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i INTRODULC DT DRY.

Within recent yesrs the endocrines have advanced
repidly in surgical interest. Great strides hsve
| been wade, net only in the direotion of & better

| understending of the biochemistry of the principal

| glands, but also in the treatment of their diseases

by surgicel measures. The principal hormone of the
| thyroid sppesrs tc hsve been isolsted and to have
;been produced syntheticelly by Kendall, and the work
iof Plurmer, Goetsch, and Wilson, has done much to
elucidate the pathologicel affections of this glesnd.
Brailsford Robertson believes that he hes succeeded in|
isolating the sctive principal of the anterior lobe of
the pituitary. In the direction of surgicsl therapy,
the scientifié method end careful technique of Crile,
Mayo, Judd, and others in their work on the thyrecid ‘

gland hes been followed by the most happy results,

more especially in the trestment of the various forms

i

of toxic goitre. Operstions on the pituitary,especisl
ly in the hands of Frazier & Adscon, have been followed
by much greater success than formerly.

Treatment by methods of grafting or transplant-

ation is becoming better understocd, and there is

|1ittle reason to docubt that this line of trestment,in
cases of endocrine deficiency, will become established

prssently/
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presently on s sound basis. Recent experience has
shown that in the suprarensal deficiency of Addison's
disease - so loﬁg intractable to any form of treatment-
there is every hope of obtaining ourstive results by
grafting,if the graft is embedded in a suitable position.
Knowledge still lags,however,in the case of many
of the endocrines,both in regard to their physiclogy
iand their patholegy. The function of the pineal glsnd
:is iargely a matter of conjecture,the fate of the se- |
icretion 0f the posterior lobe of the pituitasry is stiﬂ%
under discussion,and ruch remains to be learned of the
funetion of the parsthyroids and of the suprarensl

[cortex.

; The object of the present investigation is to ex-

amine the principsl endocrines in a state of function-
|2l activity,comparing the appearances with those of the
organs in a cuiscent state,and tc consider the bearing

of the signs of secretocry activity of the healthy glan;

=7

lon the physiclogy and also on the psthological affec-

[tions in each case.
| It is well known that in certain states of the

lorgsnism, especially those of excessive sympathetic ‘
excitation,such as cccurs in rage or fright, as shown
iby Cannon,and at certein periods of life - dentition,
'puberty, menstruation, and pregnency - there is en ex-
:oessive demand on the activities of the endocrine
organs. These activities resch their zenith in preg-
‘nancy, which condition throws a greater strain on the !
organism than any other physiclogical process. It is
becoming increasingly evident thet in pregnancy there

exists/




(2)
| exists a condition of pluri-glandular sctivity in which
all, or the majority, of the endocrineé are function-

' ing more actively than normal. A comparison of the
histolcgical appearances in non-pregnant and pregnant
;animals is therefore likely to show certain differ-
iences between the resting and the active phases of
gendocrine tissues.

In order to examine the finer details of cell
istructure it is necessary to obtsin an immediate !
icoagulation of the living protoplasm. It is only by
iimmediate fixation of the tissues from newly-killed

|
‘enimals that a satisfactory result can be obtained.

|A specimen from a heslthy human subject at the desired

\periods is rarely, if ever, available, and the tissues
'examined after death from infective or toxic causes

iare practically valueless from the poinﬁ of view of
the study of the normsel organ or tissue. Lven in
cases of death of hesalthy subjects from injury there ‘
is inevitably delay in obtaining and fixing the
tissue, and in the interval secretiorn products dis-

appear and extensive degenerative changes may take

place in the cell protoplasm.

In the present research the animals employed
have been healthy guinea-pigs and rabbits. The
guinea-pig has been a specially suitable subject for |
examination, the principal endocrine glands being all

of/
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of large size and easily discovered and stasined.
Iblliott & Tuckett have shown that this animal possesses
8 larger suprarenal in broportion to its size than
 any other of the usual laboratory animals. The same

| probably holds gocd with regsrd tc the thyrcid and

the thymuf. Tissues from the human subject have also
;been examined in certain cases, but cwing to the delay
ibetween the time of death and the fixaticn of the |
?sPecimen, the results, as & general rule, have been |
less satisfactory than in animals. In the case of a
éfew cperation specimens, however, it was possible to

|
Efix the tissue while it was still warm, and these

specimens gave goecd histolegical results.

THE PITUITAKY.

|
|
|
|
! Secretory activity in the pituitary is accom-
i

|
!interest has been excited by the hypertrophy which the

|panied by well-marked histolcgical changes. Much

| :
igland undergoes during pregnancy, and special attention

ihas been directed to the changes which take place in
| l
;the pars anterior in this state. An examination of tpe

'posterior lobe in pregnant animals reveals evidences
| |

Eof secretory activity which are equally striking.

¥ |
| MATERIAL And METHODS EMPLOYED.

5 For the purposes of the present investigation

'the/

i
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the pituitariés of 24 animals were examined, 16 guinea-
épigs and 8 rabbits. Of the guinea-pigs 8 were pregnant
land 8 non-pregnant. In the guinea-pig the exact
duration of the pregnancy was unknown, but it was
possible and helpful to divide the animals roughly into
53 groups according to the size of the gestation sac.
;These have been termed early, mid-, and late pregnancy.
iIn the case of the rabbits the date of == impregnatioﬁ
Ewas exactly known. The gestation period in this
ianimal is 28 days, and the following series has been |
|examined:— i
| (1) Two non-pregnant animals were examined as !

controls. One of these was killed in the winter months,at!

|
which season the endocrines are probably in their

|

most quiescent condition in this snimal, snd are least|

'1ikely to be affected by activity of the reproductive

|
|
system. I
|
! |

(2) One animel 7 days pregnant.

(3) i " 11 = 5 |
(4) R IS It |
o e T |
([ et A S : |
(7) . » one week after delivery.

1
E'I'his series serves to illustrate the condition of the i

gland gt short intervals throughout the whole/pregnamy
and immediastely afterwards. |

In/
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In order to avoid damage to the pituitary it is
:necessary to fix it in situ. Unless this precaution
'is taken, the intreglandular cleft is apt to be broken
'into end other damage is liable to occur. According-
ly, the plan adopted, both in the guinea-pig and the
irabbit, was to remove a segment of the base of the
iskull for a considerable distance around the sella

|
‘turcica. The glend was left undisturbed in the sella

‘during fixation and dehydration. Before embedding in
paraffin an incision was made in the sagittal directbm!
through the durs mater on each side of the sella and
;the dura was stripped from the sella turcica, taking
|the pituitary with it. Te¢ facilitate orientation the:
strip of dura was made longer in the antero-posterior
‘direction. The fixative used was either Zenker's or
|Flemming's solution. In mqst oasés the organs were !
cut so as to obtain serial sections in the sagittal
‘plane across the central part of the gland. Cushing
Ihaa emphasized the fact that only by median sagittal
ésections including the stélk can a proper estimate of
conditions be obtained.

|
i As a routine procedure, the sections were stain-

‘ed with Heidenhain's irocn-haematoxylin, alone and in

combination with eosin, acid fuchsin, and congo-red.
|0f the aniline dyes the combinations of thionin blue

and/ !
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'and eosin and methylene blue and eosin were employed.
An acid solution of toluidin blue was found to give
excellent differential staining. Saffranin was also

! : < :
lused as a routine reagent and was especially useful in

‘the investigation of the pars nervosa.

MORPHOLOGY .

| In order that the succeeding remarks may be
ireadily comprehensible, it is necessary to recapitulate,

gas briefly as possible, the essential facts with regard

bo:¥he strioburs and dsvelopnert ot tie iitoiters o Tt
more or less completely fills the cavity of the sells
;urcica of the sphenoid, and is connected with the
tuber cinereum at the base of the brain by means of
the infundibulum, a short stalk which encloses a pro-
longation of the cavity of the third ventricle - the

infundibular recess. The dura mater gives a complete

covering to the pituitary. As it approaches the
sella turcica it splits into two layers, the lower of
which lines the cavity, while the upper becomes '
attached to the four clinoid processes and forms a |
roof to the space - the diaphragma sellse. This is |
perforated in the centre by an asperture through which
the infundibulum passes.

The pituitary shows a very intimate relationship

to/
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to large venous channels (see Fig. & ) as well as to t
the vessels of the circle of Willis. It is surrounded
Py the cireular sinus, which is composed of the caver-
%ous sinuses on each side and the anterior and
posterior intercavernous. The third cerebral nerves
ipass from behind forwards on either side in close

:prqximity to the pituitary. The optic chissma is

isi‘buated above and in front.

‘ The gland is made up of two lobes and the sub-
division is evident to the neked eye. In ‘the human
subject the anterior portion is a hard kidney-shaped
'lobe, concave posteriorly, pink or yellowish-pink in
colour, forming a marked contrast with the posterior |
lobe, which is very soft and paste-like and pearly-
‘white in colour. The two lobes are joined together
and enclosed in a common fibrous capsule. When they

iare pulled spart, separatioﬁ'takes place along the i

intra-glanduler cleft, a narrow space which, as first |

pointed out by Kolliker, represents the residual 1umen§
of Rathke's pouch, the pharyngeal diverticulum from
which the epithelial portion of the gland developes.

The guines-pig and the rabbit provide examples of

the two types of mammalian pituitary most commonly met|

with. In the guinea-pig the disphragms sellase is

translucent and the two lobes are both visible from

'above. The posterior lobe is rounded and whitish end
|
lies above and behind the much larger anterior lobe.

‘The anterior lobe bulges forwards and outwards so that

in this animal the pituitary is more or less discoig



Flé. /. Pituirary oF cuinea -PIG.

THE POSTERIOR LOBE LIES ABOVE AND BEHIND THE ANTERIOR .

THE CLEFT IS WELL DEFINED.

[HE STALK SHOWS THE PROLONGATION QF IHE THIRD

VENTRICLE. .

Tue imyesTiNG,. DURR. MIATER. I8  INTRCT -

IRON HAEMATOXYLIN + CONGO RED . X 23 .



(8))

'in shape. PFig. 1 shows a median sagittal section of
!the pituitary of a non-pregnant guinea-pig. The
'posterior lobe lies above and behind the anterior.
IThe intra-glandular cleft is well defined. The pars
'intermedia, forming the posterior wall of the cleft,

i
Iis continued so as to form a complete investment for

5the pars nervoss. This investment is specially '
thickened in the neighbourhood of the neck, the region

|
|where the stalk joins the pars nervosa, and is prolong-
|

ed upwards on the stalk towards the base of the brain.

The stalk is hollow and the prolongation of the third

_ventricle extends well down towards the pars nervosa.

|-
This type of pituitary is also met with in the dog. i
|The figure shows the manner in which the dura mater isy
irelated to the pituitary. The rabbit's pituitary is:
éshown in Big. 2. The pituitary of this animal ‘
corresponds to the type met with in man. The posterir
%10be lies directly behind the anterior, instead of ‘
'above and behind. The cleft is partly oblitersted,
Ebeing broken up into several isolated segments. The

igars intermedia affords only a partial investment to
|

[the pars nervosa, leaving a considerable portion of

the posterior aspect uncovered. It shows a localised
‘laccummlation in the region of the neck, but does not |
invest the stalk. It is seen again in the region |
where the stalk is attached to the tuber cinereum. I
The sells turcica in the rabbit is narrow and deep, soi

|

that /




Fic. 2 Prruirary

OF RABBIT.

THE POSTERIOR LOBE LIES DIRECTLY BEHIND THE ANTERIOR.

THE CLEFT (5 PARTLY OBLITERATED . [HE STALK is SOLID.

IHIS REPRESENTS THE CONDITION MET WiTH IN THE HUMAN

SUBVJECT. IRON HREMATOANLIN & conGo atp. X2O.
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that the pituitary is more or less ovoid in shape,

iwith the long axis in the antero-posterior direction.

BLOOD-SUPPLY

The details of the blood-supply have been

'thoroughly investigated by Herring and by Dandy &

!Goetsch. Herring examined the internal circulation

'and showed that the main vessels of the pars anterior

and of the pars nervosa respectively are independent

'of one another. If the pars anterior is successfully?

? |
iinjected with carmine-gelatine, it appears to be a
|

‘olose net-work of vessels. The vessels are so ‘
iabundant that a photograph of this part appears almosti
iblack. The arteries supplying the pars anterior con-
'sist of fifteen to twenty small vessels derived from

their -
|the internal carotid which reachgdestination by pass-

{ing down the stalk. The smaller vessels in this part‘
?of the pituitary are sinusoidal in character. Some
éof the veins from the pars anterior run up the stalk
}and discharge into the large cavernous sinuses on
éeither side of the pituitary; while other veins appear
;to.pass into the posterior lobe in which they run
]heneath the pars intermedia.

The posterior lobe is supplied by & median artey
which enters the postero-superior surface. This !

vessel arises from the union of two symmetrical

branches/
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' brenches from the internal carotid and has been termed

' the azygos artery. The veins of the posterior lobe

are situated beneath the cells of the pars intermedisa,
' and they unite to form venous chennels, most of which

|
!pass out through the postero-superior surface in con-

!junction with the azygos artery, and empty into the
'cavernous sinuses or the posterior intercavernous..
'The arrangement of the vessels of the pituitary is
peculiar in that the arteries supplying the pars

anterior have an origin different from that of the

(artery supplying the posterior lobe; whereas the

'veins of the two lobes are not entirely independent of
|

| each other. This vascular distribution is important

in regard to the physiological interdependence of the |

}two lobes.
|

|
% DEVELOPMENT .

In & human foetus of 2.5 m.m. in length the |
5pituitary is represented by what is known as the hypo-
!physial engle. This angle is produced by the é
junction of the upper limit of the pharyngeal membranei
with the roof of the primitive stomodeum. When this
membrane bresks down, the hypophysial engle, which is %
ectodermal in origin - as was first shown by Balfour =
!becomes deepened to form Rathke's pcuch. According toi

becomes ;
‘Herring, when the hypophysial angle/deepened into a

definite/ |
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definite pouch by the bending forwards of the stump
of the pharyngeal membrane - which causes the upper
surface of the angle to curve backwards and downwards
- a portion of the adherent cerebral vesicle is
dragged down and forms a hollow process behind the
pouch. This cerebral recess represents the first

appearance of the infundibular or neural process. At

| this stage there is no connective tissue between the

' cerebral vesicle and the buccal epithelium; conse-
| cuently a very close union is formed between the two

-parts, and the juxtaposition of the structures concer-

the /

ened.is maintained during the subsequent stages in the
development of the pituitary.
The further stages are well-defined. The pouch

» |
of Rathke next becomes triradiate and then shows i

numerous diverticuls branching out enteriorly and
laterally, so that the pituitary becomes a much en-

larged racemose body. The infundibular process be-

comes more and more intimately blended with the hypo- |
physis, and greduslly in the human subject and in most
mammals the central cavity disappeers except,perhaps,

for a smsll pouch of the cerebral vesicle at the neckﬁ

In the cat and the opossum the central cavity persisti.

I
|
an isolated part of the cavity in the substance of the

Most of the rabbits examined showed a persistence of

pPars nervosa. The residual lumen of the hypophysis -+
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the remains of Rathke's pouch - from which diver-
i ticula can be traced, is closely applied on its postef-
ior aspect to the neural surface. This thin pOsternr

|wall of the cavity of Rathke's pouch eventually forms:
:the pars internedia or juxteneural epithelium. |
i Ultimately, in mammels, the branching processes |
Iof the pars anterior fuse, or become compressed to- '
.gether, to produce a more or less compact structure.
2In elasmobranchs this tubular or branching arrangement
Iis the final state of development.

| From the manner of development of the anterior
lobe, cell inclusions are sometimes found to exist

along the line of the sc-called "canalis cranio-

pharyngeus? in 8 systematic study of a series of 51
human subjects of all ages Haberfeld found with regu-
‘larity a small glandular strand, varying from 1 to 7
m.m. in length, situated in the rmucous membrane just
behind the ela of the vomer. This he designated the
"Hypophysis pharyngea® This collection of cells has
been known to.constitute the source of a neoplasm in
the adult. pandy and Goetsch have alsc been able to
demonstrate a remmant of the other end of the canal.

!They found between the layers of dura in the central

_part of the floor of the sella turcica another epi-

thelial rest, which they have termed the Parahypophysis.
This is fitted into & smell depression in the bone and |

consists of a cluster of chromophobe cells.
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HISTOLOGICAL ANATOMY .

; The Pars Anterior of the pituitary is made up of
la branching compact net-work of epithelial columns end

' threads supported by a frame-work of fine connective
| tissue. The columns are separated from each other by
large sinusoidal blood-spaces which are a striking I

ifeature of this part of the gland. These sinuses are |

iing cells, in many cases, are placed directly on the f

vessel wall. This arrangement is of great importance

lined with g single layer of epithelium and the secret-

'in the consideration of the method of the escape of |

secretion. Flesch & Dostoiewsky, working independent
|1y, were the first to describe two types of cell-with

different staining sffinities, and Lothringer followed

%with g definite description of the staining characters
'of the two verieties - the chromophil and the chromo-

phobe. Schonemann divided the chromophils into two |

sub-varieties - (1) +the eosinophilic or acidophilic,

land (2) the bascphilic or cyanophilic cells. The
:question as 1o whether these cells are distinct varietis
or the same cell in different states of functional

sctivity will be discussed later.

In the human pituitary all three types of cell
are present. In the guinea-pig snd in the rabbit, as|
Blair Bell has pointed out, there are no true basoPhili

cells, the cells being eosinophil and either chromqhﬁﬁ

or/
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X700 .-
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or showing a very faint besophil staining of the proto-
plasm. Kojime has described basophil cells in the
;pituitary of the rat. The eosinophil cells stain a
;bright pink with eosin snd an acid solution of toluidin
blue (See Fig. 3). They are spheroidal or polyhedral
|in shape, with a nearly homogeneous protoplasm which

is full of fine granules. Studnicka states that the
|granuies are more abundant on the side of the cells

I
|
'adjoining the blood-sinuses, but I have not been able!
1 L |

ito verify this observation. In the animels examined |

'the granules appear tc be equally distributed through-

usually described as being commonly central in position,

iout the cell. The nuclei stain well with haema-

toxylin and are rounded and well-defined. They are

'but in the guinea-pig they are nearly alwsys ecoentric%
'so that the position of the nucleus cannot be regarded
Eas characteristic. The eosinophil cells stain very !
:well with iron haemstoxylin and the granules show up |
distinctly with this stain. (See Fig. 4.) This
fact seems generally to have escaped observation, but
a careful comparison of sections stained with eosin
and with mon-haematoxylin shows that the cells with
the bright-pink protoplasm in the one case oorrespond;
to the darkly-staining cells in the other.

The chromophobe cells are also rounded or poly-
hedral in shape, though sometimes ill-defined. The

cytoplasm/
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cytoplasm is faintly graenular, whi;e the nucleus is
large and centrally placed, either round or irregular
‘in shape, with a chromatin net-work which stains
 distinctly with basic dyes, though less readily than
ithat of the eosinophil cells. The basophil cells of
Ithe humen pituitary are large cells with nuclei '

 eccentrically placed and with homogeneous and granulaf

?protoplasm which stains dark blue with haematoxylin.

' The cytoplasm may contain rounded vacuoles.
! Rogowitsch described the existence of nucleated |

' masses o0f embyrocnic tissue in the anterior lobe.

‘H. Stieda made a similar observation and described as

| "Kernhaufen"” masses of embryonic tissue full of close-

'1y packed nuclei, having.little protoplasm and no cely
iborders. I have observed this appearance in the
irahbit, chiefly in the neighbourhood of the lateral
margin of the intra-glandular cleft.

The distribution of the various types of cell in

the anterior lobe varies considerably in different

species. The statements of different observers as to

the arrangement in the lower esnimals sre in meny cases

lconflicting; +thus, Blair Bell believes that no two
pituitaries in any animal or human being are aliﬁe in i
this respect. Tilney, on the other hand, believes
Lthat the chromophils and the chromophobes tend to be

limited to definite regions of the gland. The

discrepancies /
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. discrepancies are probably due to the want of a uniform

method of sectioning the pituitary and to failure to

| |
‘take into sccount the stete of physiologicsl sctivity

of the gland. !

|
lanimals examined was in certain regions remarkably

|
constant. In both the rabbit and the guinea-pig the

The arrangement of the types of cell in the two

ieosinophils predominate, but chrcmophobes are always
'abundantly present. The two varieties of cell are
intermingled over the greater part of the anterior

lobe, but in certain regions the one type is found to

‘the almost complete exclusion of the other. In the
|rabbit a median sagittal section always shows a septum

iof connective tissue passing downwards from the capsuls

| .
on the superior aspect of the gland about halfway be- |

|tween the pars intermedia and the anterior border. The
area lying inufront of this consists almost entirely

|
:of chromophobe cells , both in the non-pregnant and in

ithe pregnant animal (Figs. =% 8). In the guinea-pig |
'the cells in front of the lower énd of the cleft are
almost entirely chromophil. In the human subject,
according to Cushing, the eosinophils are usually most
abundant towards the centre of the anterior.lcbe,while|

the bssophils are most numerous towards the periphery.

Chromophobes are relatively scarce and are found in

the neighbourhood of the cleft and scattered elsewhere|

throughout/
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gthroughout the pars anterior.
i Under certain conditions the eosinophil cells
lare seen to be arranged in a vesicular manner with -
;masses of acid-staining secretion in the centre.

Blair Bell states that this arrangement is not met
iwith in the rodents, but I have observed it in both
the rgbbit and the guinea-pig, though it is not eommoni
iin either. The significance of this sppearance will

| :
'be discussed later. In the human pituitary vesicles

gcontaining basophil colloid substance are sometimes

'seen; the cells surrounding the substance are chromo-

phobe or faintly eosincphil. Thaon & A.S. & H.Grunbami

‘have described the presence of secretion in the blood-%

'vessels and sinuses of this part of the gland. i
|

Thaon, Erdhein & Stumme, and others have directed
lattention to,the lipoid particles that may be demons-
trated in the epithelial elements of the pituitary.

These bodies stain with Sudan III, Scharlack R, and
|

osmic acid and are soluble in ether and alcohol. The

lamount of lipoid materisl vseries enormcusly in differ—|
ient pituitaries and probably in different circumstanceé.
The stained lipoid bodies vary in size from dust-like |

particles to globular masses considerably larger than

the nuclei of the cells. We are not yet in possessicn
of enough information to draw satisfactory conclusions

as to their exact nature and import.

There are no nerve cells or medullated nerve |

fibres/
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(fibres in this part of the pituitary. Berkley has

described sympathetic nerve fibres derived from the ;
| ! !
icarotld plexus. These sympathetic fibres, which are

very fine and varicose, come off the main stem apprmuL
!

irregular course among the epithelial cells, and

|
imately at a right angle, cross the sinuses to run an
|
:flnallv bregak up into branching terminations with
numerous ball-shaped endings which lie in the inter-
cellular tissue.

The existence of lymphatic vessels in the pars
anterior has not been definitely settled. Thaon has
failed to find any. Caselli, however, asserts that
lymphatics are abundant, while Herring staﬁes that
there is considerable doubt as to whether they exist
or not. Edinger believes that lymph spaces separate
the epithelial cells from the blood-sinuses. Most

observers, however, agree that lymphatics, if present,

must be extremely few in number.

r THE INTRAGLANDULAR CLEFT.

