblaste. The Golgi
apparatus is of the usual net type, while that of the syneytium is of

the dispersed type. (Cf. Wislocki and Bennett?)
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The reticulum. Reticular and argyrophil fibres demonstrated by

silver impregnation methods (Bielschowsky) are fine and hair-like
during the early weeks of gestation. During the later months and at
term these fibres are heavier, longer, and more numerous. This point

is demonstreted in Figures"; and

Degenerative changes. Degenerative changes occur in the

placenta, the most frequent of which are fibrin deposition and cal-
cification, but not all placentas show these changes. The degree varies
from specimen to specimen.

The earliest and most frequent change noted is the deposition
of fibrine. Subchorionic deposition of fibrin is seen in nearly every
placenta after the sixth month®s This fibrin is in the form of flat
white plaques of 2 to 5 mm in diameter, and occasionally mey be larger
in size. Fibrin is de?osited 2ls0 on the villi and under the
syncytium in nearly all placentae after the sixth monthse The
deposition is associated with the degenerative changes in the syncytiume
During the last half or third of the gestation when nuclear knots are
forming, the thinned syncytium frequently becomes the site of fibrin
depositions If sufficient fibrin is deposited to encase the villus;
ischemic necrosis of that structure may result. Intervillus deposition
of fibrin mey alsoc occur.

No placenta is entirely free of calcification at term. Its
presence is of no significance, other than perhaps a sign of senility
of the organ. Calcium deposits are most frequently found along the

stems of the main villi or in the placentsal septae3o (Cfo Hellman)
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FIGURE 58

Reticulum of the placental villi at six
weeks. Compare with Fig. 59, page 159.
Bielschowsky silver impregnation. 300 x.
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FIGURE 39

Reticulum of placental villus at term.
Bielschowsky silver impregnation.
300 x. WGH 4062-48,
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The placenta at terme The placenta at term is a disc-like organ

measuriﬁg 15 %o 20 cm in diameter and up to 3 om in thicknesse It
weighs epproximately 500 grams or one seventh of the weight of the-
fetus. The fetal surface is smooth and is covered by vaséular chorion
conteining fetal vessels. The ammiotic sac is closely applied to the
chorion on its fetal sides At the plescental margin the membranes are
commonly fused. (Cf. Earnl®)

The maternal surface is dark in appearance and is divided into
cotyledons which appear as mounds when the expelled placenta is examined.
Separating the cotyledons are septae,‘which are decidual and tropho-
blastic in origin. These septae do not reasch the chorionie platel7e

The cord which carries one vein and two arteries is usually
attached eccentrically to the febtal surface, although central attach-
ment is found in many specimense. Its outer surface is covered with
amniotic epithelium and the vessels are supported in a mucous
connective tissue known as Wharton's jellye.

Further descriptions of the pladenta at term are found in the
recent review by Earnlﬁ, and in ﬁhe pepers of Dodds (Anate. Rec. 1922,

24:287) and Dees-Mattingly (Amers J. Anat., 1936, 59:485).

Plecental circulations Two systems of eirculetion exist in the

placenta, the fetal circulation in the chorion and villi, and the
maternal circulation in the intervillous spaces and the subchorionic
spaces The systems are separate and normally do not mix.

There are two main theories regarding the circulation of blood
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through the placenta. The earliest is that of Bumm, which has been
reproduced in texts and has held universal sway since the end of the
last cenbury. In 1935, Rudolf Spemner announced his concept of the
anatomy and ciréulation of the placenta. While there is not universal
acceptence of Spanner's theory, it appears to be the more correct of
the two. The esseﬁtial features of the two theories are shown in

Figure and Figure

Bumm'®s theory. Maternal blcood enters the placenta by small

arteries of the decidua, which are continuous with the spiral arteries
of the uterine walls. After the blood circulstes among the villi and
bathes them, it lsaves the placenta by veins which drain into those of
the uterine muscle,

The villi, in whose stroma are the vessels carrying circulating

fetal blood, hang in the intervillous spaces, "like branches of a tree.”

Interchange of metabolic substences occurs across the placental barrier
which here consists of trophoblastic cells, stroma, and endothelial

cells of the vessels in the villie. (Cf. Johnstonel?)

Spanner's theory. Falkinerls'l5 haes summarized the work of

Spanner. The account which follows is mostly from Falkiner's paperse.
The structural unit of the placenta is the cotyledon, of which
there are a varying number in each placenta, ranging from fourteen to
thirby. Each cot&ledon is separated from others by septa, which are
complete at the base of the plaéenta but do not reach the chorionic

plates Maternal blood is fed into the base of the cotyledon by the
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FIGURE 60

Bumm®s concept of gl&cental circulation.
Redrewn from Areyl s
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Spanner®s concept of glacental circulation.
Redrawn after Bremeri<.
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spirael arteries. The blood wells up over the septa to form a lakev
under the chorion (the subchorionic space) and from here enters the
merginal sinus which drains directly into the uterine veinse

Each cotyledon has at least one main villous trunke These
large villi are the only structures to cross the subchorionic spa.cel:3
which measures from 0.5 om to more in depth. The space is not seen in
the separated and collapsed placenta because of the lossyof blood but
is well demonstrated in the specimen which has been injected in situlb,

Durihg early development, while the implantation cavity is
enlarging, the decidua is split and mdny vascular units consisting of
arterioles and venules are opened upl5a' Gredually hundréds of' the

spireal arteries desceribed by Bartelmez open into the implantation
cavitylse The coiled arterioles of the endometrium gradually become
“the coiled utero~placental arteries. Spannerl4 counted as many as 488
openings in one specimen. The distribution of the arteries in the base
of the cotyledon is irregular, and they do not pass across the septa.
(Cfo Falkiner'®)

Maternal blood flows from the subchorionic space into the
marginal sinuse. The marginal sinus is circular, following the outer
edge of Tthe organ, and measures from 2 to 3 em in diameber in places,
while at. some points the sinus may be as narrow as 0.5 cm in widthe
Incomplete septa often divide the sinus. (Cf. FalkinerlS)

Spanner holds that the return of venous blood of the placental
circulation is entirely limited to the periphery of the orgsn via the

15

circular sinus*® and not by veins from the intervillous spaces. Blood
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from the circular sinus drains into a fine network of venous chennels
situated just under the decidua. This system has no direct connection
with the intervillous space in the central portion of the placenta,
and is drained into a more superficial network which in turn is
drained by the tributaries of the ovarian and uterine veinse

(Cfe Falkiner13’15)

Fetal circulation. The fetal vessels rumning from the chorion

into the villous trunk pass right across the chorio-decidual space end
enter superficially into the substance of the decidual’, The vessels
then turn back towards the chorionic plate and re-enter the chorioce
decidual'spaceg still within the villi. Thus, instead of appearing
like the branches of an ordinary tree, such as the spruce, they
resemble more the appearance of the “weeping willow"™ or %an old

fashioned chandelier.® (Cf. Johnstonel7, Falkinér13’15)
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THE HORMONES OF REPRODUCTION



CEAPTER V

THE HORMOWES OF REPRODUCTION

Introduction. The difference bebween maleness and femaleness

is quantitative rather then qualitetives. Thus the male has femals
potentialities and similarly the female has male poten%ialitieso In
early development, unless one set of characters clearly predominates,
the individual becomes an inberssx or hermaphrodite (Cfe Moorels,
Cameronz)a Hormones acting upon a specific genetic constitution
result in those characteristics associated with maleness or female=

2

nesse Cameron® states:

More than one endocrine compound is sssentially (but not
necessarily exclusively) associated with “malensss,” and more
then one endocrine compound is essentially (but not necessarily
exclusively) associsted with "femaleness" ose
The testes are the principal source of androgens, while the
ovaries are the prineipal source of oestrogens. The adrenal cortex
produces weakly androgenic and oestrogenic substances, while the
placenta produces strongly osstrogenic substancesz.
Androgenic substances are generally assumed to be produced by
the Leydig cells of the testesSS, The androgens are required for the
development, maintenance and comtrol of the male reproductive system.
The secondary sex organs (penis, prostate, seminal vesicles) as well
as such factors as body contour, pitch of voice, hair distribution,

and in lower enimals at least, the sex drive are influenced by the

androgense.
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Qegtrogenic subsbtances control and maintain the secondary sex
orgens (uterus, vegina, clitoris, memmery glands) end as well those
characteristics usually associated with femaleness such as body
contour, hair distribution, and pitch of voice.

Neither the tostesi®

nor the ovaries are sutometic but in turn
are controlled by other influences in the body. The chief of these
influences are those hormones of the anterior lobe of the pituitary
known as the gonadotrophins, of which there are at least two. Nor is
the pituitary the only source of the gonadotrophins. The placenta
produces a gonadotrophin which is active only in the presence of an
intact pitu itaryz 14

Close associstion and inbterplay betwsen the hormones of the
anterior lobe of the pituitary and those of the gonads exist.
Hormones of the adrenal cortex and the thyroid gland also exert an
influence. With these factors, tbgether with the fact that the male
producesg oestrogens as well as androgens, and the female produces
androgens as well as oestrogens, the picture becomes one of great
complexity. The effect of all these factors on the individual orgen
and in turn upon the whole body is thus dependent upon the summation
of many factors.

Selye1 in his monograph on endocrinology, notes that
approximately 5000 papers a year are published in the field of
endocrinology. The task of tabulabting end eveluating these publications

can be immediately appreciated. The discussion in this chapter is

based mostly on standard monographs by authorities in the field of
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endocrinolegy, such as Selye19 Cameronzg Allen, Engle, Moorelsg

13

Pepaniculeau ot algg es well as Fluhmann™® snd Novek?. Very little

reference has been made to original contributionss.

The hormones. The hormones sssociated with sex and reproduction

form two groups of compoundse. The gonadobrophins and prolactin, which
are proteins, make up the first group, while the androgens, oestrogens,
and progesterone, which are steroids, form the second groupe. The

compounds are listed on page 172 in tabular form.

Follicle stimuleting hormone (FSH). This hormone can be

obtained from pituitary glands and from the urine of normal, meno=
peusal and castrated humens. It is protein in natures The hormone
causes the groﬁth of follicles in the ovary and the development of

the seminiferous tubules in the testis, Its action alone does not
stimulate the production of sex hormones. For this a small proportion

of luteinizing hormone (LH) is needed.



THE HORMONES OF REPRODUCTION

CHEMICAL NATURE GROUP NAMES SOURCE
PROTEIN GONADOTROPHINS Follicular stimulating hormone Anterior lobe of
(FsH) pituitary
Interstitial cell stimulating
hormone (ISCH) Anterior lobe of
OR pituitary
Luteinizing hormone (LH)
Anterior pituitery-like (APL) Placenta
LUTEOTROPHIN (Synonyms = prolactin, lactogenic
hormone, mammotrophin, Anterior lobe of
luteotrophin (LTH) pituitary
STEROID ANDROGENS Testosterone Mostly from the
Androsterone interstitial cells
Dehydrosndrosterone of testes. Also
from the adrenal
cortex.
OESTROGENS =pestradiol Mostly from the
estrone follicular cells
estriol of the ovary, also
from the Corpus
luteum and the
adrenal cortex.
PROGESTERONE ‘progesterone Corpus luteum

2Lt
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Luteinizing hormone (EE)Q@ LH is & glycoprotein which sugments

the action of FSH, the combined action leading to the production of
the sex hormones of the ovary and ovulation. Imteal tissue develop=
ment and development of corpors lutea are stimulated. Under the
influence of LH the corpus luteum is formed from the pre-formed
graafian follicle. LH is presumebly the ovulation producing hormone,
but apparently does not regulate the corpus luteum once it has formed
(cr. Goldzhier14)o In the testes, LH stimulates the interstitial
cells to produce androgensz”lée

The molecular weight of LH (ICSH) shows a species variation.

In sheep, the molecular weight is estimated to be 40,000 and in hogs

100,000, while in the human the molecular weight is not known.

Chorionic gonadotrophin (APL). The placental gonadotrophin is

chemically and biologically distinet from the pituitary hormones. It

is & glycoprotein of a molecular weight between 60,000 and 80,000,

Galactose is part of the molecule14e Experimentally, APIL, is without
Xp y

effect in the hypophysectomized enimal, but is effective in the

e According to Selyelg the luteinizing hormone (LH) is idemtical with
the interstitial cell stimulabting hormone (ICSH). Since the human
ovary does not have interstitial cells, clinicisns object to the term
ICSH. Cemeron® on the other hand, uses the term, preferring LH as a
synonyme In this discussion, the term luteinizing hormone is used
with the understanding that ICSH and LH are identical.
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presence of an inbtact pituitary s
Human trophoblastic cells grown in continuous culture produce
chorionic gonadotrophine. The type of cell responsible is the

Langhans 061117919w

Prolactin. Prolactin esugments the action of LH (1ICSH) being
required before the corpus luteum produces progesterone, and is
essential for the actual secretion of milk in the mammary glande
Evidence suggests that the hormone is responsible in part for
maternal behaviour<. Further evidence suggests that luteotrophin
(LTH) snd prolactin are ideatical. (Cf. Goldzhieri? quoting Evans

et al.) (Also Cf. Selyel)

Androgenses Androgens control the development and maintenance
of the secondary sex characters associated with malenesse.
Androsterone, dehydroandrosterone and testosberone are the three
major androgens. Those isolated from the adrenals afe relatively
weak in their androgenic properties. Of the androgens, testosterone
is the most potent, and has been isolated from the bull testes only.
It is assumed to be ths chief androgenic substance of other species.
(Cfo Cameronz)

The androgens are steroid in nature and are closely associsbed
in their chemical constitution to the hormones of the adrenal cortex
and to cholesterolzo Contemporary opinion is greatly in favour of
considering the Leydig cells as the producers of the androgens of

testicular originl.
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Oestrogens. Oestrogens control the development and

maintenance of the secondary characteristics usually associated with
femaleness. IEstrone, estriol and estradiol are the most important
of this group. =oestradiol is the most potent natural occurring
oestrogen and has been isolated from the ovaries of sows, humen
placenta and stallion testes, Oestrogens exert their greatest
effect on tissues of Mﬂllerian origin such as the oviducts, uterus,

and upper portion of the vaginase

Progesterone. Progesterone produces changes in the uterus and

vagina following oestrogenic stimulation. The secretory changes of
the endometrium, deposition of glycogen in the epithelium, and increase
of vascularity are due to progesterone. Inhibition of ovulation is
said to be another effect. The hormone is required for the maintenance

of pregnency, should pregnancy occur. (Cfe Cameronz)

Methods of study. Castration of men and domesticated animals

has Been practised for centuries, affording emple opportunity to
show the effects of loss of gonadal tissue. Experimental investig-
ation has played an important role. Early experimentation consisted
of the removal of the gonads. Removal of the testis, and grafting
was next performed. Extracts of gonads were found to correct some of
the defects produced by castration.

At the present time, many concepts are based on experimental
evidence. Conclusions drawn from experimentation of one species do

not necessarily apply to another speciess
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Clinical observations of functioning tumors in which an oxcess
of a hormone is produced has given another approach to the function
of some of the hormonses.
Castration of pre=-pubertal females is rare. Examples of
hypogonadism end congenitally asbsent ovaries have been observed. The
post=pubertal female castrate is common and the syndrome produced by

loss of ovarian bissue in the female adult is well knowne.

The humen male castrate. Castration effects vary greatly

depending upon the period at which the testicular tissue is loste
Pre=pubertal castration (early eunuchism) hes a more profound effect
upon the body then post-puberteal castration (1gte eunuchism)s In
this discussion, the most severe form of hypogonadism is considered,
since this state gives us an indication of the functions of the male

hormones. The graphic description of Selyel is excellent.

Early eunuchism. Aplasia of the gonads, surgical removal for

disease, or destruction of the gonads for any reason before puberty
leads to marked deviations from the state of malenesse. The
testicular deficiency occurs before the morphogenesis of organs and
structures has proceeded far enough to give the individual definite
male characteristicse

By the time the third decade is reached, sarly esunuchs present
usually a fairly typical picture. Excessive growth of the long bones
of the extremities gives the patient en awkward appearance. The

limbs are disproportionstely long compared to the bodye. The gait is
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sffected. Poor muscular development together with lack of muscular
gbrength, lack of initiative and drive add to the plight of the
intraverted, shy snd frequently sullen early eunuch. The boyish
voice is in kesping with the infantile face which lacks beard and
which lacks the bone differentisation of the adult, but which is in
contrast with the senile tiredness and fine wrinkles. Sebaceous
secretions are diminished, the hair and the skin are dry. The
patients do not become bald. Distribution of hair ovser the rest of
" the body is femaele in type. The pubic, axillery and lanugo hair is
sparse. The tall patients are thin. The short patients tend to be
fat, the adipose tissue being found in the breasts, the hips and the
abdomen. The general body configurabtion is female in typé, the
broad hips accentueting the picture. The testes are absent. The
penis and other accessory sex organs are small and infantile.
Libido and potentia are markedly diminished or absente

Excretion of androgens, 17-XKS and oesbrogens is decreased
since the main source of such compounds is removed. The continued
excretions of small emounts of these substances is probably
attributable to the adrenal cortex. Gonadotroﬁhin excretion is
increased since the inhibiting influence of the testicular tissue is

lacking. (Cfe Selyer)

Late eunuchisme Post=-pubertal loss of tesbicular tissue does

not affect the organism to the extreme degree seen in pre-pubertal

castration. The appearance of the late eunuch differs but little
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from the normal male adult. There may be atrophy of the malé
sccessory organs, but these organs tend to remain fairly normal in
sizes Growth of bone and growth itself is not disbtburbed. The

beard and pubic hair are normel throughout 1life. Potentia and libido
are not marked as a rule but are not necessarily absent. Psychic
disburbances related probably more to the trauma then to endocrinology
may be present. Vasométor disturbances such as "hot flushes,"
tachycardia, etc., similar to those of the female menopause, are not

uncommon in some individualse (Cfe Selyel)

The pre=pubertal female castrate. Very few cases of castration

of the female before puberty are reported in the literature.
Agenesis of the ovaries is also rare. True ovarian agenssis is
usually accompanied by shortness of stabture, infantile development
of the mammary glands, uterus and vagina and diffuse osteoporosise
Urinary excretion of gonedotrophins is increased. Often other con-

genital anomalies existe. (Cf. Selyel)

The post-pubertal female castrate. Castration of women after

puberty is common, end the picture resulting from such an operation
is well known. Usually, the younger the patient the more severe are
the subjective symptoms such as "hot flushes,® fachycardia, vertigo,
nervousness, excitabilibty, irritability, and headache. Gradual
regression of the development of the accessory sex organs followse
Menstruation ceases. Symptoms may reappear as the patient enters the

fifth decade, at the time when climecteric would have been expected
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+t0 ocoure

Pre-pubertal female. Maturity must reach a certain stage

before the gonads become responsive to the gonadotrophins of the
anterior lobe of the pituitary. FSH and LH stimuli gradually increasse
causing enlargement and growth of more and more Graafian follicles,
which produce more and more oestrogens. Between the ages of three

to seven years, both boys and girls excrete small end consbant
amounts of oestrogens and keto-steroids in the urine. From eight to
eleven years the excretion of ocestrogens by girls increasess
Pituitery FSH has been debected in the urine of girls as early as
eleven years of age. About one and one=-half yesars before the
_menarche, the exoretion of oestrogens becomes cyelic, sach coycle
increasing in intensity. The stimulation is eventually sufficient

to produce rapid growth of & sufficient number of follicles which are
eble to produce an effective quantity of oestrogens. One of these
follicles ruptures and a corpus luteum is formed. (Cf. Camerbnz)

With the first owvulation, the whole gystem is leaunched into

a new ere in which reproducfion is possible. The waxing and waning,
growth and regression, control and reciprocal control, augmenbting

and depressing continues in a feirly definite cyclic pettern once
esfablishedo Anowvulatory cycles are apparently common in the teen-

age girl.

Menstruation. While bleeding is the most sbtriking feature of

the menstrual cycle, it is but only a phase of a series of events
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which affect the body as & whole. It may be considered the end of
one short chapter of the reproductive historye A co-ordination of

the whole cycle is briefly given,

The hormones. Immediately following menstruation, FSH of the

anterior lobe of the pituitary, stimulates a large number of follicles
to develop in each ovary. FSH stimulates the morphological response,

1

but not the production of hormones™j for this 2 small amount of LH is

requiredze As the follicles develop they produce increesing amounts
of oestrogensae The oestrogenic hormones of the foliicles have their
greatest effect upon tissues of Mallerien origin such as the oviducts,

uterus, and upper part of the vagina. In all these tissues, the

response is growth, the greatest change being noted in the

endometrium3

As 2 rule, only one follicle reaches meturity snd discharges
an ovume. The unruptured follicles continue to produce hormones, but
soon undergo atresia and as they do so, produce less and less
oestrogense.