The cleft - the residual lumen of Rathke's pouch
- inteivenes between the psrs anterior and the pars
lintermedia. In the guines-pig (Fig. I) it is & well-|
defined fissure extending scross the greater part of
the gland, both in the vertical snd the transverse
direction. It is limited below by a thin strip of |

pars anterior which becomes continuous with the pars

intermedia/ . |
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| intermedia. Unless great cesre is exercised in hand-
:1ing the specimens this strip is apt -tc bresk down.
|In the resting state the cavity is lined with flatten-
Eed cells in about the upper two-thirds of the anterior;
aspect (Fig. 9). The lower third of the anterior
}boundary is covered with columnar epithelium which is
icommonly ciliated (Fig. 10). This condition of the
!epithelium of the lower part of the cleft is constant !
!as regards the guinea-pig, though I have not found anyi
ireference to it in the literature. The posterior

boundary of the cleft consists of the cells of the par?

intermedia. In the resting phase the cleft ususlly

iappears empty, but when the gland is functioning

actively it may contein visible secretion . In the |
rabbit the cleft presents the appearance usually met r
with in the humen subject. It is partly obliterated
and broken up into isolated segments, forming separate
cavities which mey contain colloid secretion. These

cavities are lined with columnar ciliated epithelium

(Fig. 11). The frequency with which ciliated epi- |
thelium is met with as the lining of the cleft appears

|
generally to have escaped notice.

Kojima describes the cleft in the rat as resembl-

an the condition met with in the rabbit; it is partlg
Fbliterated and may form a chain of isolated cavities.f
Herring states that the anterior lobe in the cat is i
usually separated from the cleft by a éingle layer of !

flattened/
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lflattened cells, which are larger then endothelial
Ecells and are continucus at the anterior and postericrl
lends of the cleft with the cells of the epithelisl re-|
%fleotiOn. He makes no mention of ciliated columnar !
DAt RET bl W pe Tk o e e this snimal. |
John Fraser has recently shown that in the human sub- |
;ject in early life the cleft may be quite-well develop%
Eed, and may show importsent variations as to its con-
Itents, which depend on the staete of physiological
activity of the gland.

!
Pars Intermedia: This portion lies mainly behind

the intra-glandular cleft. At the lateral margin of
the cleft it becomes continuous with the epithelium of
the pars anterior without any sharp line of demarcation
though the cells of the two parts are readily dis-
tinguiéhed from each other where they intermingle
[@Pig. 1), It is for the most part applied to the
surface of the pars nervosa which abuts on the cleft
and to the neck of the gland which connects the pars
nervosg with the infundibulum, but the extent and dis-
tribution vary in different snimals and in different
states of physiclegical activity. In the guinea-pig
the pars intermedis is well developed and forms &
thick layer behind the cleft. It is continued as s

thin leyer almost or quite completely around the pars

nervosa snd shows & marked sccumulstion &t the neck of

the/
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| |
‘the gland (Fig.!(3 ). In addition, it is prolenged

!upwards on the stalk towards the bsse of the brain.
In the rabbit also, the pars intermedia is well-msrked|
behind the cleft. It does nct extend so completely |
éaround the pars nervosa as in the guines-pig, usueally
%leaving the posterior aspect uncovered. The sccumu-
lation in the region of the neck is less evident but
is diétinetly present. In this enimal the stalk is
hncovered, but the epithelial investment appears again
at the base of the brain in relation to the tuber

c inereum.

In the adult humen subject the pars intermedia
is poorly developed. It forms a thin layer,covering
the pars nervosa where it adjoins the cleft. At the
upper end cf the cleft and around the neck the cells
are more numerous but never occur in large numbers.
John Frsser has recently shown that in early 1life the
pars intermedis may form cuite a thick layer behind
the cleft. _

The cells of the pers intermedis are usually

neutrophil or faintly basophilvin their staining

resctions and form a marked contrast to the bright

: o)
pink eosinophils of the pars anterior. In the rabbit)

and the guinea-pig the cells are polygonal in shape

|
. |
snd contain numerous fine granules which are faintly i
basophil. The epithelial elements lining the cleft i

are [
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'are often fl&tteneq on the free surfsce 8nd sre tri-

|
'angulsr in shape, with an angle projecting into the

the pars nervosa may alsc resemble in shape the foot
cells of the testicle. The pars intermedia sometimes
shows wedge-shaped processes, groups of cells, or
'isolated cells passing into the pars nervosa (Rig. |4 )

The éignificanoe of these sprearances will be referred

cells,arranged vertically to the surface, are seen
among the epithelial elements. They are described by

Lothringer, Gemelli, Trautmsnn, Herring, and Atwell,

‘Stendell has suggested that these cells are elements

which have wandered into the pars intermedia from the

%peared f ' 4 . - :
0 be sending projecticns into the pars intermedia.

.0

These contacts vsry in number from two to five and are
apparently transitory, being observed most constantly
in the 16-day embryos, and never later than the 20th
dsydevelopment, It is suggested that this msy be the
means by which the transfer of cells is eccomplished,
However, another possibility must be kept in mind, and
thet is that these appearances may be due to the

sporedic recurrence of & condition common in the lower

fishes/

to later . In meny enimals supporting spindle-shaped

and are best demonstrated by the Cajal or Golgi methods

‘cells behind; and the cells which are in contsct with;

L]

pars nervosa. Atwell hss observed in the rsbbit embry?

distinct regions of contact, et which the pars nervesa
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fishes, where the interdigitation of the pars nervosa
with the pars intermedis is very extensive.

A prominent feature in some animals is the
' presence in the pars intermedia of vesicles containing
isecretion. In the cat and the dog they sre particu-!

larly abundent in the region of the neck and contain

| much granular secretion. In the humen pituitary col-

loidal secretion is sometimes found in the pars inter-

media around the neck of the gland, and in certain

. _Vegicles
circumstances the /msy also be found at a lower level.

In the rabbit these vesicles sre well-marked and con-
| tain colloid substance (Fig.)$ ). They differ in
:their arrangement from thet of the cat and the dog in
being most gbundant behind the cleft - below the level

of the neck - and are usually larger than the vesicles

| found in these animals. It is en important fact in

[the consideration of the secretory process of the

3posterior lobe that vesicles do not occur in the pars |
‘intermedia of the guinea-pig.

Lewis & Msurer have recently subjected the pars
intermedia to a careful cytological study, making use
of careful fixation methods followed by the granular ‘
stains. They find that two kinds of cell occur in
the pars intermedia: (1) cells related to the oolloié—
COntaining vésioles and evidently the secretory source

of the colloid; (2) the secretory cells which are the |

oharacteristic/
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icharacteristic elements of the pars intermedia, and
iwhich are finely granular and basophil or neutrophil.
!The appearance of the cells lining the vesicles in the
rabbit does not support the view of Lewis & Maurer
ithat they are the secretory souroe:of the colleid.
!In Fig. |7 the lining cells are flattened with darklyl
|staining nuclei and present a distinct resemblance to :
‘those of & thyroid vesicle in the resting state of the;
!gland. They never show the appearances of active
Esecretion such as are seen in the cells of an active
?thyroid. It seems probable that they are merely con-
Etaining cells and that the contents of the vesicle are
Ederived from the surroﬁnding granular cells.

A notable feature which distinguishes the pars
‘intermedia from the rest of the epithelial part of the
|

pituitery is the absence of blocd-vessels. Large

éblood vessels are numerous at the junction of pars
éintermedia and pars nervosa, but capillaries are com- I
pletely absent from the pars intermedia or are very feﬁ
in number. A striking contrast, as pointed out by |
Herring, is thus afforded between the highly vascular
epithelium of the anterior lobe and the non-vascular
epithelium which covers the pars nervosa. This
peculiarity indicates a differemce, if not of function
at any rate of the mode of absorption of the products
of the epithelial cells. !

Thaon states that there are no lymphatics in the

pars/
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pars intermedia. In some animals, such as the lemur,
supporting connective tissue is abundant, but in the
rabbit and the guinea-pig and in many other animals it:
?is entirely absent. In the rabbit, however, there is

g well-marked layer of connective tissue immediately |

'behind the psrs intermedia in which numerous large
|
vessels are found. In the guinea-pig this layer is

'scanty or absent.

|

! The "Pars Tuberalis¥ This term has been
!applied by Atwell and others to the epithelial lsyer
iwhich clothes the infundibulum and the tuber cinereum
énd is prolonged forwards towards the optic chiasma
(Fig. 1% ). Tilney describes it as being masde up of

cell masses with occesional smell relatively thick-

walled acini. He states that this portion is dis-
%tinotly more vascular than the psrs intermedia snd

ithat the cells are basophilic with scanty cytoplasm.
Baumgartner in reptiles, Parker in marsupiasls, and

Atwell in the rabbit and the ox, have noted the acinsr|
character of the pars tuberalis as one of its most |
striking characteristics. Thése aoini are spoken of
by Tilney as being walled by two layers of cells, wﬂile
Parker & Atwell have noted a single layer. Atwell

also emphasises the fact that the pars tuberalis never

shows a tendency to invade the neural tissue in the

manner/

4
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|
!manner so characteristic of the pars intermedia, end
|that the ectodermal supporting cells sometimes found

‘in the pars intermedia hsve never been described for

!the pars tuberalis.
The lest-named observer describes a special mo@e
|of development for the pars tuberalis. He states !
ithat it has & psired origin from two buds, which appeai
?early at the ventral end of Rathke's pouch, near the i
iattachment of the epithelial stalk. These, the latersal
lobes, or tuberal processes (Tilney) are at first some
distance from the attachment of the neural lobe. As
development proceeds, however, they acquire a position

near the brain wall, and, after fusing in front and

behind the infundibulum, spread out to form a thin

layer under the floor of the diencephalon and hypo-

thalamus. The residual lumen never intervenes be-

tween the pars tuberalis and the anterior lobe proper.|
Only a few attempts have been made to assign a

distinctive function to this part of the gland.

Atwell & llarinus believe that the pars tuberalis is

incapable of producing the effects on uterus, intes-

lobe
tines, and blood-vessels characteristic of the posterior/

|

complex. Marinus hes likewise stated that when fed

to rats the pars tuberalis does not produce the growth!

effects of the anterior lobe proper :
Herring does not meke any distinction between |

this/ |
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this part of the gland and the pars intermedia. He
regards the vesicles found in this region as the i
same as those so abundant in the cst, around the neck.|

|
iIn the rabbit this part of the gland is very scanty in

lamount; there is no epithelial covering of the infun-
:dibulum, but there is a small accumulation of cells ati
the attachment of the stalk to the tuber cinereum,
which resemble very closely the cells of the pars inter-
media. In the guinea-pig the investment of the stalk|
|is well-marked, especielly on the posterior aspect

(Fig. |9 ). The chief difference in this snimal be-

tween the pars tuberslis and the pars intermedia lies

i

in its vascularity. Numerous blood-vessels pass free
ly between the cells (Fig.d0 ), whereas in the pars
intermedia behind the cleft vessels are scanty or
absent. I do.not agree with Tilney as to the basophil

|

steining of the cells; in the guinea-pig at least,the
cells are neutrophil and exactly resemble those of the
pars intermedia proper. Vesicles do not occur in the
pers tuberalis in this animal. In the actively-
functioning gland I have found abundant hyeline bodies
among the cells of the investment of the stalk. These
are exactly similar to those which are found emong the
cells of the pars intermedia - in the active state,

as will be described later, snd appear to demonstrate

conclusively/
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conclusively that the function of the two parts is the

|same. There seems to be no sufficient justification
. ; |
| for meking & physiologicsel distinction between the

pars intermedia proper and this prolcngation upwards |

towards the base of the brsin. ' |

The Pars Nervosa: This part is chiefly composeﬁ
| of neuroglia fibres and cells. Many of the fibres

| arise from these cells, others from the ependyma cells

of the infundibulsr recess. The configuration and
distribution of the neuroglia-cells and their fibres

have been depicted by many writers. Many types of |
neuroglial cells are to be found, and these varieties!

| relate chiefly to the profusion or otherwise of the
processes arising from them. In the rabbit the
fibres present & whorled arrangement, the general trend

of which is towards the stalk. In the guinea-pig the

=

form a looser net-work, the fibres of which also con-

verge on the stalk.

Herring was the first to describe the presence,
in the pars nervosa, of small hyaline bodies, highly

|
refractive when unstained (Fig.42 ). They are scatterr

ed throughout the nervous substance and stain only !
feintly with eosin. By over-steining with safranin,
or by steining deeply with acid fuchsin or congo-red,

I heve found that these bodies show up well. Their

significance/
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significance will be dealt with in considering the
iprooesa of secretion.

' In some animals, notably the cat and the opossum,
‘there is e cavity commnicating with the third ventri-
cle and lined with ependyms cells; but in men and |
most memmals this portion of the pituitary is solid.
The rabbit appears to be unique in possessing an iso-
élated cavity in the pers nervose (Fig.dS ). It is |
Ilined with ependyma and undcubtedly represents a per-
|sistence of a portion of the original cavity of the
pesterior lobe. It occupies the upprer third or more

|
|
of the pars nervosa and vsries in shape from a slit-
like tc an ovoid space with rounded extremities. It i

is ccmpletely cut off from the third ventricle, the
| |
'stalk in this enimal being solid. It apprears to be & i

:constant festure - at least in pregnant animals - and
:ShOWS very definite varisticns as to its shape and con-
;tents in different ccendifons of functionel activity.
|The only reference to this feature that I have met with
i in the literature is & remsrk of Herring's, in referﬂ;
Iring to the pituitaries of the ox, pig, and rabbit, |
that "Traces of a central cavity are sometimes found |

!in the neck of the posterior lobe® The sppearances

|of this spece in different states of physiological
jactivity are described below.
The question as to whether the nervous portion

iof/
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of the hypophisis conteins nerve cells has formed the |

subject of repeated investigations. Both Krause and

Berkley describe true nerve cells and nerve fibres.
According to Berkley, the true nerve cells are situ-

ated chiefly in the lower 2nd snterior part of the

pars nervosa. This author has divided them into two |

groups - those having one dentrite and those having
more than one. Ramon y Cajal found cells of an unde-
fined kind ir young rats, together with delicate fibres
which were certainly nervous snd which proceeded from
nerve cells situated at the base of the brain behind
the chiasma; these nerve fibres descended through the
infundibulum, formed a plexus in the pars nervosa, and
terminated in free branches. Kolliker, Csaselli, and
Herring deny the existence of true nerve cells in the
pars posterior. They believe that the nervous
elements consist entirely of meuroglial and ependymal
tissues. Gentés discovered & ccnsiderable net-work
of nerve fibres by Golgi's method, and this finding .
was confirmed by Thaon. With regard to the ependymal
cells, these are found in the neighboufhood of the
neck, and sometimé&?%ﬁ% inclusions in the centre of
the pars nervesa in those esnimals in which the centralIl
cavity has been obliterated in the process of develop-
ment .

No evidence has yet been sdduced to show that

the/
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the sympathetic nerves leave the blood-vessels in the
pars nervosa as in the case of the pars anterior. Iti
has been suggested, however, that such fibres may
reach the psrs intermedia from the pars anterior. The

blood-vessels of the pars nervoss are comparatively

few in numbe?, so that in this respect there is a mark

ed contrast between the anterior and the postericr
| 4

leobe.

Special.attention has been directed by Kohn and |
others to a peculisr pigment which has long been known!
to exist in the neuroglial fibres of the pars nervosa.
éThe composition and origin of this pigment has not
Ibeen discovered, but, according to Biedl, it has been
-ishown to be neither & fat nor a lipochrone. Clunet &
Jonnesco have also made & careful study of this
materisl. They have found that it is possible with
the naked eye to obsérve the pigment in unstained
sections held up to the light; it is chiefly seen in
the posterior part of the pars nervosa, although it
|may be distributed throughout. The granules are de-
Isoribed as being more or less sphericsl and brownish-
yellow or greenish in colour. It was found by these
investigators that neither hydrochloric acid nor acetic
acid has any effect on the pigment, but that sulphuric

gcid turns it black without dissolving it. It is in-

soluble in alechol, xylol, benzene, chloroform, ether,

and cedar-wood oil. Strong solutions of ammonia and

of/
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of caustic potash and caustic sods will only affect
this substance after proclonged contact - that is to

say, after twenty-four or more hours - when it may be

completely dissolved.

The pigment does not give the iron resctions. | -
It is not turned brown by osmic acid, nor coloured red
by Sudan III or Scharlack R.; and it is not stained |
by hsematoxylin, hsemetin, or safranin, ,but it is
changed to an intense black by iron-haematoxylin, and
blue by Giensa's stain. It is tinted also by a few
of the rarer dyes.

Livon & Peyron loock upon the pigment as a pro-
duct elaborated by the neurogliasl elements from the
secretion of the glandular portion of the pituitary;
but whether this is effected by & process of assimi=-
lation or deposition they were unable to discover.
Fischer considers that this substance is the result of
{degeneration in o0ld age. I have not met with the
.pigment in either the rabbit or the guinea-pig, so that
it cannot be regarded as an essential element in the
paré‘nervosa., Laberatory snimals usually fail to
attain to old age, so that the absence of the pigment
in the animsls examined mey, perhaps, be taken &s sup-

porting Fischer's view that the presence of the pig-

ment is a senile change.

THE/
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THE HISTOLCGICAL EVIDENCES OF SECRETOKY ACTIVITY |

In the

P U T PEA RY,

It is well-known that the pituitary undergoes a
\remarkable enlargement during pregnency. Efdheim &
:Stumme found thet in nullipsrous women the maximum
weight during the reproductive pericd was 0.75 gramme,
while.in multiparae at the end of pfegnancy, the aver-|
age weight was 1.06 gramme. Attention has hitherto
ibeen mainly directed towards the anterior lobe and
this part of the gland has been regarded as the seat
of the principal chenges in pregnancy. It becomes
Iapparent, however, from the examination of a consider-
able number of pituitaries that the remeinder of the
gland shows very definite evidence of increased
Eactivit;v, and it is highly probable that the increase
in size and Wéight of the pituitary is in part due to
these changes and also to the capacity for the storage
of secretion which the gland possesses to a striking
degree.

PARS ANTERIOR.

The work of Erdheim & Stumme arocused grest
interest in connection with the changes which take
place in this part of the gland in pregnancy. These
suthors attributed the enlargement entirely to changes

in the anterior lobe. They describe , in the human

female/




(34)
i
female, the appearance in enormous numbers of a new
‘kind of cell which they termed "pregnancy cells® The f
|

‘oells are large chromophobes; they have large, light,

irregular nuclei, with abundant plesm which is distinct-

ily grenular. The eosinophil cells are as numerous as |

Iin the gquiescent gland but are now largely out-numberei
|by these new pregnancy cells. The basophils also are
unaffected. Leunois & Mulon have described the
|different types of cell met with in pregnency snd ob-
served that the cells sometimes showed a syncytial
arrangement. Their observetions were made on only
two pituitaries from human females immediately after

confinement. They mention the possibility of some of

the appearances being due to post-mortem changes and do

net discuss the relative proportions of the different

types of cell.

Siguret observed in rabbits a diminution in the
number of chromophobe cells and an increase in the
_number of eosinophils, the opposite change to that
described by Erdheim & Stumme. This auther also
found that the change was as marked at the beginning
as at the end of gestation. It is evident that,
although all observers agree as to the increase in size
of the anterior lobe in pregnancy, opinions are divided
as to the relative proportions of the different types
of cell. Blair Bell is impressed with the variations

during/
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during pregnancy, both in animals and in women.

'Usually in rebbits he finds an increase in the degree |

|
of eosinophilia - that is to say, the lightly-staining

eosinophil cells, which predominate in tﬁe pars

enterior of this animal, stain more deeply. But he
Ehas also found pronounced chromophobia in this situ-
ation during pregnancy in the rsbbit. In women, he
states that the chromophobe cells are usually plentiful
;in pregnanby, but this is not always the case. He
beleives that the esseatial change in the pars anterior
of all animels during pregnancy is towerds greater
activity, and this may be represented by increased

eosinophilia of the eosinophil elements or by chromo-

phobia. In his opinion the large chromcphobes of

pregnasncy are active cells in which the secretion is

passed into the blood-stream as soon as produced, so
that there is no time for it to accumulate in the cell
and give the eosinophil reasction. Blair Bell also
describes the lobulated or s2denomatous arrangement of
the cells which is commonly seen in pregnancy (Fig.24al.
This lobulated appearance of the cells freguently
ocours in non-pregnant guinea-pigs end cannot be regard-
ed as cheracteristic of the pregnent condition.

The conflicting statements as to the condition of

the cells of the pars enterior during pregnancy &re
!
probably dependent on two facts - first, that there has

been/ i
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been ne¢ uniform methcd of sectioning the gland, and,
second, that in the human pituitary there is always
delay between the time of death and the fixation of
the tissues. With regard to the first source of
error, there is no doubt that the different type of
cell vary in amount in different psrts of the gland.so!
that, for example, 8 paramedisn section might reveal ai
relatively lsrger number of chromophobe cells than &
median. Por purposes of comparison, @s Cushing has |
emphatically declared, only mediar ssgittal sections ;
should be utilised. The second source of error, in i
the cese ¢f the human subject, can hardly be obviated.i
In the intervel between death snd fixstion of the
tissue, secretion products, probably more labile than
in the resting gland, tend to disappear from the cell.
The pituitaries of the lower animals, in which the |

tissue can be fixed immediately after death, are there-

fore of grester value in the investigation of this

guestion.

In the animals examined the principal changes in
pregnancy in the pars anterior of beth the rabbit and i
the guinea-pig were an increased eosinophilis and an
increased vesoularity of this pert of the gland. The
inorease in the eosinophilis was due, not only to an
increase in the number of the chromophil cells, but
also to ar increase in the intensity of staining. There

1 :
seems/
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' seems tc be little doubt that eosinophilia is the

|
|characteristic condition in functional activity of this

'part of the gland, although it is possible thaf toc
‘much stress has been laid on the staining reactions of
ithe secretion granules. It hes been pointed out that
.the acid-staining granules stain with iron-hsematoxylin
just as well as, or even better than, with eosin. 1In
ipregnant animals, the cells containing abundant grasn-
!ules are incressed in number whether the stain used is
iiron-haematoxylin or eosin.

| i
The increased vascularity of the psrs anterior |

J
is a very striking feature, especially towards the end

| |
;Eigs.£4 7o 1 The dilatation of vessels affects not|
i i
!only the sinus-like capillaries but also the larger

of pregnancy, es may be seen from an examination of

:vessels. i
With regerd to the dispossl of the secretion of
the anterior lobe, there can be little doubt that for |
the most part it is carried away in the blood-channels}
Thaon and others have drawn attention to the fact that
granular secretion may actually be seen in the blocd- |
sinuses} but it seems certain that the secretion is

chiefly taken intc the blcod-stream in infinitesimal

lquantities. : |

Storage of Secretion: The anterior lobe is

1arge/
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| of secretion is hardly necessary to provide for the

pig. Herriné states that it does not cccur in the

(38)

| large in comparison with the posterior,and permeated

everywhere by a net-work of vessels, so that a large
amount of secretion can be regpidly produced and quiokQ

ly passed into the blcod-stresm. Therefore, storage

majority of physiological reguirements. In the human
pituitary it is not uncommon tc find the eosinophil
cells arranged in a tabular or vesicular manner with
masses of granular, scid-staining secretion in the
centre. In other cases bassophil colloid meterisl is
seen surrounded by chromophobe cells. Storage of

secretion is rarely met with in the rabbit or guinea-

pituitary of the rabbit, but I have found vesicles
occasionally towerds the end of pregnancy. Fig.3$
shows a vesicle from the .pers anterior of a rabbit

2% days pregnant. It contgins eosinophil ceolloid sub

stance snd is lined by flettened cells. These vesicles

have not been met with in non-pregnant rabbits,snd in
pregnant enimals only towsrds the end of the gestation
period. In the guinea-pig two types of vesicle have

been met with in the psrs entericr of pregnant animals

Fig. A6 shows 8 type of vesicle which is sometimes

seen ir the upper part of the anterior lobe. It con-

tains scid-staining colloid material, end resembles |
|

that seen in the rabbit, except thet the cells are

less/ ‘
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| less flattened. The second type (Fig.J?" ) occurs |

| In non-pregnant guniea-pigs vesicle formation was only

(39)

nesr the lower end of the intrs-glandular cleft. 1t |

contains a little granulsr meterial snd is lined with |
ciliated colummar epithelium. It is probsble that |
this second form represents a developmentsl "rest"™ from
the primitive pcuch of Rathke end possesses no physic-
lcgicél significance. From the pathological aspect
such inclusions are of considerable importance;
Erdheim and Cushing have emphasized the faét that they

may form the source of epithelial growths or cysts.

met with in one instance. In this animal the vesicle

i

were surrounded by active eosinophil cells and contain;
ed acid-staining secretion (Fig.48 ). They presented|
a very distinct resemblence to glandular acini. This

animal was regarded as being aged, and this supposition

\was berne out by the presence of numerous pigment
!granules in the cells of the thyrcid and the suprs-
rensal cortex. If this is the case, the formation of
vesicles supports the opinion of Thaon - that the
pituitery remsins sn active organ in old &age.

The Significesnce of the Staining Reactions of the Cells

'of the Pars Anterior.

There has been much discussion as to the re-

lationship of the differently-staining cells of the

anterior lobe. Some authorities - Gemelli, Scaffidi,

Erdheim, /
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| Erdheim, Friedman, and others, believe that the chromd-

phils and the chromophobes represent two distinct

‘types of cell, while Sairt-Rémy, Pirrone, Thaon, ’
Guerinni, TLaunois, Joris, Herring, Blair Bell, and
others, regard the two forms of staining reactions as

‘indiceting different stages of activity of the same

type of cell.

i In support of the former view, Erdheim has point

led out thet the adenoms-like formetions found in patho-
logical affections may consist, in séme cases,entirelyl
of eosinophils, in others, entirely of chromophobes, |
as if the conditions arose from groups of one or other

type of cell. Cushing, however, has shown thet an

eosinophil adenomatosis or hyperplasis is associated,
at least in the earlier stages of the disease, with the
condition of acromegaly, this being a state of hyper- |
pituitarism, while a chromophobe struma is invarisbly |
accompanied by signs of H&perpituitarism. Thus, in

twelve cases in which a chromophobe strume was present,

there were signs of glandular insufficiency in every

instance. These observations of Cushing lend very
strong support to the view that the eosinophils sare thé
ctive cells, sharged with secretion, while the chromo-+
phobes are empty or exhausted cells.

Friedman, who supports the view that the two

types/
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iﬁypes of cell are different forms, believes that the
}“pregnancy cells™ have for their function that of in-
!hibiting uterine contractions and preventing premature!
lsbour. He points out that in Grave's disease , in
‘which condition, according to Fry, the pituitary pre-
sents & state of chromophilia, miscarriages are very

frequent when pregnancy does occur. Whereas, in myx-|

joedema, where the gland, according to the same observef,
{[shows a ccndition of chromophebig,premature labour is

very uncommon. This last observation, however, can-

not be accepted without reserve. McCarrison states

%thet miscarriage is freguent in m@xoedemafous patients?
In any case, chromophobia in myxcedema can be egually 3
well explained by regarding it as a state of hypoactiv%
ity of the pars‘anterior, corresponding to that which i
is seen in hibernating animels.or, as shown by Blsair |
Bell, in breooding hens, and corresponding also to the

state of under-activity of the majority of the vital

processes in that affection. It is probably to be
Eregarded, not as a condition in which there is an in-
crease of onc type of cell, but as a state of under-
activity of the majority of the cells of the pars
anterior.

The observations of Erdheim & Stumme with regard
to a state of chromophobia during pregnancy in the

human/
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Ihuman subject are generally accepted. It must be re-
membered, however, that a fallacy exists here cwing to |
the delay in the preservation of the specimen; the
|cells which appear chromophobe may heve been originally
‘eosinophil. Blair Bell expleins the existence of
!these large chromophobe cells by assuming that in con-
%ditions in which there is immediate snd urgent demand

ifor the secretion of the pars anterior,as in pregnancy,
!the small chromophcbe cells, and even some of the young
eosinophils, increase in size but remsin chromophobe,
and yield up their secretion as soon as it is formed.
In the pregnent enimals examined, as menticned
above, the striking festure in the appearance of the
cells of the pars anterior has been thst of increased
eosinophilia gas compared with those of the pars anterior
of non-pregnant animals. The chromophil cells are not
knly more numerous but show a greater intensity of
staining, so that there is a much more distinct |
differentiation between the two types of cell in preg~'
nant animels. The sctive state of the gland in the
two animals exemined is therefore associsted with
eosinophilia. This observation strongly supports the
view that the chromophils are the sctive cells of the
pars anterior, while the chromophobes are cells which

hseve become emptied of secretion, the two forms being

pssentislly/
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essentially the samne.

The only appearance supporting the opposite
opinion is the localisation of groups of the two main
types of cell to special regions of the anterior lobe.
The condition in the rabbit is especislly striking,in
which the srea in front of the vertical connective
tissue‘septum is occupied by chromophobes, almost to
the complete exclusion of chromophils (Fig.3C ). This
arrsngement can perhaps be explained by supposing that
the vasculsr mechanism in the anterior part of the
gland facilitetes the more rapid escape of secretion
from the cells,; this part of the gland is certainly
very vascular in the pregnant anim&l(ﬁ*éJi)

Speaking generally, the state of the pars
anterior in pregnancy in the animals observed - that
of eosinophilis and increased vasculsrity - corres-
ponds to the condition of the thyroid in pregnancy in
presenting an appearance of a general increase in the

activity of the secretory processes.

THE POSTERIOKR TLOBE.

In considering the process of secretion in the
pars intermedia and the pars nervosa, it is necessary
to examine these two parts together. The relationship
which they present is extremely intimate, not only

anstomically/
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'in 1898, of the limitation of this action to the pos- |

‘terior lobe, much progress has been made in the knowl-

zlar bodies described by Herring represent the secretion

(44 )

anatomically but physiologicsally. Since the dis-
covery in 1895 by Oliver & Sch¥fer,of the sction of

extract of pituitary on blood pressure, and by Howell,

edge of the functions of this part of the gland. There

seems to be no question but that the hysline snd granu

of the posterior lche. This view receives strong
support from the fact that these bocdies are generally
jmuch more abundant in pregnant than in non-pregnant
lanimals. It is generally believed slso that they are
derived from the epithelial cells of the pers inter-
media; the absence of true secreting cells in the
structure of the pars nervosa seems to render some
'such hypothesis necessary. The structure of this part
of the glend presents s marked contrast to the known
physiological activity of its secretion.

There is still considerable doubt as to the
exact origin of fhe hysline and granulsr bodies.
Herring pointed out the resemblance which they present
to cells which have undergone hyaline degeneration. He
described alsc the frequent occurrence of these bodies
in the neighbourhood of the wedges and groups of pars
intermedia cells which invede the pars nervosa. He

pconcluded that, although the secretion from the pars

intermedia/
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intermedia is sometimes passed from the cells into the

lymphatics of the pars nervose, it is frequently de-

rived from the breaking down snd destruction of the
%whole cell. He considers that this is the probable
ifate of the incursions of pars intermedia cells in the
ipars nervoss. Blair Bell regsrds these hyaline bodies
ias being entirely derived from degenerated pars inter-
;media cells which have wandered intc the pars nervosa.
iHe says the very fact that some so-called™hyaline"
‘bodies are without nuclei and others contein them in-
ldicates the true nature of these bodies. They are
ioells undergoing degeneration, which mey in the pro-
lcess disperse their contents. He states also that it
:is a fect of some importance that one rarely sees many
0of these bodies in normal circumstances, but with this
observation I do not agree, since they can be demons-
‘trated sbundantly in pregnant animals. This author
ialso describes a marked degree of invasion of the pars
nervosa by the cells of the pars intermedia after
excision of the suprarenals. Herring described the_
presence of many nucleated bodies - as well as an in-
crease in the amount of hysline snd grasnular mesteriasl +
after thyroidectony. Mott has described similar
appearences in cases of subthyroidic insanity.

With this idea of a degenerative process as the

source of a physiological secretion it is difficult to

sgree/
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agree. The conditions after excision of the thyrcid
and the suprasrenals are gbnormsl snd cennot be regard-
'ed as affording s true picture of the normsl mode of

isecretion. They are probably the result of an ex-
iaggerated activity on the part of the postericr lobe
of the pituitary in response to unusual stimmli and
'possibly in the endeavouwrto compensate in scme way for
Ethe lcss of the endocrine which has been removed.
fRogowitsch and many subsecuent observers have described
Ithe enlargement which the pituitary undergoes after
thyroidectomy.

The appearances seen in pregnant animels are of

vaelue in the endeavour to trace the normal manner of

production of the secretion of the posterior lobe;
ithey represent the conditions which exist in physio-
?1cgical hyperactivity of this part of the gland. It
Emay be mentioned, in the first place, that hyaline
bodies possessing nuclei have not been encountered in

ieither of the two animals exsmined. No example of
}nucleated hyaline bodies was detected either in preg-
inant or in non-pregnant animsals. It is an important
fact in the consideration of this question that in the
rabbit the pars intermedia is separated from the pars
nervosa by & well-developed layer of connective tissue

It is true that a certain number of the pars intermedia

cells are present on the posterior aspect of this

septum/
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| septum, but these are few in number, and it would
ﬁappear that such a well-marked layer of connective
tissue must @act as a barrier, to & considerable extent,

|
‘to the migration of the cells from the pars intermedia

5
!to the pars nervosa.
The hyaline bodies are readily seen in pregnant
animals after staining deeply with scid fuchsin,congo

'red, or safranin, provided there has been no delay in

'the fixation of the specimen (Fig.32 ). They are

found scattered thrcughout the whole of the pars ner-

vosa, but are always most abundant in two definite

regions - immediately behind the thick pert of the

'pars intermedia which bounds the cleft posteriorly and
'in the neighbourhood of the neck of the gland, where
the pars nervosa becomes continuous with the stalk.

'In some positions they lie in what look like lymph

!spaoes lined by endothelium (Fig.33 ). In the guinea

!pig the hyaline bodies are readily found in the subs-

|tance of the pars intermedia. They lie between the
cells and can be traced in the various stages of théir
progress from the substance of the pars intermedia
into the pars nervoss (Fig.Jd% ). They sre most abun-
dant in the guinea-pig in that part of the pars inter-
media which lies behind the upper part of the cleft,

but they occur in all parts of the pars intermedia,

and even, as has been already mentioned, in the "pars

tuberalis™/
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ituberalis? Fig.3b shows a portioh of the psars inter%
lmedia beyond the lower end of the cleft, and Fig.3y |
Iis a camera lucida drawing of the epithelial invest-

iment of the posterior aspect of the pars nervoss, withi

hyaline bodies between the cells in both situations.

‘They are also met with in relation to the thickening
of the pars intermedis sround the neck of the gland

I(Fig.3KJ.
Hyaline bodies are occasionslly seen in the

‘immedi&te neighbourhocd of the wedges and islets of
pers intermedis cells which occur in the pars nervosa,
but they are relatively infrequent and scanty in amounq

|
in such situations, and their comparatively rare

lcccurrence does not suggest that these inclusions form
ian important source of the secretion. It is certainly
%the case that isolated cells appear occasionally to

;un&ergo degeneration, so that the protoplasm disinte-
‘grates and the nuclei stain more faintly and ultimately
|disappear. The usual result of this process, however
:is that the cell leaves no trace behind, or at least
nothing resembling the appearance of the hyaline bodies.
Cushing believes that the hyaline bodies are

élargely derived from the collcid vesicles of the pars
intermedisa. He says "the pars intermedia cells are

capable of forming acini which discharge & semi-fluid,

soluble product intc the spaces of the pars mnervosa,

many /
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meny pars intermedia cells actuslly wandering into the%
. S |
tissue spaces? This view is not supported by the ‘

appearances in the two snimals examined. In the guineg-

|pig,vesicles do not occur in the pars intermedia and
%therefore, in this gnimsl at 1éast, they cannot be tﬁe
source of the hyaline bodies. As described abbve,
|these bodies occur freguently between the cells. 1In

the rabbit, although colleid vesicles are abundant in

'the pars intermedia in the later stages of pregnancy,
secretion glcbules are not seen in the neighbourhood
of these vesicles, and the vesicles are usually situ-
ated well away from the edge of the pars intermedia in
contact with the pars nervosa, so.that they are not in
a favourable position for passing on their contents
into the pars nervosa (Fig.4d ). In the dog, on which

animal most of Cushing's work has been done, thevesicles

are often in direct contact with the pars nervesa, so
that the possibility that the contents might pass
directly into the pars nervosa 1is suggested by this
relationship. From the sppearances in the rabbit, it
seems probable that the collcid vesicles represent an
apparatus for the storage of secretion, and that the
hyaline bodies are derived under normal conditions,
from the epithelial cells which make up the bulk of
this part of the gland.

In both the rabbit and the guinea-pig, as the

result/
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iThe Destination of the Secretion of the Posterior Lobe
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' result of the investigetion of the posterior lcbe in

line secretion bodies, which are abundant in the pars

& process of active secretion on the part of the pars

intermedia cells. The material then pssses on into

the lymph spaces of the pars nervose.

pregnant animals, there is little doubt thst the hya-

‘nervosa, are derived, under normsl circumstaences, from

Herring, in 1908, brought forward the view that

'the hyaline bodies of the pars nervosa pass upwards in

the infundibulum to the third ventricle and so into

'the cerebro-spinal fluiad. If this view is correct

the pesterior lobe may be regarded as possessing an ex

ternal secretion. Cushing & Goetsch investigated the

guestion later and on the main points they agree with

|
|

Herring. They found in the cerebro-spinal fluid an
active substance resembling pituitrin in its physio-
logical actions in producing similar effects on blood
pressure, kidney volume, and urinary secretion. From
' this they concluded that it is proved beyond doubt
that the sctive principle of the posterior lcbe is
passed directly into the third ventricle.
Although this view as to the fate of the secre-
tion has been sccepted by many authorities, it hss
recently been subjected to severe criticism. Carlson
Martin object to the observaticns of Cushing and

Goetson/
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Goetsoh regarding the passage of pituitrin directly
into the cerebro-spinal fluid. These authors say:
"It is obvious that the conclusions drawn by Cushing
& Goetsch from their experiments are open tc a number

of grave objections. The cerebro-spinal fluid used

iin most of the experiments was pathological, and was
;coneentrated 20-25 times, and the intravenous injeotmﬁs
5 were made into snother species. Finally, no control |
experiments were reported on blced or serum from the
seme individual yieldjn%?gerebro-spinal fluid®
;Carlson & Martin found that the haemodynamic action ofi
‘the cerebro-spinal fluid was solely due toc the quantit&

|
injected, s is the case with defibrinated blocd or ;
|

Ringer's solution; there is, in fact, no evidemce of
%a specific pressor or depressor effect.

i These observers are careful to staete, however,

that their negative results do not prove that the

cerebro-spinal fluid is free from pituitary secretion;j
|

but they say that we have as yet no satisfactory test
for this secretion in the fluids of the body. When

such tests have been worked out, Carlson & Martin

think that the distribution of pituitary secretion in

body-fluids will prove to be similar to that of all i

|
the other internal secretions so far studied, the con-
i
|
the cerebro-spinagl fluid. |

centration being greatest in the blcod and least in

Miller/

ey
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;Miller, Lewis, & Matthews found that it was impossible
ito obtain pressor effects from an extract of the stalk,
%and they conclude that "there is, therefore, a distino&
!interruption in the path of secretion of the presscr
!substance from the pars nervosa to the ventricle" This
iis opposed to Herring's view concerning the passage ofi
%secretion from the pars nervosa to the third ventricle:
‘Atwell also disagrees with Herring and feels that to
‘accept the view that the secretion of the pars nervosa
lenters the cerebro-spinal fluid to gain the blood-
;stream is to believe an incredibly round-about process
to which there is no parallel in the snimal economy!

| Blair Bell believes that the secretion of the
posterior lobe is taken up by the blcod-stream and
jthat there is no evidence to show that it passes

directly into the cerebro-spinal fluid. In support

of this view he calls attention to the morphological !
|

facts that there is a net-work of blcod-vessels beneat@

|the pars intermedis, and that in some animals, such as
i

ithe ox, the pars nervesa has a very rich internal
blcod-supply. He believes that the secretion of the
posterior lobe is absorbed by way of these vessels.
Herring, in his most recent work, has failed to
detect the presence of pituitrin in cerebro-spinal
fluid removed from the fourth ventricle of the cat.

He examined 3 series of 6 animals, comprising 3 males

and/
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;and 3 femsles in each group. The animals were healthy

;adults of as near a weight and age es possible. One

|set of 6 animels was fed with large guentities of fresL
ox thyroid for from two to three weeks in addition to
|their ordinary diet. In the second set thyro-psra-
ithyroideotomy was performed on each animal. The cats

lof the third group were utilised as normal controls.

'The cerebro-spinal fluid was collected from the fourth

I
ventricle of each cat under ansesthesis. It was than;
|

evaporated and dried =t 37 C. The dried cerebro-
'spinal fluid was tested physiologically, by Dale's

method upon the uterus of the virgin rat, by Elliott's
method upon the blood pressure of a pithed cat, which
Herring finds to:be g goocd method for revealing small
differences in the strengths of weak solutions of [

pituitrin, and by their ection upon the blood-pressure,

kidney volume, and secretion of an ansesthetised cat.

The extracts from the cerebro-spinal fluid of
ithe 3 groups were practically inactive. A slight in-

|

cerease in the uterine contractions wes observed after
‘immersion of theluterus in the cerebro-spinal fluid of|
the thyro-parathyroidectomised cats, but was not a |
constant phenomenon. None of the extracts showed any
effect upon blood-pressure, kidney volume, and urinary
secretion othezﬁgﬁat which is produced by a similar

amount of Ringer's solution alone. Herring concludes:‘

that/ :
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that there is no appreciable smount of pituitrin in
the cerebro-spinal fluid taken from the fourth
ventricle, whether from normal, thyroid-fed, or thyro-
parsthyroidectomised cats. He points out, however,
that this dces not exclude the poséihility that pitui-
trin is occasionally liberasted into the cerebro-spinal
fluid-in the third ventricle. If such takes plsce,
he points out, one would expect rapid sbsorption to
ocour, and the probablity is against the material
reaching the fourth ventricle.

In support of Herring's originsl hypothesis -
that the secretion of the posterior lobe passes directr-
1y into the cerebro-spinel fluid of the third ventricle
‘- attention may be directed first to the fect that any
‘mechanical interference with the stalk of the pituitary
is followed by symptoms of hypopituitarism. Cushing
Ehas shown that infundibular tumours are always associ-|
Eated with signs of glandular insufficiency, though the?
value of this observation is perhaps diminished by the
fact thet tumours in the region of the stalk are liable
to cause compression of the gland itself and so to
interfere with its function. Marienesco & Goldstein
were the first to draw attention tc the fact. that
?hydrocephalus may bhe assdciated with evidences of
éhyPOPituitarism, and this observation has been confirm-
ied by Cushing, Babonneux & Poisseau, end other workers,

éThe/
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The stasis of the cerebro-spinal fluid end the increase
in the intra-ventricular tension sre believed to inter-
fere wiﬁh the free escape of posterior lobe secretion.{
| Blair Bell hss obtained very definite results
iaft-er compression or severence of the stalk. After
this operaticn in the dog there has occurred a remark-

'able increase in weight from deposit of suboutaneous

fat, one animel increasing in weight from 3000 to 5050l
lgrammes in 51 days. Atrophy of the genital organs
may &alsc occur after this procedure, but this result
is not invarisble. It is generally believed that the
auteccid which is concerned in carbchydrate metabolismI
is derived from the postericr lobe, and the experiment§
mentioned appear to afford striking evidence in favour

¢f the belief that the secretion from this pasrt of the

gland paéses upwards by wey of the stalk to the third
%ventricle. Blair Bell, however, explains the result
of interference with the stalk as due o demsge to the
blood-vessels supplying the pituitary. He appears to
have over-looked the fact that the artery supplying the
posterior lobe enters on the postero-superior aspect
end - in the guines-pig end the rabbit at least - this!
vessel enters belew the level of the disphragma sellaei

and would not necesserily be injured in operations on

the stalk.

Cow hes contributed sn important observation in

this/
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this connection. He has been able to discover, after
intravenous injections of extracts of the duocdenal |
mucous membrgne, definite evidences of pituitrin in
cerebro-spinal fluid removed from the fourth ventricle.
He found that apart from such stimulation of the

pituitery the amount of pituitrin in the cerebro-
spinsl fluid was very minute.

| The appesrances seen in the pregrant animals ex-
|
|

amined have furnished evidence which is strongly in
favour of Herring's view with regard to the fate of
the posterior lobe secretion. It has been mentioned
that in both rasbbit and guinea-pig the hysline bodies
are generally most abundant in the region of the neck,
where the infundibulum joins the pars nervosa. The
neuroglis fibres of the pars nervosa are arranged SO
thet their general trend is towards the neck and it is
difficult, from this grouping of the hysline bodies,
to avoid the conclusion that they have ascended in the
lymph spaces between the fibres to this region. In
the guinea-pig these bodies are seen in greatest number
in the immediate neighbourhood of the infundibular
recess of the ventricle (Fig.3y~), and it is possible
in some cases to see a hyaline body actually in the
process of passing through the ependyma lining the
ventricular aavity.(gﬁﬁ-s?)

The appearances in the rabbit seem to be con-
clusive. The hysline bodies can be traced upwards
throughout/
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throughout the whole length of the stalk (Fig.3%9a ).
In this snimel the stalk possesses nc epithelisl in-
vestment, so that the hyaline bcecdies in this region
cen only have come from below - from the psrs narvoss.
The secretion bedies sre much more rumercus in the
stalk than in the pars nsrvosa generally, which shows
that the local sccumulation in this region must be due
to migration from elsewhere. The stalk in this animai
is of ccnsiderable length, and from the abundance of
these bedies throughout the whcle extent there can be
little doubt that this arrangement represents no
accidental diffusion oﬁ the hyaline bodies, but an
orderly progression from the pars nervosa to the third
ventricle above. The most vascular part.of the pars
nervosa in both the rabbit and the guinea-pig lies
some little distance below the level of the neck and,
if the hyaline bodies are mainly absorbed into the

blood-stresm - as Blsir Bell & Atwell believe - we

should expect very few of these bodies te pass beyond

this vasculsr ares.