After rupture of the follicle énd extrusion of the ovums the
corpus luteum forms from the granulosa cells under the influence of
LH of the anterior pituitaryzo Production of LH from the anterior
pituitary is initiated by Fsul. The corpus luteum continues to
produce oestrogens in smaller quantities and, as well, begins to
produce a second hormone, progesterone. Production of progesterone

from the corpus luteum is under control of LH and prolactinze
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Progesterone is produced only after ovulationgg since corpus luteum

formation follows ovulation. Under the influence of progesterone,
the endometrium enters the secretory phase and owvulation is inhibitedge
After ovulation numerous growing follicles undergo atresis
resulting in a decreased production of oestrogens. The corpus luteum
continues to produce oestrogens in lesser amounts and after maturity
when regression begins, produces less snd less oestrogens as time
goés one. Less progesterone‘is produced as regression of the corpus
Iuteun procesdszo Degeneration of the granulosa=~lutein cells of'the
corpus luteum begins from nine to eleven days after ovulation? or
from four to six days before the onset of menstruation4o The degener-
ation is slow and gradual, and is reﬁersible should pregnancy ocour5a
The gradual withdrawal of progesterone and oestrogens has a two-fold
effect. Onset of the menstrusl flow is the most striking effect.
The ovarian hormones causing growth are no longer sufficient to
maintain the endometrium in a growing state. The second effect is the
removal of the reciprocal action of the ovarien hormones depressing
the production of FSH in the anterior lobe of the pituitary. With
inhibiting influence removed, the pituitary produces increasing
amounts of FSH to stimulate more follicles in the ovary to grow,'&nd
thus e new cycle is initiated. (Cfe Cameron®)
Withdrawal of oestrogens is the prime cause of the endometrisal
reogression, although there are probably other factors?. Progesterone
administration will delay the onset of menses, end the removal of a

recently formed corpus luteum will result in menstrual bleeding within




182

forty=-eight hours. The onset of bleeding after such removal can be
delayed by use of progesterone, while oestrogens do not have this
effects (Cfo Cameronz)

An snowvulatory cycle differs littie from the ovulatory cycle,
and yet no corpus luteum has formed. There must be occasions when a
functioning corpus luteum has not formed after ovulation6a 5till the

corpus luteum is indispenssable to menstrustion, for there are none

found in the ovaries of individuwals who do not mensﬁruate7o

11

Newer Concepts of Menstruation. Daron™ emphasized that the

vasculature of the endometrium undergoes cyclic changes as well as

the glends and stroma. Markeelz

observing endometrial implents in
the anterior chamber of a monkey's eye, described the bulk of the
hemorrhage as arbteriolar in origin and therefore the coiled arterioles
control the amount of the menstrusl hemorrhage. The explanation of
menstruation as a consequence of vascular changes is based primarily

6

e
e

on these observations

6 of the vasculature changes of the endo-

Kaeiser's description
metriuvm are excellent. This author outlines the two mein concepts
of menstruation as found in the literatures (a) the coiled
arterioles increase rapidly and extend as the secretory phase of the
cycle progresses and this increasing complexity is supposed to reach
a point where it impedes the flow of blood to produce ischemia which

in turn sets off the chain reaction of menstrustion; (b) the

phermaco=-dynamic concept which supposes the prolonged periods of vaso-
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constriction observed prior to menses to be due to vasomotor
substances produced and the sequence of vaso=-constriction, ischemia
and menstruetion. (Cf. Kaiser®)

Agcording to Kaisers, both of %hese concepts assume that the
complex coliled arteribles are necessary precursors of menstruation.
The hypotheses bypass and actually contradict earlier work on
hormonal withdrawal as a common precursor of menstrual flow. Nor do
the concepts explein menses in the anovulatory cycle in which the
coiled arterioles are considerably less complex. In some experimental
animals which menstruate, there are no coiled arterioles. Certainly
there must on occasion, be a failure to form a functioning corpus

luteum, and if such should happen, this lessens the complexity of the

arterioles. (Cfe Kaisers)

Time of owulations With inevitable varistions; the mass of

evidence indicates that ovulation in the humen femele occurs 14 to

15 days prior to the onset of menstrual flow, in a cycle which is

28 to 30 days in length. Numerous methods of investigation have been
followed to determine this time of ovulation. During the cycle,
should ovulation occur, & slight rise in body temperature corresponds
to the time of ovulatione Temperature recordings over & number of
ocycles thus gives & good indication if and when ovulation has
oscurred. Studies of corpore lubtea end ovaries removed at operation
have given some informetion. The recovery of ova from the oviduct

end endometrial studies are used. During the menstrual cycle, there
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are varistions of electrical potentials, differences in the motility
of the uberus and oviducts. These have been used in determination
of times of ovulation. Pregnancy occurring from a single coitus in
cases are known. The sudden rise in the smount of pituitary gonado-
trophins is said to be a sensitive indicetor, the rise corresponding

closely to the ovulation time.

Characteristics of the normal menstrual cycle. Goldzieher

et 21.° have recently reported date of 524 cycles of 109 selected
normal women. Of these 524 cycles, 500 were oﬁulatorya No cycle wes
less than 18 days when the anovulatory cycles were excluded. Ovér
half of the normal cycles were from 26 to 29 days in length and
92.8 per cent of them fell within the 23 to 36 days interval. Ths
oestrogenic phase in the majority of cases was from 10 %o 16 days in
length. Of 490 cycles, 69.5 per cent were 11 to 14 deys during the
progesteronal period, and 94 per cent fell within the 10 to 16 day
period. The duration of bleeding in 95.4 per cent was from 3 to 7
days, end in 68.5 per cent from 3 to & days. (Cf. Goldzieher et a18)
Irregularities from established cycles are associated with
minor disturbances in meny casess Minor illnesses, chenges in
environment, travelling, fear or desire of pregnancy may all influence
the time of onset of menstruation, as well as many other external

environmental factorse

Cyclic changes in the accessory organs of reproduction.

Cyeclic changes in the epithelia of the organs of reproduction ocour
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in response to hormonal stimuli throughout the menstrual cycle.
Papanicolaou, Traut and larchetti” have recently reported their
studies in the form of an excellent monogresph. A brief summery of the
cyclic changes is included here for the sake of completeness. Much
of the meterial is taken from their monograph. The epithelium
covering the surface of the endometrium, and lining its glands, as
well as the epithelium of the endosalpini.and endocervix have the
same embryological derivation from the epithelium of the lllerian
duct which in turn is derived from coelomic epithelium. It is
reasonable to expect that these tissues exhibit similar responses to
the same hormonal stimuli.

The endometrium shows cyclic morphological variations more
pronounced Than any other part of the reproductive system. Three
types of cells are found in the endometrium, namely the secretory,
the ciliated and the "rod" cells. During the follicular phase, the
glandular epithelium is low and columnars there are few ciliated
cells, and rod cells are rare. The glandular epithelium increases in
height, and at the time of ovulation reaches its maximum height. The
nuclei tend to become ovoid or oblong end assume a central position
in the cell. The oiliated cells on the surface are more numerous.
The transition between folliocular snd secretory phases is not
strietly synchronized with ovulation. The inbterval between owvulation
and secretory activity varies greatly. A regional variation from one
area to another is also present. Soon after ovulation. changes

cheracteristic of the luteal phase are noted. The nuclei of the
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secretory cells become more basal in position and small blebs of
secretion project beyond the iimits'of the terminal bars. Glycogen
becomes abundent. As the luteal phase advances the cyboplasm becomes
paler staining, the nuclei of the cells more basal, and the secrestion
more abundent. The glands show an increased tortﬁosity and the
stroms has a looser texture. Increased tortuosity of the blood
vessels and hypertrophy of the stroma cells is also notede The
picture is most marked at a period 7 to 10 days after ovulation.
Regressive changes in the endometrium mirror the regression changes
in the corpus luteum. The glands collapse and show even greater
‘tortuosityo Disintegration of the mucosa, degeneration of mucoseal
cells, resorption of the edems, infiltration with leucocytes,
extravasation of red blood cells, especially in the compact layer,
congestion, engorgement of the vascular bed, and a greater tortuosity
of the spirel vessels complete the picture of the late luteal phases
During menses, the necrosis of the mucosa usually extends to the
basalis. The necrotic portion is cast off in cell clusters and
fragments. The epithelium of the basal glandular remnants grows
slong the surface‘to meet proliferating epithelium from adjacent
glands. The endometrium is now ready to respond to further oestro=-
genic stimuli from the now increasing end growing follicles of the
next cycle. (Cfe Papanicolaou, Traut and Mﬁrchettig)

Snyderlo demonstrated that the tubal epithelium showed
variations during the normal menstrual cycle. The most character-

igtic morphological variation in the epithelial cells of the mucosa
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is the change in their height. The cells are tallest during the
follicular phase. In the luteal phase, secretion and the nuclei of the
non-cilisted cells protrude into the tubal lumen beyond the limits
of the cells. The nuclei of the ciliated cells remain practically
unchanged during the lutesl phase. In pregunancy, the featurss of
the tubal mucose are essentially the same as during the lubteal phase.
During the menstruval phase the epithelium is at its minimal height.
The ciliated cells are low columnar cells with large round or oval
vesicular nuclei which are centrally placed. The relatively
abundant cytoplesm is pele staining. The cilia are easily identified.
The non-ciliated cells are more compact, with less distinct cell
boundaries. Their nuclei are oblong and the cybtoplasm of the cells
is relatively reduced. (cro Papanicolaou, Traut and Marchettig)

Cyelic modificetions of the endocervix are most distinctly
expressed in the glandular epithelium. The most distinctive change
is found in the late follicular phase when the cells lining the
endocervical glands are tall and columnar, end show increased
secretory aectivity. The nuclei are elongated and the papillary folds
protruding intd the glands grow larger during the late follicular

phese. (cr. Papinicolaou, Traut and Marchettig)

Pregnency. During the normal menstrual cycle, there are
quentitative and gqualitative variations in the amount of gonado-
trophins excreted. The greatest increase of gonadobtrophins excreted

lasts from the tenth to the fifteenth day of the cycle, with the peak
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amounts of oestrogens.

The subjective symptoms of the climacteric are varied in
neture and in severity from case to case, and the onset and cessation
of these symptoms are insiduous and 1ll defined. Menopause or the
cessation of menses, however, is fairly well defined, and according
to most authors occurs during the fifth decade of 1life, with many
ekceptions.

Affer the menopause, the reproductive organs undergo retro=-
gressive changes. The ovaries decrease in weight due to atrophy
and non-formation of new structures. The irregular pitted surface
gradually becomes relatively smcoth. Follicles in abresia are found
for a varying period of time after the menopause, but soon these and
the primordial follicles disappear. A‘corpus luteum may or mey not
be found in one of the ovaries for a few months following the last
menstrual PePiOd7o The ovarisn veséels show a marked degeneration
of the Mﬁnckeberg type.

The asccesgsory organs share in the atrophic changes. The
uterus becomes smaller due to atrophy of the myomebtrium. The thin
endometrium measures only 0.2 to 2.0 mm in thickness. No different-
ijation into basal and functiocnal layers is possible. The glands
decrease gradually in number and many become cystic with a low lining
epitheliume The cervix shows a diminubtion in size at a labter age,
and evenbually hasg fewer glands which produce only a2 scanty secretiocn.
(Cfo FPluhmemni®) |

Atrophic changes of the oviduets, vagina and wilva are noted
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at about the twelfth and thirteenfh deye. This pesk occurs after the
oestrogens have shown their pesk. FSH predominates during the first
half of the cycle. Increased amounts of luteinizing hormone is
associated with the time of ovulation. At the pesak 5f gonadotrophin
excretion about 15 RUU (ret uterine units) are found in each litre of
urinee

With conception,; the gonsdotrophin level remains elevated and
continues to rise. When excretion of 400 to 600 RUU per litre of
uriﬁe is present, pregnancy tests are positive. This additional
amount of gonadotrofhins is due to the presence of large quantities
of chorionic gonadotrophins. (Cro Goldzhierlé)

A peek phenomenon occurs in all normal pregnencies. About the
sixth week there is a sudden rise, the maximum is quickly reached,

“and by the twelfth week a decline. The daily output at the peak is
variable, ranging from 75,000 to 100,000 RUU. After the peak, the
rate of excretion is from 1500 to 5000 RUU per litre of urine.

After parturition snd expulsion of the plabental tissue; there
is a precipitous drop in the curve of excretion. Only 52 per cent
of women have & positive pregnency test 24 hours after delivery, and

none have a positive pregnancy test after 4 days. (Cf. Goldzhierlé)

Menopause and climacteric. Growth of follieles in the ovaries

wanes markedly as the fortieth yeer of life is reached and in some

cases even before this timel®. The climacteric and menopsuse are

associated with the fewer follicles and the gradually lessened
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ag well. There is diminution of elastic fibres, an increase of
fibrous tissue,; and a decrease in the size of muscle fibress The
epithelium becomes thin and the blood vessels show degenerative
chéngeSe The emount of glandular tissue in the breast decreasese
(Crs Fluhmannla)

The menopause and climacteric are fundementally endocrine

mani:f’estationsl"5

» although the factors which bring sbout these
phenomena are not clearly established. Control does not appear to be
within the gonads for the symptoms of the climacteric are frequently
present before menopause, while there is still functioning ovarian
tissue. Exhaustion of suitable ovarian tissue may well be the cause
of the phenomens (Zondek--guoted by Cameronz). With cessation of
ovarian response to pituitary stimulation, there is rapid cessation
of oestrogens due to lack of follicles and with this lack of
cestrogens there is atrophy of the sex orgens. The regression of the

ovaries removes the inhibition they normally exert on the anterior

lobe of the pituitary. (Mazer and Israel-=quoted by Fluhmenntd)

Hormone integration in the male. During the early years of

life there is little difference in the excretion of oestrogens and
sndrogens by either sex. Leter, girls excrete more oestrogens than
boys, and conversely boys excrete more keto=steroids than girls.

The increased excretion of keto-steroids becomes marked about the
eleventh year when the secondary sex characteristics begin to appear.

The endocrines leading to sexual development become evident about
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five years before sexual maburiity.

There is no evidence of cyclic fertility in man. FSH controls
the spermatégenic elements and ICSH (LH) controls the development of
the interstitial cells. Secondary sex characteristics are dependent
upon the formebtion of the androgens which are the secretions of the
interstitial cells. (Cf. Cameron?)

The relationship beﬁween the interstitial cells and the

seminiferous tubules is unkndwn15e

The male climacteric. Some meles experience subjective

symptoms such as nervousness, depression, decline in memory and power
of concentretion, fetiguability, disturbed sleep, and other symptoms
similar to those of the female climacteric. The number of individuals
having such symptoms is considerably less then in the case of

females and much more severe in intensit§e As & rule, the onset of
symptoms is later in life in the case of males. As in the case of
the female, the climacteric syndrome in males is attributed to

hormone imbalsnce. (Cf. Cemeron?)
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CHAPTER SIX

THE PARATHYROID GLANDS



CHAPTER VI

THE PARATHYROID GLANDS

Introductione The parathyroid glands which are probably the

smallest endocrine organs of the bodyl,9 escaped attention until 1880,
when Sandstrom recognized them and considered them as embryonic
vesbiges of thyroid tissuezo Kohn in 1899 recognized the parathyroids
as bodies independent of the thyroid. It was not until the beginning
of the present century that removal of the glands was known to cause
d@&thzo Henson® produced & weskly active extract of the parathyroid
glands in 1923. Collip4 simultaneously and independently produced

a much mors active extract which, when injected into a parathyroid-

ectomized animal, would prevent the post-parathyroidectomy syndrome.

Gross description. The parathyroid glands are small, soft,

flabby, round or oval bodies. The surface is smooth and covered with
a thin capsule. A hilus has been described, but is poorly defined
and difficult to identify. The colour varies with the age of the
subject. In infanecy, the glands have & vellowish~red colour, which
graduslly darkens to yellowish-brown or reddish~brown. The darkening
of the colour correspénds to an increasing deposition of interstitial
and intracellular pigment assosiated with increasing age.

(Cfo Morgen®)

Size and weighte. The size of the glands varies to some extent

1

according to the number present5s with age™, whether or not there is
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disease in one or more of the glandszg with the pressence or absence
of kidney diseaseS, With so meny normal and abnormal factors
influencing the size and weights of the parathyroids, the definite
figures frequently quoted mean very little.

Normally the;e are no great variations in size. The glands
measure from 4 to O mm in length and 2 to 4 mm in diemeter®, The
inferior pair of glends are usually larger then the superior pair.
The size of the glands is aotualiy little indication of the amount of
functioning parenchyma present, since ;dipoée tissue 1s a normal
variable componente.

Selyeg gives the range of 20 to 50 mgms as the average weight
of the glands, while Shellingl gives his figures as 35 to 5b mgms.
The factors influencing the size also influence the weightse‘ In the
females, the glands weigh approximately 20 per cent heavier than those
of the male. After the menopause, the difference in weights is less
apparent in corresponding age groups of males and females. The

inferior pair of organs is approximately one fifth hesavier than the

superior pair. (Cfs Morgans)

gggjﬁione The glands are situated; as a rﬁle, between the
posterior borders of the lobes of the thyroid gland and its capsulse
The parathyroids are designated éCGording to their situation as
inferior and superior pairs.

The superior glands are usually two in number and are more

constant in their position then the inferior pair. The superior
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glends are situated one on either side, at the level of the lower
border of the cricoid cartilsge, behind the junction of the pharynx
and the oesophagusl5a

The inferior peir of parsthyroid glands are very variable in

their position. Indeed, Crottil€ states that the concept of two

superior and two inferior parathyroids is far from being correct.

Number of glands. Four or more glands were found in over

99 per cent of over one thousand bodies examined by Pepere (quoted in
Gray's Anatomy15 and by CrottilG)e Reports of as few as one and two
glands and as many asveight are found in the literature according to
Morgansg who lists five possibilities for such variations. The glands
may be congenitally absent, or buried in the thyroid or thymus.
Abnormal positiéns are common. Finally asymetrical dist%ibution may
add to the difficulty of finding the glands. The number found at
autopsy or operation varies directly with the experience of the

operator. (Cf. Morgan5)

Blood supply. The inferior parathyroid arteries are brenches

of the inferior thyroid arteries which have rich anastomoses with the
arteries of the larynx, trachea, oesophagus. and also snastomoses with
the superior thyroid arteries. Inbterruption of the thyroid arteries
at thyroidectomy does not necessarily imperil the parathyroids.

(Cf. Curtist%)

Nerve supply. According to Rhinehartlss the nerves of the
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‘parathyroids have the same origin as Lthose of the thyroid. Fibres
from the cervical sympathetic ganglia accompany the branches of the
thyroid arteries which supply the parathyroids. The nerves form a
perivascular plexus, and they branch with the vessels, so that the
smaller arteriole twigs are usually accompanied by a single nerve
fibre., He stabtes that no nerves are found around the veins or
capillaries. There ars fewer nerves in fhe parathyroid gland than
are present in the thyroid. WNo ganglion cells are found in the para-
thyroids. Unfortunately, Rhinehart does not give the source of his
material, although his work is subseéuently guoted in the literature

as being on humen materials. (Cf. Rhinehart:3)

Lymphatic drainege. The lymphatics of the parathyroids are not

well known, although it is fairly certain thet they are associated

with those of the thyroid glendl.

Note on embryology. The development of the inferior pair of

parathyroid glands is intimately associated with the development of
the thymus. The third pharyngeal pouch grows out from the pharynx as
a hollow pear=shaped structure, the stalk of which is attached to the
pharynx. The pouch becomes solid by proliferation of the endodermal
cells of the wall. At the 8 mm stage, a small group of cells on the
dorsal aspect become differsntiated and later develop as parathyroid
IIT which is the inferior parathyroid of adult anatomy. The remaining
and larger part of the stalk separates from the parathyroid and

eventually forms approximately one half of the thymus gland.
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The fourth pharyngeal pouch also separates from the wall of the
pharynx. It becomes solid by a proliferation of the endodermal wall
and its dorsal portion shows a differentiation similar to the case of
the parathyroid ITII. This dorsal portion shows the differentiation
about the 8 mm stage also, and gives rise to parathyroids IV or the
superior parathyroids of the adult anatomy. (Cf. Hemilton, Boyd and

Mossmanl7)

I. HISTOLOGY

Capsuls. Hach gland has ; very thin capsule consisting of
collagenous comective tissue in which a few small blood vessels mey
be sesn. Bands of comnective tissue pasé from the capsule into the
gland and separate the parenchymatous cells into irrvegular groupse.

The capsule is frequently torn away from the glend during disseotion.

Reticulum. The reticulum of the parathyroids forms a fine
meshwork which supports the groups of cells. The fibres are well

demonstrated by silver impregnetion or periodic ascid methodse

Pat cells. Adipose tissue cells are present at all ages and
in almost all glands. In general, the adipose tissus incresses from
infeancy onwards, although the amount is not marked before the age of

~thirty years.

Blood vessels within the organ. The parathyroids are classed

amongst the most vascular organs of the body. The sinus=like
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FIGURE 62

The thin collagenous capsuls of the
parathyroid gland. The general
arrengement of the parenchyme is
compact in type. A 6577. H & E. 250 x.
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. eapillaries are in close relationship with the epithelial 081158 and
the reticulume The vessels traverse the interstitial connective tissue

which forms bands arising from the capsuls.

Pigments. Small irreguler granulses of paie yellow to brownish
pigment are found in meny cells of all glands. The granules of
pigment vary in size from O.5 to 4 micre in diameter, and are most
conspicuous in the oxyphil cells. In the younger age groups they are
very fine, pale in colour and difficult to demonstrate. Although the
exact nature of the pigment is not known, it is not lipochrome.

(Cf» Gilmourv)

Lipoids. Lipoids cen be demonstrated with osmic acid methods
end are found in variable smounts in the form of minute granule or
globules which may measure up to 6.5 micra in diameter. Vacuoles are
found in some of the globules. There is a close association between
the lipoids =nd pigments, although the nature of this association is

not known. (Cfe Gilmour')

General Arrengement of the Parenchyma. According to Marineg,

Welsh in 1898 first suggested three types of gross structure of the
parathyroid glands. G lmour suggests a similar classification,
adding & fourth group. The four groups, i.e., compact, coarsely
trabecular, lobular and partly large acinar, according to Gilmour,
are illustrated on page 202. No functional significance has been

attached to the general arrangement of the parenchyma of the
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Coarsely trabecular
Compact gross gross structure.
structure.

Lobular gross
structure.

Partly large acinaz
gross structure.
FIGURE 63

The general arrangement of the parenchyma of the
parathyroids, redrawn after GilmOur7g 1838. Ths

black areas represent the parenchyma of the gland.
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parathyrolds.

Compact. The gland, or part of it, consists of a solid mass
of cells. The microsection has a uniform appearance and shows sheects
of cells. Relative to the other types, there is little vascularity,

perivasoular connective tissue, or adipose tissue in the gland.

Coarse trabecular. This type corresponds to Welsh's
anastomosing strand or column type. The parenchyms is arranged in
trabeculae which branch and anastomoss. Compared with the compact type,

the perivascular comnective tissue and adipose tissue are more sbundant.

Lobular. The parenchyma of the whole gland or parts of it is

split into angular masses by loose arecolar tissue.

Lerge Acinar. This errangement is uncommon. The arrangement

of the parenchyma resembles tﬁat of the lobular type, except that the
masses are rounded instead of being angular in shape.