From a consideration of these verious facts, a.nc'lI
especially the merked accumulation of hyaline bodies |
arcund the infundibular recess of the ventricle in the
guinea-pig and from the aggregaticn of the bodies
throughout the whole length of the stalk in the rabbit%

it seems impossible te avoid the conclusion that, in

the/
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the functionally active state of the gland in preg-
nancy, they sre progressing towards and into the
cerebro-spinal fluid of the third ventriole. The
absence cf pituitrin from the cerebro-spinal fluid of

the fourth ventricle, demonstrated by Herring, may per

haps be explasined by absorption from the vessels of th

w

lchoroid plexus of the third, snd possibly of the lateral
ventricles. The circuletion of cerebro-spinsl fluid
throughout the ventricular system, as the work of

Dandy has shown, is normally a slcw process, and there

must be abundant opportunity for the absorption of
pituitrin from the cerebro-spinal fluid during the
time which it takes to diffuse from the higher ven-

tricles to the lower.

The Physiolcgical Relationship of Pars Intermedia and

Pars Nervesa.

Extracts of the whole posteriorllobe of the
pituitary produce their most marked effects in the
form of stimulstion cof plain muscle generally and cf
the secretion of the mammery gland eng_the kidney.

The effect on plsin muscle is most striking in the cese
of the vascular system, producing & great rise of bloed

pressure with constriction of vessels and increase in

the force of the heart beaté. There is a marked

soction slso on the plain muscle of the uterus, the g

bladder/ ‘
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ibladder, the stomach, and the intestine, The effect |
on the mammary gland ceuses milk which has aooumulateg
:in the gland to be immediately poured out, and a
sufficient dose will produce complete emptying of the
lalveoli. It hss been shown by Schafer that this
Iaotion glso is probably due tc stimulation of plain
musc le fibrés which lie between the‘basement membrane
land the secreting cells. The action on the kidney
shows & striking difference from the effects produced
elsewhere. The renal vessels underge dilstation in-
stead of constricticon, s in the other parts of the
body, and the secretion of urine is increassed. It has
been proved by Schédfer and Herring thet the incresase

in secretion is not merely the result cof the dilatation

of vessels; they showed that diuresis occurred even

iwhen the arteries in the kidneys failed to dilate,
and when the genersl vasoconstriction wes absent after
repeated does of extract. They concluded that there

mist be direct stimulation of the secretory cells of

the kidney by the autacoid concerned, and compare the

iaction on the kidney cells to that of the secretion of
the duodenum on the cells on the pancreas.

Various attempts hsave been made to differentiate
between the physiological properties of the secretion

in the pars intermedia and the pars nervosa. Osborne

and/




(60)

and Swale Vincent found that by careful dissection

they could separaste the central portion of the posterigr
lobe from the epithelial investment, sand that wheress
an extract of the former gave the typioal effects of

|
pituitrin, en extrasct from the epithelial portion gave\
|
|

mach less definite results. These authors showed
also thet extracts cof cther nervous tissues do nct
possess the same physiological activity &s an extract

of the posterior lobe.

Herring has shown that both pars intermedia and
pars nervosa of the ox pituitary contain an active
principle which stimulates uterine muscle, but extract

of the two perts are not equally active. The pars

e N

nervosa is from twe to five times more powerful than |
the psrs intermedis in its sction. Herring alsc foundé
that an extract of pars intermedia in strengths of 0.5
per cent snd less has nc specific sction cn the blocod

pressure or renal excretion; whereas an extract of the|

pars nervosa in so low & strength as 0.005 per cent

pProduces the charscteristic pressor and diuretic effectg,
Extrascts of pars nervosa alcne produce the characteristic
éffects of posterior lobe extracts on blcod pressure
and kidney secretion, as well as on milk secretion and
the plain muscle of the uterus. He believes that

these facts are suggestive of there being two separate |

setive/
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active principles in the postericr lobe. From the

differences in the action of extrects of pars inter-

'media and pars nervosa he concludes that the active

materisl of the posterior lobe is a procduct of the
epithelial cells of the pars intermedia and that the
substance acting on the uterus is formed at an early
stage in the cells of the pars intermedia, wheress the
substance acting upon blood pressure and the kidney is
a later product, the secretion from the pars inter-
media undergeing some kind of alteration in character
in the substance of the pars nervosa. His view is
that a process of ripening or maturation of the secre-
tion takes place ss it passes through the pars nervosa
and it then becomes capeble of producing the effects
on blocd pressure and kidney secretiocn.

The histolcgicel appesrances in the pregnant
animals do not throw much light on this gquestion . The
hyeline or colleid material which is seen between the
cells of the pars intermedia shows no difference in
gppearsnce or staining resctions frcem those of the
hyaline bodies seen in the substance of the pars ner-
vosa and in the stalk. Dale believes that it is not
necessary to postulate the existence of twe asctive
substances in posterior lobe extracts; from & com-
perisen with the action of drugs he believes that the

same/
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isame active substance mey produce & double result. It
gmay be that the sctive substance in the pars intermedis
is merely a wesk and immature stage of the posterior
lobe secreticn.

The contents of the vesicles of the pars inter-

media do not appear to represent the sctive materisl

!of the. posterior lcbe; it seems more probable thst
|they form a means of storage of the secretion in an in-
Iactive state. Cushing and Goetsch tested the con-
tents of these vesicles with negative results,though

Lewis, Miller, and Matthews, finding two cysts in the

psrs intermedia in 1200 ox pituitaries examined, ascer:
|tained that they contained & pressor substance. As
alresdy menticned, vesicles do not occur in the pars
intermedia of the guinea-pig and are therefore not
essentiel to the production of the secretion ¢f the

posterior lobe.

Cellulsr Changes In The Pars Intermedia.

An interesting observaticn has recently been
made by John Fraser in connection with the pars inter-
media in children. Limiting himself to that part of
the pars intermedia which forms the posterior boundary
of the cleft, he distinguishes between an "active" and
a "resting" stage of the gland. In the adult human
pituitary this'part forms a very thin layer. In the
child/
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%child, Fraser describes two types of pars intermedia:-!
|(1J There is & single layer of cubical epithelium
which lies in contect with the cleft; deeper, there
is & thin layer of fibrillar tissue carrying blood-
vessels, and among the fibrillar tissue there may be
groups of cubicsl cells similar to those which lie on
|the surfaoce.

'(2) The space may be occupied by a zone of rounded,
finely grarular cells: the zone may be ten or twelve
cells in depth, the numbers varying considerably in
different parts. There is no trace of a distinct
limiting band of cubical epithelium, such as exists in
type (1).

He regerds the first condition as representing
the active stsge and the second as the resting stage
of the pars intermedia. He finds that the second con-
dition is synchronous with & marked eosinophilia of
the pars anterior, and suggests thet the active con-
dition of the pituitary in children is related to the
pericds of sctive growth of bone, especislly to the
epiphyseal changes which result in growth in length of
the bone.

Oﬁher observations with regard to cel;ular
activity in the pars intermedis - spart from formation
0f secretion - sppesr to be very scanty. In the
pituitary after thyroidectomy, Herring finds thet the
¢cells/
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cells of the psrs intermedis are distributed as usugl |
but are somewhat increased in amount and stain more |
deeply.

In pregnant enimals there is not the striking
difference in this resgect from the non-pregnant as
thet described by Frsser between the sctive and rest-
ing stages of the pituitary in children, but in preg-
nancy certain definite signs of increased activity can
made out. In both the rabbit and the guinea-pig the
pars intermedia forms s well-marked layer behind the
cleft in the non-pregnant ss well as in the pregnant
state, but, as a general rule, this portion tends to
be distinctly thicker in pregnancy. The difference
is most evident towards the lower end of the cleft
(Fig.4fsr) - The cells are larger in pregnancy, they
stain more readily, and are distinctly more gfanular.
These appearances are indicative of increased activity
and correspond to the condition of the rest of the
gland.

Storage of Secretion in the Posterior Lobe.

The severe and sustsined muscular effort of par-
turition and the establishment of active secretion of
milk immediately sfterwards must bring sbout a sudden
and clamorous demand for an increased supply of
pituitary secretion, especially for that of the

posterior/
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posterior lcbe. The thyrcid is provided against {
such a sudden demand on its activities by the power of
storage of secretion which it possesses to a remark-
|able degree. It is nstural te lcok for 2 similar
storage functicn on the part of the pituitary.

Attention may be directed, in the first instance
to the collcid-containing vesicles which are sometimes
:2 well-marked feature of the pars intermedia. The
Icolloid substance is regarded by Benda, Gemelli, and
others as a product of degeneration. Erdheim con-
siders it to be rudimentary and reminiscent of a time
when the orgsn possessed an externsl function. By
many authors, particularly those of the French school,
the colloid substance is believed to be the product of
normal secretion.

The appessrance of these vesicles is seen in
Figs. 43 ¥ 43 . They are lined by flattened cells
with darkly-staining nuclei. These cells resemble
those which line the thyrcid vesicles in the resting
state of the gland. In certain circumstances the
resemblance of this part of the pituitary to thyrcid
tissue is sometimes remarkably clcse, and attempts
have been made to show that the pituitary may function
vicariously for the thyrcid after remcval, or in
diseased conditions of, the latter. Rogowitsoh ststed
that in rabbits and other animals which can survive

the/
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the operation of thyroidectcmy the functions of the
thyrcid are waintained by inoreased activity on the
part of the pituitary. Other observers - Gley, i

Pisenti & Viole, and Schoneman, have found changes in
the pituitary consequent on removal or disesse of the |
thyroid. Fry reports that in myxoedems colleoid for-
mation is very maerked in the pars intermedis and the
material is conteained in large dilsted alveoli.

Kojima states that after partisl thyroidectomy in the
dog - about two-thirds of the gland was removed by

Sir Edward Schafer, the parathyrcids being left undis-
turbed - the pars intermedia contains meny vesicles of
varisble size, but mostly larger than those normally
found.

It therefore seems tc be established thst in
cases of thyroid insufficiency there is an increase in
the emount of colloid in this part of the gland. That
this is an sttempt to compensate for fhe absence or
diminution of thyrecid secretion is unlikely. Simpson
& Hunter report that complete removal of the thyrcid
in lambs does not lead tc the appearance cof icdine in
the pituitary. Kendsll has shown that iocdine is an
essential element in the thyroid secretion, so that
the observation of Simpson & Hunter disproves the
theory thst the pituitary mey act vicariously for the

thyroid/
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thyreid . In thyroid insufficiency, ss shewn by

Plummer,and others, there is & remsrkable diminution |

i
in the besal metabolic raste, with & falling-off in the
|amocunt of energy production in the body. There must

be & corresponding falling-off in the demend for

Hpituitary secretion, and the vesicle formation in the
| pars intermedia is probably tc be regarded ass the
result of accumulsticon and storage of secretion conse-
quent on the diminished demsnd.

Vesicle formstion in the pars intermedia is a
striking feature in certain other circumstances. In
a specimen recently exhibited by Sir Harold Stiles,
the pituitary from a case of hydrocephalus associated
with well-marked clinical evidences of hypopituitarism,
showed a remsrkable degree of vesicle formation in
this situation. In hydrocephalus there seems to be
little doubt that the incressed tension irn the ven-
tricular system interfereswith the diséh&rge of
|secretion from the posterior lobe; the accumulation cof
c0lloid in the pars intermedia in this conditicn is
probably due to the hindrance to its escape intc the
third ventricle. The secretion is held up in the pars
intermedia and stored in the form of colloid

Mention Thas already been made of the fact that
Cushing & Goetsch failed tc obtain any physiological

sction/
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|
|
action from the contents of the vesicles, though.zewis?
Miller, snd Matthews believed that they cbtsined a
pressor effect.

In the pregnant animals examined. vesicle for-
mation in the pars intermedia was found only in the
rabbit; they dc not ccour in the pars intermedia of
the gﬁinea-pig. Vesicles sre alsomet with in non-
pregnsnt rsbbits, but are relatively infrecquent;

in a sagittal section it is unusual tc see more than a‘
single vesicle. In pregnant animals, on the other
hsnd, vesicles are frequently met with in great abun-
dsnce. This is especially the case towards the end
of pregnancy (Fig.43 ). They are most abundsnt in
the region beyond the lateral mergin of the cleft, ﬁut
cccur also throughout the whole of the pars intermedia
behind the cleft. The increase in the vesicles during
pregnancy indicstes thst the colloid'material which -
they contain possesses an important physiolocgical
significence; it is not the result of a degenerative
process nor is it merely a developmental remnant, as
has been suggested by the suthors guoted above. It
seems reasonable tc conclude from the sppesrances in
pregnant animals that the vesicles of the pars inter-
media represent a mechanism for the storage of posterior
lobe secretion - possibly iﬁ gn immature form - against

the/
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the sudden and severe demsnds in pregnancy and during
the puerperium. The failure of Cushing & Goetsoh to i
obtain any physiological action from the contents is.
perhaps, to be explained by assuming that the secretion
is stored in en inactive condition. 7
The demands on the pifuitary of the rabbit - in |
view of the rumerous offspring of this animel - must
be especially great, and the rabbit sppears to be pro-‘
vided with a second appsasratus for the storage of
posterior lobe secretion. Mention has already been
made of the cavity which has been found in the pars
nervosa of the pregnant animsls. Herring expressed -
the view that the hyaline bodies of the posteriocr lobe
appear to be stored, especially arouﬁd the capillsaries
cf the lobe. In the guinea-pig there is usually a
well-marked accumulation éf hyaline bodies in the stalk
around the infundibuler recess of the ventricle, and
this may represent such a methed of storage as is sug-
gested by Herring. No other suggestion appears te
have been made with regard to a sftorage of secretion
in this part of the gland; so far as I am sware, the
cavity in the pars nervecse of the rabbit has nct been
previously described.
This cavity shows a very definite lining cf epen-
dyma and almost certainly represents a portion of the

original/
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originsl lumen of that part of the cerebral vesicle
from which the Pars nervosa is derived. It presents
interesting varieties in its appearance during the
course of pregnsncy. It attains to its meximum

develcpment towsrds the end of the gestation pericd

((Fig. 46 ). At this time it is an ovoid spsce occoupy -
ing the upper third or so of the pars nervesa. The
walls appear tense and the cevity seems distended. It
approsches very close to the surface of the posterior
aspect of the pars nervoss. The contents at this
stage of pregnancy consist, in part at least, of a
coarse granular substence which stains darkly with

iron-hsematoxylin. It appears to contain & consider-

lable quantity of unstained fluid material in addition.
? . In the earlier stages of pregnancy there is less
evidence of tersion in the cavity; the walls are more
flattened and are more closely approximated. Hysline
bodies are numercus in the pars nervosa around, snd it
is possible to trace the passage of these bedies into
the 6avity in the same manmer as they pass into the
infundibular recess of the third ventricle. Figs., 7
+)fg show hysline bodies on the seventh dsy of pregr
nancy in the immediste neighbourhccd of the cavity and
in the process of passing through the lining ependyma.

The appearance of the space a week after par-

turition /
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parturition - seen in Fig. $0 - is especislly sug-
gestive. The walls of the cavity sre relexed and

thrown into folds, and are in much clcser apposition

|
than at the end of pregnancy.  The cavity does not ’

approach so olosely to the surface of the pars nervess;
in part at least, it is separated by a well-marked

layer of neuroglis. The contents stain much less dis:

tinetly in this specimen. The appearance of the spacé
at this time suggests a stste of diminished tension as
the result of the removal cf s considerable proportion
of the contents.

It is justifiable tc conclude from these sppear-

ances that this cavity in the rabbit's pituitary

represents en apparatus for the storagé of the secre- l
tion of the posterior lcbe, represented by the hyalinei
bodies. This stored secretion is utlised for the

supply of posterior lobe secretion in response to the

increased demands of parturition and the puerperium.

The Intraglandular Cleft.

The intraglandular cleft has been usually regard-+
ed as being mainly of developmental interest as the
persistence of the original lumen of Rathke's pouch. :
Recent observaetions have shown, however, that it may ‘
be 0f physiological as well as of embryolegical im-

portance. The mere fact that the cavity persists

and/
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|
| and does not undergo obliteration suggests that it maﬁ

possess & functional significance. In the guinea-
pig it remains as a well-marked space separating the
pars intermedia from the pars anterior, except tow&r&%

ithe lateral aspect and in the region of the neck of !

| the gland. In the rebbvit, although it undergoes
partiel obliteration, there are always one or more
definite cavities containing collecid material in the

line of the original cleft.

i Herring finds that in the ox the cleft is usual-
ly empty, but ocCasionsally contains a thin fluid of a
yellowish colour; at other times a viscous or hsrd,
trensparent yellow, solid meterial is present, the
latter being moulded intc the shape of the distended
cleft. He finds that the contents of the cleft pro-

[
fduce little or no effect on blood-pressure - at most

a slight fall. He agrees with Hamburger that the
solid contents of the cleft, when present, are often
iinsoluble, The soluble material was not tried upon
the uterus, so that he cannct state whether it stimu-
lates uterine muscle or not.
- Blair Bell states that colloidal material is

sometimes seen in the cleft in the human pituitary and
most frecuently in the female during and just after

pregnancy and in old age in both sexes. The obser-

vation/
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observation that the material is most abundsnt during
pregnancy suggests thst it is a physiologicsl secre-
| ticn and not & developmental remnsnt or & product of
?degeneration. The second observation supports the
.view - apparently correct - that the activity of the
'pituitary is well maintained in o0ld asge.

i Fraser has described very remsrksble varistions
in the condition of the cleft in young children. He
?finds thet in the resting stage of the pituitary it
may exist as a practically empty slit, while during
the active phase it may undergo a distension so great

as to occupy a third,or even more, of the gland. He

finds thset the stete, as regards distension, is close-
5ly related to the condition of the pars intermedia;
iwhen the pars intermedia is in an active state the
cleft is distended with content, while a pars inter-
media in the resting state is accompanied by & slit-
like or empty space. He believes that the contents
are mainly derived from the pars intermedis, but has

also found a certain amount of eosinophilic secretion

in the form of rounded globular-like bodies, which he

!believes to be derived from the pars anterior. He
;regards the cleft in children as the reservoir of the
pituitary secretion. In his specimens, the pituitary
was cut in situ, the bone having been previocusly de-

cleified/
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| decalcified, and there can be no doubt as to the re-
|

Emarkahle distension of the cleft in some csses. The

ipatients died from a great variety of causes, none of

which had any direct besring on the condition of the
cleft, so that he does not regard the state of this i

|
cevity as being dependent on pathological conditions.\

'In the animals examined the cleft never attains

to the degree of distension described by Fraser, but i
| 1
ithey afforded definite evidence in support of his view%
| |
|extent, for the storage of secretion. ' In the guinea-

|that the cleft is a means of prbviding, to a certain

ipig, it is usually almost or quite empty ir the non-
pregnant animal, but in pregnancy it is common %o find§

la little colleoid secretion in the space. It is
idiffioult in this animal to express a definite opinion
ias to the state of the distension of the cleft, since
‘the boundary &t the lcwer end is very thin and apt to
|give way a little in the handling of the specimen.
!Fig. 53 shows the pituitary of a non-pregnant animal,
?and Fig.;?% that of & pregnant; 1in the second case
fthe cleft appears distinctly distended. The cells

which 1imit the cleft in fromt sre often cuboidal in |

|

fappearance in pregnancy, but this condition of the
cells is soometimes seen in non-pregnant animals also.
The area covered by ciliated columnar epithelium,

described/
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described previously lining about the lower third of
the cleft in front, appears toc be more extensive in

pregnant than in non-pregnant guinea-pigs.

In the rabbit, colloidal material is present in

the cavities which represent the cleft in non-pregnant

es well as in pregnant animels, but it is common to

| observe a more distended appearance of the cavities i

the pregnant state, (Fig. s ). The lining of these
spaces consists of ciliated columnar epithelium in

both the pregnant and the non-pregnant condition.

The Significance of the Signs of Activity in

Pregnancx.

It has been shown that in pregnant animéls the
pituitary shows signs of increased activity in all
parts - in the posterior lobe as well as in the
anterior. In the anterior lcbe the evidences are
well-marked and consist of a condition of increased
vascularity and of eosinophilia as regards the stain-
ing reaction of the cells. This condition agrees
with the appearances in acromegaly, which disease is
believed to be due to an excess in the secretion from
this part of the gland. It is generslly accepted

that the anterior lobe is intimately concerned in the

|
|
I’%

devélopment of the skeletal, sexual, snd other struc- .

tures /
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| ' ; |
‘structures in the growing snimal snd also with the '
maintenance of these in a ncrmal state of activity in
‘the adult subject. These beliefs are the result, to
@ large extent, of the observstion of the effects of
!artificial hypopituitarism, demonstrated by Cushing,
IBiédl, and other workers. They have shown that after
Ipartiai removal of the anterior lobe in young animels,
‘these animals feil to grow properly; the epiphyses do
}not ankylese, the sexual organs fail tc develop, and
'the milk teeth and lanngo are retained.

‘ Feeding experiments also provide strong evidence
iin support of this view of the functions of the an-
{terior lobe. Among the most conclusive of these are
ithe experiments reported recently by Uhlenhuth of the
Eﬁockefeller Institute. He has shown that when anterior
1lobe is fed to metamorphosed salsmasnders of the type
Amblystoma +{igrinum, there is a well-marked increase
in the rate of growth and the size, the animels becom-
ing larger than these fed on other substances. ligi
{the animals are given antericr lobe, they grow at a
higher rate than those which are given earthworms.
Moreover, they attain a size far in excesgs cof that
reached by worm-fed or liver-fed amimals &and surpass
the largest known normal animal of the species. The

largest hypophysis-fed animal wes 19% heavier than the
largest/
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| largest 1liver-fed snimal, 25% than the largest known
normal animal, and 37% than the largest worm-fed
animal. Liver-feeding causes a rate of growth higher
!than that resulting from en earth-worm diet and equall
to that produced by anterior-lobe feeding. But the
iliverjfed animals stop growing at a size at which ;
anterior-lobe fed animals of the same sge continue to]
grow vigorously. Liver-fed animels msy grow larger !
than worm-fed animals and may exceed the size of the :
largest known animal of the species by as much as
47%, but they do not reach the size of the hypophysis-
fed animals.

|
I
|
Brailsford LKobertson has recently succeeded in
isolating from the snterior lobe & substance which he
|
|

hes called tethelin, which sccelerates growth in young|
animels and is thought to have a possible value in ;
hastening the hesling process in wounds. The effects
on growth of mice are in every particular like those

df the adminstration of antericr lobe, and ccnsist in

retardation of the first portion of the third growth

cycle - that occurring about six weeks after birth -
followed by acceleration of the latter portion of this|

oycle.

The relsationship of the antericr lobe to the

activities of the reproductive system was strikingly

illustrated by the experiments of Clerk. He fed

pituitary/
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Ipituitary x¥ka¥ksxx gland to laying hens. By giving
!to cne-year-0ld hens, in addition tc their usual food,
20 milligrsms of fresh pituitary substance for four
idays, it was found that the average daily number of
ieggs laid by a batch of 655 hens was raised from 273
Zduring‘the four days preceding the pituitary feeding
ito 362 during the four days of the adminstration,
ithese results being obtained at & time of year when
Ithe natursl egg-production of the hen waes diminishing.
It was found also, that the fertility of the eggs was
greatly enhanced. '
The enlargement and increased activity of the
anterior lcbe in pregnancy is probably in part the

result of the increassed activity of the reproductive

apparatus. It is reasconable tc suppose thet it is due

in part alsc tc the presence of the growing foetuses
and to the supply to these from the maternal blood cf
%he autecoid responsible for the proper development of
bone and other tissues. In the earlier stasges cof
ﬁevelopment, at least, the fcetal endocrines can take
1ittle part in the production of the essential autacocid.
In the anencephalic foetus, in which the pituitary is
completely absent, the formation esnd ossification of
the long bones, as Browne has recently shown,-are en—
tirely normael. The autaccid in this case can only

‘have/
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'have come from the maternal blood.
. The posterior lobe also presents well-marked .
| .

signs of incressed activity in pregnamncy. It has
been shown, in addition, that there are gocd grounds
ifor believing thst this part of the gland possesses
!the power of storing secretion and that this secretion
|:’Ls utilised especislly in connection with the stimu-
ilation of uterine muscle dquring parturition and of

|milk secretion during the puerperium.

| It has been proved by the workers previously
:menticned that the secretion of the posterior lobe is
concerned in the stimulation of plain muscle, of
lurinsry secretion, and of milk secretion. It is be-
lieved, also, thet it is intimately concerned with

carbohydrate metabclism. After intravenous or subcu-

‘taneous injection cf posterior lobe extract, a marked

[lewering in the tolerance for sugar is observed,

|usua11y to such an extent that glycosuria becomes

established. Cushing and his pupils have concluded
that the posterior lobe contributes an autacoid which
stimulates the utilisation of sugar in the body. In
cases of pituitary disease asscciasted with other signs
of hypopituitarism, it is ususl to find an increased
sugar tolerance. Confirmatory evidence for this view

is furnished by the observation that mechanical stimu-i

lation of the posterior lobe, such as is produced by

puncturing/
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puncturing it with a needle, is followed by & temporsry
glycosuria, which is said to be as pronounced as that i
following puncture of the disbetic centre, provided
glyccgen is present in the liver. The produetion of
this carbchydrate autscoid would appear to be under thé
contrel of the sympathetic nervous system, for it hss
been.found by Cushing, and others, that stimulation ofE
the superior cervical genglion, which has been known
for many years tc be frequently follcwed by glycosuria,
has this effect only provided the pesterior lobe of
the pituitary is intact. Even surgical manipulation
of the pituitery may excite a hypersecretion of pitui-
trin, which would account for the glyocosuria often

observed after experimental excision or partisl de-

struction of the pituitary. A similsr irritetion msay

be set up in disease of the gland. .

|
|
pregnancy may be partly due to increased production of|

The increased activity of the posterior lobe in

the sutacoid which stimulates carbohydrate metabelism

as well s to the other causes already mentioned. '

CONCLUSIONS.

ke The pituitery of the guinea-pig and that of

the rebbit illustraste the two common types of mammal-

ian pituitary.
2. In both snimsls there are well-msarked signs !

of/
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of incressed functionsl sctivity in pregnancy. The
| |
;activity is apparent in the posterior lobe as well s&s |
| in the anterior. |

" In the antericr lobe the signs of incressed i
gctivity are meinly in the form of eosinophilis of !
the cells and & marked increase in the vesocularity .

'In the rebbit there is sn sres of chromophobe cells

|
constently present in the anterior region of the pars

lenterior, partly separated by e connective tissue
septum from the remainder. The chromecphobe oohditian%
'0of the cells in this regicn is probably to be explain-

|
ed by its extreme vasculesrity, the secretion escaping

-

inte the blood-vessels without sccurmlating in the

foells sc as to give the eosinophil reaction.

There is occasionally evidence of storage of seore-!
tion in the pars anterior of pregnant animsls. i
‘ 4. There sre no sufficient grounds fer consider- ?
}ing that the epithelisl investment of the stalk and
;its prolongation towards the bsse of the brain differ
physiologicsally from the rest of the pars intermedia.
IHyaline bodies can scmetimes be seen between its cells,
It differs from the rest of the pers intermedia in

being very vascular.

5 The posterior lobe, consisting of pars inter-

|
media and pars nervosa, shows well mnarked signs of in-

creaseﬁ/
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increased activity in pregnent snimsls. The hysline
bodies which i1t contains are increased in pregrnancy.

These sppear tc be mainly derived by & process of

'active secretion from the cells of the psrs inter-

| media. Isolated pers intermedia cells or groups of

cells in the pars nervessa plsy little or no part in

their production.

-

6. The appearances in pregnant animsls afford

| strong evidence in favour of the belief that the hya-

line bedies pess up the stalk into the cerebro-spinal
fluid of the third ventricle. The appearsnce of the
stalk in the pregnant rabbit is especislly convincing
on this point.

7. The colleid vesicles of the pars intermedis
are increased in pregnancy in the rebbit; they do
not occur in the guinea-pig. They probably represent
an appsratus for storing the secretion of the pars

intermedisz.

8. The rabbit appears to be unique in possessingj

an isolated cavity in the pars nervosa. This is
lined with ependyma snd probsbly scts as a reserveir
for the storage of posterior lobe secretion.

9. The intrs-glsndular cleft contains a greater

|amount of secretion in pregnant than in non-pregnant

animels and may, possibly, elsc act as a reserveir

for/
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fer secretion.
10. The appearances of the pituitary in the sc-
tive state are in sccordence with the belief that

acromegaly 1is sometimes assoccisted with an excess

| of the pituitary secretion. Kosinophilis of the

‘ conditions. They support the belief also that inter-

cells of the anterior lcbe is charscteristic of both |
|
ference with the escape of secretion into the cerebrof

spinal fluid results in a state of hypopituitarism.
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THE PINEAL BODY.

Although the function of the pinesl is still in
doubt, evidence is accumulating teo show that it is

possessed c¢f en internal secretory function.

Morphology.

In man, the pineal body is a small, conical, red-
dish grey body which lies in the depression between
the supericr corpore quadrigemins. It is placed be-
neath the splenium of the corpus callesum, but is
separated from this by the tela chorioidea or velum
interpositum of the third ventricle, the lower layer
of which envelopes it. It is described as measuring
| about 8 mems in length, and its base, directed for-
wards, is attached by a stalk of white substance. The
sfélk divides anteriocrly intc twe laminae, & dorsal
and a ventral, separated from one snother by the
pineal recess of the third ventricle.

In the rabbit and the guinea-pig the pinesl
| cccupies a similar position to that in man. In the
rabbit it is oveid in shape and somewhsat flattened
from above downwsrds (Pig.S5§ ). The stelk in this
animal is lcng and its inferio€ylamina is commonly

folded on itself in & slightly conveluted meanner.

In/
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In the guinea-pig, the pineal is dscidedly conical
(Fig.59 ), tepering off respidly towards the tip,
The stalk in this asnimsl is short and is hollowed
out by the presence of the pineal recess of the
third ventricle. In both animals the pineal is
very closely related to the pia mester, and if this
membrane is removed the pineal is certain tc be torn
oway . Large blcod-spaces are always present in

close relationship to the gland.

Development.

The pineal body arises as a bilateral evagin- |

ation of the roof plate immedistely in front of the

mid-brain; in vertebrates, only the left portion per

B Vs

sists,and it becomes solid, with the exception of it

— O

proximal psrt,which forms the recessus pinealis. The
pineal body consists essentially of (a) a distal parﬁ
representing & rudimentary eye, and (b) & proximal
part which is glandulsr in nature; only this latter
portion is represented in men. In lizards it is
elongated into 2 stalk, and its peripheral extremity

is expanded into & vesicle, in which a rudimentary }
lens/ !
|
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lens and retina are formed; the stalk becomes sclid

and nerve-fibres mske their appesrance in it, sc tnut|

in these snimsls the pineal bedy forms a rudimentary

eve .

Histological Anatomy.

The asppearance of the pineal varies with the
stage of functicnal activity of the gland. At birth,
the human pineal consists cof dirregular lobes held to-|
gether by a small cuantity of connective tissue. The
lobes are composed of cells arranged irregularly end
croweded together in the interior of the organ (Fig.S9)
According tc the cereful investigstions cof Krsabbhe,
the pinesl perenchyms consists of cells of three main
verieties, namely, (1) pineal cells, (2) glia cells,
and (3) nerve cells. The pineal cells form the bulk
of the psrenchyma, and sre of rounded shape,with

irregular nuclei pocr in chrometin; et birth they

exectly reserble the neurcblasts cf & foetsl brain.
The cell-protoplasm stains only fsintly. The glis- !
cells are relatively few in number, and give rise to
a net-work of glia fibres. The nerve cells have |
scanty protoplasm and angulsr nucleil rich in chroma-

tin; from the first year of life onward, they de- |
velop increasing numbers of out-running nerve-fibres
with knobbed endings, and appear to have nc connection

with/
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with the sympathetic fibres that accompany the blocd-
vessels. Connective tissue cells and fibrils sppear
'in the pineal body during the first year of life, and
habitually increase in cuantity year by year,converting
it into a pseudo-alveolar organ by the age of six or
eight; the rate at which this fibrosis takes plsce is
very variable. There is a connective tissue capsule !
:which is spparently free from unstriped muscular fibreﬁ
I in man. Caloareous concretions may be found in the
pineal body at any age,and are constant after the
seventeenth-year,occurring mainly in the parenchyma

and representing debris of the pineal cells. Spaces

or cysts alsc occur normally in the pineal body and mey

'be either included portions of the embrycnic pineal re-
|
cess of the third ventricle and lined with ependyma,or

!due to degeneration of parts of the pineal psrenchyma.
| |
|

Biedl points out thet even in extreme o0ld age,glandu-

'lar cells are encountered which are intect and,appar-

ently, still functionally sctive.
In a specimen obtained from a middle-sged man,

‘who died as the result of an accident, pineal cells

were found to be abundantly present (Fig.¢0 ). The

|specimen showed a large amount of interstitial tissue

which was srranged in places so as t¢ present a follic-

ular-like appearance. In the substance of the tlfﬁckexT

'bands of interstitisl tissue there were occasional |
| |

particles of "brain-sand? These did not invariably

consist/
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consist of celcareocus materidl as is ususlly stated.
but frequently presented s hyaline appearance. The
persistence of sprerently sotive epithelizl cells in

adult life may be of ceonsiderable significsnce from

;the functional point of view.

.-Cosantini desoribes the presence of definite

granules in the protoplasm of the pineal cells and

concludes from these thset the pinesal must be possessed

' of an internsl secretion. Galoseseu & Urechie alsc

emphasise the importsnce ¢f the grsnules, which are

oxyphil in their staining reactions, and they also

conclude that the granules are indicative of s secre-

tory function.

In the rabbit the histelogicsel appesrances re-
semble very clcsely those in the human subject. The
pineal cells have lsrge nuclei with scanty chromatin
and a small emount of faintly stasining protoplasm.
In some cases fine oxyphil granules are distinctly
evident. The cells towsrds the surfesce may show a
fellicle-1like srrangement. In the guinea-pig the
appesrences are similsr, except that the nuclei tend
to be larger snd contain still less chromatin. In
both snimels the degree of fibrosis is,
than in the human subject; the gland remsins highly
cellular and presents the sppearance of sn actively

functioning structure (Fig. bl ).

Evidences/

very nuch less
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Lvidences of Secretory Activity.

The evidence with regard tc the nsture of the
functicn of the pinesl body is most conflicting. The
gland is commonly believed to possess 8 reletionship
tc the developrment of the sex organs snd alsc to body
growth. Scme guthorities believe slsc - largely as
the result of clinicel ohservaetions - that it is re-
leted to the metabolism of carbohydrates (Barker).
Tyon hses suggested, as the result of experiments in

which he directly stimulated the pineal, that it is

concerned in the regulstion of the flow of cerebre-
spinal fluid from the third ventricle, and Krabbe isi
of the opinion thet it remsins an active organ

| throughout life and thet its activities are dependent
uper vsristions in the pressure cf the cerebro-spinal
fluid. !

Parkk makes the statement thst "it seems prabable

that a mass of experimental litersture will develop

around the thymus and the spleen. It can now be said

sbout the pineal bedy like that which hss sprung up

thet the experimentsl work on the pinesl up to the
present time has failed to prove thst it pcssesses &
function®

The results of injecting extracts cf pineal are

not impressive. Fenger, after a careful study of !

the/
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the physiolcgical preperties, came tc the conclusion
| thet the gland is essentially insctive. Schafer,
| however, reports that intrsvenous injection produces
8 marked bat temporary fsll of blocd-pressure sccom-
panied by a diminution in volume of the kidney. The
latter effect he considers to be passive, since there |
is no chenge in the rate of the flow cof urine. %
Feeding experiments have produced varying resulm:
Sisson & Finney, and slsc Hoskins, who employed the
albino rat in their investigetions, came to the con-

clusion thet pineal feeding produces nc effect on

growth or sexusl development. lcCord, however,after

administering pineal by feeding snd by subcuteneous
injection, believes that it contains some substance

which is capable of stimuleting growth.

Tumours of the pineal are believed tc be accom-
panied, in some cases st least, by charscteristic
syumptoms. Marburg reported in & young girl, the sub-|
Ject of a pinesl tumour, the cccurrence of extreme
obesity. Ogle, Gutzeit, Oestrick-Slawyk, &snd Frankl—!
Hochwart hsve reported cherecteristic symptoms in
pineal teratomsta in young boys. In addition to i
symptoms of cerebral tumcur and disesse of the corpora
quadrigemina, these suthors observed sbnormsl growth
in height, sbnormsl growth of hair, premsture developﬁ
ment of the genital orgsns snd of sexual instinet, |

and/
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and mental precocity. These symptoms were sssocci-
ated with s diminution of pinesl tissue. P®rom these
i observations the crgan is believed to exercise s
definite and appsrently irhibitory influence upon the
development of the sexual glsnds and probably to pro-
duce .2 secondary effect on mental develcpment. |
Sir John Bland-Sutton, cn the other hsnd, is

very sceptical with regard tc the effects of pinesl

tumours. He points out thet the total number of

recorded cases is very small and that, except for the
fact that the tumour; lie upon the corpors quedri-

| gemina, there is nothing to indicate definitely that ‘
meny of them were tumours cf this body. He believesl
that the majority of the tumours in this region are !

developed from the mewbranes and that if these are

bedy are exceedingly rsre. He considers that effects

carefully excluded, tumours arising frcm the pineal

on the sexusl orgsesns - snd possibly sdiposity - may
be due to secondary effects on the pituitary, which
result from hydrocephalus produced by pressure on the
acgueductus cerebri. The incressed pressure in the
cerebro-spingl fluid of the third ventricle is he-

lieved to interfere with the escape of pituitary

secretion.
Timme believes that early invelution cf the

pineal/ |
|
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pineal in the humsn subject is assccisted with pre-

meture develcpment of the gonads snd with musculsr

asthenis. He states thst the condition of the pinesl

cen be estimsted by the shadow which it gives on X-ray

examinstion.

- Bxtirpstion of the pinesl has beer followed by

varying results. It hes been definitely established |

thet the organ is not essential to life. Dandy ,whese
| experimental work is generslly excellent, found that |
removsl produced nc effect on hody growth or sexusl
develcpment. Horrax, en the other hsnd, employing
the same technicue, concluded that both growth and
sexusal dévelopment were accelersted after extirpation|
of the pinesl. The work of Po¥ in this direction hasi
been follewed by interesting results. After removal

of the pinesl in chiczens he came tc the following con+

clusions: -

1. Complete extirpation in the earlier months of

1ife gives rise to a retardaticn of development during|
3 ; 5 |

the first two cr three months after opersation; sfter-

wards the develcpment of the body beccomes normal.

2. In cockerels there occurred sn esrlier deve1QQL

ment of both primery and secondary sexusl characters
in the opersted than in the control animsls.
B In cocks examined eight to eleven months after

operation/ ' ‘
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operation there is marked hypertrophy ef comb snd
testes.
4. There are no corresponding changes in pullets.

The work of Pod hss been confirmed by Sarteschi.

This observer found that in young rabbits snd dogs,the

male enimsls, after extirpation of the pineal, shcwed;
hypertrophy of the testes, bodily overgrowth, snd i
sexusl precocity. : |

In & recent report of further work, Pos states ‘
that removel of the pineal produces no effect on fe-

male chickens or female rats. In male rats the same

results ensue as in cockerels, namely, rapid increase
in bodily weight and in the size of the testes. He
found advanced development both o0f spermatozoa and the
interstitial tissue of the testes in both rats snd |
cockerels. The premature increase of the intersti- ‘
tial tissue corresponds to the precocity of the i
secondary sexusl characters - the growth of the comb I
in the cock and the increase in body weight of the rat,
In the enimals exemined the pineal presented the
appesrance of an actively functioning orgen, both in |
the pregnant and the non-pregnent snimsls. In some
cases there was & zone c¢f interstitisl tissue in ome
part of the gland, but in most cases the greater por-
tion was occupied by well-develcped epithelisl cells.

In/
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;In the rabbit and the guines-pig the orgsn dces not
undergo the degree of fibrosis which is seen in the
humen subject. Fig. £§ shows the pineal of a preg-
;nant rabbit. There is a patch of interstitial tissue
towerds the superior aspect, but the rameinder of the;
gland.consists of epithelial cells with a small amouné
of supporting stromsa.

The fect thet the organ remains active in preg-
nancy does not support the belief that in the adult
animsl it exercises an inhibitory effect on the repro-
ductive apparatus. Certain observers, indeed, have
reported thet feeding with pineal hes & stimulating
effect on the growth cf the sexusl crgsns - exactly
the opposite to thet which one would expect from a

consideration of the extirpstion experiments of Fos

and others and from the reported effects of tumours.
The persistence of the orgsen in an active cellu-
lar condition in beth pregnant and non-pregnant snimels
suggests that it is possessed in the adult snimal of
some additionsgl function besides the regulation of

sexual develcpment, a function as yet unrecognised,

and spparently of more importance in these animals
than in men.- I have not been able tc reccgnise any
esgsential difference in structure between the pineal

of pregnasnt snd thet of non-pregnsnt animsls.

CONCLUSIONS/
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CORCTUSIONS.

Ls In the adult rabbif and guinea-pig the pinesl
'body persists es an sctive epithelisl organ.

2. The persistence in gdult animals snd the
active state of the gland in pregnancy point to the
existénce cf some other function than that of inhib-

ition of the activity of the genital organs.




(96 )

THE THYROID.

|

‘ The thyrcid spparatus includes the parsthyroids
‘as well as the thyroid, but it is mecre convenient here|
|

to consider the two parts separately. The thyroid

'will be considered first.

Morpholc 8y .

The comparative anatomical studies of lirs.

Thompson and of Marine % TLenhart have shown that the |
'gland presents indentical features in all mammals. In|
the rabbit and the guinea-pig the structure resembles
closely that of man. The gland consists of two later
al lobes lying on the side of the larynx and the tra-
chea, connected, as a rule, by a slender isthrmus. In
the rabbit the isthmus is always present; in the
guinea-pig it is occasionally absent. The guinea-pig
appears to be almost unigue as regards the large size

of its thyroid. There is & correspondence in this

respect to the state of the suprarensls in this animal
?The more minute details of structure sre readily ex-
Iamined, and the guines-pig forms a very suitable sub-
jeet for the investigation of structural changes in

the thyroid.
The blood-supply of the thyroid is remarkably

abundant; in propecrtion to its size it receives more

then/
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\then ¥hes five times &s much blcod as the kidneys.
‘The vessels form a rich anastomosis on the surfsace,
‘their smaller brenches penetrating with the connective
‘tissue framewcrk between its lcbules. Zach follicle i
is surrounded by a close net-work of sinus-like capil—:
laries with which the vascular epithelium is in direct

contact. The veins sare correspondingly large and

numerous, intercocmmunicating freely.

‘ The lymphatics of the thyroid are very abundant.

'Lymph speces lie outside the peri-vesicular capillaries.
These drain into interlobular vessels which ultimstely
oper into a large plexus on the surfasce of the gland.
The lymph dreins from this in the human subject by two
sets of vessels, an upper, which accompanies the
superior thyrcid értery and enters the superior deep
cervicael lymph glands, and a lower, which runs partly
to the pretrachesl lymph glands and partly to the small
paratracheal lymph glands which sccompany the recurrent
nerves.

The nerve-supply is derived from the superior

and inferior lsryngeal branches of the vagus and from
the superior cervical ganglion of the sympathetic.
Fibres are distributed to the secreting epithelium as
well as to the muscle cells of the vessels. The sec-
reting fibres reach the cells from the cervical sympa-

thetic/
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sympathetic, so that the secretion of the gland is di-|
lrectly under the control of the sympathetic impulses. i
ICannon states that as the result of experimental stinu;
[lation the secretion issues as promptly as in five to |

seven seconds.

Development.

The thyroid develops from an evagination of the|
1 1
floor of the pharynx between the first and second

branchial arches. In en embryo of 10 m.m. there is a

median duct - the ductus thyrecglossus - which opens

on the tongue at a spot which corresponds to the fora-
men caecum of the adult. At the lcwer end of the
duct there is a well-marked lateral expansion on each

éide, and at this stage the whole structure consists

of a bilateral epithelium vesicle cconnected by a slen-
der hollow pedicle with the surface of the tongue. 1In
amphioxus and others of the lower animels, the connec-
tion of the duct with the alimentary tube is retained,
but in men it is obliterated by about the eighth week
of foetal life,

The bilateral expansions braench and re-branch,
lultimately forming groups of small epithelial masses
in which 1little closed epithelisl lined cavities are
formed; these constitute the vesicles or secretory
units of the organ. These vesicles are formed by the

[
breaking/
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'breasking down of the central cells of a given epithe-

lial mass to form the collcid-content of the cavity,

the peripheral cells of the mass forming the vasicular;
iliniﬁg. i
@ As in the case of the anterior lobe of the pituik
!tary, cysts or tumours may be dérived from persistence
‘of a portion of the primitive duct - thyroid tumours
iof the posterior part of the tongue, thyroglossal
!cysts, and median fistulae of the neck are the commoner
'pathological sequelae. Occasionally a few of the
ideveloping cell masses become detached from the main
rudiment and these may give rise to én accesscry thy-
roid; such a structure may be found in any psrt of the
area lying between the rcct of the tongue and the
aorta. An sccessory thyrcid in the lower part of this

area may give rise tc a retro-sternal goitre.

| llention may also be made, in connection with the

development of the thyroid, of the ultimobrasnchial
%body. This structure is believed to be derived, in
:the human subject, from the fifth branchisl pbuch.
According to Howden, it is enveloped by the lateral
prolongations of the median thyrcid rudiment; it doces
not, however, form true thyrcid tissue snd nc trace cf
it cen be found in the human sdult. Mrs. F.D. Thompson

described the post-branchial body in elasmobranchs,

urodela, frogs, reptiles, and birds. In birds this |

is/ !
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consisting
is a most complicated structure/of three parts - the

first composed of compact epithelial cords, the second
of spherical vesicles lined with cubical epithelium
which may be ciliated, and the third cf true para-
thyroid tissue énd thymus. Dr.. ladge Kobertson, in |
investigating the materiasl used by Noel Paton and
Findlsy in their investigation on Tetania pesrathyreo-
priva, discovered a structure closely corresponding in

charascter with this post-branchial body. It was found

in the thyroid of dogs and cats as a structure, cyst-

like in some of its forms, and duct-like in others.