The gross structure of the parathyroids varies in different
age groupse From birth until ten years of age, the arrangement is
usually trabecular or compact. Between the years of ten and twenty
the structure is more variable, the majority of glands still being
trabecular or compact. After twenty years, there are exfreme
variationss In the glands of most adultsgg more than one type éf

arrangement may be seen in the same gland. (Cfo Gilmour?)

The cells of the parenchyma. Thers are two main types of
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7’11’105 the principal and the oxyphil, each with

parenchymel cells
’ varieties, i.c., dark, pale, and waterclear principal cells, and dark
and pale oxyphil cellse

Some euthors® 10 pelieve that the different types of cells are
to be regarded as stages in the life cycle of a single kind of
secretory cells The differences of opinion regarding this concept
have lead o considereble confusion in texts and papers in the
literature, especially with respect to nomenclature of the cellse
Cowdrylo states that "the oxyphil cells, particularly the dark ones,
are senile.® lMorgan® supports the concept that the stages of trans-
formetion go from pale principal to dark principal to dark oxyphil
to pale oxyphile. The theories that the principal cells can be
transformed into oxyphil cells and that the two morphological types
merely represent different stages of activity lack proofzo The

physiological significance of the various morphological cell types is

not knowne

Principal cellse. The greater portion of the parenchyma consists

of principal cells (chief cells)s The majority of these cells are
polygonal, however, they may be spheriéal, cuboidal, or ecylindrical
when found in special formationse. After fixation in wetery fixatives,
three variebies of principal cells may be recognized, is.e., dark, pale,

snd waterclear (wasserhelle)7o

Dark principal cells. The dark principal cells have darkly

staining homogenous oytoplasm which fills the cell. The depth of
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staining, although dark and basophil, varies in intensity. The cells
vary in diameter from 5 to 12 micra (average 8 micra). The spherical
or oval nuclei have distinct nuclear membranes. The nuclei of the
dark principal cells stain darker than those of the pale principal
cells. One or two, occasionally three or four nuclsoli are presente.

Dark principel cells are found in most glands, but are not abundant.

Pale principal cells. Pale principal cells are called the

transitional %ype of principal cells ﬁy some suthorse. The cell body
has a clear zone adjacent to the nucleus. The peripheral cytoplasm
is dark and basophilic and indistinctly granular. In general this
type of cell is the predominant type, and together with the dark
principal cells make up the bulk of the gland. With advancing yearss,
there is a slight relative decrease in the number of pale principal
cells,

The pale prinecipal cells measure from 7 to 15 micra in diameter.
The pucleus which is slightly larger than that of the dark variety,
measures from 5 to 6 micra in diameter, and is irregularly spherical

in shapes Some of the cells show vacuolization of the cytoplasm,

but this is variable.

Waterclear (wasserhelle) prineipal cells. These cells have a

cleer zone which extends from the nucleus to the well defined cell -
membranes. The dark staining spherical nucleus appears to be situated
in an otherwise empty space. This appearance is due to the loss of

glycogen from the cell in the preparation of the section. The
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Normal parathyroid tissue. The majority of
the c¢ells in the field are transitional
principal cslls and dark principal cells.
Some waterclear principal eslls are seen
scattersed throughout the field. A 6597,
Hé& EBE. 450 xo
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diemeter of the cells varies from 7 to 15 micra with an average of

10 micra.

Oxyphil cells. Oxyphil cells may be identified from principal

cells in that they are larger, take an eosinophilic stain, and have
larger granules which may be packed in the cell. It is customary to
describe two types of oxyphil cells, i.e., the dark oxyphil and pale

oxyphil cells.

Dark oxyphil cells. Dark oxyphil cells are difficult to find
in somevspeoimense Rarely, if ever, are these cells present in the
glands of infents. The cells mey be large, measuring from 6 to 14
micra in diemeter. The cyboplasm is almost or entirely f£illed with.
granules of fairly uniform size. These granulss, stained with eosin,
are dark red in colour. The cytoplasm of the cell is pink in
hematoxylin end eosin preparations. .The nucleil are similar to those

of the dark principal cells and measure from 4 to 5 micra in diameber.

Pale oxyphil cells. Pale oxyphil cells are more numerous than

the dark varieby. They are large, irregularly polygonal cells with
distinet cell outlines. The cells measure on an average from 13 to 15
micre in diameter. The cytoplasm stains reddish-pink and shows a

7 these wvacuoles

varying emount of vacuolization. According to Gilmour
are filled with lipoid material in the fresh state. Granules whoge

number and staining intensity vary considerably, slmost completely

£ill the cytoplasme. In some cells the granules are abundent, densely
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FIGURE 65

Normal parathyroid tissue. Numerous large
pale oxyphil cells with finely graanular
cytoplasm and well defined cell membrane
occupy one corner of the field. A 6597.
H& E. 500 x.
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packed and brightly sbtained, while in other célls the granules are
smaller, sparse, and less deeply stained.

Pale oxyphil cells may be found as single cells or in
irregular groups as shown in Figure o In some glands, the cells
are numerous. Some subjects mey have several pale oxyphil cells in

one gland, and very few in the remaining glands.

Inconstant structures. Under this heading, i lmour describes

the columnar-celled alveoli, colloid vesicles (true colloid and cystioc
' t
vesicles) and Kursbteiner's cenals. This author gives an excellent

detailed account of these structurese.

Columar-celled alveoli. A columnar-celled alveolus has a

Jumen which varies from 3 to 40 micra in diameter and which is lined
with short or fall columnar cells, usvally of the transitional type.
The lumen is empty or contains a little pale staining eosinophilic
granular coasgulume. The structure resembles an alveolus of a seoreting
gland. Gilmour’ found them in random sections in 24 per cent of
normel subjects occurring as single or multiple groups. This suthor
considers that they are transformed into true colloid vesicles.

(Cfo Gilmour')

Colloid vesicles. True colloid vesicles are present in almost

2ll adult glends and are found at en early age in life. They are
small, spherical or slightly oval, and are lined with a regular row

of sharply defined cells, which are usually trensitional in typee. The
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FIGURE 68

Colloid filled vesiclss in the
parathyroid gland. A 6597,
H & Ee 350 x»
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lumen contains a deeply sbtaining homogenous eosinophilic cosgulum
which has tﬂe appearance of colloid material. The diameter of the
vesicles varies from 30 to 40 micra as a2 rule, but there are meny
exoeptions. They asre considered to be normel structures. The
vesicles may be scatbtered throughout the whole gland, but tend to be
arranged in groups at the surface or at one pole of the gland.

(Cr. Gilmour7)

Cystic vesicles. Cystic vesicles differ from true colloid

vesicles in meny festures. The cysbic variety are usually much
larger, although their diamebter ssldom exceeds 300 micra; their shape
is irregular and their lining cells show greater variations. A
coagulum, which may have a retieular, globular, finely or coarsely
vacuolated, or a homogenous appearance, may or may not completely fill
the vesicles The coagulum, compared with that of the true colloid
vesicle, stains less intensely with eosin. Cystic vesicles are found
at allAages and are more common in the inferior parathyroids than

in the superior pair. Their position within the glands is very
variaeble. The nature of these structures is obscure. There is né

evidence that they have a physiological significances (Cf. Gilmour7)

Other cysts. Gilmour! describes vestigal structures and cysts
arising from the parathyroids themselves, the thymic cords and the
thymuse Collectively these structures are called Karsteiner's cenalse
Apparently the structures are not common and are seldom of clinical

importance.
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The parsthyroid hormone. The hormone of the parathyroid glands

hes never been isolated in the pure state, but it is almost certainly
& simple proteinzo The preparations at present available behave as a
protein. These preparations are hydrolyzed in boiling acids and
alkelis, and are rendered inert by trypsin and pepsin, explaining why
they camnot be administered by mouthlz. There is no conclusive
evidence that the parathyroids produce more than one hormone,
according to Selyezg who also states thet "the mechanism through which
the parathyroid hormone exerts its diverse actions is still not fully

understood.”™ Probably most but not all of the actions of the hormone

are secondary to its effect upon caleium and phosphorous metabolismze

(Cf. Selye®)

Calcium metabolism. Normel values of blood calcium range

between 9.5 to 11 mgms per 100 cubic centimetres of whole blood.
Practically all of the calcium is found in the plasma, since little or

none is found in the red blood cellszﬂlz.

Only one half of the blood
calclum is in the form of Ca ions and thus diffusible through the
tissue membranes. The remainder of the calcium.is loosely combined
with serum’proteinslza

The daily requirements of calcium in men ranges from 0.7 to 1.0
gramse MWMost of the calecium is absorbed in the upper intestine.
About 70 to 90 per ceant of the ingested calcium is eliminated in the

feces, partly by excretion in the lower gastro-intestinal tracht and

partly by incomplete absorption. Only small quantities of calcium arse
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excreted in the urine, and if the blood calcium is less then 6 mgnms
per cent urinary excrebion ceases.

Approximately 2 per cent of the adult body is caleium, of which
99 per cent is found in the osseous skeletal system. The main

calcium reserve of the body is thus found in the bones. (Cf. Selye?)

Phosphorous metabolism. Phosphorous is present in the blood

pertly as an acid soluble (inorganic) form and partly as organic
phosphoric acid esters. The inorganic phosphate of the serum of
adults ranges from 2.5 to 3.5 mgms per cent, and in children from 4.5
to 6.0 mgms per cent. About 1.25 grams of phosphorous are ingested
deily, of which about 75 per cent is excreted in the urine as acid

phosphates. (Cfe Selye?)

Magnesium. The metabolism of megnesium is similer to that of
caleiume About 50 to 80 per cent of the ingested magnesium is excreted

via the gestro-intestinal tract?.

Other factors influencing calcium metebolism. While it is not

the purpose of this discussion to include all those factors influencing
calcium and phosphorous metabolism, we may mention the following to
indicate the complexity of the subject. Besides the parathyroid
hormone, other factors which play a part are: (1) the calecium
requirements of the skeletal system, (2) the pH of the blood, (3) the
proportion of calecium to phosphorous in the blood, (4) presence of

vitamin D in the food, (5) the absorption of calcium and phosphorous
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from the intestine, and (6) the rate of excretion of these substances.

Present theories regarding the function of the hormone.

Selyez

s in his monograph, reviews the theories regarding the function
of the parathyroid hormone. One theory suggests that the hormone
lowers the renal threshold for phosphates. With the increased urinary
excretion of phosphates, there follows a mobilization into the blood
of inorganic phosphates from the bones, where it is present as caleium
phosphate. An increase of calcium in the blood results when the
phosphate lons are excreted. According to Selye, experimental
evidence does not support this theory. A second theory proposes a
celeium compound in union with the hormone, resulting in calcium X.

A third theory proposes that the hormone acts primarily upon the
osteoblasts. If the hormone is present in large quantities the osteo-
blasts are transformed into ostecclasts, resulting in bone destruction.
If the hormone is present in small quantities the osteoblasts are

stimulated to proliferate and form new bone. Finally Selye2

suggests
that there is a possibility that the hormone acts both on the
skeletal system and the kidneys.

The general effects of the parathyroid hormone can be studied
following the injection of excessive doses of the extract of the
glands, or indirectly by removal of the glends.

Following excessive doses of the parathyroid hormone, there is
an almost immediate increase in phosphate content of the urine, =

decresse in the blood phosphates, and a rise in the blood calcium

levels. (Cf. Selye?)
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Following extirpation of the glands in animals, or removal of
too much parethyroid tissue in human thyroidectomy, there is a rapid
depression of blood plesmz calcium, elevation of plasms inorgenic
phosphates, and a diminution of urinery excretion of phosphatese

Tetany supervenes which leads to death, if not treateds (Cfs Cameronlz)

Hypoparethyroidisms Experimentally, hypoparathyroidism is

accomplished usually by the excising of the whole thyroid-parethyroid
spperetus. Clinically most cases develop after operative procedures
on the neck, where psrathyroid tissue is removed'acoidentallye On
rare occasions, the condition develops for some unknown reasonit,

The symptoms usuélly appear within seven days after the
thyroidectomy, but mey be delayed as long as two to three monthse The
signs and symptoms of hypop&rathyroidism mey be active or latent, and
are similaer in both the post-operative and idiopathic cases. The
acute symptoms and signs may be sudden in onset and be manifest in a
number of ways such as generalized convulsions simulating idiopathic
epilepsy, acute psychotic symptoms, generalized rigidity, or stridor
end dyspnoes. Such extreme phenomena are uncommon. lore commonly,
the attack is less sudden with early signs of numbness, tingling,
sensetion of stiffness about the face and mouth, and painful
contractions of the muscles of the extremities. (Cfe Roseld)

Following parathyroidectomy, the blood caleium level falls to
as low as 5 mgms per cent and the inorganic phosphates rise to levels

as high as 5.5 mgms per cent in adults and to 7 mgms per cent in
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childrenzu There is decreased urinary excretion of phosphate, and a
decreased urinary output of calciumlge

The disturbences following parathyroidectomy are due to
disturbances in calcium and phosphorus metabolismz s a result of

which there is an increased irritabllity of the neuromuscular system,

the slightest stimulus producing painful, tonic spasms or tetany.

Hyperparethyroidismes In hyperparathyroidism, there is an

increased elimination of phosphate through the kidney, & lowering of
plasma inorganic phosphate, mobilization of bone minerel, and increase
of calcium in the blood. There is an exaggerated action of the
hormone. (Cfs Cameront?) |
Neoplasie and hyperplasis of the parathyroids are listed by

COpelg as the chief causes of hyperparathyroidism. In discussing his

series of 70 cases from the Massachusetts General Hospital, Cop619
states thaf 63 per cent of 70 cases of hyperparathyroidism were due

to benign adenoma of the parathyroid. The parathyroid tumor is

almost always a benign adenoms. The few melignent tumors reported in
the literature are mainly in patients who did not have hyperpara-
thyroidismi®s In the primary type of hyperplasie, the cells of the
glands are mostly of the waterclear typelge Secondary hyperplasia
results from the physiological need for greater amounts of the hormone
and may be present also in cases of vitamin D deficiencies and in

cex 19
some cases of nephrltlsl o

Depending on whether the urinary system or the skeletal system




involvement predominates and the degree of change present in each
system, it is possible to describe several types of disesse. The
symptomatology can be divided into three groups, i.e.; those
symptoms due to (a) hypercalcemis, (b) osteoporosis, and

(¢) hypercalcinuria and hyperphosphaturia. Hypotonia, lassitude,
constipation, fatiguability, weight loss, and anorexis mey be
attributed to the hypercalcemia. Bone pain, tenderness, Jjoint pain,
fractures and deformities may be associated with the osteoporosis,
oysts and giant cell tumors accompenying the depletion of minerals
from the skeletal system. Polyuris, polydipsia, nocturia, calculi
formation, colic and hematuria sare relatéd to the hypercalcinuria and

hyperphosphaturia. (Cf. Albright et al.zo)
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THE THYROID GLAND



CHAPTER VIT

THE THYROID GLAND

Introduction. The thyroid glend accounts for only 0.5 per cent

of the body'Weightz and yet its hormone exerts an influence over all
other tissues. No organ or tissue in the body is able to function
optimally in the total aebsence of the thyroid hormone, although not
all organs are impaired to the same degreel.

The normel histological picture varies with factors such as the
age of the patient, sex, food, state of nutrition, geographical
location, climate, season, and psychiec stimuli. Rienhoff® believes
thet there is "perhaps no other orgen in the human body which pfésents
such functional and histological lability as the thyroid." Marine and
Lenhardtl} remarked in 1911 that it was difficult to define the normal
picture of the thyroid gland, and such is true at the present because
of tﬁe wide normal variations. Most textbook descriptions follow a
rather standardized style but the figures given for the normal renges
vary according to the observations of the author in his own locality.

The normal adult human thyroid weighs between 20 and 25 grams
which is not more than 0.35 grams per kilo of body weight. The gland
is slightly larger in the female and is relatively larger for infants
(approximately 1:850 for infents and 1:2250 for adults). The amount

of iodine available in the diet is the most important factor influenc-

ing the size of the gland. (Cf. Miarine?)
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Gross descripbion. The thyroid gland is named from the fact

that it superficially resembles a shisld (thyreos = shield). The
gland is sheped rather more like the letter "H™ than a shield, the two
lateral lobes representing the vertical elements of the letter, and
the isthmus the transverse portions.

The lateral lobes lie anteriorly toward the right and left of
the trachea and larynx, each resembling a three=-sided pyramid. The
lower tip or pole reaches to within two cm of the suprasternal notch
(sixth tracheal ring). The isthmus is very variable in size and shape.
In size it may almost equal a lateral lobe or it may be a thin narrow
band and ih some cases may be absent. Connected with the upper border
of the isthmusvis the pyramidal lobe, which is a very variable
elongated process with its base below and apex extended superiorly for
a variable distance. (Cf. Jo11%)

The thyroid gland has two capsules, i.e., a false and a true
capsule. The false capsule is derived from the pretracheal layer of
the deep cervical fasciaes It is not uniform in thickness, nor does it
completely surround the thyroid,kbeing strong and thick superiorly and
laterally, thin and imperfect inferiorly. Fine fibroué strands run
between the false and true capsule forming the main support of the
gland. The true capsule is thin and transparent and cannot be detached
from the gland without injury to the parenchyma. Thickened areas of
the capsule are in continuity with the connective tissue found between
the irregular messes of parenchyme. (Cf. Jol1®)

Rienhoffs’lo claims that distinet and true lobules do not existe
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This investigator ussd wax plate reconstruction and microdissection
methods and found that the mass of each lobe of the thyroid is divided
and subdivided "... into many connecting or annectant bars, bands and
plates of parenchyma es.." The enﬁire lobe is irregularly traversed
by septa of comnective tissue which carry blood vessels, nerves and
lymphatics. The irregular messes of parenchyma are joined to each
other at one or more points. In no instance did Rienhoff find a
portion of the parenchyme completely surrounded and separated from the
rest of the glande On the surface the areas are arranged in a leaf-
like manner, while deeper in the lobe the arrangement is more complex
than at the periphery. Rienhoff supports his descriptions with
excellent drewings and photographse (Cf. Rienhoff9:10)

Thyroid tissue is translucent, pale ember red to bright amber
red in colour, and is firm and elastic in consistency. On cross
section, the larger follicles can be seen with the naked eye. The
follicles contain a clear, viscid, amber-coloured protein substance or

colloid.

Blood supply. The thyroid is one of the most vascular orgens

of the body4’697° A volume of blood equai to that of the whole body
passes through the thyroid once an hour?s The gland, in proportion
to size, receives nearly four times as much blood as the kidneyso
Four main arteries supply the thyroid gland; the paired
superior thyroid arteries arising usually from the external carotid

trunk, and the paired inferior thyroid arteries arising usually from



224
the thyroid axis which is a branch of the subclavian artery. 4 fifth
artery, the thyroideaima, is inconstant and may arise from a number of
‘sources. Besides the above mentioned there are numerous unnamed,
irregular arteries which are small in the normal gland but which may

attain great size in some goiters. (cr. Jolls)

Venous drainage. The veins begin as a perifollicular plexus.

They follow the smaller arteries as far as the periphery of the gland
where they form a conspicuous plexus on the surface which covers the
whole gland but is more obvious on the anterior. From this plexus a
variable set of trunks which may be divided into three main groups:
(a) superior, (b) lateral or middle, and (¢) inferior. These veins
drain mostly into the internal jugular veins although there are many

varistions. (Cfe. Jo11%)

Lymphatics. The lymphatics of the thyroid originate as a closed
system in the form of an anastomosing plexus of capillaries in the
interfollicular spaces of the glande The rich plexus consists of
communicating capillary lymph chennels which form rather dilated
endothelial sacs or small pockets which vary in size. According to
Reinhoffs, there are three main plexuses, i.2., interfollicular,
intraglandular, and extraglandulare. The interfollicular plexus,
mentioned above, which unlike the blood capillary system is not devoted
to separate and distinct follicles but rather to spaces between the
groups of follicles. The second division or intraglandular plexus 1s

composed of rather large connecting trunks situated along the course
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of the sepfa and forming frequent anastomoses with each other and with
the interfollicular plexus. The extraglandular vessels on the outer
surface of the gland lie external to the blood vessels and internal to
the fibrous true capsule enclosing the thyroid. From the latter.plexus
originate the still larger collecting trunks which accompany the
superior thyroid vessels to the cervical lymph nodes and also to the
trunks which form a plexus in the pre~-tracheal fascia draining into the

mediastinal lymph nodes. (Cfe Rienhoff®)

Nerves. The nerve supply to the thyroid is chiefly sympathetic.
Fibres from Tl and T2 pass through the inferior cervical genglion,
where some are intefrupted, others passing on to the middle and
superior ganglia where they are interrupted. Accompanying the vessels
to the gland and in the gland, the nerves form a rich perivascular and
perifollicular plexuse. (Cf. Jol1®)

' Vagus fibres reach the glaﬁd via the superior and the recurrent

laryngeal nerves®.

Embryological note. The thyroid begins at the 1.37 mm stagez

in the endoderm of the floor of the pharynx as a thickening which
soon evaginates and by the 5 mm stage has the shape of two flask-like
lobes attached to a common hollow stalk which connects with the

pharynx and is known as the thyroglossal duct19

o The thyroid primordia
has an intimate relation with the aortic sac. The thyroglossal duct

is the most important part of the thyroid primordia, small contrib-

utions being received from the ventral components of the Ffourth
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pharyngeal pouch, which later fuse with the main primordias. With the
development of the neck, the heart and great vessels become widely
separated from the thyrold, although remnsnts of thyroid may be found
attached to the arch of the smorta in adult life. Normally the thyro-
glossal duct is reabsorbed. Rarely it may persist, in whole or in part,
caudal or cranially, as e cyst or a duct. Occasionally the caudal
portion persists as the pyramidal lobe.

Initially the glendular tissue consists of a solid mass of
cellse. DBranching pletes one or two cells thick soon develop and these
are further separsafed by an ingrowth of connective tissue and blood
vessels. The formation of the follicles is a complicated series of
changes. By the 24 mm stage the definitive follicles are surrounded by
mesenchyme7. Colloid appeers in 60 mm embryosl9, although the colloid

is not abundent until after birth?. (Cf. Hemilton, Boyd and Mossmanl?)

The microscopic anatomy. The ultimate histological unit of the

thyroid gland is the follicle, groups of which make up the mass of
parenchyma. The follicles are emtirely discrete separate individual
unitsi, The follicles are bound together closely by interfollicular
connective tissue which carries arterioles, capillaries, vénules,
nerves and lymphaticse.

The tissue of the thyroid may be divided for descriptive
purposes into the parenchyma (follicles) and the stroma (interfollicular

tissue). Ococasionally small portions of thymus or parsthyroid may be

found in a section. In certain pathological conditions, lymphatic
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tissue, either diffuse or in the form of lymphatic nodules may be found
throughout the gland.

The wvascular bed about the follicle is very rich!O. The smaller
capillaries arising from the arterioles in the interfollicular
connective tissue form an intimate network about each follicle similar
to a basketwork around a ball”. The lymphatics do not form a similar

5

network and are external to the blood vessels®s Detalls of the lymphatic

system were given on page 224.
I. THE FOLLICLES

Size. Meny of the follicles very in size from 0.2 mm to 1 mm
in diameter, the great majority being small and in many scarcely any
lumen is presentloe Most normal follicles range from Ce«3 to 0.8 mm in
diameterll. There is great irregularity of size of the follicles.

Large end small may be indiscriminately mixed throughout the gland.

Shape. The shape of the follicles varies as much as the sizes
No two folliqles are similar. Their shape ranges from almost a perfect
sphere to almost a perfect cube. No psuedopodial outpouchings of the
wall were noted by Rienhoff, who found that all major irregularities
in the epithelial wall occur inside the follicle. No true indication
of the shape of the follicle can be gained from the studies of single

sectionse. (Cfe Rienhoff)

Colloid. All the follicles are filled with cleear, amber yellow

viscid material, termed colloid, which is essentially insoluble in
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water, alcohol or ether and when coagulsted is easily stainable with
eosin or acid dyes6°

In the fixed state the colloid is frequently separated from the
epithelium by clear spaces, giving the appearance of a spiny border in
the most extreme cases. The clear spaces are artefacts because we
know that the lumen of the follicle is completely filled during 1irel?,
Vacuolation does, however, vary with the degree of activity of the
gland, being most marked in hyperthyroidism, and less marked in hypo-
thyroidismlor in the resting gland. Thus it appears that the artefacts
are more easily produced in the colloid of the hyperactive gland.

The colloid is chiefly acidophilic but may exhibit patchy or

12,

diffuse basophilia The difference in staining reasctions of the

colloid in the follicles varies with the degree of functional activity
ot the momentl®. There may be differences of staining in the colloid
of the same follicle. The most acidophilic staining is found in states
of hypoaqtivity.

The amount of colloid accumulating in the vesicles at one Time
denotes the degree of activity of the gland17. During hyperactivity of
the gland, there is decreased amount of colloid, increased peripheral
vaguolation end basophilia, while during hypoeactivity there is
accumulation of colloid, decreased vacuolation and acidophilialS, It

is generally agreed that the colloid is a storage product and contains

lerge quantities of thyroid hormoneZ.

Epitheliume. The epithelial cells form a continuous lining in
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FIGURE 67

Normsl thyroid tissue, showing the normal
irregularity of size and shape of the
folliclese H & Eo 150 x. (5028-46).
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FIGURE 68

Same tissue as Fige 67 to show more deteil
of the epitheliume. 400 xe H & L.
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the follicle arranged in a single layer. No true basement membrane is
present6:7. The epithelium rests on a fine layer of condensed
comnective tissue fibrils.

Numerous types of cells have been described, most of which
require special methods for their demonstration. Not all investigators
are in agreement regarding the types of cells. MNost authors think
that the different cells represent variations of a single cell type.
Others state that some of them are definitely degenerating.

Most of the cells have large vesicular nuclei, prominent
nucleoli and pale staining cytoplasm which often contains granules
which stain like colloid and which are located in the pole next to the
lumen. Occasionally a cell shows & dark, shrunken nucleus snd stains
homogenously with acid dyes, similar to the colloidl®,

The folliculaer cells vary in height, depending on the degree
of physiological ectivity. Under normal conditions, the cells are
cuboidal or low columnarlt4. During hypoactivity the cells become

flattened and during hyperactivity they become tall and columner.

The variations. From the foregoing remarks, it is seen thet

the picture is extremely varied. The size of the follicle, the
amount of its colloid, the staining reaction of the colloid, the
amount of vacuoletion, the height of the epithelium and the amount of
interfollicular tissue, especially the lymphoid tissue, all vary with

the activity of the gland.
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FIGURE &2

The thyroid in hyperthyroidism. H & B.
300 xo (B709=49),
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The following table, given in more detail by Cowdry~°,

summarizes the varistions of the histological components of the thyroid

gland in states of hypoactivity andvhyperactivity.

Hyperactivity

Hypoactivity

Colloid
amount -
density -

homogeneity =
cells in =

decregses (absorption) increases (retention)

decreases (numerous
vacuoles appear)

marked

occasional

increases (few
vacuoles)

absent

quite numerous

Follicles
size =
shape =

small
very irregular

very large
more uniform

Follicular cells
size =
shape =
multiplication =

increased
columnar
mitoses occasional

decreased
greatly flatbened
mitoses rare

Interfolliculer tissue
blood vessels =

lymphatiecs =

cells -

engorged
distended

histiocytes more
noticeable, lympho=-
cytes considerably
increased.

less dilated than
normal

less active then
normsal

histiocytes less
noticeable, lympho-
cytes slightly
increasede
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ITI. THE FUNCTICN OF THE THYROID

Introduction. Most theories of thyroid function recognize tThat

the secretion of the gland is linked with the oxidative processes of
all tissue cells. However, it is not possible to explein all the
menifestetions of hypothyroidism and hyperthyroidism on this assumption
The hormone (or hormones) produced under physiological conditions and
its mode of action are not knownZ. More then one compound which is
physiologically active can be obtained by extraction of thyroid tissue,
and although the number is considerably smaller than that obtained in
extractions of the adrenal cortex, there exists here s somewheat
parallel situation. Whether these compounds represent the hormone, a
part of it, or its precursor has become a moot question. The already
voluminous 1itergture on all the aspects of thyroid physiology
continues to increase rapidly, and in the discussion to follow, the

1

monographs of Cameron 6 and Selyez have been used almost exclusively.

The hormone. By a series of fractional extractions of thyroid
tissvue, three iodine containing compounds are obtained; diiodotyrosine
and thyroxine which are iodized amino acids, and thyroglobulin which is
e psuedoglobulin.

Diicdotyrosine contains 58.7 per cent iodine and has been
isolated from thyroid tissue, several sources other than thyroid
tissue, and from enzymic hydrolysis of thyroglobulin. It has been
isolated in crystalline form and has been found to have only a trace

of hormone ectivity, if any.
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Thyroxine contains 63.5 per cent iodine and was isolated first

by Kendall in 1218, and in 1927 Harrington and Barger éstablished its
formula. Thyroxine, which is in the form of colourless crystals, has
two isomers. Only the l=thyroxine has physiological activity.
l-thyroxine closely imitates all the actions of functional thyroid but
it probaebly does not reéresent the form of the hormone which is
normally secreted by the gland. Of the substances now available in
pure form, thyroxine possesses the greatest biological activityla,
Any change in the structure of the thyroxine ﬁolecule reduces its
physioclogical activityg.

Thyroglobulin is a pseudoglobulin16

and is the only protein in
the COllOidgc It has a molecular weightls of approximetely 700,000,
The’substance possesses greater physiological activity than its
thyroxine content would indicate.

A number of compounds are importent in the synthesis of
thyroxine. Thyronine is a compound which results when the iodine is
removed from thyroxine. It has no physiological activity. Tetrabrom-
thyronine is similar to thyroxine, except that bromine replaces the
iodine of thyroxine. It has only slight physiologicel activity,
suggesting the specificity of the iodine fraction. Tyrosine, the
mother substance of thyroxine, is inert. Diiodotyrosine, resulting
from the substitution of iodine at 3' and 5' for hydrogen, has only
a very slight trace of activity, so slight that scme deny any.

The following structural formulae are given by Selyez:
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Cameron reviews the proﬁlem of the nature of the true hormone.
According to this reviewer, some authors consider that the hormone is
neither thyroxine nor thyroglobulin but an iodized albumin. Another
group, Cameron states, consider that the thyroid hormone circulates as
an integrel part of the plasma proteins in much the same way as
antibodies. The highest concentration of iodine is found with the
elpha end beta~globulins, while the mejor part of it is present in the
plesma albumin fraction. (Cf. Cameront®)

There is little evidence that the thyroid produces normally
soveral hormones®. The exact nature of the hormone in the blood is
not known. It is estimated that the humen thyroid produces daily
emounts of the hormone eguivalent to one-third mgm of thyroxine, the

deily inteke of iodine required for this production being between 0.1

to 0.2 mgme (Salter - quoted by Cameron)

The actions of the hormones. The results of thyroidectomy and

feeding dessicated thyroid tissue have given an indicetion of some of
the functions of the thyroid hormone. The rate of response to
thyroidectomy, substitution therapy after thyroidectomy, or feeding of
thyroid to excess, is not rapid when the action of thyroid is compared
with the action of insulin or adrenalin. If an organizm is deprived
of all thyroid tissue, the basal metabolic rate falls from 40 to 45
per cent below normel in 60 to 80 days. The decline in the basal
metabolic rate follows a predictable curve. In the normel adult,

1 grain of desiccated thyroid by mouth, or 1 mgm thyroxine
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intravenously causes & rise of 2.8 per cent in the basal metabolic
rate. Upon the administration of a single dose, the rise in the basal
metabolic rate does not begin until seven hours later and this rise
reaches its maximumvafter one or two weeks. The single dose may
continue to exert influence for a period up to two months after
adninistration. (Cf. Selyez)

The effects of thyroidectomy and the administration of thyroid
extract are listed in the following table which is based on material

from Selye2 and CemerontS.

Organ or Effects of Effects of Feading

Systen Thyroidectony Dessicated Thyroid
Body temperature lowered slightly raised
BoleRo drops to =40% slightly raised

“excessive dose rise
up to plus 100%

Gluocose tolerance increases decreases
Total blood lipid rise decreased
especially
cholesterol
Urinary excretion W, decreases increases
Blood iodine lavel decreases increases
Calcium=phosphorus decreased increased
excretion
Growth in young retarded if toxic = retarded
Diuresis tendency to increases

accumulate HOH



240

Organ or Effscts of Effects of Feeding
System Thyroidsectomy Dessicated Thyroid
Cardio~vascular _
heart size . decreased increased
pulse rate decreased increased
systolic BP decreasad increasad
peripheral vasoconstriction vasodilation

Lymphoid system

lymph nodes ( (
spleen ( show moderate ( small doses - stimulate
marrow ( involution (
thymus ( ( toxic doses-involution
Muscle system decreassd strength loss of strength
Central nervous early operation = increased activity
system impedes develop.
of intelligence
lats operation -~
decreased activity
Accessory sex organs  involution involution

both sexes

Menstruation amenorrhoea amenorrhoes

Todine. The element iodine is widely distridbuted in nature,
although few materials are rich in it. The iodine content of plant
life, enimals existing on it, and their products vary with the iodine
content of the soil of a district. (Cf. Cameron)

Most endocrine glands contain relatively more iodine than non-
endocrine organs. The thyroid is the richest source in the bodylG.
The total iodine conbent of the human body is approximately 50 mgms,

and of this the thyroid contains 10-15 mgms and the muscles 25 mgms2,
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Todine is present in both the cells and the colleoid of the thyroile.
Forty per cent of the thyroid iodine is thyroxine ilodine, the other
60 per cent corresponds to diiodotyrosinez.

Todine is absorbed mainly from the intestine and is excreted
mainly by the kidney. Only a part of the iodine liberated from the
decomposition of the hormone is excreted, the remainder of it is
re-utilizedz.

The normal blood iodine level is from 2.4 to 5.5 per cent and

in the plasma from 4 to 10 per Qentze
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THE PANCREAS



CHAPTER VIII

THE PANCREAS

Introduction. Next to the liver the pancreas is the largest

gland conneéted with the gastro=-intestinal tract and consists of
exocrine and endoorine tissue.

The gland lies in the retroperitoneal space at approximetely
the level of the second and third lumbar vertebrae. It is subdivided
into three parts, the head, body and tail. The right extremity of the
gland, being thicker and wider, forms an enlarged bulbous mass which
is called the head. The mid portion is the body, and the left
extremity which extends almost to the spleen is called the tails. The
divisions'are arbitrary, no sharp lines of demarcation being present.

In the adult human, the gland measures from twenty to twenty-
five centimetres in length, and weighs from 65 to 160 gramslu
Ogilviez gives the average figure of 2.6 grams at birth, and at
twenty=-one years it is stabilized at approximately 66 grams. There is
a wide renge of normal valuese.

The gland is soft in consistency, and on cross section is pale
pink in colour due to the vascularity. The lobules vary in size, The
larger lobules being visible to the naked eye. A thin layer of

connective tissue covers the gland, but does not, however, form a true

cepsule.
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I, THE EXOCRINE PANCREATIC TISSURE

The pancreas is a compound acinous gland whose lobules are
bound together by loose connective tissue through which run excretory
ducts, blood vessels, nerves and lymphatics. The acini vary from
© spherical structures to short tubules, and are made up of a single
layer of pyramidel cells resting on a delicate reticular membranel.
The secretions empty into a duct system which penetrates the whole

gland. (cf. post)

.222.323230 The acinar cell has two zones when seen in the
stained sectione. The apex of the cell next to the lumen is closely
packed with coarse, round, highly refractile bodies or granules.
These are the zymogen granules which stain brilliantly with acid dyes
such as eosin, phloxine and fuschin. Their size is fairly uniform,
although some varistion is found. The number of granules varies with
secretory activity of the gland. During fasting they accumulate to
£ill more and more of the apex of the cell; while during secretion of
pancreatic juice, their number decreases. This observation was first
desceribed by Heidenhain® in 1875, and observed in the living animal by
Covelllo,-whose work is discussed in comnection with the physiology
of the acinar cells on page 260. There is a variation in the number
of granules found in the cells of different acini, since the whole
gland does not secrete at one time, some acini producing pancreatic

Juice while others are in a resting statell,



FIGURE 72

Drewing to show the relation of the ducte,
2cinar cells, and the centroescinar cells.
Redrawn end modified after Bensley, 1911.
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FIGURE 73

The zymogen granules in the acinus cells. O0il
immersion. 1000 x. Masson Trichrome Stain.
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No grenules are found in the basal portion of the cell which is
occupied by the chromidial substance. This substance stains intensely
blue with the basic stains such as hematoxylin and toluidine blue.

The staining is most intense next to the reticular membrane and
gradually fades in intensity as the apex is approached. The chromidial
substance is homogenous in the living statel0 and after certain
fixatives. After fixation in fluids containing osmic or chromic acids,
no striations are demonstrable. After fixation in fluids containing
acetic acid, such as Bouin's or Zenker's fluids, fibrillary structures
are seen and it can be shown by special methods that they correspond
to the large filamentous mitochondria and are due to themIZ.‘ The
striations are vertically placed on either side of the nucleus, and
horizontal below itl3,

The nucleus of acinus cell is characterized by the richness in
chrowatin whiech forms a fine network of threads and granules. Granules
are in contaet with the inner surface of the nuclear membrane. One or
more large spherical, strongly acidophilic bodies are found within the
nucleus end are known as the plasmosomes or nucleoli. Applied to the
surface of these bodies are granules of chromatin. Cells with two

nuclei are rare in meniS.

The duct system. Typical pancreatic ducts are accompanied by a

system of tubules. The two pancreatic ducts, main (Wirsung's) and
accessory (Sentorini's) carry pancreatic juices to the duodenum. The

tubules which have no lumen, according to Cowdryl4, consist of a cord
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of cells.

The duct of Wirsung traverses the pancreas from the tail to the
head. It begins in the tail as a fine delicate structure ana gfadually'
becomes greater in.diameter as it approaches the head and receives in
its course ﬁumerous tributeries which open into it practically at
right angles. The duct is situated closer to the anterior surface than
the posterior surface. It opens into the duodenum by obliquely
penetrating the coats of thé duoderum side by side with the common bile
duct. They end in a pepilla-like elevation of the mucous membrane,
the short common cavity of which is the ampulla of Vateril,

In the head éf the majority of glands there is a shorter duct,
the accessory pancreatic duct or the duct of Santorini, the relations
of which are.very variable. It usually opens by a separate orifice
into the descending portion of the duodenum and is always connected
with the main duct by a transverse branch. Iore farely it empties
into.the main duct or may be entirely absentl®,

fhe ducts at their proximal end are lined with epithelium
closely resembling that of the duodenume The cells are tall and
columnar with distally placed elongated nuclei. True goblet cells
occur with varying freqqency and are well demonstrated by sfaining
with periodic acid. Near the duodenum, the epithelium and the basement
membrane ere thrown into folds. This appearance disappears as the
ducts become finer. The epithelium has a striking similarity to thet
of the extrahepatic biliary system. The ducts are supported by

relatively thick bands of comnective tissue, chiefly collagen fibres



Common Bile Duct

Duct of Wirsung

FIGURE 74

Diegram showing the common varistions of
the relations bebtween the common bile duct
and the duect of Wirsung.
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with a few elastic fibres. The epithelium changes from the columnar
type to the cuboidal type as the ducts become smaller in calibre, and
the mucous secretion becomes less and lesse

As the ducts enter the acinus, there is noted a type of cell
which is distinct from either the acinous cell or the duct cell. These
are the centro-acinous cells, so called by Langerhans. Their shape is
fusiform, often flat, and in some instances have short projections
which penetrate between the secreting cells. Many authors feel that
they represent the terminal portion of the duct as it meets the acinuse
The cento-acinar cells have pale staining acidophilic cytoplasm and
possess no zymogen or other specific granules and no chromidial
substances The nucleus is usually oval, rich in chromatin and similar
to that of the acinus celle The acidophile nucleolus, so prominent in

the acinus cell, is not COHSPiCUOUSlSo

Tubules. Iuch less obvious in a stained section is that system
of tubules described by Bensleyl7. By injecting vital dyes, such as
pyronin and neutral red, into the aorta of an amimal killed by bleeding,
Bensley was able to demonstrate these tubules which escape detection
by ordinary injection methods. This system of tubules forms a
tortuous, intricate series of anastomoses which connect the duct and
branches of the duct. The tubules vary in thickness from 12 to 27
micra in the guinea pig, and are sometimes thicker where small islets
are éttachede Bensley described the lumen as continuous throughoﬁt,

although it may be as narrow as 1.5 micra in diameter in places.



FIGURE 75

A group of centro-acinar cells in the pancreas of
an adult male. 800 x. Hematoxylin and sosin staine
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FIGURE 76

Another two groups of centro=scinar cells
in the ssme tissue as Figure 75. 800 x.
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Single islet cells are seen here and there. Also attached to the
tubules, although less frequently than the attachment of islets, are
small acini, which vary from a single acinous to & group of acini. 1In
some cases these acini arise from the ducts which lead to the islets.
(cr. Bensley17) According to Cowdrylé, these tubules do not carry
secretion. A further discussion of the tubules is given in connection

with the islets on page 274.

The blood vascular supply. Piersond gives an excellent account

of the arterial supply of the pencreass. The following table and
quotation are from his papers

The arterial supply of the pencreas, as found by Pierson® in the

study of fifty cases.

Anterior superior pancreaticoduodenal
in 100 per cent of cases
form the anterior
Anterior inferior pancreaticoduodenal arcade
in 100 per cent '

Posterior superior pancreaticoduodenal

in 96 per cent

form the posterior

Posterior inferior pancreaticoduodenal arcades.

in 100 per cent
Inferior pancreatic in 100 per cent (Wharton)
Superior pancreatic in 54 per cent
Pancereatic branches of the splenic in 100 per cent

Pancreatic branches of the gastroduodenal in 62 per cent

Pancreatic branches of the hepatic in 10 per cent
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Typically the pancreas is supplied by two arteries from the
gestroduodenal, two from the superior mesenteric, and one. from
either the splenic, hepatic, or celiac arteries. In addition to
these a variable number of small arteries arise from the splenic,
gastroduodenal, and hepatic. The larger vessels arising from the
gastroduodenal artery are the superior pancreaticoduodenal
arteries (right pancreaticoduodenal of some authors). These are
two in number, an enterior and a posterior. They anastomose with
corresponding enterior and posterior inferior pancreaticoduodensl
arteries (left pancreaticoducdenal) from the superior mesenterics
These vessels form two arterial arcades, one on the posterior
surface of the head of the pancreas, the other, except for its
lowermost part, on the anterior surface. They are respectively
the posterior and the anterior arcades of the pancreas. The two
inferior pancreaticoduodenal arteries usually arise in a comuon
trunk from the superior mesenteric, the common inferior pancreatico-
duodenal artery. The superior pencreatic artery is the least
constant of any of the large arteries to the pancreas. When
present, it arises from the splenic, hepatic, or directly from the
celisc arteries. In addition to the arteries mentioned, an
inferior pancreatic artery, which passes along the inferior margin
of the body to the tail, may take origin from the superior
mesenteric, the anterior superior pancreaticoduodenal, the inferior

_pancreaticoduodenal, or the superior pancreatic artery.

The relationship of the arteries to the veins is fairly
constant. Every artery here described has a concomitang veine
According to the writer's observations, as well as Pebren's, the
veins usually lie nearer the surface of the gland then the arteries.
The anterior superior pancreaticoduodenal vein drains constently
into the right gastroepiploic vein, which is & tributary of the
superior mesenterics The posterior superior pancresticoduodensal
vein almost always drains directly into the portal vein. The lower
veins empty directly into the superior mesenteric or one of its
tributaries. The posterior inferior pancreaticoduodenal vein may
empty into the inferior mesenteric. The splenic vein, which is
sometimes imbedded in the gland, receives several veins from the
body and tails. (PiersonB)

The intralobular pancreatic circulation has been reported by

Oppenheimer and ifann®, who used neoprene injection and corrosion

methods. These investigabtors found that:

1. Anastomosss exist between intralobular arteriolés and also
between acinar capillary fields fed by different arterioles
within any one lobule. :
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2. Blood may reach acinar capillaries via islets of Langerhans
or directly without passing through islet tissue.