According to Dr. Kobertson, the space has its origin |

in the breaking down of epithelial cells of a type

quite distinct from these of the parathyrcid snd thy-
roid and easily recoghisable in the midst of either cf
these. The epithelial cells are larger than those of

the thyroid or parathyrcid, they stain as & rule more

faintly, and they are sometimes peculisrly clear and
almost refractile in appearance. The cavity contains i
& large amount of homogeneous necrotic material, obvi-|

ously derived from broken down epithelial cells, and |

differing, as a rule, in its staining properties from
the colloid of the thyrcid vesicles. When haemalum |
and eosin are used this materisl ususlly takes a dark i
bluish black cclour.

A similar body to that described by Dr Rebertson

was/
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was found in the thyroid of the rasbbit srd in the
para-thyroid of the guinea-pig. In the rabbit (Bﬁgéﬁ}
there is a cystic cavity, lined partly with cubical E
gnd partly with flattened cells, in the substance of i
the thyroid, not far from an internal psrathyrcid.

The contents consist of granular necrotic -looking
material. In the guinea-pig (FPig.¢¢ ) the cavity in
the paraethyroid was lined with cilisted columnar epi-
thelium and contained a substance resembling that seen

in the rabbit.

Morphological studies have shown that the thyroid

|
|

apparatus,from the earliest stage  of its evolution-
ary history, has been an essentisl part of the diges-

tive trsct, and sc intimstely related with the genital

organs a&s at one time to have formed an integral part
|

t

of them.

Histological Anatomy. 5

The thyroid gland is surrounded by & thin capsule

of connective tissue from which processes run into the
interior of the organ, subdividing it into smaller and

smaller lobules. .The ultimate lobules are irregularly

circular or oval on section and have a diameter of .5 !
to 1 m.m. It has been shown conclusively that the
glandular substsnce is composed of clcsed vesicles,

which are separated fron one anocther by a very fine

and/
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gnd highly vsscular fibro-elastic covering and & vari-
able emount of intervesicder cellular tissue. MNost of
| the vesicles are more or less rounded, but may be lon%
ovoid, or polyhedral. They vary much in shape and
|

size, being small in the glands of the newly-born and |

'young, while in the adult they are smaller towards the

periphery. In the adult, their size varies from 45
@to 300y, Esch vesicle is surrounded by a very abun-
ldant net-work of capillaries.

The capsule of the organ and the connective tis—
sue stroma are made up of bundles of white fibres with!
numerous elastic fibres. The connective tissue
comes into direct contact with the epithelium lining
the vesicles; Tagendorff & Schmid have shown that
there is no basement membrane, the vesicle being en-
closed by very fine bundles of connective tissue
fibres, outside of which is the endothelium of the
lymph spaces.

The epithelial cells lining the vesicles vary in
height from low cubcidal to colummnsr, according to the| -
state of secretory asctivity of the gland. When ex-
amined in normel saline, the cells of the thyroid in
beth men end animals show a number of granules of
varying sizes. They are chiefly asggregated in the
free end of the cells next to the lumen of the follicle;
they / |
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they are highly refractive and show a characteristic
greenish tinge. They are believed to consist cof fat_‘
in combination with oleic scid. Tagendorff, in osmic

|
acid preparations stained by the Ehrlich-Biondi metho#,
endeavoured to distinguish beteen principal cells and!
colloid cells, the former being unstained, while the |
latter appear red with green nuclei. Subsequent ob-
servers have failed to support this distinction.
According to V. Ebner, these do not represent two dis-
tinct varieties of element; McCarriscn states that
the appearances merely represent different steges of
the oell's activity.

The cell protoplasm shows a retiform structure,
with frequent longitudisnl stristion. The nuclei are
spherical and show & very fine chromatin net-work.
Lying between the vesicles and filling up the spaces
left by the approximation cf the more or less rounded
vesicles is the intervesicular parenchyma. The cells
in this situation bear @ close resemblance to those
which line the vesicles (Rig.tY ). The intervesicu-
lar tissue is more abundant in the young and develop-
ing thyroid; with advancing age the gland becomes
less cellular and more vesicular. The amount &also
varies with the state of functional activity of the
gland, &s will be shown later. Vincent has directed
attention to the resemblance between the intervesicu- |
lar cells and those of the parathyroid. He believes

that/
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that this tissue is in g1l essential rcspe&ts of the
same nature as that forming the parathyroids. This
view received support froﬁ the work of Mrs. Thompscn, |
but the peint hes not yet been definitely settled amd
will be referred to later, after the chenges of func-
tional activity have been considered.

The intervesicular tissue mey, in addition to
its parenchymsa cells, contain portions of thymus tis-
sue or of parathyroid tissue. Meny smell cells may
be found scattered thrcugh it or arranged in messes.
Scme of these are 1ym§hocytes, others, found in more
compact masses, sre the "foetal rests"” from which
"foetal adenomets” are said to arise.

The contents of the vesicles consist of the so-
called colloid meterial. Morpholcgically, this is &
colloidal substsnce, though ohemically it is nmot. It
varies in consistence and is inscluble ih water, alcc-
hol, ether, snd diluted acids. It stains with scid
aniline dyes snd most readily with ecsin. In prepar-
ations which are fixed with those agénts which coagu-
late proteins without chenge of form, such as osmic
acid mixtures, the colloid is found to f£ill the vesi-
cles completely (Fig.G& ). It lies in olose contsct
with the follicular epithelium and, as a rule, has a
perfectly homogeneous aspect in the resting gland. The

outstanding/
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outstanding charescteristic feature of the collcid
material is thet it contains iodine, which exists in
combination with & non-protein nitrcgenous base, snd
it is usually called iodothyrin. E. C. Kendall has
recently succeeded in isolating a pure crystalline
substance of perféotly oonstant.oomposition:and con-
teining over 60 per cent of iodine. He has named
this substence "thyro-oxy-indol" or "thyrcxin" for
every-day reference. I¥ has been identified as an
indol compound ard has been made synthetically.
Kendall believes this substance toc be the active con-
stituent cf the thyrecid snd to be associated with the .

metabolism of samino scids. [

The Histological Evidences of Secretory Activity.

The examination of & number of thyroids demons-
trates the fact thet different specimens show considert+
able variation as tc their minute anatomy. Some speci-
mens show well-marked signs of secretory sctivity,
while in others these signs are élmost or entirely
absent. Chalmers Watson hes shown that it is possible
by variations in the diet to produce in rats gll trans+
itions from an active or lyperactive organ with highly
developed columnar epithelium and irregular lsrge vesi-
cles, and without any great accumulation of colleid,to

g2 gland with flattened epithelium asnd vesicles greatly

distended/
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|
distended with colloid. In order to come to a con- |
clusion as to what features constitute whet may be
called the "normal” signs of functionel activity, it
igs essential thet the animals examined should be underi
the same conditions as to feeding, general health,and
invironment generslly. The same remsrks which have
been made in the csse of the pituitary as to the un-
suitebility of human material apply to the thyroid.
The thyreid responds very quickly to toxic conditions,
the effects being exhibited in varying degrees of hyper+
plesia, hypertrophy, and cell destruction, sc that
specimens from patients who hasve died from such causes
are of no value in attempting to obtain a picture of
the normsl signs of secretory activity. Even in the
case of healthy subjects who have died from injury, de-
cenerative changes sre apt to take place in the cells
owing tc delay in fixation.

The animals examined were in gocd heslth and
under the same conditions &s to feeding and general
surroundings. As in the case of the pituitary, the
thyroid shows well-merked signs of activity in the
Pregnant state. The enlargement of the thyroid in
Pregnency is a well-known clinical fact. Ripmenn
recently found,in the Gueen Charlotte Hospital in
London, that about 50 per cent of pregnant women

showed/
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|
showed slight thyroid enlargement which hed originated|
during pregnancy. Primaparse showed such swellings
to a surprising extent. The gland is most likely to
Von Graff found that of 633 pregnent women who had no
swelling prior to pregnancy, 49 per cent presented
thyroid enlsrgement . The thyrecid of the healthy preg:
nant animal therefore provides good materisl for the
investigation of the gland in the active stete. On
bcomparing the thyroids of pregnant and non-p;egnant
animgls, it is possible to distinguish between an
"active” and a "resting" stage of the gland.

Appesrances in the Resting Phsase. In-ndn—pregnant

animels the vesicles of the thyroid sre usually dis-
tended with & granular or perfectly homogeneous col-
leid. This substance lies clcsely applied to the lin+
ing epithelium unless a fixative has has been used
wnich causes shrinkage in addition +to coagulation.In
this event indentures at the edge of the colloid are
to be seen. It shows few, if any, vacuoles. It
stains freely with all bssic dyes, snd, s a rule, uni+
formly; occaesionally, however, a denser area may be
Seen tcwards the centre. The cells which line the
vesicles are markedly flaettened (Fig.67 ). The proto-

Plasm stains uniformly snd the granules are few in

number/
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number . The nucleus is placed either st the centre
cr at the bese and mey almost £ill the flattened cells|
The nuclei tend tc be smaller in the resting phase.

They are spherical cr oval in shape, according to the

degree of flattening of the cell. The vessels and

capillaries of the organ are not distended.

In this stage the collecid has beccme thick owing
to its gradual sdmixture with the elements of cellular
disintegration, when iodine has been fixed by the col-
loid and the consistency of this substance hes been

altered by the salts of the body tissues.

Appesrances in the Active Phase. In pregnant animalﬁ

| the thyrocid ususlly shows well-marked evidences of I

secretory sctivity. ?he epithelium lining the vesicles

becomes heightened. It is commonly of & cubocidal or
low columnar appearance (Fig.%/ ), but in some cases
may even be tall columnar. The protoplasm shews
abundant granules. The grsnules appear to be dis-
charged as @ thin secretion intc the vesicle or direct;
ly into the lymph spaces. After the escape of secre-

tion the protoplasm may sppear pale and vacuolated.

The nucleus is centrally placed and does not fill the |

cell. It is distinctly larger then in the resting
state. The edge of the epithelium towards the &acinar
cavity is usually uniform, but in some cases it becomes

ragged/
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ragged end irregulsr, merging into the colloid subs- _
tance. The colloid becomes vscuolsted (FPig. V6 ) as |
the clear fresh secretion sccumulstes in the vesiocle,
\and gradually becomes absorbed. The absorption is
lmore rapid at the periphery of the ceclloid mass, so
that a2 crenated appearance may result. There is no
increase in the stroms, but the blood-vessels end the
capillaries are distinctly dilsted. The changes in
the intervesicular tissue will be discussed later.
Cowdry has recently msde an interesting obser-
vation on the behaviour of the reticular materisl in
secretory activity in the thyroid of the guinea=-pig.
He finds thst the reticuler material (i.e., Golgi
apparstus, canaliculsr sappaerstus, etc.) is not in-
varigbly found between the nuclei end the follicular
lumen, as is generally suppcsed; but in some ceses
undergoes an sctive migretion to the opposite pole of
the cell, which, together with other evidence at hand
indicetes the existence, in his opinion, of & reverssl
in physiological polerity whereby the secretion is ab-
sorbed directly, instesd of being first stored within
the follicles.
In the sctive staete the clear fresh secretion

readily finds its way intc the lymph spsces, though
the manner in which it is transmitted is not guite [

certsin. Hurthle believes that the secretion passes

out/
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out by way of the intercellulaf.passages, while
ILewandowski is of opinion that the process is osmotic.
'in any csase, there is no doubt thst the secretion
enters the lymphetic vessels. Apparently, it is only
the thin fresh secretion that mekes its way into the
lymphatics, the store of colloid substance being used
up by a process of solution send absorption. Towazds
the end of the active phase the secretion from the
vesicular cells begins to sccummulste in the vesicles,_
where it becomes intermingled with portions of disinte+
grated cells and increases in viscosity in consequence,
probably, of chemical change. This change is well
seen in the thyroid of the rabbit killed one week after
perturition. Rounded globules of fresh secretion can
be seen in the midst of the denser colloid towards the
epithelial lining of the vesicle (Fig.7? ). The. newly-+
formed collcid substance then becomes impregnated with
iodine in organic ccmbination. Thus the gland returns
tc the resting phese until & fresh demsnd is msde for
b large supply of iodine-containing secreticn. In the
thyroids of healthy animals the process stops short of
total expenditure of the stored-up colleid, so that
frequently small messes of this material sre left be-
hind in the vesicle around which the new collcid is
deposited.

McCarrison/
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MioCarrison regards the collcid as 8 substance design-
ed to ocontain an emergency reserve of icdine, a re-
serve which is not crdinarily csalled upen in the daily
routine of the becdy demands. The thyrcid cells
elaborate the specific hormone for the daily needs,
probably from substances supplied to them in the :

| blood without calling upon this reserve. The reserve
store of iodine is only csalled upon under certain
conditions, excessive sympathetic excitation, as in i
rage or fright, pregnancy, and so on. A distinction|
is to be draswn between the "thyrcid secretion” and i
the"so0lloid™; the latter term ought to be restricted

| to the reserve store of the icdine-contaeining materisl
1t is necesssey to reslise that the stored-up colloid
| is no measure of the state of the sctivity of the
gland gt the time of its examinsatiocn. This &otivity:

bl hyperplasia
is indicated by the degree cof parenohyma/and by the

amount of "secretion” lying between the cells and in é
the lymph spaces.

The secretery activity of the thyroid is very
'olosely under the control gf nerve impulses, the
secretory fibres being derived from the cervical sym-é
pathetic. Cannon has shown thet when the phrenic
| nerve is joined tc the peripheral portion of the cer-:

| vical sympathetic in the cat, and the thyroid is thus

continucusly/
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icontinuously stimulated as the animal bresthes,this
operation results in techycsrdia, increased excita-
;bility, locse motions, exophthalmos on the operated
| side, great increase in the metabolism, and in some
|cases an incresse in size of the adrensls. The
| superior and inferior laeryngesl nerves seem to be con-+
'cerned with trophic impulses; Exner found that af‘t:er‘E
| resection of these two nerves the amount of iocdine in

|
the gland remains unchanged, and Katzenstein reports I

| the ocourrence of histolcgical degeneration after this
|

|
‘procedure.

The Relationship between the Histolcgical Appesarances

in the Healthy Active Gland and those of Pathological |

Affections assccisted with Toxic Symptoms.

It is becoming customary,especially in Americe, |

to subdivide cases of goitre into two main groups —the

"simple” and the "toxic! In the latter group there

occur symptoms resembling those of hyperthyroidism, !

while in the former group these are absent and the
‘harmful effects of the thyroid emlargement are almost‘
:entirely local. Greenfield, in 1893, was the first

'to deseribe the patholegicsl firdings in exophthalmic |

igoitre and to ascribe the clinical symptoms to & stat%

of hypersecretion of the thyroid. It has been shown

|chiefly owing to the work of Plummer, that the group
gof/
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;of toxic goitres includes not only cases of excph-
ithalmic gnitre but also a second group consisting of
'cases of adenomata with toxic symptoms. Plummer has
ishown that cases of toxic adenoma constitutes about
'one fifth of the cases formerly included under the
heading of exophathalmic goitre. The charscteristic
features of toxic adenomatsare that, although in this
joondition there is a general resemblance to the symp-
toms of exophthalmic goitre, excphthalmos is absent,
the symptoms generally are milder, they appear later
in 1ife, and supervene on a thyroid enlsrgement which
has existed for ten or twenty years.

L. B. Wilson has recently made the following
statement from a study of 1208 thyroids removed from
patients of the Mayo Clinic, diagnosea eclinicelly as
having excphthalmic goitre, and of 2356 thyrocids re-
moved from patients diagnesed clirically as having
simple goitre: -

"(g) The pathology of the thyroid in true exoph-
thalmic goitre is essentially a primary parenohymatou#

hypertrcphy and hyperplasia, thst is, an increased

amount of furnctioning parenchyme assecisted with in-
Creased absorpiion . The process is an acute one.
| simple :
(b) The pesthology of non-toxic/goitre is marked

essentially by atrophic parenchyme, decressed functiom,

and/
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‘and decreased absorpticn. The process is a chronic

| one. It is parsllel in stages of development and

| regression with similer stages of development end

' strongly points to that conclusion®

'Toxic goitre is almost universally claimed to be due

regression cf symptoms.

(c) The patholegy c¢f the thyroid in toxic non- |
exophthalmic gecitre in cases mest resembling ordinary
exophthalmic goitre is probably one of incressed
parenchyma though regenerative processes in strophic
parenchyma, cor the formastion of new parenchyma of
foetal type with an increase in each instance of
gecretory activity and absorpticn. The new paren-
chyma of foetal type may be diffuse or in definitely
walled adencmss. The process is & chronic one.

(d) The above pathological evidence points to s
constant relative association of incressed secreticn
and increased absorption from the thyroid proportiocnal

to the degree of toxicity on the part of the patient.

We have as yet no absolute procf that such secretion

and absorption is the cause of the symptoms rather

than co-ordinate with them, but the evidence presented

to hypersecretion of the thyroid, because,(1l) the |
symptoms of the disease are not unlike those produced
by excessive sdminstrastion of thyroid to a normal .

individusl/
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' individusl; and (2) they are in general opposite in

;oharacter to the symptoms found in cases where the
' thyroid gland is atrophied. Certain investigaters,
:however, deny that it has been conclusively proved
ithat toxic goitre is due to hypersecretion of the thy-
]roid. They believe that the changes in the thyroid
!are the result of some obscure toxic condition which
ieffeots not the thyrcid alcne but initiates disturb-
iances of the whole endocrine system. They hold that
Imany of the symptoms in toxic goitre sre duve to de-
{rangements of other orgaens then the thyroid and that
ithe secretion of the thyroid, although frequently in-
creased in amount, ﬁs deficient in quality from the
cutset. In the consideration of this question it isi
of importance to ascertain how the histological i
'appearsnces of the thyroid in toxic goitre compare

‘with those of the normal active gland; 1if the con-

dition in toxic goitre is purely one of hypersecretioﬂ,

we should expect to find a close resemblance between !

the two histoleogical pictures. It is necessary firsﬁ

to review the evidence in favour of one or the other é

| ?
In addition to the fscts already mentioned as |

;SUPPOrting the theory of hypersecretion, mention may

.| be made of the experiments of Reid Hunt, who showed

| that/
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that the blood from a patient suffering from exoph-
thalmic goitre when injected into mice increases
:their resistarce to the toxic action of ascetonitrile,
' this being also the case after thyroid extrsct has
|‘been injected.
| Purther evidence in support of this view is
Iafforded by the resemblance in the effects on meta-
bolism in .texic goitre and after administration of
;thyroid extract. It hss been shown by Magnus-Levy,
{Salomon, Benedict, Boothby, and others that the meta-

‘bolism in toxic goitre is characterised by an increas-

ied.expenditure of energy. The respiratory inter- |

;change of gases shows an increase of 50 to 80 per cenﬁ
| in the amount of oxygen consumed. The increased con-
sumption and the increased and remarkably fluctuating
caloric production is partly the result of tﬁe augment-
ed cardiec and respiratory sctivity; in part, and to
an even greater degree, it is due to the nervous ex- |
citement snd motor unrest, more particularly the tre-
mor. But even in complete muscular repose there is
:still 8 large increase in the interchange of gases.
.For clinical purposes the incressed energy production
hes been expressed by the estimation of the "basal
metabolic ratev This is defined by lMeakins & Davies |
as the rate of energy exchenge, i.e., the number of

calories/
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.calories per unit of time and per unit of body surface,
under basal or resting conditions. The result is
Ioonveﬁiently expressed as percentage increase or de-
icrease, as compared with the known standard for the
aversge normsel individual of the same sex and age as
}the subject. Patients with complete atrophy of the
| thyroid have a.basal metabeolic rate sbout 40 per cent.
below normel; in exophthalmic goitre the average metsa-
ébolic rate is H7 per cent. above normal.
! It has been shown that after the experimental
administration of thyroid extract the metabolic rate
!is affected in exactly the same way as in exophthalmic
Igoitre. It is an interesting fact that the active
' substance isolated by Kendall - thyroxin-affects the
' metsbolic rate in the same way as thyroid extract.
:Thyroxin produces quickening of the pulse only when
?protein foocd is also teken; Xendall believes that
!this is to be explained by an association between the
Eth:,rroid hormone and the metabolism of amino acids.
EHe has shown that it relieves o?mpletely the symptoms
' of myxoedema.
The correspondence between the effects on the
metebolic rate of administretion of thyroid extract
iand the conditions in toxic goitre appear tc prove

!
'that the incressed energy production, at least, in

' toxic/
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toxic goitre, is due to excess of thyroid secretion.
The degenerative changes in the myocardium and also
!in the skeletal muscles - which Wilson has recently
shown to be marked - the mental symptoms, the blood
!changes. and other features are less easily explained.
| The results of surgicgl treatment have an impor- |
!tant bearing on the nature of the essential lesion ini
| toxic goitre. In toxic sdmnomats, at least, the re-
isults are striking. Barker of Baltimore says - "the
[results of surgical therapy for thyroid adenoma are
%partioul&rly gratifying. One of the most striking l
ithings that a physician has opportunity to observe is
fth.e obvicus relief that patients with outspoken hyper-
thyroidism experience within a few days after partial
thyroidectomy™ C. H. Mayo found that sfter removal |
Eof toxic adenomats the basal metabolic rate falls from
356 per cent. to 7 per cent. above normal usually with-
iy two weeks. Judd obtained 80 per cent. of cures in
:this condition. The results of partial thyroidectorny
!in true exophthalmic geitre are less striking but are
;frequently satisfaotory. The beneficisl effects of
iremoval of a part of the thyroid in these conditions
ifurnishes support for the opinion that the symﬁtoms i?
|toxic goitre are mainly due to an excess of thyroid

|secretion.

The/
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The work of Durante & Wilson on the nerve cells
end fibres of the cervical sympathetic is elsoc of con-
;siderable significance in the consideration of this '
question. They have demonstrated very definite
lchanges in cases of exophthalmic goitre. These
|~c:‘lmealnges consist of various stages of degeneration,
Lnamely, (a) hyperchrometisation, (b) hyperpigmentation,

(c) ohrometolysis, and (d) strophy or granular degener~
ation of the nerve cells. All of these, according

|to Wilson, are but successive steps in degenerationm,
\which,if uninterrupted, proceed to the complete des-
‘truotion of the ganglion cells affected. DNot all of
Ethe ganglion cells in any of the gsnglia examined

were so completely destroyed as to render improbsable

their return to normal under favourable conditions.

Acocompanying the more advanced chenges in ,the ganglicﬂ

cells are similar degenerative changes in the nerve

' £ibres, and en increase of connective tissue through-
jout the ganglion, but especislly in the outer sand
!middle coats of the vessels and in the perigsnglionic

' tissue. The degree of hyperpigmentation, the amount

| of granular degenerstion, the atrophy, end the reduc-
tion in the number of gsnglion cells are approximately

in direct relation to the continuation and subsequent

|remission of the toxic symptoms. The perivaescular
|
‘connective/
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connective tissue and the connective tissue stromsa

' generally through the ganglion are incressed in direct
:ratio tc the time during which the toxic symptoms had
continued. These changes in the ganglion cells are
quite distinct from those due to senility or to other
'prolonged wasting diseases. |
There are two possibilities with regsrd to these
changes in the ganglia. It is possible they result
directly from the generally toxic condition in exoph-
‘thalmic goitre, or, on the other hand, they mey be due
Eto s specific primery infection of the genglion itself.
i Experimentally, Wilson has been able by direct
5inocu1ations into the cervical sympathectic ganglion
éof goats to produce histelogical pictures within the
!ganglion and in the thyroid which resemble those found
in exophthalmic goitre ir mem. He believes that thesej
experiments, thougi?gnd far from conclusive, support
:the suggestion that in excphthalmic goitre the thyroid

receives its stimulus through its nerve supply and as

a result of over-stimulaetion of the cervical sympa-

ithetic ganglion.
i The main facts supporting the hypersecretion

theory - to recspitulate - are (1) the resemblance be-
: |
itween the symptoms of toxic goitre and those of admin-
:istration of large doses of thyrcid extract or thy-

[
roxin/
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‘thyroxin, (2) the contrast which the clinicel picture
gpresents to that of myxoedema, (3) the similar changes
éin the basal metabolic rate in toxic goitre and after
‘administration of thyroid extract, end (4) the bene-
%fioial results of surgical therapy; The observations
;of Wilson & Durente sppear to show that in toxic goitrq
ithe thyroid is stimulated by way of the cervical sympaé
'thetic, but they do not prove that the main factor in
}the disease is an excess of the normal secretion of

| :
Ithe thyroid. If the ganglion changes are due to a

‘toxic irritant, as Wilson suggests, the toxin involved

|
\may affect other tissues as well as the thyroid and :
'thg symptoms may be partly due to lesions elsewhere,

particularly in the other endocrines.

| Marine‘& Lenhart, MeCarrison, and other investi-
igators deny thet it has yet been conclusively demons-
‘trated that exophthalmic geitre is due to hypersecre-
‘tion of the thyroid. some authorities believe that

|the essential cause of the symptoms is the production
!of a preverted thyroid secretion - a condition of dys-i

|
'thyroidism; others believe thet the thyroid changes

are only a part of e widespread lesion involving

lespecially the other endocrines end the lymphoid tis-
r

:sue throughout the body, and probably resulting from

the presence of & toxic irritant. '

‘ licCarrison/
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McCarrison emphasises the distinetion between true
.hypertheridism end the symptoms of exophthalmic goitre.
He believes that there‘is no sufficient evidence,either
from experiments on animesls or observations on man,
‘that hyperthyrcidism, that is to say, excess of the
\normal secretion of the thyroid gland, is the direct
cause of the techycsrdia, nervousness, or exophthalmos
lwhich characterise exophthslmic goitre. The symptomsi

|
|
|

of true hyperthyroidism are loss of weight, gastro-

enteritis, diarrhocea, and an increasse in the pulse

rste proportionate to the increase in metabolism. His

own view is thet under pathological conditicns the sys;

ftem is rarely flooded with & chemically unaltered
!secretion, but thet the bio-chemical balance of the
:seeretion mgy be so chenged ss to render it deficient
lin some respect or to impart to it = toxic gquality.

In the vast majority of cases, the excitation which

determines the glend's derangement is toxic, and is
|one which initiates disturbances of the whole endo-
:crine system.

There can be no doubt that, as McCarrison points
out, 'in exophthalmic goitre the majority of the other
endocrines mgy sheow profound slterations. Simmonds
hgs shown that the thymus is persistent and hyperplas-
tic in 75 per cent. of cases. Fry has described

evidences/
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| 1n these organs by ketman. The lymphocytosis, often

amounting tc as much as 50 per cent., the nervousness
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evidences of over-sctivity with chromophilia in the

snterior lcbe of the piruitary. Marine & Lenhsrt

| have concluded thet the facts that exophthalmos may

be present either with the thyroid normel or with any
degree of thyreid hyperplasia, and that there may be
s merked thyroid hyperplaesia without exophthalmes,

weigh heavily against the view thet thyroid hyper-

| plasia is eticlogicelly related to exophthslmos and

towerds the view that both phenomena are parsllel,

damental and more obscure nutritional disturbance. .

Exophthalmos cannot be produced experimentally in

|
|
i
|
|
!
though often not synchronous menifestations of a fun-|
i
|
|
|
|
[

 enimals by thyroid feeding. Gley records a case in

which exophthslmos develcped slowly in a rabbit from |
which he had removed the whole thyroid appsratus.

Maurice of TLyons has shown that exophthalmos is due,

not to excessive sction of the thyroid, but to exces-
sive action of the suprarensals. To the activity of

the suprarensls is probably also to be attributed the

"frightened fascies" of exophthalmic goitre, as is sug
gested by the observations of Cennon. The occurrence
ctf extensive pigmentation of the skin justifies the

assumption that the suprarenals mgy ultimately be in-|

t ]

I
|
and/ |
|
|

£
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and the occasional mentsl dersngements sre difficult
of explanation on a basis of simple hyperthyrcidism.

| The infiltration c¢f the thyroid, the liver, and other
| organs with lymphocytes is very suggestive of s con-

| ditioen of chronic toxic irritation as the underlying

factor of the disesse.

It is believed thet in the early stages of exoph-
'thalmic goitre an initisl hyperplasis occurs in the
thyreid which‘results in the flooding of the bloocd-
stream with & secretion which at first is excessive
in quantity, but from the commencement is deficieéent
in quality. It is uncertein to what extent the in-
itisl incresse in quantity mekes up for the deficiency

|
in quality; at all events, symptoms which might

|
reasonably be attributed to hyperthyroidism form part |

of the clinical picture in the majority of cases dur~!
ing the earlier stsges of the malsady. But as the
morbid chsnge proceeds, exhsustion of the secreting
cells occurs, and normal secretion is produced in !
gradually diminishing smount. Ultimately,the symp-
toms of myxoedema in mejor or in minor degree are

| added te the clinical picture. At a oomparstively ;
early stage in the disesse-process there may be de-
ficiency in some one or all of the chemical ingredi-
ents. Such symptoms as nervousness, tremor, and

mental/
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fmental derangements mey be in some measure the conse-
guence of these finer nutritionsl disturbarces in the
cells of the nervous system which this deficiency en-

tails.

The chenges in the gquality and in the gquantity
of the thyroid's secretion in this disease are believ-

| ed to be primerily the outcome of toxic irritation of

|
ling its secretion. Whether or nct the sescretion is

the gland itself and of the sympathetic nerves control-é
‘so chemicglly altered during the course of the morbid‘
| |

process as to sequire & high degree of toxicity is

still not proven. But in either event it is believed

|

| that it is the intervention of chemical substances de-
rived from sources outside the thyroid gland which
determines the result and imparts to Grave's disesse

its toxic character.

The principsl facts which weigh against the hyper-

secretion theory are - (1) meny of the symptoms of ex-

ophthalmic goitre, notably the excphthalmos and the

| mental symptoms,are not reproduced by the sdministrs-

|

|
tion of thyrecid extract, (2) hyperplasis of the gland
mgy occur without producing exophthalmos, (3) the

hypersecreticn theory does not account fer the per-

sistence of the thyrus, the tendency to fatty degener-

ation of the myccsrdium and the skeletal muscles, the

blecod/
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blood changes, the lymphocytic infiltration of the
organs, and certain other features. '

The injection into animals of blced from patients

' suffering from exophthalmic goitre does not appear to

| produce symptems similsr to those following the in-

jection of thyroild extract; +the results of such ex- |
periments, at least, have been confusing and indecisiée
If the blcod from these patients contéined an excess |
of normal thyreid secretion, one.ﬁould expect to ob-

tain evidences of this by such injections. g

The Histological Picture in Exopthalmic Goitre.

A specimen of the thyroid in this condition was

obteined, for purposes of comparison, from a typicsl

| case cperated upon by Mr. Lewis Beesly in Chalmers

normal active gland, are almost uniformly tall colum—{

Hospital. The specimen was treated in the same way ;
as the healthy thyroids, being fixed in Zenker's sol-i
ution while still warm s&snd stained-in a similar manrexr
The parenchyme in this specimen showed the siguns
of celluler activity to en extreme degree. The cells,

instead of being cuboidal or low colummar ss in the |

| nar (Fig.80 ). DMoCarrison stetes that tall columnaﬂ

epithelium is never met with in the healthy thyrcid,
but with this statement 1 do not agree. In some

cases/
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cases this condition of the epithelium was met with in

'the guinea-pig in excessively asctive thyrcids from
!pregnant animels (Fig. 75 ). The height of the epi-
?thelium affords a fair index to the state of activity
lof the gland. The cell protcplssm shows sbundant
granules. The nuclei in most cases sre large and
lspherical with a distinct chromatin net-work, dbut in
'some regions they show considerable variations in

| appesrance. Where the cells are cleosely crowded in
.the very sctive alveoli they tend to be small and
darkly staining and may be slightly flattened. In sone
parts of the gland the cells lining the slveoli are
several layers thick, end groups of cells or single
cells mgy become desquamated and lie lcose in the

vesicle. The free edge of the tall columnar cells

sometimes presents the slightly ragged appearance thet

may be seen in the cells of healthy active glands
|

'after a period of prolonged sctivity.

The alveolli show the greatest irregularity in

|shepe (Fig. §( ). In some regions they are swmall end
‘rounded and more or less symmetrical, these represnt-
iing new forms developed in the intervesicular tissue
I(Fig- 8 ), but'in mosh casés they are distorted snd

|compressed. The most striking deperture form the

lary/

normal consists in the develcpment of buds snd papil- |
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papillary projections of the acinar wall, such as sre
.seen in Pig. §3 . These sre develcped in order to &C=
comodate the hyperplestic epithelium, and they add tol
the asymmetry in the appearance of the vesicles. The
contents cf the vesicles stain only faintly in many
| regions, and in some parts sppear to consist of olear‘
newly -forred secretion. Occesicnally the wall of a
vesicle breaks down and the contents may escape into |
the surrounding connective tissue (Fig. §4 ). l
In addition to these evidences of parenchyne ‘
hyperplasia, the +thyroid in exophthalmic goitre pre-i
isents certain other features which do not always re- ‘
ceive sufficient oconsideration. In many regions there
is an abundant infiltration with small lymphocyte—likei
cells (Fig. £5 ). Roussy & Clunet consider that un- ‘
|less this lymphoid proliferation is present, the con-
dition cannot be considered to be one of true'exoph-
‘thalmic goitre. This feature cannot be explained by |
iany theory of hjpersecretion alone. It suggests |
istrongly a response to the sction of some toxic irri- |
jtant and corresponds, to a certain extent, to the re-
lacticn on the part of the tissues in response to such
toxins ss those of syphilis and tuberculosis. |
Another feature in which the thyroid of exocphthel-|
tmic goitre differs from the normal active thyroid !
consists/
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consists in the very marked thickening of the connec-
tive tissue framewors which takes place. The trabecu-
1se of connective tissue which separate the lcbules
from each other are enormously thicker and coarser
than in the healthy gland. There is a resemblance in
this respect to the changes which occur in the mammery
glend in chronic mastitis, or in the pencreas in
Ichronic pancreatitis in response to chronic toxic

lirritstion. The vessels show in places a very |
|

definite condition of obliterative enderteritis (Figfh7)
The histological picture in exophthalmic goitre
|is therefore one of & state of frenzied activity on
ithe part cf the parenchyma, conmbined with changes in
:the stroma and vessels ¢f the gland which ocorrespond
!to those seen elsewhere as the result of a toxic irri-

‘tant . The psrenchyma changes are an exaggeration of

'thcse seen in the healthy gland in a state of active

secretion.

The Histological Picture in Toxic Adenoms.

! Toxic adenoma is the most common type of toxic
!non-exophthalmio goitre. A specimen of this condition|
|was obtained at operation from a case operated on by

‘Mr. B, E. Jardine. Portions were fixed in Flemming's

solution and in Zenker's scluticn and stained in the
|same way as the others. According to Plummer, the

| symptoms / _ |



F/k’r.&ﬁ'. /NF;}_TRHT}GN WITH LNMPHOCYTE—~LIKE CELLS

IN EXOPHTHALMIC GOITRE .

h-Q(JN anrvm:faxw_.:rv F Easin )(,32'0-



i
| (150)
|

isymptoms of toxaemia in patients with toxic adenomats
.appear in patients who havé had goitres on an sverage
of fourteen and s half years, snd the patients come
!for operaticn on an average of three years later. They
:do net hsve exophthalmos, but have tachycsrdia,tremor,
|1lcss of weight, and nervousness, which appear when the

|patients are from five tc ten years older than the

average patient is when the symptoms of exophthalmio
;goitre develop. Boothby, Iieskins & Davies, and
others have shown thsat the basal metabolic rate is in%
creased in much the same way as in exophthalmic goitre;
In the patient from whom the specimen was cbtain =
'a thyroid swelling had-been present for some ten years,
and toxic symptoms had appeared about six months
'previous to operation. It was an interesting feature
|in this case that a2 similar swelling in & sister of
:the patient had followed exasctly the same course. The
idevelcpment of nervousness, irritability of temper,
land other symptoms were readily reccgnised, &nd, oPer;
ation in the first sister having been follcwed by '[:he.i
mest satisfactory results, the second patient came fo;

surgical treatment sooner then she would otherwise

i
have done. The tumour wass a definite sdenoms snd was

readily shelled out from & well-marked capsule.
|

Mr. J. M. Graham kindly lent another specimen of

|
this/ ;
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this condition and an example of simple goitre for

‘comparison.

|

| Wilson has shown that in toxic adenomata of the
["adult” type the aprearance of toxic symptoms is due
ito regeneration in previously atrophied parenchyma.
iIn the specimen obtained at operation evidence of the |
|

old-stending retrogressive changes were well-marked
in the form of extensive calcification, and also in
the presence cf numerous large spaces lined with flat-
tened atrophied cells snd distended with colloid which
was often basic staining. Areas of regeneration were

abundently present. The newly-formed alveoli are

| frequently smsll, they are markedly ssymmetrical, asnd
'preseﬁt & close resemblance to those of exophthalmic |
goitre (Fig. 8§ ). The lining parenchyms cells sre

mostly cuboidsl in shape, though here and there coium%

nar epithelium is present. They do not generally

iattain to the height of the cells in exophthalmic !
Igoitre but resemble rather, in this respect, the cellé
of a healthy gland in a moderately asctive state. This
difference in the height of the cells corresponds to

the difference in the acuteness of the symptoms in the

two forms of goitre; those of toxic adenoma are alwayf
milder end progress more slowly then in exophthalmic
| goitre. The resemblance between the cells of toxic

adenoma/
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adenome and those of a normsl active gland suggests
Etha't the secretion may not be excessive in amount in
| this condition - not necessarily greater .than in a
state of physiclogical esctivity, such ss pregnancy.
.lf such is the caese, then the toxic sympteoms must be
Idue, not to excess of secretion, but to the production
of & secretion which is abnormal in character - &

occndition of dysthyroidism.

Budding and plication of the epithelisl lining
iof the ecini was met with in the toxic adencma, but to
8 less extent than in excophthalmic goitre. The same
mgy be ssid with regard to desquamstion of epitheliﬁmf
The vesicles generally contained abundant densely-
!staining ccllecid, though the smaller and more active

alveoli frequently contained only clear secretiom.

The specimen lent by Mr. Grsham, from which Fig.

is taken showed the same combination of o0ld retro-

igressive changes with recent hyperplasia. The speci~i
‘men of simple goitre (Pig. 90 ) shows no.similar pro—i
liferative changes but consists almost entirely of |
large colloid spaces lined with atrophied parenchyms. |
These spaces are similar to those ohserved in the 01&+
standing sreas of the toxic adencma. ‘
Lymphocytic infiltration occurred in the toxiec
adenoma (Pig. ) to an even greater degree than in i

exophthalmic / |
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iexophthalmio goitre. This fact has received very
| 1ittle attention in the literature and appears to be
a point of ccnsiderable significance. 1t suggests
agsin a reaction to some toxic agent which has not
' yet been recognised. 1t may be that this toxic sub-
stance is also the prime factor in causing the hyper-

activity of the parenchyms cells - possibly through

‘of Wilson & Durante affords grounds for believing.

the agency of the cervical sympathetic, as the work

The connective tissue stroma shows the same hyper-

'plasis ss in exophthalwic goitre. |
! The principal conclusions that suggest themselv&;
!after the examination of the histologicsl picture in ‘

|the two main types of toxic goitre and a comparison

iwith the signs of activity in the healthy glasnd are -;
(1) the pathologicsl chenges in the two forms of toxiﬂ
goitre are essentislly the same, though the psrenchyma
‘changes differ in degree; (2) they show a marked devi#

ation from the apiearance of a healthy active gland;

|(3} they do not support the view that the symptoms in
itoxic geitre are due to hypersecretion pure and simple;

(4) they strongly support the view that there exists

in cases of both exophthalmic goitre and toxic adenoma
some circulating poiscn, which causes a reaction in
the gland corresponding to that seen in chronic toxic

conditions/
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conditions elsewhere. It may be that this circulat-
|

| ing toxin is the essentizl cause of the disease.

i

|

PThe Nature of the Intervesiculer Tissue of the Thyroid.

The spaces between the vesicles of the thyroid

| are filled up by groups cf cells which form the inter-

vesicular pasrenchymsa. The physiclegical significancq
Iof these cells hss been the subject of much.discussioﬁ.
| Swale Vincent & Jolly hsve attempted to show that

these cells are essentislly the same as those of the
parathyroid, and their views have been supported by |

Helpenny, Forsyth, and the late Mrs. F. D. Thompson.

The last investigatcr considered the subject from a
'widely comparstive stendpoint. Clinical observers,

|on the other hand, notebly Wilscen & MceCarrison, con-

'sider thet the intervesiculsr tissue is made up of

cells which are similar to those lining the vesicles |
and that its sole function is to provide a reserve
store of parenchyme from which new vesicles can be
formed when an increased demsnd is made upon the func{
tions of the gland. Xohn, Vassale, Generali, and

other observers have alsc urged the view that the thy-
roids and the parathyroids are entirely distinct,both

morpholeogically and physiologically.

An examination of the intervesiculsr psrenchyms

in/
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in pregnant send non-pregnant enimals is very enlight--

' ening in the investigation of the essential nature of |

this tissue.
Vincent has laid stress upon the fact that the
thyroid snd the parathyroids sre derived from very

|

gsimiler scurces, and even in the fully develcped state

| there is no fundamental difference between the con-

scribed. In perhaps the majority of ceses the trans-

parathyroid, though in the ox and the humsn subject

| tissue is tc 8ll intents and purposes identical with

'ces of tissue continuity and grsdusl transitions end

| such transitions are shown to exist between thyreid

amination of psrathyroids left in situ efter thyroi-

stituent cells. He believes that the intervesicular‘

that of the parethyroids, and stetes that the insten-
intermediate types from thyrcid to psrathyroid are de-’
ition forms are best seen between thyroid and internal

and external parathyroid.

Halpenny & Thomson stste that after removal of

all the parathyrcids there is & multiplication of the |
intervesiculer cells of the thyrcid which they believe
to be of the same nsture as the cells of the parathy-
roids; Vincent & Jolly found that, on microscopic ex-=
dectomy, vesicles containing colloid meterisl were meg

with which presented a close resemrblsnce to the

vesicles/
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vesicles of the thyroid. These workers believe that
the one kind of tissue can function vicariously for

| the other. It has been suggested by the cpponents of

Ithis view thaet the last-named workers were desling
|
|with portions of thyroid tissue undergoing hyperplasis,

%possibly in the form of sccessory thyrcids. i

|
Mrs. Thompson, as the result of her comparative ‘

|anat0mioal studies, expressed the view that, while in |

the lower vertebrates, the thyrcid end the parasthyroids

are completely separate, both developmentally end
Istruoturally, in birds and mammals the tissues of the
Itwo organs sre largely intermixed. 1t is certainly
;the case thst in normal snimsls collcid-conteining
vesicles resembling those of the thyroid sre sometimes
found in the parathyrcid. These vesicles, hcwever,aré

very infrequent; 1 have met with no example in the

parathyroid of the guinea-pig. They are probably to

be regarded as sasccidental inclusions of thyroid tissuq
during development, corresponding toc the parathyroid
inclusions that sre commonly seen in the thymus.
Wilson looks on the thyreid as "a congeries of a
great number of groups of cells which mey be found
even in the adult in sny stsge of development from
mafses of unarranged embryonic cells (Wdlfler's rests)

through tightly pscked, concentrically srranged groups

of/ ' ;
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of embryonic epithelisal cells, t0 well-developed

| follicles lined with epithelium, evidently cepasble cof |

secreting into the well-marked centrsl cavity' He i
hes shown thet in toxic goitre the solid clumps of |
cells are trsnsformed into new vesicles. In exoph-
thalmic goitre the Wolfler's rests msy haeve entirely
disappeared. These fects sre of the greatest sig-
nificence in releticn to the questicn under discussioﬂ.
loCarrison believes that all parenchyms cells,

whether lining the vesicles or not, may, if cccasion

demsnds, form themselves intec new vesicles and take

| part in the formation of the gland's secretion.

| The guinea-pig forms s goed subject for the ex-
Iamination of the intervesicular tissue. The cells
eare large and the details of their structure csn be
readily investigated. Fig.93 shows groups cof inter-
vesicular cells under a2 high power in an actively |
|
secreting thyroid. These cells resemble very clcsely'
in asppearance those which are lining the adjacent

vesicles. The nuclei are similar in shepe and size

and the staining reactions are the same. It is true, |

as Swale Vincent clsims, thaet there is a superficial
resemblesnce between the intervesicular cells srnd thosd
of the parsthyroid. The resemblance, however, is ‘
cnly superficial snd the two types of cell can be ‘

readily/
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readily distinguished. Pig. 94 shows sn internal
'parsthyroid in the guines-pig at the junction with the
‘thyroid tissue. There is no encapsulation of the
‘parathyroid cells, but the line of demsrcation is
guite definite. The parsthyroid cells sre distincfily|
more darkly stained than the intervesiculsr thyroid |
cells, both as regsrds the nuclei and the cell proto-
!plasm. The ease of differentiation here suggests
compariscn with the region in the pituitary at the

side of the cleft where the cells of the pars asntericr

and pers intermedis intermingle. In both cases the

twe types of cell are readily distinguished from each |

other. |
In pregnant animals it is possible to show that

;the intervesiculsr cells undoubtedly undergo transfor-

!mation intc actively secreting vesicles. It is im-

portant, in relation to this question, to keep in mind

the originsl mode of development of the thyroid vesi-
cles. In the embryo the originsl epithelisl out- i
growth forms groups of smell epithelisl masses invﬂﬂchl
vesicles are formed by the bresking down of the central
cells of a given epithelial mass. When an incressed |
demand is me.de upon the functions of the gland, as in |
Pregnancy, this process is repeated in relaticn to the

intervesicular tissue. The various stages in the

transformetion/
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ltransformation from solid groups of Gells to secreting
| vesicles are seen in Figs. 7§ Ao 79 . Pigdsshows |
the appearance of the intervesicular tissue in the

| resting thyroid of a non-pregnant snimal. The cells;
iare arrenged in so0lid clumps in s more cor less concen-—
|tric fashion. In pregnant animals these groups be- |
come transformed from solid clumps into small actively
-secreting vesicles. The stages in the process of
transition ere, firstly, the appearsnce of faintly-

staining colloid materisl in and between the cells;

the nuclei of the central cells become indistinct and

disappear; ultimately the central cells become com-
pletely disintegrated and mingle with the colloid, |

though the cell-outlines moy remsin visible after alli
|trace of nucleus snd cell protoplasm hsve vanished. '
|The cells at the periphery of the group remain as the
| lining epithelium of the newly-formed vesicle. Appear-
Iances such es those ¢f the transiticn groups in Fig.
imight suggest that they sre due to the vesicles being
jout towards their extremities, but this is not the
;case since the cutlines of disintegrating nuclei are
plainly visible. Moreover, these trensition forms

show a very marked incresse in number in pregnsncy,

:While they are rare in the thyrecids of non-pregnant

eanimals.