3. The potential intralobular cepillary circulation is very
larges.

The blood supply of the islets is discussed on page 2792, in

comection with the islets of Langerhans.

Nerve supply. Sympathetic preganglionic fibres arise from cells

in the intermediolateral column in the spinal cord and reach the celiac
pléxus via the splanchnics. Post ganglionic sympathstic fibres from
the celiac ganglia reach the pancreas via the hepatic, superior
mesenteric and splenic plexuses. Stimulation of these fibres has no
marked effect upon pancreatic secrstions. The parasympathet;o_
preganglionic fibres arise in the dorsal motor nucleus of the vagus
and reach the pancreas via the vagus nerve. The postganglionic fibres
arise from cells, probably in the pancréas or closely assoclated with
ite The function of augmenting both the external and internal
secretory ectivity of the pancreas has been ascribed to these fibres
(Cfe Kuntz®), The fibres accompany the arteries into the gland and
end about the acini in fine terminalsl. The islets have an abundant
supply of nerve, both myelinated and unmyelinated6g however, it is
difficult to assess the effects of this nerve control, since at the
present time there is no method for estimating the amount of insulin

in the blood”.

The lymphatic drainage. The lymph drainage of the pancreas is




258

21, Callander® descrived the lymphatic

adequately described to date
drainage as being extensive, the vessels draining into the pancreatico-
splenic nodes at the hilus of the spleen, and into the pancreatico-

duodenal end preaortic nodes near the origin of the superior mesenteric

artery.

The Physiology of the exocrine pancreas. Within a few minutes

after the ingestion of food, the flow of pancreatic juice increases,
reaches a maximum in two to three hours, decrsases slowly to reach

é basal rate in five to nine hours!8. Both nervous and humoral
mechenisms control the flow of pancreatic juics. Secretory fibres
from the vagus and sympathetic innervete the acini. The vagal
secretion is small in amount and has a high content of organic
substances and fermentsl®. Pilocarpin produces the same effect when
injected. Stimulation of the sympathetic fibres causes the production
of a scanty secretion which is similar to that caused by vagsal
stimalation?C,

While reflex nervous control of pancreatic secretion occurs,
more important are the chemical humoral mechanisms. These apparently
play the chief role ia the production of the pancreatic digestive
juicssl8,

Bayliss and Starlingzz, in 1902, showed that if an acid extract
of the epithelium of the duodenum and the upper portion of the small

intestine were injected intravenously into an animal, there resulted

a copious flow of pancreatic secretion. Injection of the acid aloune
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did not produce the same results. They postulated the presence of an
inactive substance which they called prosecretin in the intestinal
mucosal cells. This mother substance was changed into secretin in the
presence of acid, and this absorbed into the blood stream scted as &
chemical stimulant to the pancreas. In this connection, they proposad
the term hormone which was used for the first time. Secretin?® has
now been prepared in crystalline form and has a molecular weight of
5000,

A second hormone of the duodenal mucosa and upper small intestine
mucosa has been isolated and called pancreomyzin by Harper and Raperz4
in 1943. This hormone stimulates the secretion of the enzymes trypsin,
amylase and lipase, and does so without increasing the volume of the
pencreatic juice. These authors suggest that this hormone is
responsible for the enzymic content of the pancrestic Juice.

The secrebing mechanism depends largely on the stimulus from

the acid chyme as it enters the first part of the duodenum. A certain
amount of secretin is quickly carried by the blood to the acinar cells
of the pancreas and there excites the secretion of a strongly alkaline
pancreatic juice. As soon as enough of the juice is present to
neutralize the acid chyme, secretin formation and hence further
pancreatic secretion stopss As long as the duodenal contents are acid
the pylorus remeins closed: therefore as soon as these contents are
neutralized the pylorus relaxes and allows mors acid chyme to enter.
Thus the formation of secretin proceeds afresh and the whole chain

goes on until the stomach is empty. (Cf. HMcCaughan and Purcell25)
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The secretion of the zymogen granulss haes been observed in the

living animal by CovelllO. ice were given intravenous injéctions of
neutral red and then an intraperitonsal injection of pilocarpin or
secretine Seven minutes after the pilocarpin, large vacuoles were
noted in the distal pole of the_acinus cell. These vacuoles increased
in size and passed out of the cell into the lumen of the acinuse.
Several zymogen granules were also extruded. The vacﬁoles had the
appearance of being pinchad off after they were extruded through the
cell membrane. The intracellular vacuolss appeared to be formed

through the ligquifaction of the zymogen granules. (Cf. Covell)

18

Pancreatic juice. Pancreatic juice is a clear alkaline

secretion having a pH from 8.7 to 8.98. The daily guantity is
estimated from 510 to 860 cc's by Babkin, and between 1000 - 1500 by
Ivy. Trypsin, chymotrypsin, amylase and lipase are among the enzymes
in the secretion. The enzymes are not secreted in their active forms,
but as protein proenzymes such as trypsinogen and chymotrypsinogen.

19, an enzyme of the intestinal mucosa, has an optimum pH

Interokinase
between 5.2 = 6.0 and in the presence of the acid chyme, changes the
inactive trypsinogen into the active trypsin, and chymotrypsinogen
into chymotrypsin, which have an optimun pH of about 8. Trypsinogen
mey also be activated by trypsin or by a slightly acid mediume. The
enzymes are mainly responsible for the proteolytic activity of the

pancreatic juice. The final breakdown is brought about by other

enzymes. Amylase is a starch splitter, active in a neutral, slightly




FIGURE 77

The pancreas in old age, showing the
locules, some fat and wide trabulae.

A 7261. Hematoxylin and eosin stain.
125 Xe
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FIGURE 78

Low power field of adult pencreas showing
lobules, acini, islets, ducts and septas-
A 7261, 50 x. Hematoxylin and eosin stain.
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acid or slightly alkeline medium. Lipase is a fat splitter, breaking
the fat molecule into fatty acids and glycerinelge

MoCaughan and Purcell?® give the following analyses of pancreatic

fluid obtained from pancreatic fistulae:

pH . Be2 to 8.5

Water (per cent) 98.45 to 98.86

Total solids (%) 1.13 to 1.86

Nitrogen (%) 0.075 to 0,098

Albumen (%) 0.099 to 0.174

Ash (%) 0.580 to 0,950

Specific Gravity 1.005 to 1,014

Enzymes - lipase, amylase, trypsin

Changes with eage. Proliferation of the cells of the interlobular

and intralobular ducts is the first and most conspicuous sign of the
process of ageing, according to Warren?3, Expansion of the ducts
distal to this proliferation leads to flattening of the epithelium and
finally the formation of cavity. These spaces so formed, Warren?S
terms locules, which are cavities lined with very flat epithelium and
which may be quite large, at times involving a whole lobule. They are
present in most subjects after the third decade, and become more
numerous in the senile group. Degenerative changes also occur in the
alveoli, in the form of loss of basophil substance, increase or decrease
in the size of the nuclei, and multipls nuclei in a cell. The islets
frequently atrophy, perhaps secondary to some of the above changes.

True adipose tissue may be present in excess. (Cf. Warren®9)
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IT. THE ENDOCRINE PANCREATIC TISSUR

Scattered throughout the pancreas in an irregular manner are
the islets of Langerhans. They arse pale in a section stained with
hematoxylin and eosin, for the islet cells contain no zymogen granules
and no chromidial substance. After good fixation end staining they
are contrasted against the darker background of acinar tissuee.

The structures were discovered by Lengerhans in 1869. In the
same year, subsequent to his announcement, the name 'Les ilots de
Langérhans' was applied to them by Laguesse. They have been called
'interlobular cell clumps,' 'secondary cell groups' and 'pointes
folliculaires' by various authors, and by American enatomists, the
Islands of Langerhans. (Cf. Lane26)

The size of the islets varies considerably, ranging from a
single cell to a compact group of cells measuring up to 300 micra in

diameter, the average being from 70 - 175 micra®7s16,

Amount and distribution of islet tissus. Many estimations of

the number, total weight and distribution of the islets have been mede.
Authors agree on only a few points; that there is a wide variation in
the total weight and number of islets; that there is a wide variation
in these factors in sections from the same block, from area to area in
the same specimen, from individual to individual in the same species,
and from speciss to species; that the count depends much upon the
method used in its determination.

Opie11 counted the islets in stained sections from the head,
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tail end body of ten specimens. Since he was studying only one plane
he squared the counts and concluded that the islets were more numerous
in the tail portion of the gland than elsewhere in the zland. Writing
in 1935, Opie13 was still of the same opinione. Bensley28, using the
guinea pig and intravital staining found that the islets were more
numerous in the tail than in the remainder of the gland. His figures
obtained for the dog pancreas are less convinecing. Shields Warrenl®
states that the islets are from two to four times more numerous in the
tail than in the other parts of the gland. Waters and Bestss point out
that the number of units of insulin obtained per unit weight of tissue
is greater in the tail than elsewhere. Further, many of the islet
adenomas arise in the tail portion, an argument used by some writers
to infer an unequal distribution of the isletss Gomori27 does not
believe that the notion that the islets are more numerous in the tail
is substentiated. SusmanS0 agrees that the distribution is faifly
uniforme.

Clarke®® found in seven subjects ranging from the age of
one=half year to 45 years in age, the islets varied from 120,000 to
1,760,000 in the orgen. Ogilvie® gives the figures of 284,000
average at birth, 960,000 average up to the third year, and from the
ages of 5 to 64 years the range of 618,644 to 2.30 million. Susman3o,
using planimetric methods expresses the islets in percentages of the
total organ, and gives the normal range as 0.9 = 2.7 per cent for
adults, and 0.9 - 3.6 per cent for infants. Maximow and Bloomt give

the range of 208,369 - 1,760,000 as normal. Gomori2’ gives the range
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of 250,000 - 2,500,000, with an average normal around 500,000,
Shields Warren'® glves the average figure of around 1,000,000, These

figures are best summarized in the table given bslow.

SUMMARY OF THE AMOUNT OF ISLET TISSUE AND THE HUMBER OF

ISLETS AS CALCULATED BY DIFFERENT AUTHORS

Opiell head - 18 islets per 0.5 square centimetre
(1900) body = 18
tail -
Bensley17 @ figures for the guinea pig
(1911)
Clarke?? 120,000 - 1,760,000 in the whole gland
(1913)
Ogilviez birth average, 284,000 in organ
(1937) by third year, 960,000 in organ
: range - 118,110 4o 2.35 million
5 to 64 years, range = 618,644 to 2.3 million
Su sman30 Average normal percentage of weight of whole gland -
(1942) in the infant = 0.9 to 3.6%

in the adult - 0.9 to 2.7%

Gomorid7 normal range - 250,000 to 2,500,000 islets
(1945) percentage (weight) of total gland = 1 to 1.5%
average normal number of islets = 500,000

Warrenl6 average total number of islets 1,000,000
(1938)
Maximow & normal range = 208,369 to 1,780,000

Bloomt
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Brief mention of the methods of counting and weighing the
islets should be given at this point. The first method, used by Opiell
and early investigators, consists of taking several blocks of tissue
and counting the islets found in areas of stained sections. The number
of islets counted in a unit area was squared or the thickness of the
section was taken into account and the number estimated. This method
assumes & more or less even distribution of islets, and is inferior
to the method used by Bensleyl”, in which en animal was killed by
bleeding and the aorta injected with a solution of vital dye such as
neutral red 1 in 15,000 or janus green 1 in 15,000. Both the islets
and acinar tissue take up the dye, which however is reduced more
slowly in the islets. After an interval the acinar tissue is colour=
less or almost so, and the islets remain stained end well demarcated.
Pyronin (1 in 1000) injected in e similar menner stains the duct
system, enabling Bensley to study the relation of the ducts to the
islets. By these methods, Benslsy was able to count small islsts
which escape detection by ordinary methods of staining. Unfortunately,
the method is not as successful with humen material as in some
animals. . The planimetric method is a third technigue, used by Susman30
and also others, to obtain the relative weights of the islets to the
weights of whole glands. Ian this method, the stained sections are
projected upon a sheet of paper and the islets are Tthen pencilled in

outline. The areas are then cut out of the sheet and weighed. The

relative weight of islets to acinar tissue is thus estimated.
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Variation of amount of acinar and islet tissue with age. The

islets appear to be more numerous per unit area in a stained section of
the pancreass of an infant than in the same unit area of adult gland.

51 considered that the islets were more numerous during fetal

Laguesse
life then et birth, and after birth they undergo further diminution in
number. Opiell(1900) thought that after birth the islets remain
constant in number and merely became separatsd from each other by
growth of acinus tissues. Ogilvie2 has studied the growth of the acinus
and islet tissue. According to Ogilviaz, both acinar and islet tissue
increase after birth and exhibit a curve similar to that of the body
weight except that there is no increase after the sixty-fourth year.
There is a rapid rise in the total number of islets in the period after
birth, this increase being maintained during the first two years of
life. During the third year, the rate becomes less marked and reapidly
becomes stabilized at 960,000, Thus the total number of islets
increases after birth, being 3.4 times during the first three yearse
Expressed in terms of weight, the islet tissue increases from the
average of 0.12 grams at birth to the average of 1.07 grams at the age
of twenty-one years. The curve of islet tissue weight plotted against
age 1s similar to the weight of the body and pancreatic scinar tissue,
the increase being less marked during childhood than in the case of the

body and the acinar tissue. (Cf. Ogilvie) Susmen®C

agrees with
Ogilvie that there is an increase in the total number of islets and as

well an increase in the absolute weight of them after birth.
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The islets. The islets form well circumscribed groups of cells,
consisting of anastomosing short cords only one or two cells thick27e
There is no capsule in the strict sense of the word, the basement
membrenes of the acini and ducts, and the interacinar connective tissue
delimiting the islets from adjacent tissue. Some are in direct contact
with acini. Islet cells émbedded in the duct epithelium are often
overlooked unless specific stains are employed. Frequently islet
cells ars seen wedged in amongst the acinar cells. Some of these are
probably peripheral processes of larger groups, while in other areas,
the individual islet cells are obviously outside all insular relation-
shipe Bxtrainsular islet cells are found in varying numbers in all
species (Cf. Gomori?7),

The islet cells are more or less charackeristic in appearance
with almost any staining technique. Their shape is cuboidal, sometimes
columnar or wedge-like. With routine staining, the cytoplasm is
homogenous, although with good fixation of fresh tissue faint differ-
ences in staining qualities can be detected. The most distinctive
feature, however, is the preéence of specific granules.

The granules were first detected in the islet cells by Laguesse
and Diamere independently in the rabbit pancreas. Schulze described
similar cells in the guinea pig pancreas. (Cf. LaneZG)

Lane26

using differential fixation found two types of cells in
the islets of the guinea, according to the fixing properties of the
granules. To those cells whose granules were precipitated by 50 - 70

per cent alecohol, he applied the term 'A' cells. Those whose granules
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were fixed in chrome=-sublimate solubions, he termed /7 cells. The
terms alpha, L, and A cells are now used interchangeably for Lane's 'A!
cell, and beta, & , B for his 3 type of cell. The granules of the two
types of cells have different chemiéal properties, and at the same
time differ from the granules of the acinar cells?6, The differential
staining is due to the oxyphilia of the A cells, and the basophilia of
the B ¢sllsS?,

Bensley used differential staining instead of differential
fixetion and was able to demonstrate the presence of the three types
of cellé in the same preparation. He used & 'neutral' stain in which
a basic dye such as genetian violet is cdmpletely precipitated by an
acid dye such as orange G. A weak solution of the neutral precipitate
is used for staining, the differentiation done‘with clove oil. After
fixation in chrome-sublimate solubion, to which is added 2 minute
quentity of acetic acid, the granules of the A cell stain blue, the
granules of the B cells stain reds The C cells do not have granules.
Other combinations to produce neutral stains are possib1953’34 and are
discussed on page 277, together with some of the difficulties
encountered in islet steaining.

Bloom®® has described a third type of cell containing very small
blue granules when stained with mallory stain, which he calls the D
cell. These are reported to be universal, although Gomori®7 has found
them to be definitely present only in man end guinea pig.

In most species, the B cells greatly outnumber the alpha cells.

In normal humen islets between 60 to 90 por cent of all cells are




An islet of Lengerhans, stained with hematoxylin
and eosine The pancreas is congested so that the
vascular sinuses are dilated. WOH A 7174. 200 x.
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B cells, 2 to 8 per cent are D cells, and the remainder are A cells.
Thers is considerable variation from islet to islet. The extrainsular
cells are mostly A cells. (Cf. Gomori?7)

There is considerable variation in the granularity of the islet
cellse. Op:'Lel’3 suggests that B cells are the parent cells for the
A cells on the basis of the shape of the nucleus. Gomori?” considers
that the process is one of degrenulation and notes that the finding is
common in the B cells in apparently normal human material. This
author describes three types of granulation: (a) diffuse,

(b) discontinuous, and (c) marginetion. The significance of this
arrengement is not known.

Besides the differences in staining of the granules of the
islet cells, there are certain morphological differences.

The A cells are comparatively larger than the B cell, and the
nucleus usually elliptical, although mey be frequently circular in
outline. The nucleus is large, vesicular end with very little
chrometin which is distributed throughout in smell sphericel masses.
The granules are packed throughout the entire cytoplasm in some cells;
in others they are gathered at one end, the remainder of the cytoplasm
being devoid of granules. The cells are polygonal and stend out
against the background of B cells.

The B cells are smaller in appearsnce, the nucleus is smaller
than that of the A cell, has more chrometin in the form of heavy
masses and is circuiar in outline. The B cells are more numerous than

the A cells, and appear to be arranged in continuous cords,
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"uninterrupted by the presence of A cells®?6, Actually the cells
occur without any definite arrangement, although the 4 cells do occur
a little more frequently about the periphery of the isletlS,

The D cells were demonstrated by BloomS® in 1931, using the
Mallory Azen method (Heidenhain's modification of Mallory's aniline
blue stain) after Zenker-formol fixation. With this stain the islets
are predominately yellow=orange contrasted against the deeper reds
and blues of the acinar tissuse. The majority of the cells are filled
with very minute grayish yellow granules; these are the B cellse
The A cells are scatbered throughout the islet and around the periphery
and are filled with larger, brilliently stained red granules. These
granules are much smaller than the zymogen granules of the acinus
cellse As with other stains, the granules in some of the A cells are
seen occasionally fhroughout the cytoplasm, and in other cells
accumulated at one pole. The D cells have pale blue cytoplasm, and
are filled with closely packed fine blue granules. In some the
cytoplasm is homogenoﬁs and no granules are seen.

Gomori4l believes that the A cells arise from the duect o0
epithelium. He presents evidence that the D cells are actually aged A
cellse Both A and D cells are found in the acini, and in the islets
have much the same distribution and predilection for the periphery
and around vessels. There is a low D:A ratio in the young islets and
in the lining of the ducts, while in older islets the D:A ratio is
much highers

The alpha cells arise from duct epithelium, the D cells are
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probably aged A cells, and the origin of the B cells is unknown.

(Gomori4l)

The origin of the islets. Most histologists agree that the

acini and the islets are formed from the ducts?’. The duct connections
are vestiges showing the origin of the islets. The position of the
islet is determined by its developmental history. If the islet has
arisen from the main duct, one of its branches, or from small tubules
in immediate vicinity of the main duct, the position of the islet will
be interlobular snd will have the appearance of having a capsule. If,
however, the islet originated from several intralobulsar ductules, the
islet will everywhere be surrounded by acini (Cf. Bensleylg)e Islet
cells, which are mostly A cells, are found scetteresd throughout.the

epithelium lining the ducts. Bensleyl”

interprets these as having
differentiated from the epithelial lining of the tubules and also from
the columnar epithelium of the larger ducts.

The islets form from ducts during adult life, elthough there is
very little formation of new islets iﬁ the adult humen pancreas. The

epithelium of the small ducts becomes multilayered, to form buds which

become detached after enlarging. (Ccre Gomor127)

The relation of ducts Lo islets. By vital staining, Bensley

has shown that in the guinea pig there exists an intricate series of
tubules, which are not detected in ordinary stains. This author has
shovn that with few exceptions the islets are all comected at some

plece with the duct systeme There may be more than one comection,



Interlobular Duct

Intralobular
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FIGURE 80

The relation of the islets of Langerhans to the
ducts. Redrawn snd simplified after Bensley, 1911.
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especially in the larger islets which appear to have arisen from more
than one duct, and later coalesced.

Bensley17 has grouped the islets into four classes, according to

their relation with the ducts:

(a) Islets in the interstitial tissue, comnected with the duct
or its primary branches directly by short ducts or by
tubules. These islets are all sizes, varying from a single
cell to the largest in the pancreas, and have no comnection
with acinus tissue.

(b) Islets in the pancreatic lobules, comnected with the inter=-
lobular system by tubules or branches. They have apparently
become secondarily surrounded by acinus tissue.

(c) Islets within the lobules in continuity with the acini or
ducts or both. Most of the islets are of this type, and
are gsimilar to those described in men by Laguesse. There
is no connective tissue between the islet and the acinuse.

(d) Islets connected with neither ducts nor acini, and found in

the interstitial tissue or in the substance of the lobuless
These are few in number. (Cfe BensleylV)

The relations of acini to islets. The question of whether

islets are formed from sacini, and whether acini are formed from islets
hes been the grounds of bitter contention since Laguesse put forward
his “theorie de balancementS®," and there are two camps. One group,
consisting of Lan826, Bensley17’12, Ukai, Allen, chempion the theory
thet once formed the islets and the acini are specific, non inter-
changeable, and each tissue is capable of growth by division of its
own cells and by new formation from the ducts. The other group,
consisting of Saguchi, Vincent, Otani and Sergeyeva say that the
reletion is dynamic rather than static and that one tissue can change

one to the other as the demands to wvarious stimuli arise. Gomor127
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has never seen a cell intermediate between an acinus and islet cell,
Hard®® has had the same experience. The second of the above theories
is contrary to lews of the growth elsewhere in the body.' While it is
true that glands such as the thyroid change thelr morphology in
response to various stimuli, the basic cell type of the epithelium does
not change. One type of epithelium may change to another type in some
mucous surfaces as from columnar to squamous, but this metaplasia has
definite limits. Other examples may be given, but the more highly
specialized glandular epitheliea appear to be incapable of true
metaplasia28e Both acinus cells and islet cells are highly specialized
types of cells, each with specific granules and complex secretions
(exocrine and endocrine respectively) and it would eppear unlikely that
transitions from one type to another should ocour. This is a
dangerous type of reasoning and falls into the category of those whose
work is based on too lax criteria of what constitutes islet tissue,
and their failure or refusal to use specific stains. Gomori27 has
stated the situation by saying much the same as Bensley who wrote some
thirty-three years before him, "If this criteria (specific stains) is
accepted, the overwhelming majority of papers championing acinar-
insular transformation must be dismissed because the authors failed

®  Gomori?’, however, does feel that there

to demonstrate such cells.
is no doubt that the islets are formed in embryonic life by the

budding of acini.

Staining of the islets. Neutral stains of the type described
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by Bensley have formed the basis of most investigations of islet tissue
since the method was announced. The principal of neutral staining has
been outlined previcusly on peage 270. Hartin®® has given a detailed
account on the preparation of neutral dyeskand the various combinaticns
of dyes which may be used. BowieS% preferred Biebrich scarlet and
ethyl violet when working on the principal islets of the teolost,
Heomaenis griseus. With this stein he was able to demonstrate the
presence of a third type of cell in the islet tissue of the teolosts.

Unfortunately, the neutral stains of the type described by
Bensley and Lane work well for the pancreas of the guinea pig, the
tissue for which the stain was perfected, but for tissues of other
enimals, similar results are difficult to obtain. It is possible to
obtain reversal of staining reactions and much of the controversy
found in the literature probsbly finds its origin in this ract4l,
Meny factors enter into the staining process, such as pH of fixation,

H of the stain itself, and the obtaining of ultrafresh materials
Frequently investigators have used lots of dyes which are impossible
for other workers to obtaine. |

Bloom in 1931 recommended the use of Hallory-Heidenhain azan
stain for the differential staining of the islet tissue. Different-
igtion is good for the D cells énd A cells, but the B cells are not
brilliantly stained.

In 1939, GomoriS? noting that in well fixed material a good
hematoxylin and eosin stain shows & difference in the alpha and beta

cells, suggested a modified hemetoxylin and eosin stain, designed to
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bring out these staining differences. The method may be used after
any fixetive, although a modified Bouin's fluid is recommended. Best
results are obtained with tissues obtained within four hours after
death, although some good preparations are possible with tissue fixed
es long as ten hours after death. Bell®? confirms this latter pointe.
GomoriS2 recomnends refixing of the sections in the modified Bouin's
fluid, after the paraffin has been removed and the sections taken to
water. After refixing, the sections are then treated with potassium
permanganate and potassium metabisulphite for oxidation. Staining is
done with a ripened chromium hematoxylin and either phloxine or poncesun
de xylidene. The alpha granules are blue, the beta granules red and
the D cell granules are not demonstrated. This method has been tried
successfully in this study and although the results are not as
brillient as those depicted by different authors working with ultrae-
fresh animal material end other stains, nevertheless the granules sre

to be seen.

The insular blood supply. The vascularity of the islets of

Lengerhans was early recognised, and because of this festure, early
investigators suggested that the islets had some internal secretione
Several extensive studies have been made, in which injection methods
and congestion methods are the most popular.

Beck and Berg43 came to the conclusion that the vascular
pattern of the islets of the guinea pig, white rat, monkey and man

were similar to that of the white mouse which they used in their
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Interlobular Intralobular
Vein Vessels

Intedobular
Artery

PIGURE 81

The bleod vascular supply of the islets of
Langerhans, according to Beck and Bergs
Redrewn after Beck and Berg, 1831.
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investigation. The afferent arterioles are short, slightly wider in
dismeter than capillaries and arise in most cases directly from the
intralobular arteries to supply the islets in the central zone of the
primary lobules. The islets situated in the periphery of the lobules
and in the interlobular connective tissue recsive short branches from
the interlobular arteries. Islets of the larger order, over 0.15 mm,
receive two or more arterioles; those smaller than 0.15 mm in diameter
receiving usually only one afferent vessel. Upon entering the islet,
the arteriocles divide into a btortuous, snastomosing plexus of
capilleries. Anastomoses between the capillaries of the islets, and
those in the interacinar rete are common. Usuvally more than one
efferent venule is present, depending on the size of the islet. Theseo
venules are short, emptying directly into the inbtralobular veins.
Occesionally the venules join the interlobular and larger pancrestic
velnse After leaving the islet, the vemules often course over its
surface and often receive tributaries along the way. Tributaries are
also received from the adjacent interacinar capillaries. (Cf. Beck
and Berg®3)

Whartont4, using single injection methods, agrees essentially
with Beck and Berg43. His illustrations which do not show the venous
system, are similar in their arterial pattern.

16

Warren*® points out that the islet capillaries are thin-walled

and without the usual perivascular fibrous tissue.

The nerve supply of the islets. The nerve supply of the islets
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and acinl has been given on page 257.

The neuro-insular complexes of Simard. Intimate association of

nervous and epithelial elements are found to be constant structures in
the interlobular and intralobular septs by Simerd4d. The complexes
have both insular and acinar cells, intimately mixed with the nerve
tissue. Simard suggests that the complexes may contribute to chemical

transmission of nerve impulses.

The lymphatic drainage of the islets. The lymphatic drainage

of the islets is not known21.

IiI. THE PHYSIOLOGY OF THE ISLETS

Introduction. Since the exact mechanism of the production of

insulin end its mode of action are not known, any complete discussion
of experimental work and the theories concerning such mechanisms is
too long to be included in this brief swmary. Wﬁfers and Bestd7,
Selyeéo, snd Cemeron®? have discussed meny of the details. Only a
brief summary of some of the aspects is attempted here, although it is
necessary to include‘some experimental work which forms some of the

basis of the present theories concerning the physiology of the islets.

Source of insulin. The pancreas influences the metebolism of

carbohydrates through the medium of a hormons, since pancreatectomy
causes diabetes in the experimental animel. A transplantation by

vascular anastomosis to the neck of an animal which has been




FIGURE 82

A group of ganglion cells and a bundle of
unmedullated nerves in close proximity.
Masson Trichrome stain. 400 =x.
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pancreatectomized, will prevent the development of diabetestO,

It is generally agreed that insulin is produced only by the
islets of the pancrea539. Histologically the islets are glandular
structures which have the features of an endocrine gland. Relatively
large amounts of the hormone are found in the principal islets of
teolost fishes in which few enzyme producing cells are pressent. The
hormone is present in those glands where the ducts have been ligeted
and the exogenous gland tissue has undergone atrophy 1eaving the
islets intact. After extensive partial pancreatectomy (nine-tenths)
has been done, the islets in the remainder of the gland prevent the
sudden onset of diabetes. Soon, however, disbetes develops in
proportion to the progressive degeneration of the islets. Islet cell
adenomata and even some carcinomas of islet cells are rich in insuline.
After removal of the adenometa, the symptoms of hyperinsulism
disappears. (Ccro Selye4o)

It is generally accepted that the islet function is not related
to that of the acinar tissue and the sole function of the isléts is
the production of insuline. (Cf. CameronS?)

There 1s considerable evidence that the beta cells are the
producers of insulin. The development of diabetes after partial
pancreatectomy is proportional to the degenerative changes in the
remaining islet tissue, particularly in the beta cells. Diabetogenic
anterior=-pituitary substances exert specific damaging effects upon the
beta cells and at the same time decrease the amount of insulin which

is present in the pancreas. The beta granules, like insulin, are



285
soluble in alcohol. A high carbohydrate diet causes degranulaticn
of the beta cells. Insulin causes degranulation and involution of the
beta cells, & process which is considered to be compensatory atrophy.
Alloxan is a drug which has a rather selective action upon the beta
cells resulting in diasbetes which rather parallels the destruction of
that type of cell. (Cf. Weters and Best®7, and Selye?0)

While the beta cells are thought to be the producers of insulin
and the evidence presented above supports this, the function of the
other types of cells in the islets is not known.

Nerve endings of the vagus have been located in the beta cells
of the islets®7. Vagus control is not essential but an additional
mechanisme Hyperglycemia stimulates the islets to produce insulin.
ﬁo adequate evidence is presented that the isletg are under control of
any pitultary hormone although the pituitary hormone producing
hyperglycemie stimulates the islets indirectly. (Cf. Cameronsg)

The insulin is secreted into the circulation, the vascularity
of the islets facilitating this mechanism. Under the action of
physiological stimuli, the islets secrete insulin in minute amounts

either continuously or spasmodicallysgo

Pancreatectomy. Removal of a dog's pancreas 1s soon followed

by glycosuria and ketonuria. The series of metabolic disturbances
that follow the pancreatectomy ars similar to those in a severe case
of diabetes mellitus in the humen subject. The dog is unlikely o

survive more than two weeks following the operation, esven with the
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greatest care, unless insulin is administered in the form of injections.
(Cf. Waters and Best57)

Pancreatectomy decreases the amount of glycogen in the liver
while there is less effect upon the glycogen of the muscle. Insulin
replenishes the depleted glycogen storss in both the muscles and
1iver?0,

Pancreatectomy disturbs lipid metabolisme. There is a transient
marked hyperlipemia and hypercholesterolemia with fat deposition in
the liver. Part of this disturbance may be due to the loss of the
exocrine secretion of the pancreas4o,

Acetone bodies (acetone, acetoacetic acid, and betahydroxybutyric
acid) are normelly present in the blood in small quantities and
originete from the metabolism of amino acids and fatty acids in The
livsr. Hepatectomy causes their disappearance. Acetone bodies are
utilized to some extent in the body normallys. In the absence of insulin,
glucoss is not utilized, snd acetone bodies accumulate in concentrations
too large for normal metabolism, resulting in the clinical condition
known as ketosise. Presumably the increase of the acetone bodies in
the blood is a reflection of the rate of increased utilization of
depot fat and proteins for energy requirements of the body. The old

theory that fat burns in the fire carbohydrates must be abandoned.

(Cr. Selye40 and Weters and Best57)

Injection of Insulin. Following the injection of insulin, there

is a lowering of +the concentration of blood glucose, and if the dose is
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large enough, hypoglycemia and convulsions resu « In the intact
animal there is considerable deposition of glycogen in the muscles
without any very definite change in liver glycogen. In the pancrea-
tectomized animal, depleted glycogen stores are replenished in both the
liver and mscle®P.  The precise chemical actions of insulin have still
to be determined and the fate of insulin is not known 3%,

Only the liver participates appreciably in the formation of
glucose. The liver can make blood glucose from its own glycogen stores
and from non-sugarse. The process is termed gluconeogenesis, the
mechanisms of which are not fully understood. Insulin inhibits gluco-
neogenesis while pancreatectomy augments it. Large quantities of
glucose are excreted in the urine of fasting pencreatectomized animals,
the gluconeogenesis not being controlled. (Cf. Selyet0)

All experimental observations indicate that the most ilmportant
mechanisms through which insulin influences carbohydrate metabolism
are by: (a) decreasing the rate of sugar formation from noncarbohydrate
sources (gluconeogenesis), (v) increasing the rate of sugar mobilization
and (¢) increasing the rate of sugar storage in the form of muscle and

liver glycogen. (Cf. Selyet0)

Hyperinsulinism. The condition of hyperinsulinism was first

recognized by Harris (Ceameron). Approximately one hundred cases are
nOW'reportedéoo A group of conditioas with symptoms of hypoglycemia
are not all associated with hyperinsulinism. Cameron lists these as:

(2) those cases of hypoglycemia due to hyperinsulinism and caused by a
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functioning tumor of islet tissue, either a benign adenoma or malignant
neoplasm, (b) those not associated with hyperinsulinism, and (c¢) those
cases where the cause of the hypoglycemia is not known.

The symptoms of hypoglycemia vary at different blood concentr=-
ations of glucose. Fatigue, lassitude, restlessness aad malais are
common complaints. The accompanying compensatory secretion of adrenine
produces such sympboms as pallor, cold clammy perspiration, palpatation,
tremor and often hunger or thirst. In hypoglycemia the senses are
clouded, and frequently the behaviour of the patient resembles that of
alcoholic intoxication, bravado, negativism and hallucinations.

Finally there may be convulsions end paralysis with loss of memory,

. . 9
coma and even death in extreme cases. (Cf. Cameron5 )

Wote on carbohydrate metabolism. The normal blood sugar is an

equilibrium mixture of two isomers, alpha and beta glucoss, both dextro-
~rotatory40°

Absorption of carbohydrates is mostly from the small intestine,
traces only being absorbed from the stomach and large intestine.
Complex carbohydrates are broken down into monosaccacharides or simple
sugars during digestion process. Following the absorption of large
quantities of glucose, some of it is oxidized and the remainder is
deposited in the liver or muscles as glycogen. (ce. Selys40)

The storage of carbohydrates is almost exclusively as glycogen

in the liver and muscles. The decidua and the placenta are the only

other tissues known to have significant amounts. Muscle glycogen comes
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chisfly from blood sugar, while liver'glycogen may come from blood
glucose, lactic acld and nonsugers.

In the post absorptive state, the sole source of blood glucose
is the 1iver®7,

The ®Cori® cyecle or lactic acid cycle appears to be most
important during exercise and is given together with a discussion of
the various chemical steps by Selyeéo.

There is a normal balance of regulating endocrine factors which
control carbohydrate metabolisme Insulin from the islets is counter-
acted by the hormones of the pituitary, thyroid and adrenal cortex.
If, for example, there is an increase of pituitery hormone effect
without the corresponding increase of insulin output, a relative
deficiency of insulin is present which may lead to the production of
the disbetic state. (Cf. Camerons?)

Thet the pancreas, liver and pituitary are among those organs
playing & mejor role is demonstrated by the Staub-Traugott phenomenon.
If two doses of glucose are given to an animal in repid succession,
the second causes a less pronounced hyperglycemia. The islets have
been alerted. The Staub-Traugott phenomenon'is absent in the pancrea=

tectomized animal and as well in the hepatectomized or hypophysectomized

animale (Cf. Selye®®)

Diabetes. Cameron's excellent short description of the sequence
of events occurring in the untreated diabetic patient is quoted below,

directly from his monograph.
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In the untreated diabetic the course of the abnormal metabolic
changes is (i) hyperglycemia, increasing until it is accompanied
by (ii) glycosuris, (which at first may occur only after meals, and
later may be continuous). As the glycosuria increases, since
exeretion of glucose must be accompanisd by excretion of extra
water, this causes (iii) polyuria, which induces (iv) polydipsia.
Distorted carbohydrate metabolism is followed by distorted protein
metabolism, so that an undue amount of protein is catabolized to
glucose and excretory nitrogenous compounds and so causes (v) an
increased azoturia. The carbohydrate and protein wastage may be
sufficient to lead to (vi) loss of weight and (vii) polyphagia.
Ultimately fat metabolism becomes distorted, acebtoacetic acid is
‘formed in too large an amount for its corrsct catabolism, and so
(viii) the "acetone bodies," ‘acetoacetic acid, beta-hydroxybutyric
acid, and acetone, appear in the urine, and acetone may appear on
the breath. Finally, through the large efflux of these two acids
into the blood, its mineral balance is disburbed, and (ix) the
plasma base becomes inadequate to carry the normal emount of carbon
dioxide from tissues to lungs, so that the accumulation of carbon
dioxide in the tissues stimulates the respiratory centre to
Pair-hunger,” coma ensues, and the patient dies. (Cemeron39)

The history of the pancreas. The older esnatomists believed that

the pancreas existed to support and protect more important organs in
contact with the gland. Wirsung in 1843 described the main duct which
traverses the length of the gland. With recognition of the duct,

a physiological significance was then possible. Santorini described
acourately the small duct which now bears his name. His drawings were
published in 1775, some thirty-eight years after his death.

(¢f. Opiell)

Claude Bernard in 1856 recognized the zymogen granules in the
acinar cells. Heidenhain, in 1875, showed the changes in number of
zymogen granulss during the process of secretion of the gland.

Langerhans, in 1869, gave the first good description of the

microscopic anatomy of the pancreas. He described the histology of the
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acinar cells, of the centro-acinar cells which he named. He also
recognized that when pancreatic tissue was stored in Mﬁller's for two
or three days, small groups of cells appeared under low megnification
as intensely yellow flecks. Under higher megnification, these groups
consisted of irregularly placed polygenal cells. He also recognized
the vascularity of these areas. Of the nature of these areas,
Langerhans claimed total ignorance. Subsequent to Langerhan's announce-
ment, the name "lss ilots de Langerhens® was applied to the structures
by Leguesse. (Cf. Lane?%)

Twenty years after the discovery of the islets, von Mering and
Minkowski found that total pancreatectomy resulted in severe and fetal
disbetes?6, The hypothesis that the pancreas possessed an anti-
diabetic function which was dependent upon an internal secretion was
accepted by the majority of physiologists after these classical
experiment547. In the decade that followed, it was shown that the

12, 1n 1893, Laguesse

pancreases of all vertebrate classes had islets
suggested that the search in cases of human disbetes would reveal
changes involving the islets of Langerhanslz. Schafer48, in 1895,
sﬁggested that on the basis of such experiments as those of Schiff and
Thiroloix, and on enatomical grounds, the islets furnished an internal
secretion which had some control over carbohydrate metabolism.

49

Diamere™Y made a similar suggestion. Ssobolew? reported that after

ligating the duct of Wirsung in dogs, the islets were not involved in
the initial sclerosis, and believed that this explained the absence of

glycosuria after the ligation. Ssobolew's 1902 paper, guoted by
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Barron51

s, using the pancreas of dogs, cats and rabbits reports similar
findings. In'a period from 30 to 120 days after ligation, the islets
did become involved in a sclsrotic process, and with this glycosuria
made its appearsancee.

2 in 1901, reported a series of cases of diabetics the chief

Opie5
or only lesion found in which was in the islets. Reports to the
contrary were not long in appearing, however, for other investigators
were unable to find such a high percentage of diabetics with lesions
in the isletslZ. According to Macloed47, several investigators after
the turn of the cenbury succesded occasionally in demonstrating
subgtances in extracts of the pancreas capable of diminishing one or
other of the symptoms of diabetic laboratory animals. Carlson®3
reported that pregnant bitches near tgrm did not develop severs glyco-
suria.after complete pancreatectomy until the young were born.
Bensleylz, in 1915, described in deteil the pathological changes that
followed the ligation of the ducts. Sharpey-SchaferG, in 1918,
introduced the term insulin for the then hypothetidal hormone, unaware
that de Meyer had also suggested the same term in 1909 (Arch. di fisiol,
vii, 1909).

Barron51 discussed in a paper the pathology of the rare condition
of pancreatic lithiasis, and the changes that followed the obstruction
of the ducts, either spontaneously or experimentally. He reviewed the
work of many others, and was in agreement that the islets secreted a

hormone into the blood or lymph stream and this hormone had some

control over carbohydrate metabolism.




293

WThers could be 1little doubt of the existence of the hormone,
the problem was to obtain it in extracts of the gland” = iacleod?’.

After Barron's paper, it occurred to BantingS4 that the failure
to obtain active extracts of the whole gland may depend upon the fact
that the hormone was destroyed by the activation of the pancreatic
enzymes, also present in the extracts. With Best as an assistant,
Banting took advantage of the aciner degeneration of the ligation of
the ducts®®. 1In dogs, seven to ten weeks after the duct ligation,
they found an abundance of healthy islet tissue and complete replace-
ment of the acinar tissue by fibrous tissue. The animals were then
given a lethal dose of chloroform, the fibrous pancreas placed in a
chilled mortor with Ringer}s solution, partially frozen, macerated and
filtered. The filtrate when injected into diabetic dogs lowered the
level of the blood sugar. The diabetic animel was able to retain a
much greater percentage of injected sugar than it could otherwise.
Interesting enough, these investigators called the new hormone insulin,
entirely ignorant of Shafpey—Schafer’s earlier’suggestiono In another
paper56, the seme year, Banting snd Best concluded from Carlson's
reportss, that the fetal animals provided the de-pancreatized pregnant
bitches with the necessary hormone to prevent a severe diabetes.
Extracts of the pancreas of fetal calves of five months gestation or
less contained no enzymes. The filtrate produced the same effect as
the extract of dsgensrated pancrease. There remesined only the
purification and large scale production of insulin for clinical

purposes, much of which is due to Collip and Best (cr. Banting54).
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Unfortunately, the discovery of insulin end the isolation of the
hormone eventually in crystalline form by Abel in 1926 did not settle
meny contentions. Papers such as that of Vincent®' continued to appears
Tn 1924, Vincent did not believe that the islets were separate and
distinct organs, representing instead temporarily modified portions of
the secrebtory tubules. Otani®8 in 1927, admitted that there was
eviden;e that the islets had an internal secretory activity, but could

not be accepted, however, as constituting an organ sul generise.

Wote on Embryology. The pancreas develops from two separate

primordia which arise from the duodenal endoderm. The Tirst primordia
to appear is the dorsal pancreatic bud (at the 3 mm stage). The
ventral bud appearé a little later. The two pancreatic primordia fuse
to form a single organ at about the 12 mm stage. The lower part of the
head represents the ventral bud, while the upper part of the head,

the body and tail represent the dorsal hud.

Both the duct and the acinar arise from the hollow pancreatic
buds. As the buds increase in length, they extend into the surrounding
mesenchyme. Epithelial ®sprouts™ arise from their solid tips, become
canalized and form the collecting ducts. The acini arise from the tips
of the collecting ducts. The islets develop in much the same manner
and in the third month of fetal life some of them begin to separate off
from the collecting tubules. Secretion granules appear later in the
islet cells. Pancreatic enzymes are produced by the acini after the

£ifth month. (Cf. Hamilton, Boyd and Mossman®®)
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CHAPTER 1IX

THE HYPOPHYSIS CEREBRI

Introduction. The hypophysis cerebri hes the most complex

structure of any of the endocrine organs. Its origin from two anlagen
accounts for the composite structure of epithelial, glial, nerve fibre
elements and connective tissue. Changes occur in the orgen with
relstion to age, but these are not marked. Thus, concretiong which
vary considerably in size and shape are found in the pars anterior of
the newbofno Within the first few months of postnatal 1life these
concretions disappear. lMeny changes that occur with age ars assoclated
with the partial or complete obliteration of the hypophyseal cleft,
the remnaents of which are variable. Occasionally extraneous material,
even bone and cartilage may be found in the gland. The size and weight
of the different lobes vary sccording to age and sex, and in the female
the size and weight of the pars anterior are influenced, at least in
some, by pregnancys

The hypophysis is an ovoid, somewhat flattened appendage of the
hypothalemus and is attached to the tuber cinereum in the floor of the
third ventricle by the neural portion of the stalk. It closely resembles
a small cherry to which the stem is attached. The stalk extends through
the aperture of the diaphragm of th¢ sella tursica in a downward and
forward direction. The bulbousvportion of the gland is situated in
the sella tursica of the sphenoid bone and is separated from bone by

the periosteum of the bone, the dura eand the capsuls of the glend, all
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of which are blended together imperceptibly. The normel size and
weight are discussed on page 310, whers it will be seen that there is
a wide range of normal variation.

Several functions have besen ascribed to the gland. These
functions are performed through the elaboration of several hormones
which exert influences over other tissues and endocrine organs to
earn for the hypophysis the title of "iaster Gland."™ At present, six
hormones have been prepared in either purs or almost pure state from
extracts of the anterior lobes The process of purification is
difficult since the hormones are all protein‘substances. Several
other "actions™ have been ascribved to crude and purified extracts of
the pars anterior of the hypophysis. In most instances these actions
are apparently not due to specific hormones. Hormones have also been
extracted from the pars nervosa and pars intermedia.

Heny questions regarding the nature of the gland, its structurse
and its functions are still to be enswered and these gquestions form
the basis of considerable research at the present. Up to 1936 more
than five hundred significant histological studies had been published34
and there have been many more since that time. W¥hen the number of
papers dealing with physiological, experimental and biochemical work

are included, the literature is voluminous.
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I. TERMINOLOGY

The terminology used in the descriptions of the hypophysis

variss greatly. The nomenclature of Bailey2 and Bucy1 has been

adopted in this discussion. The following table is taken from Bucylz
A. Pars Buccalis:
1. pars anterior }
2. pars tuberalis
3. pars intermedia

anterior lobe

B. Pars nervosas posterior lobe
1. processus infundibuli
2, infundibulum or stalk
Brief reference to the many synonyms used in discussions of the

hypophysis is included here, together with a brief description of the

location and extent of the lobes, which are illustrated in Figure 83.

Pars anterior. The pars anterior is also called the anterior

lobe, glandular lobe and pars distalis. The lobe represents
approximately three~fourths of the mass of the gland and is the
largest part of the pars buccalis, representing practically all of the
stomodeal portion. The lobe is situated a little farther from the
brain, hence the nsme distalise. It consists of epithelial cells which
are arranged in cords or alveoli, accounting for the term glandular
lobe. The pars anterior is bounded superiorly by pars tuberalis and
posteriorly by the hypophyseal cleft or its remmants. Inferiorly,
anteriorly and laterally it is bounded only by its capsule which is

continuous with dura of sellas
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Pars tuberalis. The pars tuberalis derives its neme from its

rather inconstent associabion with the tuber cinereum. The part is
small end insignificant in man. The extent of the pars tuberalis has
been well described by Green®? who found it constantly associated with
the anterior surface of the stalk, where it may extend superiorly up
to the optic chiasma. Posteriorly, the relations were variable,
except in the éngle between the pars nervosa and the stallts The pars
tuberalis may be found as a thin layer over the superior surface of

the pars anterior, pars intermedia and the pars nervose.

Pars intermedia. The pars intermedia represents another very

small part of the hypophysis (2 per cent of the epithelium at birth
and 1.5 per cent in adults). The structure is very irregular and may
be represented by a single layer of cells, or it may be meny cells in
thickness. The lobe is bounded anteriorly by the cleft or remnants of
it and posteriorly by the capsule of pars posterior, except at the
fenestrations of the capsulse Labteral and inferior boundariss are
the capsuls of the hypophysis. The pars intermedia may become
important on account of its epithelial cells which invade the pars
nervosa and because of cysts and locules that may develop in later

yearse

Infundibulunme. The infundibulum is commonly referred to as the

stalk of the hypophysis. Vessels and non-medullated nerve fibres
connecting the hypothalamus and the different parts of the hypophysis

are present in the infundibulum.



Pars nervosa. The pars nervosa has been referred to as the

neurohypoﬁhysis, the neural lobe, the posterior lobe and the pars
posteriore The lobe is bounded everywhere by its capsule except
anteriorly at the fenestrations and where it is continuous with the
stalke BEpithelial elements are present in the neural lobe, but these
originate from the pars intermediau’ The pars nervosa represents aboutb

one fifth of the hypophysis.

Embryological notes Rathked first stated that the hypophysis

arises from two anlagens. The oral sctoderm through the formation of
Rathke's pouch gives rise to the anterior or glandular lobe of the
hypophysis3l» The neural ectoderm forming the infundibular region of

51,

the third ventricle gives rise to the posterior or neural lobe he

evagination of Rathke's pouch begins in the human embryo at the 3 mm

stage4 and grows upwards towards the ventral surface of the neural lobel.

The anterior surface of the pouch gives rise to the pars anteriort.
Growth of comnective tissue, trabesculae and blood vessels into the
central core and peripheral zone of the pars anterior occurs at a later
times, The posterior wall of the pouch comes into contact with the
neural lobe at an early stage and remains relatively thin and epithelium=-
like to give rise to the pars intermedia®s The fate of the ocleft of
Rathke's pouch has been given in the discussion of the pars intermedia.
According to Atwells, Tilney fir st showed that the pars tuberalis

was derived from a pair of lateral lobes, although this origin had been

suggested by others working with reptiles. The earliest appearsnce of
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the paired lateral lobes which form the pars tuberalis was observed by
Atwell® in a 10.5 mm embryo, when the lobes appear as ridges. By the
45 mn stags, the pars tuberalis grows forwards end backwards surrounding
the infundibulum and spreading oubt under the tuber cinerem.

(cfo AtwellS)

Melchionna and Moore40

in a sbudy of 54 subjects at autopsy
found that 51 of these unselected cases had o small mass of typical or
atypical pituitary tissue in the pharyngeal wall. These masses were
essentially of undifferentiated epithelial cells and differentiated
cells similar to those of the pars anterior. In 25 per cent of the
cases, chromophilic cells were ebsent. Acidophils and basophils when
present were few in number and mede up less than 1 per cent of the

40 who review the earlier work of

cells present. Melchiomnna and Moore
Haberfield (1909) and Christeller (1914) feel that because of the size,
growth and histology these pheryngeal pituitary glands contribute little
physiological activity, and explain their presence by the embryological

origin of the pars anteriors. (Cf. Helchionna and Moore4o)

Meningeal relations. Until recently, the meningeal relations to

the hypophysis were not definitely established. Atwell® in his text-
figure does not atbtempt to represent the arachnoid pia. Bailey2
modified Atwell's drawing and illustrated the arachnoid surrounding the
whole gland except at the extreme posterior pole where the blood

vessels enter the posterior lobe. General textbooks seldom make

definite statementslz and most illustrations and discussions are based
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PARS
TUBERALIS

FIGURE 83

The meningeal relations of the hypophysis according to Atwe115,
Redrawn from Atwell, Amer. Jo Anst., 1926, él;159@
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PARS
TUBERALIS

FIGURE 84

Diagremmatic representation of the meningeal
relations of the hypophysis according to
Bailey?, slightly modifieds

oy



308

Pia-
arachnoid
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Dura - arachnoid
— - Subdural
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J/ ! | Dura and \
Pars / Receding collar of | capsule Sphenold bone
tuberalis arachnoid i
Hypophysis

FIGURE 85

The meningeal relations of the hypophysis of the doge
Reproduced from Schwartz, Anat. Rece, 1936, 67:¢35,
rith written permission from the publishers, The
Wistar Institute of Anatomy and Blology.




PIGURE 85 s

The capsule of the pars anterior of the hypophysis
of a twelve=year-old boy. Imn this section, only
part of the capsule is adherent to the gland, the
remainder being left in the sella tursica with the
periosteum. Hematoxylin end eosin. WGH A 7911,
200 x.

308 o
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upon the studies of animal meteriall®. Schwartzl? published an

excellent article in 1936 on the meningesl relationships of the dog and

1

the following year Wislocki 1 published his studies of the meningeal

relations based on the study of humen embryos. In 1945, Sunderlandl®
described the meningeal relations in human infants and adults and gives
a good review of the problem.

11 concluded thet

From his studies of humen embryos, Wislocki
the epithelial hypophysis loses its comnection with the mouth and comes
to lie in diffuse mesenchyme at the base of the brain before the
meninges in this region are differentiated. He further concluded that
the arachnoid space never surrounds the body of the hypophysis within
the sella tursica, and the space when completely differentiated forms
a cisbern which encloses the stalk of the hypophysis in the form of a
collar. The duras develops around the body of the hypophysis and
forming the sella diephragm, fuses with ghe superior surface of the pars
anterior end the pars posterior, preventing the development of the pia
arachnoid or subdural space around the body. (Cfe Wisloekill)

10

Sunderland's description™> is similar in most respects to that

of Wislockill in comnection with infants and children, although
variations occur in the adult. According %o Sunderlandlo, the shallow
sella of infancy and childhood is lined with dure which also provides
the sella diaphragm. The aperture of the diaphragm is usually larger
than the infundibulum and the pars tubera is passing through it. If

the anterior rim of the aperture is not closely applied to the

infuadibulum and the pars tuberalis, the superior surface of the pars
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anbterior is covered by the pia which descends along the stalk onto the
surface of the pars enterior and is reflscted forwards to blend with
the margin of the aperture. The same arrsngement holds if the posterior
rim of the aperture is not applied to the stalke. Normally no arachnoid
is found below the level of the dural aperture in infants snd children.

In the adult, the same arrangement may exist, although it is
often modified in some measure by disproportionate growth between the
sella and the gland. In adult life, especially in advancing yearss
the gland sinks into the fossa. This has the effect of ensbling the
pie, arachnoid and the subarachnoid space to descend through the
apertﬁre and ultimately extend over the entire superior surface of the
gland and even further should the factors responsible for the altered

relationships continue to operate. (Cf. Sunderlandi®)

Weight of the hypophysis. The average weight of the main body of

the hypophysis is approximately 570 milligrams with extreme values from
400 to 855 milligrams in normal edultsi®. The size and weight of the
hypophysis is influenced not only by pathological processes but also
by such factors as age, pregnency, castration, body length and the
influences of other endocrine organs. Simmondsl®, in a study of 800
glands, concluded that the weight of the hypophysis increased up to the
sixtieth year and then gradually decreased. The average weight of the
gland of women who have born children is somewhat higher then those of

males of a corresponding age grouplso The size and weight of the organ

has a fairly wide range.
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Rasmussenl5 found that when age was plotted against weight for
122 specimens obtained from subjects between the ages of birth to
nineteen years, the growbth curve was approximately a straight line.

Growth is faster in the female gland than in the male during the teens,

the sex difference being due to the growth of the anterior lobe which

represents three fourths of the gland. The individual variations are
moderate and the same as for adultsl5o

The epithelial portion of the pars intermedis increases

elatively less rapidly than the rest of the gland, since at birth the

intermedia represents 2 per cent of the gland and at age nineteen years
slightly less then 1.5 per cent. The weight of this lobe is less
variable then the rest of the gland. The processus infundibuli
represents one fifth of the gland and its growth is represented also by

a straight line. (Cf. Rasmusseni®)

The arterial supply and venous drainsge. The arterial supply of

the hypophysis arises from two sources; the internal carotid arteries
as they—course through the cavernous sinus and from the circle of
Willisl. The two hypophyssal arteries form the main arterial supply.
They are branches of the internal carotid arteries, arising from the
left and right sides respectively. Occasionally there are more than
two hypophyseal arteriesl, The arteries turn medially, leave the
cavernous sinuses, and reach the stalk. A twié-to the pars nervosa is
given off as the arteries approach the gland. The arteries enter the

gland in a plane between the pars intermedia and the pars nervosa, and
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then turn anteriorly to enter the pars anterior following the rather
large connective tissue trabeculae which occupy the central portion of
each lateral half of the lobe. Numerous branches are given off in
every direction to the many sinmusolds within the lobe.

The second and lesser arterial supply is formed by the numerous
arteries from the posterior and the anterior communicating arteries of

1

the cirecle of Willis~. According to Nickolskaia®

s these vessels number
from 20 to 25 in the human and go either to the tuber cinereum or the
stalke The arteriss con%érge on the stalk and éars tuberalisl.

The vascularity of the pars anterior, pars intermedié snd pars
nervosa is not the same. Of the three lobes, the pars anterior has the
greatest vascularity. The pars intermedia has the least vascularity,
receiving its blood supply from the capillary network at the line of
separation between the pars intermedia and the pars nervosale

The vénous drainsge of Tthe hypophysis consists of two systems,
the systemic system which follows the arteries that supply the gland,
and the hypophyseo-portal system described by Popa and Fielding7’3oe
There is still considerable speculation regarding the direction of blood
flow in the hypophysisg, especially in connection with the hypophyseal-
portal system. According to Popa and Fielding7’50, who first described
the portal system, veins which arise in the different lobes follow the
course of the arferial twigs and drain into the eavernous siznuses.

The hypophyseo~portal veins arise from the sinusoids of the pars

anterior, the capillaries of the pars nervosa end a few branches from

the pars intermedia. The veins proceed upwards in the stalk
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independently of each other, giving off no branches or having no
commnication with sach other. After a short course in the stalk, the
veins acquire a thick neuroglial sheathe. Beneath the infundibular
process, the veins lose their neurogliasl sheaths and open into a
network of fine channels which forms a secondary distributing net.

{Cf. Popa and Fielding7’30) Wislock136, Green32 and’Rioch35 are among
others who contend that the direction of the blood flow is from the
hypothalamic region to the enterior lobe in the portal system, that is,
the system is afferent and not efferent. 7islocki®6 gives a good

review of the problem.

Innervation. A large tract of non=-medullated nerve fibres
arising in the supra-optic nucleus in the floor of the third ventricle
descends through the tuber cinereum, down the stalk and into the
infundibular processe. Rasmussen®? estimates that there are from 54,000
to 70,000 nerve cells in the supra-optic nucleus which is about 5 mm
long, and that these cells give rise to at least 50,000 fibrése The
innervation appears to be.disproportionate to the number of cells in
the pars nervosa??, Many of the fibres pass through the posterior lobe
+o terminate on the commective tissue capsule. Some enter the pars
intermedia through fenestrations of the anterior wall of the capsule.
$ti1ll others supply the posterior lobel.

The fibres are grouped together in dense bundles in the
infundibulum and are well demonstrated by Cajal's silver-pyridine

method of impregnations. As the fibres reach the infundibuler process,
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they spread out in & diverging manner. Accordihg to Buoyl, individual
fibres separate from the others and form a network about the cells of
the pars nervosa. Frequently the fibres terminate in what have been
called "end=bulbs.® Some authors, including Bucyl, feel that the end=-

22 states

bulbs are degenerated hyaline bodies of Herring. Rasmussen
that they are nothing more than the close assoclation of the nerve

fibres to nuclel and the appearance is due to heavy deposition of

silver.

Lymphatics. As may be expected, no lymphatics have been

demonstrated in the hypophysis cerebri.
II. PARS WERVOSA (THE POSTERIOR LOBE, NEURQHYPOPHYSIS)

The pars nervosa represents approximately 25 per cent of the
bulk of the hypophyéis cerebri. It is ectodermel in origin and arises
- from the evagination of the neural tube. The cells making up the pars
ﬁervosa then have morpnology which in many respects resemble those of
other cells of the central nervous system. The blood supply has been
discussed on page 3ll, where it was noted that the vascularity was

considerably less than that of the pars enberior.

Pituicytes. The tissue of the pars nervosa consists of a network
of special cells and their précesses, Hematoxylin and eosin stains
give little indication of the trge histology of these cells which are
well demonstrated by Penfield's modificetion of Hortegafs silver-

carbonate method of impregnationls Their morphology differs from other



Horizontal section of the hypophysis of a twelve=year-old
boy killed accidentally by electrocution. The lighter
staining pars nervose is almost completely surrounded by
pars enterior in this field. The vascularity of both
lobes is well shown. H & E stain. 50 x. & 7911,
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1

cells of the central nervous system in meny respects and Bucy™ has

namad them pituicytese

Bach pituicyte has one or more processes which arise from the
cell body and eitend for long distances into the tissue of the pars
nervosas The processes are longer than those of the glial cells seen
in the central nervous system. The cells are irreguler in shepe, almost
no two are alike. The processes vary in length and number. The cell
may have one or two long processes with several short processes or only
numerous short ones. Numerous processes divide dichotomously, but more
often short branches are given off. The processes usually terminate on
the comnective tissue of blood vessels, the septa or the capsule of the

pars nervosas. (cra Bucyl>

Pigment. Yellow to yellowish=brown pigment is usually found in
the pars nervoss. Characteristically, this pigment is not abundant but
it may be found in sufficient quantity to give the lobe a brownish
colourl3, 1In ordinary preparations, the pigment eppears in the form of
coarse granules found in the cytoplasm of both pituicytes snd elongated
ovoid or polygonal cells along the connective tiésue septas The naturse

of the pigment is not knovn? .

The connective tissue of the pars nervosa. The pars nervosa is

surrounded by a dense comnective tissue layer which is intact &t the

junction between the pars nervosa and the pars intermedias. Nerve

fibres pass from the pars nervosa to epithelisl tissue and the epithelial

tissues invade the pars nervosa through small fenestrations in the
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capsulele Posteriorly the capsule is intact and is continuous with the
durells12:10, 4 dense network of connective tissue fibrils is scattered
throughout the lobe. The fibrils are mostly reticular withbsome
collagen. The network is densest along the posterior wall of the lobe,

while anteriorly in the lobe less connective tissue is presente.

(cr. Bucyl)

Epithelial cells. Simple or branched tubular glands continuous

with the pars intermedia extend posteriorly into the pars nervoset’
through fenestrations of the commective tissue capsule separating the
two lobest. The glands are usually found in subjects less than four
yeers of age. They vary from compound glends to relatively short

tubulesl7°

The compound glands have numerous alveolar pockets
communicating by means of a narrow duct with the cleft of the pars
intermedial®, 1In general, the glends are situeted in the senterior or

latersal portions of the posterior 1Ob616

and are relatively short. No
tubular glands extend entirely across the posterior lobe end none
penetrete the anterior lobe. After the fourth year the typical glands

were not found in the series studied by Lewis and Leel®. Rasmussen

17
found the glands more frequent in females (approximately 78 per cent )
than males (approximetely 49 per cent). They are lined with cylindricel
epithelial cells, the nuclei of which are usualiy round, basal and
lightly staining since only a moderate amount of chromatin i1s present.

Fine granules are scabttered throughout the cytoplasm which is stained

light blue in hematoxylin end eosin preparations. The terminal portion
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Cell substance removed
from posterior lobe,
sKeletonizing glands
stemming from wal

FIGURE 88

Drewings from the hypophysis of a three-and-a=half-year-0ld girl. Left
hand figure, megnified 29 times, was made partly from s wax model
reconstruction to show the extent of the projection into one posterior
lobe of the tubulo-racemose glands. The neurogliar tissue was removed
from the posterior lobe, leaving the glandular tissue projecting as two
large glends and several smaller elevations. The position of these
glands i1s guite typical. The cleft is practically intacts

Figure on the right, magnified 185 times, represents an individual gland
from the same specimen.. The duct empties into the hypophyseal cleft.

Reproduced from Lewis, D., and Lee, F. C., "on the glandular elements in
the posterior lobe of the human hypophysis,™ Bull. of the Johns Hopkins
Hosp., 1927, 41:241, with the written permission of the publishers.
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of the duct is small and lined with small cuboidal cells. (Cf. Lewis

and Leels)

I1I. PARS INTERMEDIA

Although the pars intermedia develops from Rathke's pouch, it is
usually described in comnection with the pars nervosa, since most of the
epithelial elements of the pars nervosa are derived from evaginatlions of
the pars intermedis. The pars intermedia represents such a small
proportion of the adult human hypophysis that some authors deny its
existence in the human. Rasmussen®® has estimated the size and weight
of the pars intermedie in man. In the human newborn, this part represents
approximately 2.5% of the epithelial portion of the hypophysis. There is
considerable variation. The parenchyma of the part averages 0.9 per cent
of the hypophysis (range from 0.13 to 3.6 per cent), in the adult the
ratio being about 2/5 of that found in the newborn. In the adult, the
weight is about twice that found in the newborn, the average being
4.6 milligrams (renge from 0.5 to 20.1 milligrams). The minimal weight
of 0.5 milligrams is the equivalent of a mass not more than 0.8 cubic
millimetres, while the average weight of 4.5 milligrams is equivalent
to a mass slightly less than 1.7 cubic millimetres. (Cfo Rasmussen25)

The pars intermedie of the fetus, after the hypophysis has
assumed its general form, consists of a fairly uniform epithelial layer
several cells in thickness. The layer is situated between the cleft and

the pars nervosa. This arrangement which usually persists until the

time of birth is similar to the arrangement found in the usual laboratory
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FIGURE 89

Remmant of the hypophysesl cleft and pars
intermedia of the hypophysis of o twelve-
year‘ﬂold boye H & Es 175 %o
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animals?, During childhood, considerable irregularity occurs due to
the formation of diverticulae and glend-like outgrowths from the pars
intermediea into the pars nervosa. The cleft may persist or be finally
obliterated. A varieble amount of colloid accumulates in the cleft and
the diverticulae. DBecause of its smallness and the great variebility
many authors do not regard the pars intermedia as an important functioning
lobe, at least in the humen. The formation of the cysts, trabeculas,
racemose glands and colloid masses from the epithelial elements of the
pars intermedia, meske knowledge of the lobe important to the stﬁdent of
histology and pathologys. The pars intermedia may be represented by only
a single layer of cells. The lumen of the cleft may be obliterated and
represented by only a few small cystic spaces. At the other extreme,
the abundant epithelial cells may form a prominent layer, usually very
irregular in thickness. The colloid is also very variable in smount and
is independent of the quantity of the epithelial elements present.
(Cr. Rasmussen25)

Many types of cells lining the remnants of the cleft have been
described. The tubulo-racemose glands and the basophilic cells masses
have been described in comnnection with the pars nervoss on page 318.
The basophils which have invaded the pars nervosa and those present in
the pars anterior are essentially alike. Those in the pars nervosa do
not as a rule attain the size or degree of veculation as seen in those
of the aﬁterior lobes 'ﬁith some technigues, 2 slight difference in the

tone of the colour reaction is noted. (Cf. Rasmussen?®)

27

Gillmanzg, Resmussen®! and Shenklin®® report the presence of



FIGURE 90

The cilia found in the pars intermedia of an
adult hypophysis, as seen with high power
lens. Hematoxylin end eosin stain. 600 x.
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ciliated cells in the pars intermedia of some glandse. Gillman gives a
detailed account of the ciliated cells and mucous cells which he found
in 20 per cent of 80 Bantu hypophyses. Ciliated cells are usuvally found
asgociated with mucous cells although the latter may be present
independently. The ciliated cells occur in groups of 6 to 80 cells,
They vary from cuboidal or low columar to a typical pseudo-stratified
form of ciliated epithelium. The cilia measure from 7 to 10 micra in
length and terminate intracellularly in a distinet acidophilic body.
The cytoplasm is faintly ecidophilic. The mucous cells when filled with
mucous measure from 25 to 35 micra in height. The cytoplasm is compressed
against the base of the cell. The nucleus is homogenous and irreguler in

shape. Other mucous cells are low columnar cells. (Cf. Gillmanzg)

Summery of the epithelial cells of the pars intermedia. The

epithelial tissue of the pars intermedia may be sub=divided into several
groups, which are summarized Delow:

(a) The tubulo-racemose glands which are present for the most
part during the first four years of 1:‘Lfe° These glands have been
described in connection with the pars nervosa.

(b) The eveginations of the hypophyseal cleft into the pars
nervosa.

(¢) The basophilic cells of the pars nervosa, also described in
connection with that lobe.

(a)' The basophilic cells and nongrenular cells which form the

posterior wall of the hypophyseal clefte
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(e) The ependyme=like cells which are best demonstrated by the
method of Cajal, according to Bucyla Two processes extend from the cell
body. One process reaches the anterior border of the pars intermedia,
end the other process reaches the posterior bordere The nuclei of these
cells sre small and ovoid. (Cf. Bueyl)

(f) Ciliated cells which have been described in connection with
the pars intermedia.

(g) Goblet end mucinous cells (according to Gillman?9).

(h) Fosinophilic cells which are similar to those of the anterior

lobe.

The "co0lloid" bodies of the hypophysis. Many refractile bodies

and deeply staining messes have been grouped under the term "colloid”
bodies. Whpther or not the masses are true collold cannot be determined
with present methods. Not all these bodies are related to the pars
intermedie, but since many are asscciated in some way with the epithelial
element s of the pars intermedia, this is a convenient place to list them.
Bucyl gives an excellent account, which forms the basis of the following
discussione

The smell hyaline or eosin bodies of Herring of the pars nervosa

and less commonly in the pars intermedia ere considered by Bucyl

to be
degenerated end bulbs. Not all authors agree with this theory, and
' recently Rasmussenzz has shown that the nerve fibres pass right through

the hyaline bodies or beside them. The appearance that the nerve fibres

end in the hyaline bodies is an artifact, produced in silver
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FIGURE 91

A colloid body surrounded by chromophils
in the pars snterior of an adult femals.
Hematoxylin and eosin. 800 x.




FIGURE 92

A lemellated calcified body in the hypophysis
of an sdult femsle. Hematoxylin end eosin
stain. 600 x. WGH A 7285,

~3



328

impregnation methodszzq

Other masses of colloid=like material are seen in the pars
intermedia and the pars nervosa near the epithelial-neural junction.
These masses are present in cysts which are lined by low cuboidal
epithelium, and are formed by distension éf the tvbulo-racemose glands.

In the remnants of the cleft, homogenous masses which usually
are the largest seen in the hypophysis, are observed. These masses
represent the secretion of the glands into the region.

Homogenous masses of material are found in the centre of the
cell masses in the pars anterior and the pars tuberalis. According o
Bucyl, these are due to degenerative changes and are more numerous in
the posterior part of the pars anteriors The material is very similar
to that seen in the cleft.

About the cephalic end of the cleft in both the anterior end
posterior lobes are small cysts and gland-like structures which are
lined with cilisted epithelium. These structures contain mucinous
material entirely unlike the colloid seen in the cleft and the tubulo=
racemose glandse

Shenk1in37 has described the formation of gertain concretions
which are found for the most part in the capsule. At certain stages,
according to this author, the developing concretions take an eosinophilic
staine

Plaut and Golenson®? found colloid concretions or masses in 100
per cent of fetuses and newborn infants examined by them. Most of these

concretions disappear in the first few postnatal months. The concretions
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vary in size and shape. Practically all were found in the pars anterior
and only a few in the pars intermedis or pars nervosa. The staining of
the concretions varies from blue to pinkish-blue in hematoxylin and
eosin preparations. About one half of the bodies are lamellated and the
majority of them are surrounded by epithelial cells in an irregular

memnere. (Cfo Plaut and Galenson39)
IV. THE PARS ANTERIOR

The pars anterior is the largest lobe of the hypophysis, sccounting
for approximately seventy-five per cent of the'weightlé. The lobe is the

best known and is probably the most importantZ.

Cell typess The polygonal cells of the pars enterior are arranged
2

in columns® or alveolil which are separated from one another by numerous
vascular sinuses and a small amount of connective tissue. The cells have
been classified into two groups, the chromophils and chromophobes, each
group having two subdivisions. The chromophils may be either basophilic
or eosiﬁophilic, and the chromophobes either chief cells or the large
variety of chromophobes, vizs,
(a) Chromophils = i. basophils (bets, cyanophils)
ii. eosinophils (alphe, acidophil, oxyphyl)
(b) Chromophobes = i. chief cells (reserve, principal)
ii. large chromophobes.
Bailey2 and Bucy1 suggest the terms alpha and beta cells for the

eosinophils and basophils respectively, since the granules of the cells

are not consistent in staining reactions. However, Cowdrle points out
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any eosinophilic granule may be induced to take up basophilic dye and

prefers to retain the original terms.

Distribution. In the humen, the basophils end eosinophils show

no characteristic distribution which appears to be haphazard throughout

the whole of the pars anterior®. A single section through the

midsagittal plane does not give a true picture of the distribution of

33

the cells. Several sections should be studied and Rasmussen®® suggests

thet the horizontal plsne is more representative than the sagittal plane

in which sections are usually taken. However, there is a tendency for
the acidophils to be concentrated in a large area located somewhat
posterior in each lateral half of the pars anterior. This arrangement
leaves 2 large area near the mid-sagittal plane and an anterior and
marginal zone where the acidophils are less numerous and where there are
more basophils énd chromophobes. The basophils tend to collect about
the two vascular connective tissue trabeculae that extend into the pars
snterior. A distinct eosinophilic area usually surrounds these baso=-

philic accumulations. (Cf. Resmussen®d)

Percentage of cell types. The relative number of the three cell

types varies according to age and sexs These figures would have little
more than academic interest if it were not for the fact that the
percentages chenge in pathological states®®. The literature is
contradictory but the important thing is that the changes do occurs
There are many reports in the literéture which have no statistical valus.

The careful studies of Resmussent®220s21 who has given the percentages
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of the different cells in both males and females at various ages, should

be taken as & standard®®. These figures are summarized in the following

tebles
The relative number (per cent) of the different
types of cells in the adult humen hypophysis,
according to Rasmussen (19,20,21,33)
Range (%) Mean . Renge (%) Mean
Chromophobes 34=-36 52 33=T4 49-50
Acidophils 23-59 37 17-59 44
Basophils 5-27 11 3=-16 7

Rasmssen®C found essentially no difference in the averages of
the cells in the glands of pregnant and non-pregnant women. The glands
of females show a higher percentage of eosinophils than the glands of
Amales,

In a recent paper, Rasmussen21

has given the variations in the
proportions of the cell types in the pars anterior during the first 19

years of life. These figures are given below.
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Table to show the variations in the different cell types
in the pars anterior of the humen male and female, as
demonstrated during the first nineteen years of life,
according to Rasmussen®l, Figures are aspproximate averages
and are given in percentage.

Birth Late Teens
male female male female
Chromophobes 65% 61% 48% 43%
Acidophils 25% 29% 40% 49%
Basophils 9% 9% (11%) (7%)

At birth the number of basophils is sbout 9 per cent. As age
inereases, a slight increase in the relative number of basophils occurs
in males while a slight decrease occurs in females. There is a wide
normal varistion in the peroentage_of basophilse.

In the newborn, spproximately 29 per cent of the cells in the
_ femsle anterior lobe are eosinophils while in the male there ‘are
approximately 25 per cent. A noticeable increase occurs in both sexes
with age, the increase being more noticeable in females who have
approximately 9 per cent more eosinophils than meles in the late teens.

Chromophobes represent aspproximstely 6l per cent in the female
and 65 per cent in the male at birth. There is a decline in their
numbers to approximately 43% in the female and 48 per cent in the male
at 19 years of age (cr. Rasmussenzl).

In both sexes, over the age of SC years, there is a relative
decrease in.the number of eosinophils and an increase of chromophobes.
The basophils show a vreletively higher percentage in the older ége

groups of femalesS®,
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A wide renge in the normal variations is present in the relative
number of cell types of the pars santerior. The usual and approximate
mesn velues of chromophobes (50 per cent), eosinophils (40 per cent)
and basophils (10 per cent) are not as useful as the normal variations

when one is attempting to assess whether or not a given gland is normal.

Histology of the cells. The nuclsl of the chromophils and

chromophobes are of two types. Some are vesicular with scattered
‘granules of chromatin, while others have e heavy network of chromatin®.,
Mitotic figures are rare. A few fat globules can usually be demonstrated
with the common'techniquesls A clear area, the macula, is seen near the

nucleus of the chromophil cells. This area is the negative image of the

golgi apparatus and is most easily seen in the basophilsze

The eosinophils. The granules of the eosinophils ars large,

spherical and very distinct. Usually the cell is closely packed with
granules and the other details are obscured®. The granules appear in
the first part of the third fetal month when a few eosinophils are

presentZB. As fetal life sdvances, the cells bscome more numerous and

form groupszge

The basophils. The basophils are larger than the eosinophil

cellszo The greanules are finer, more numerous and much less distinet

than those of the sosinophils, although with proper light they may be

distinguished. The basophils appear in the pars anterior slightly later
hen the eosinophils between the three and one gquarter to fourth month

of fetal 1ife23,




PIGURE 93

The pars anterior of an adult womsn. There is
marked vacuolization of the bascophils. The
glend is hyperemisc. A colloid body surrounded
by chromophobes is seen in the right-hend corner
of the photomicrograph. Hematoxylin and eosin
stain. WGH A 7283. 500 xo
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FIGURE 94

Groups of squamous célls in the stalk of a hypophysise
Tigsue section from the collection of Dr. D. J. Bowles
Hé& B 600 xo
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The chromophobese The chromophobss have relabtively small amounts

of agrenular cytoplasm and indistinct cellular boundaries. Often the
chromophobes are fouﬁd in the centre of cell columms, although they'may
constitute entire columns, especially near the stalk. There are two
cell types described; i.2., the larger chromophobe which is said by some
to be a chromophil which has lost its grenules and the small chromophobe

or chief ©ell. According to Severinghaus34

s the chromophobes in the

embryonic gland develop into the small chromophobes which will later

_develop into acidophils {acidophilic chromophobes) and those which will
develop into basophils (basophilic chromophobes). Severinghaus®® bases
his argument upon his discovery of two distinct types of Golgi nets in
chromophobes. These correspond to the Golgi networks of the acidophils
and basophils respectively. The same author reviews the other theories

of chromophobe-chromophil relationships (Cf. Severinghaus®%),

V. PARS TUBERALIS

The pars tuberalis is so called because of its association with
the tuber cinereum. When the infundibulum is cut across in removing the
hypophysis, most of the lobe remains adherent to the base of the brain.
The small lobe has received little attention and is a very insignificant
part of the human hypophysis, although it is well developed in some
animals such as the cat aund dogze The location and extent of the lobe
is indicated in Figure 83,

A collar of pars tuberalis has been frequently described in man

and is said to surround the lower part of the tuber cinereumszo As
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mentioned earlier, GreenS? found that the tuberalis was constant in its
distribution over the anterior aspect of the hypophyseal stalk, extending
upwards as far as the optic chiasma. Posteriorly the pars tuberalis was
less constant and found only constantly in the angle between the neural
stelk and the neural lobe. The lobe may be found as a thin layer over
the upper part of the pars distalis, pars intermedia and even the pars
nervosaZ.

The cells of the pars tuberalis are similar to some of the cells
of other parts of the pars buccalis with the exception that they are
somewhat smaller and have no stainable gramules. Colloid degeneration

1, Simmonds13 found squamous cells

ﬁay be found within the cell masses
in about 80 per cent of adults. These cells are supposedly the remnents
of epithelium from Rathke's POUOhle Numerous blood vessels and vascular
sinuses are present in the pars tuberalis. The vessels pass through the

pars tuberalis en route to the pars anterior and from the pars anterior

and pars nervosa upward to the stalk and the hypothalamus.
VI. THE HYPOPHYSEAL STALK AND MEDIAN EMINENCE

Green®? has recently published a detailed description of these
structures in men. Since the structures are seldom included in sections
of routine material a detailed discussion of them is not included here.

The relationship of the pars tuberalis and the size of that lobe
hes been described on page 336. A transverse section of the hypophyseal
stalk is illustrated in Figure 95,

32 . v .
Green describes what he terms a neurovascular zone which measures
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FIGURE 99

Transverse section of the stalk of the hypophysise
The pars tuberalis almost completely surrounds the
nerve tissueo
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FIGURE 96

The neuro=vascular zone of the stalk of the
hypophysis. Masson's trichrome stain. 300 x.
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up to 1 millimetre in thickness and which is continuous with the pars
tuberalis on the posterior aspect of the hypophyseal stalk. The zone
extends upwards almost to the memillary bodies. Inferiorly it is
continuous with the pars tuberalis (Cre Fige 96). In the zone are blood
vessels, nerve fibres, collagen fibres and islands of glandular cells
similar to those seen elsswhere in the pars tuberalis. The nerve fibres
of the zone are derived chiefly from the perivascular plexuses and are
extremely complex in the pattern formed (Cee GreenSz)c

The bulk of the nerve fibres within the neural stem pass without
interruption from the tractus hypophyseus to the neural lobe of the

32

hypophysis“®s The vessels of the stalk have perivascular sheathes’

which occupy 30=40 per cent of the volume of the median eminence and

ksze The sheathes of these hypophysio-portal vessels consist

neural stal
of ordinary connective tissue in which smooth muscle fibres, collagen and

reticular fibres mey be demonstrated (Cf. GreenS?).

Concretions and extraneous maberial. Many of the extraneous

elements present in ths hypophysis are mesothelial in origine. Shénklin38
reports cartilage and bone. Calcified bodies with lamellated structure
are usually observed in older subjects. They are found in the capsule
and neur’ohypophysis58 and are derived from mesothelium37 (cr. Shanklinss)o
Reference to the colloid bodies of the hypophysis has been mads

on page 325
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VII. THE HORMONES OF THE HYPOPHYSIS

The following discussion is a brief summary 5f the material found
in the monogrephs by Cameron and Selye. No attempt is made to discuss
the hormones and their properties, since such is beyond the scope of the
present work and the subjects are well treated in the considerably more

authoratative works mentionedo.

The hormones of the pars anterior. Although the anterior lobe of

the hypophysis has only two types of cells, as many as fifteen different
hormones have besn postulated to be produced by the lobe. The existence
-of these hormones has not been substantiated and within the last ten
years a more rational view has been held%l, Only four hormones of the
anterior lobe have been isolated in pure form=-the lutsotrophic,
somatotrophic, adrenocorticotrophic and luteinizing hormones. The
follicular-stimulating and thyrotrophic activities are probably due to
separate hormones®. They are all proteinsél. Possibly the target
glands have secondary actions not understood or appreciated. These
actions may be responsible for some of the results obtained when crude
extracts of the pars anterior are injected into experimental animals.
Certain of the actions eppear to be produced in part by combinations of
known hormoness

The following list of the accepted hormones of the pars anterior

have been isolated in pure or almost pure form. The synonyms are given

together with a few of the properties and actions of each hormone. The
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experimental basis and clinical observations relating to their use are

not included, but are found in the works of Selye and Cameron.

Follicle-stimulating hormones (Syn.--FSH, follicle-stimulator,

thylakentrin). Although this substance has not been isolated, the
highly purified preparations stimulate growth of the granulosa cells in
the ovaries of hypophysecomized animalse The hormone also stimulates
the seminiferous tubules of the testes of intact or hypophysectomized
animals. The role of FSH has been discussed on pagés 171, 172, 179 and

180,

Luyteinizing hormone. (Syne==LH, Interstitial-cell-stimulating

hormone, ICSH, chorionic gonadobrophin, metakentrin)s This hormone has

been isolated in pure form? and is a glyooproteinél. When injected; the
hormone stimulates the transformation of mature ovarien follicles into‘
corpora lutea and stimulates the growth of the theca cells and their
production of the folliculoid hormone?. In the male, the hormone
stimiletes the development and the production of hormones by the Leydig
cells of the testes. Further discussion is found on pages 173, 179, 180

and 188.

Luteotrophic hormone. (Syn.=-LTH, luteotrophin, memmotrophin,

prolactin, galactin, lactogenic hormone)s This hormone helps to maintain
fully developed corpora lutea and stimulates them to produce the luteoid
hormones. It stimulates the mammary glands to secrete milk after the

mammary glands have been brought to full development during pregnancy.
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A further discussion is found on page 174.

Corticotrophic hormones (Syne—=ACTH, sdreno=corticotrophic

hormone, adrenotrophin, corticotrophin, adrenotrophic hormone, cortico-
trophic hormone). This hormone has been prepared in pure form and is a
protein=like substence. The hormone stimulates the growth and hormone
production of the adrenal cortex. It tends to deplete the adrenal cortex

of its lipid and ascorbic acid content.

Thyrotrophic hormonee. (Syne==thyrotrophin, thyreotrophic hormone) o

This hormone has not been isolated in pure forme It stimulates the

growth and the hormone production of the thyroid gland.

Sometotrophic hormone. (somatotrophin, growth hormone) This

principle has been isolétede As long as the epiphyseal junction
cartilages are still not fused, injections of the hormone cause skeletal
growth, both in léngth and thicknessge Injections will produce
gigantism, if given long enough, end if prolonged will lead to enfeebled

gigantism4l.

Other “"actions™ of anterior lobe extractse Several other "actions®

are noted with injections of orude extracts of the anterior lobe of the
hypophysiss As Selye points out in his monograph, there has not been a
claim put forth for a separate hormone to account for each actione
Simply these are the effects of the injection. Some of the actions have
reasonsble explsnations, others have to wait further investigation and
data. The following is only a list of these actions, based on Selye's

monograph.
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l. The ovuletion-inducing action
2. The antagonistic action--antagonistic to certein of the
gonadotrophing
3. The synergistic action=-alleged to augment the action of LH
preparavions
4, The antiluteogenic action
5. The thymotrophic action
8. The renotrophic action
7. The nephrosclerotic action
8. The gluco-corticotrophic, mineralo-corticotrophic action,
lipocorticotrophic action, and testo=corticotrophic actions
9, The adrenomedullotrophic action
10. The parathyrotrophic action
11 The mammogenic action
12. The glycotropic and anti-insulin action
13. The glycostatic action
14. The pancreatotrophic action
15. The diabstogenic action
16, The anti-diabetic effect
17. The contra=-insular action
18. The ketogenic action
19. The fatty-liver producing action
20, The preputial gland-stimulating action

The hormones of the pars nervosae Crude extracts of the pars

nervosa exhibit three chief esctivities: (a) they produce a rise in
blood pressure (vasoconstrictor), (b) they cause uterine contractions
(oxytocic), and (c) they diminish diuresis®., By differential
fractionation, two non-crystalline fractions have been obtained. One
fraction has pressor potency end very low oxytocic potency, while the
other has very high oxytocic potency and only negligible pressor
activity. No crystalline compounds have yet been obtained but these
amorphous fractions are usually considered as almost pure hormones®l,
Thus it is generaily agreed that there are at least two distinct

9

principles of the pars nervosa, the oxytocic and vasopressor hormones”.

The anti-diuretic action is probably due to the vasopressor principlege
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Vasopressin. (Syn.--vasopressor principle, postlobin-V,
pitressin, vasopressor-anti-diuretic principle). The hormone has not
been isolated. Some preparations, however, are very potent. The anti-
diuretic hormone of the pars nervosa is probably identical with

vasopressing.

Oxytocin. (Syne--Oxytocic hormone, oxytocic posterior-lobe
prineiple, postlobin-0, pitocin). The chemical and physical properties
of oxvtocin and vasopressin are similar and meke separation difficulte.

The hormone has not been isolated.

The pars intermedia. Aqueous extracts of the pars intermedia

produce dispersion of black pigment granules of smphibia. It hes been
suggested that this is due to a hormone of the pars intermedia, to which
the name intermedin has been assigned. Some of the synonyms are==

middle~lobe hormone, mesnophore=expanding principle, B-hormone. The
function of inbtermedin, should it exist, is not known in the case of

birds end mammals. (Cf. Cameron and Selyel)
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