The/
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IThe examingtion of the series of pregrant and non-

| pregnant animals afferds strong evidence in support of
the view that the intervesicular tissue constitutes a
| reserve store of parenchyms from which new vesicles
can be formed when an increased demend is made upon i
the functions cf the gland, as in pregnancy. The

| pathological observaticns of Wilson snd the manner of |
development of the vesicles are slso in favour of

this belief. The only observation suggesting an in-
timste physiological relationship to the parathyroidsi

|
has been the occasionsl occurrence, in the rabbit only,

of thyroid vesicles in the midst of the parathyroid
tissue. This appearance is probably the result of
an accidental develcpmental inclusion.
|
|

The Significance of the Signs of Increased Thyrcid

Activity in Pregnancy. =
The relationship between the thyrecid snd the
sctivities of the reproductive system is well known.
IThis is illustrated by the increased activity of the
gland at puberty, menstruation, snd in pregnsncy, and

also by the depressicn of the sexusl functions which

oceurs in myxoedemsa and in cachexis strumiprivs. In
bregnant animals the gland almost invarisbly shows

well-merked signs of secretory sctivity, sometimes to

an/
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sn extreme degree (Fig. 7S ). The intervesiculsr tis-
sue undergoes a gradusl trsnsformation into vesicles
land towards the end of pregnsncy, in the guinea-pig,
may have become very scanty in amount (Fig./d[ ).

The incressed sctivity of the thyroid in pregnarcj
is to be attributed in psrt to the hyperactive stste
of the sex orgsns gnd in pert alsc to the increase in |
the maternsl metabolism: .The increase in metabolism
|is evidenced by the rise in the besal metabolic rate i

ss described by Meakins & Davies. There is little

doubt thst the thyroid hyperplssis is dependent slso

on the demsnd by the tissues of the developing embryos
for thyroeid secretion. The thyroid of the fcetus and
|of the newly-born child is in 8 relatively insctive
Ista‘be; it contains little or no iodine, the vesicles
are smaller snd fewer in number, s¢ that the inter-
fvesicular tissue is incressed in comparison, and they
centsin less cclleoid than in later years. In the
learly stages of its cereer, therefore, the organism is
édependent to a large extent on the maeternal thyroid
secretion, transmitted by the blcod-stresm snd placen-—
tal circulation during the intra-uterine period, and
by the meternal milk in the early weeks or months of
gextr&—uterine existence. It has been shown thaet sub-

thyroidism in the mother may retard infsntile develop-

ment,

That/
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Phat the thyroid's secretior is essentisl tc the de-
1veloping end growing tissues is certain. The feeding |
iexperiments cerried out by Gundernatsch and subse-
!cuently by Rogeff & liarine, indicate that the thyroid
ihormone has a powerful influence on the development of
Itha body . Tadpoles fed upen thyrqid substance showed

|

!a.striking acceleration of the normal metamorphosis.

Those fed with the glandulsr materisl grew less rapid-

ly than the controls fed upon ocrdinsry diet, but the
tails of the former showed more rapid involutiocn and
the srm buds developed prematurely. In cretinism,

where the thyroid is strophied at birth, the effects

jon growth cf bone, especially the failure at the epi- |

\physial junctions, the derangement cf the nutrition of|

'the muscular end connective tissues, and the defective

development of the repropductive and nervous systems
lare well known.
The relationship between the thyroid and the main:

tenance of the constituents of the blocd-red cells,

white cells, haemaglcbin, snd salts - at & proper
level msy also have & bearing on the hyperplasia of
pregnancy . It has been shown thet the functional
activity of the gland sppears to incresse with resi-
dence a2t inocreasing heights above sea-level. This in-;
creased sction is necessitated by the gland's influeno%

in/ .
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in maintseining the red cells and haemcgiobin at a
level appgropriate to the altitudé. The effect of
altitude being to call for a raepid rise in the blood‘é
red cell snd hsemoglobin-content, the thyroid responds
to this csll by increased action. In pregnency the |
the thyroid's activity in this respect nust be calledi
upon in connection with the incressed blosd-supply to |
the developing uterus and to the maternal tissues !
generally - in sccordsnce with the increased metaboli#
rate - and also, no deubt, in connection with the

establishment and maintensnce of the foetal cirsulatia%

CONCLUSIONS. b '

1. A oyst-like space resembling the post-bran-

I.chial body of the lower snimsls is sometimes met with
iin the thyrcid of the rabbit ard the parsthyroid of |
the guinea-pig.

2. The thyroid of pregnant animals shows well-
marked signs of secretory activity. The increased

activity is probably dependent on the incressed meta-

‘bolic rste of pregnancy, the state of the reproductive

system, the increased blood-supply fo the rspidly-
growing uterus and the meternel tissues generally, and|

also on the demands of the developing foetal tissues.

B The principal evidences of secretory activity

are/
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are (a) an increase in the height of the folliculsr
cells tc a cuboidal or low columnar shape: (b) the
appearsnce of clear fresh secretion in the vesicles |
end in the lymphatics of the gland; (c) a gradusl
solution and ebsorption of the collcid; and (d) an
incressed vascularity.

4. The colloid probably represents a substsnoe
containing an emergency reserve of iodine. Under
normel conditions the thyrocid secretion passes di-
rectly from the cells into the lymphetics or blecd-
vessels without entering the lumen of the vesicles.

B A comparison between the sctive gland of
healthy pregnant animals and the thyrcid in toxic
goitre shows that (s) in toxic goitre the parenchyma |
changes sre an exaggeration of these seen in the
healthy glend in & state of sctive secretion; (b) in |
both forms of toxic goitre there is & marked degree
of infiltration with lymphocytes; (c) the connective |
tissue framework shows considerable hyperplasis;

(d) in exophthaelmic goitre there is frequently well-

marked endarteritis obliterens. The pasrenchyma
changes are in sccordence with a theory of hyper-
thyroidism as the explanstion of the symptoms in
texic goitre, but the lest three conditions named

are- difficult of explanation on such a theory. They

bresent & clese resemblance to the resction seen in

other/
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‘other orgens &s & response to chronic toxic irritaticn|

! 6. The parenchyma changes are less marked in toxip

!adenoma than in exophthalmic gcitre. This corres- |
iponds to the milder cheracter of the symptoms in the
former condition.

~ X The intervesiculsar cells of the thyroid pre-

| sent a superficial resemblance to those of the para-
thyreid, but differences in their staining reactions

can be detected. In pregnsnt snimals the intervesic - |

ular tissue can be trsced in its trsnsformstion from

solid groups of cells intc newly-formed alveoli. It

[is to be regsrded as reserve parenchyma which can be
transformed into vesicles when ar incressed demsnd is |
imade on the functions of the gland. This view is
Isupported by the original method of development of
|the vesicles and by the sppesrsnces seen in toxic

goitre.
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THE PARATHYROIDS.

That there is sn increased demand on the func-

| tions ¢of the parathyroids during pregnsncy is proved

by the cbservation thst after psrtisl parathyroidec -

tomy in the dog, tetany may develop only when the ani{
mel becomes pregnant. Vassale observed this con- |
dition for the first time in a bitch frem which three |
parethyrcid glands had been removed. Adler & Thaler;
found that when animals, which appear perfectly sound

| after the removal,of twe or three parsthyrcids,become |

pregnant, pregnancy is herslded by an outbresk of
itetany. After pesrtial parsthyroidectomy the animal
| is regarded as being in s stste of potentisl tetany, |
the fits only developing when the conditions of preg-!
nancy bring about an incressed demand on the functions|

'of the organs.

Morphology -

The number ard srrangement of the parathyroids |
vary considerably in differént species and also in
different members of the same species. In the rabbit
they are usually four in number, snd in this animal,

parathyroid IV, from the fourth visceral pouch, is an

"internal” parathyroid, being situated in the subs-
tance of the thyroid, while parathyroid III, from the |

third/
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third pcuch, remains outside the thyrcid as an "inter-
‘nal" perathyrcid. In the guinea-pig, sccording to
iSother, only parathyroid III is ordinarily present
!and this veries greatly in position relstively to the
\thyroid. In my experience it is nearly always an

| external parathyroid lying superficial +o the thyrci%
lon the surfece of the lsteral lche (Fig./dd ); it mayl
be either towsrds the enterior or the posterior part
of the surfsce. Occasionally an internal parathyroid
is present in addition (Fig.[(d3 ). One specimen

showed two externsl parathyrcids lying close together.

In some cases the parathyroid of the guinea-pig lies
immediately under the capsule of the thyroid (FigJ&# %
so that it is intermedieste in position between an “ex+
| ternal™ and an "internal” parathyrcid. i
| C. H. Mayo emphasises the variability in number
and position in the human subject. In 125 autopsies|
Berkeley found aﬂout an average of two and & half !
‘ parathyroids per person; in 138 sutopsies by Verebely,

four perathyroids were found 108 times. It is common

| te find thyroid nodules, portiocns cof thymus, or 1ymph;
| nodes in the neighbcourhocd of the usual site of the

| parathyroids. In 263 specimens selected as resembl- |
ing parsthyroids, Rogers & Ferguscn found thet 111 }
| Proved to be thyroid tissue in large part. Ginsburg

emphasises/ ' |
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emphasises the difficulty in differentiating parathy -

roids from clcsely &gllied lymphatic ncdes. The omis-
i : : : . .

| sion of a histologicsl examination probsbly explains
|

‘in some cases the conflicting statements on the sub-

!ject. Meayc finds that the parathyroids are nearly |

always in relstion tec the "channel™ of snastomosis be-

tween the superior and inferior thyrecid arteries.

| Accessory and aberrant parathyrcids are not infrequent
]Small cellular sccumulstions have been described by
Muller & Erdheim. These are sometimes sufficient in
amount to defeat the cbject in attempted complete
parathyroidectomy.

| Halstead & Hvans describe the humen parathyroids
as flattened, ovoid, or reniform bodies, each covered .
by a thin fibrous cepsule, beneath which & fine anas-
tomosis can be seen. The surface presents an exceed-

ingly fine, berely visible, grsnular appearance, prob-

ably due to the blocd-vessels. The colour is reddish-
yellew, or brownish red. ach glesndule hses invari- |
ably its speciesl artery which Halstead & Kvans desig~!
nate the superior and inferior parathyroid ertery - !
right and left. The vessel is large in proportion i
to the organ supplied, and this aids in the body's |
identification. The glandules are quite free and |
hang from the artery which enters the hilum. Both

parathyroid/ |
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iparathyroid arteries usually arise from the inferior
;thyroid, but frequently they take origin from the
ianastowcsing channel between the inferior and supericer
;thyroid vessels.

| Develcpment.

The pesrathyrcids appear as epithelisl ‘t;hickeningsI
 from the dorsal parts of the third and fourth visceral
jclefts.Theﬁhymus arises frcm the ventrel porticn of

Ethe same clefts, and it is not unususl to find para- |
thyroid tissue included in the thymus. HMalte states ;
thet embryological investigations up to the present I

isupport the view that the relation of the parathyrcids

to the thyrecid is purely topogrephic.

Histological Anatomy.

The parathyroid possesses a thin capsule of con—j
nective tissue. This is filled with parenchyme which
is subdivided intc columns of epithelial cells by deli?
cate septa which proceed from the envelope. These
septa covey the capillary vessels, and they unite to
form a kind of net-work, in the vessels of which the |
parenchyma is enclosed. Kohn distinguishes in men and

different mammals, three different arrsngements of the

epithelial cells -~ (1) a compact cell mass; (2) a

retiform/
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retiform tissue; and (3) a locbular conformation.
These different srrangements are not charscteristic
of any species or any age, but may be found side by
side in the same glandule. In the rebbit, the para-
thyrcid is often of the compact type; 1in the guines-

pig it may be either compsct or lecbulated (rig. (0% ).

There wes no constant arrangement in this respect in|
either pregnent or non-pregnant animaels.

Welsh has classified the parathyrocid cells into
two principsl types - (1) the "principal” cells,which
greatly predominate; (2) the "oxyphilic™ cells. The

principel cells are ususglly small with protoplasm

which does not stain resdily. In the guinea-pig thqﬁ
appear to be larger than is generslly the case, and |
the protoplasm mey be fairly abundent (Fig./0¥ ). The|
protoplasm contains fine granules which stein with
iron heematoxylin. The nuclei, which stein well,

are about the size of red blocd cells; they are fur-

nished with a regular net-like chromatin framework,

egnd have seversl nucleoli. The oxyphilic cells have
& relatively large body with fine, strongly eocsinc-
philic granules. The nucleus is small, deeply-stsin-

e .
ing, and with chromatin closely arranged. in §p§fer‘sl

| opinicen, these oxyphilic cells probably represent e

functional stage of the crdinary cells, since trans-—

itional/
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trensitional forms occur. One type of these oxy-

'philio cells is believed by some authors to represent

a separate cell-form. 1t is intimately sassoccisted

with the ccnnective tissue of the capsule and appears

| as a cubical or cylindricel cell with an epithelial

nuec leus. These cells unite tc form pslisade-like
rows, which sre srranged either radislly or perpen-

dicularly to the direction in which the septa run. |

| In the rabbit and the guines-pig the cells are entire-

| 1y principal cells; the oxyphilic cells do nct appeax

| are regsrded as furnishing evidence as tc the secre-

tec occur.
#atty granules sre found in both types of cell.

They ccour during the first month of life and increase

L

in number with sge, but, scccrding tc Biedl, are nct

affected by the genersl nutritional ccnditions. They

tory sctivity of thee psremchyms cells. Petersen

found glycogen in the pasrathyrcid glands of man at &ll

| ages; its distribution was irreguler, the principal

cells conteining much, the oxyphilic cells little. It
is alsc present in the connective tissue and the
blcod-vessels. Petersen's view is endorsed by
Guizetti, Verbely, snd Yanase. H. Kcenigstein con-
siders that upon histologicsl gounds glycogen may he |

regerded ss a secretcry product of the parathyrcid

glands.

Colleoid/



F e 07, THE UPPER PHOTOGRAPH SHOWS R PARATHYROID
FROM A NON-PREGNANT GUINEA-PIG — THE LAWER A
PARATHYROID FROM A PREGNANT ANiMAL - [HE STRUCTURE
/S SIMILAR IN THE TWO CASES . [HE OUPPER SPECIMEN

SHOWNS A SLIGHTLY LOBULATED ARRANGEMENT ©OF THE CELLS.

1RON  HBEMAFaxyLin « Acip Fucnsin XI38O.




(152)

Colloid vesicles, as already menticned, are sometimes
met with in the psrathyroid. They de not ocurr in

the psrathyroid of the guines—-pig snd are therefore

| not en essentiel part of the glend.

The internal blcod-vessels of the psrathyrcid

. ) i : |
are very sbundsnt. The numercus sinus-like capillaery |

[ vessels unite to form & cleose net-work. Their endo-

|
thelisl cells, in scme cases, rest on the epithelial |
|

cells and in cthers are covered with a delicate sheath
of connective tissue. uccasionally, and more partic%
ularly in old sge, the arteries are accompanied by i
lsrge lymphatics. According to Secerdotti & Anderson,

the vessels in the interstitial tissue are accompanied

by nerve fibres, by which they are enclosed as in a

net-work, and which mey also penetrate between the

epithelial cells.

The Evidenoces of Secretory Activity.

Views &s tc the neture of the physiological ac -

tivities of the parathyroids are still largely hypo-

theticeal. No hormone, if such & chemicsl substance |
exists, has been isolated, and theories as to the

function of the glands are largely based, as yet, on

|
the results of experimentsl psrathyroidectomy. It i
I

| seems to be established, that if all four parathy -

roids/ ‘ |
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|parathyroids sre removed, provided that nc sccesscory
parathyroidsl structure is present, fatsl tetany re-
sults. If two or three glandules are remcved, the
|animal is in a stete of latent tetany, the conditicn
!only developing when some additional strain is thrown
on the vital activities, such &s pregnsncy and varlous|
!intercurrent diseases. A similar observation has
‘been made in the humen subject by Haberfeld.
‘pdtlent in the Shauta Gllﬁlgue, Vienna, tetany (?].emalcjg-I
ed during pregnency, the patient having previcusly
manifested no signs of the condition. In this case
all four of the perathyroids showed patholegical

presented |
lchanges. fwo/large scars,in the regions of which

1
ithere were parenchymatous strophy and small cysts. In
one gland round-celled infiltration wss present, and
in the fourth such extensive atrophy, thet scarcely i
any epithelial cells remeined.

In the humen subjeot psrathyrcidectomy waes occas-

|ionally performed accidentally in the early days of
ith.yroid surgery, before the importance cf the para-
thyroids was recognised. Thus, in 52 ceses of thy-
roidectony in the Billroth clinique, tetany occcurred

12 times, and was fatal in 9 cases. At the present

day it is & very rare event. C. H. Mayo reports that
in a series of 8,500 cperations for goitre in the lMayo

clinic/
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iClinic, cne case presented manifestations of tetany.
:The condition subsided, leaving doubt as tc its true
inature. -Halstead, Biedle, and others hsve shown that
after removal cof a part of the parathyroidal substance,
‘the remaining portion undergoes hypertrophy. Halstead

‘'has also shown thet when tetany is the result cof a
ioomplete extirpation cof sll parathyroid tissue, the
isymptoms cen be combated by a successful transplant-
iation or graft of perathyrcid tissuve made from asn ani-
1mal of the same species. Indeed, it has been found
Ithat the success of & graft of parsthyroid is assured
ionly when the graft is derived from the ssme kind of -
animal as that from which the parsthyrcid has been re-
‘mcved. With regerd to the treatment cf tetany in the
humsn subject by means of grafting, C. H . Mayo states
thaet the resuls have been divergent, but that the. his-
itory of this phase of the subject contains successes

sufficiently suppcrted to stimulate encouragement and |

painstaking reseasrch.

_ These observaticns are sufficient tc show that

|

|the parsthyrcids are structures of vitsl importance.
‘Apart from tetanis parsthyreopriva, there is cocnsider-

able doubt that cther forms cf tetany are dependent

|
upon parathyroid deficiency, but there are msny obser-

vaticns supporting this view. The case of tetanie

gravidarum/
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gravidarum, reported by Haberfeld, has already been
referred to. In infentile tetany, it is believed by
Erdheim, Yansse, Haberfeld, and others that the con-
diticn is dependent on intra-parathyrcidal haemcrr-
Ihages. Such haemorrhages are assumed t0 occur during
intra-uterine 1life or at the time of lsbour, and to |
' the occcurremce of these haemorrhsges asre also attribu}
ited tetanic attacks of later childhocd end even adulti
{1ife. In such ceses, & lymphatic condition of the |
parathyroids hss been observed, and the only indi-
}oation cf the early bleeding mey be the presence of
;h&ematogenous pigment, together with evidence of in-" |
Ihibited growth of functional tissue. The existing, !
limited parathyrcidal meterial suffices to maintain a!

: |
stete of equlibrium in the presence of normsl con-

| ditions, but with the advent of some intercurrent dis-=
turbance, such as the common gastro-intestinsl diseases
of the young, pregnancy, etc., the glandules become
reletively insufficient for the increased demand.
There sre at the present time two principal views
as t0 the cause of the symptoms in tetany - (1) the
absence of some substance which checks the activity
of the nervcus system, snd (2) the appearsnce cf a

specific poison, acting on the nervous system,appear- |

ing in parathyroid absence or deficiency. Lt was .
|

previously/
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previously thought by Macallum that the essentisal

cause was & deficiency of csalcium salts in the bvody.

voegtlin & Macallum showed thet the adminstration of
jcalcium salts, either intravenously cor by the mouth,
Istops very promptly the tetsnic symptoms. There is |
| no doubt alsc, that, as-Leopold & vorn Keuss have shown,
in young animals sfter partial parathyroidectomy the

| total smount of calcium in the body is diminished and

the teeth and the bones fail to caleify properly.

It is pointed out, however, thet no view can be
correct which tekes as its basis the absence or de-
ficiency of some one or other substance which is sup-
posed, normallﬁ, to influence the activity of nervous
tissues, since copious blocd-letting or transfusion

with normsl saline immediately removes the symptoms,

and keeps thern in abeyance for some time. The most

probable explanation of the beneficial effect of cal-i
cium upecn the nervous sympteoms is that it behaves |
merely as & sedative, reducing the excitebility of the
nerveus system, an sction which it is known to possesﬂ
1% has been shown that cther cations - megnesium,

barium, snd strontium = have a similar sction. |

Noel Paton, rindlsy, snd Watson believe that the

essential cause of tetany is sn intoxicsation by guani-
dine. They point out thet - (1) wuanidine or methyl

guanidine administered to normal, animals produces

symptoms/
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isymptoms that are identicsl with those following pars-
;thyroidectomy; (2) no drug, other than guanidine,which
can effect & decided incresse in the excitaebility of
'the moter nerve endings to the constant current, as
exists in tetsny, has been found; there is & marked
iincrease in these substances in the blcecd and urine cof
;parathyroidectOmised dogs, and in the urine of chil- |
Edren suffering from idioopathic tetany; and (4) in
%certain cases the serum of pesrathyrcidectomised dogs i
iacts upon the muscles 0f the freg similarly tc weak
!solutions of guanidine.

The question, however, must still be regerded as

unsettled. Howland & Marriott have shown, after ex-

tengive snslytical work, that the blcod cf children
suffering from tetany shows a reduction of calcium, '

|to the extent of 40 per cent. in many instances. It ié

!possible that neither of these factors - guanidine :
formation or calocium deficiency - is the primery ocsuse
of tetany, but that one or perhaps both mey be second-
ary toc scme cocndition as yet unrevealed.
Histologically, the pasrathyroids sre smong the

most enigmatic of the endoorines. The increased de-

mand on these organs during pregnency is undoubted,asl

{shown by the onset of teteny in women or animels with |
parathyroid deficiency, there having been no manifestﬁ
ations of the disease under normal conditions. C. H.

Mayo/
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Msyo states that no menifestations of hyperactivity of
these glandules, even in the presence of hypertrophy
0r sdenoms, have been observed.

The one positive statement that can be made from
an examination of ﬁhe parathyroid in the pregnant ani;
mels is that in pregrancy the parsthyroids are dis-
tinctly more vsscular as compasred with the conditicn
in non-pregnant snimals. The vaso-dilstation affects
the larger vessels. The cells present the same ap-
pesrance in pregnant and in ncn-pregnant animsls
(Fig. /0% ). The granules which are demonstrated by !
iron haematoxylin do net show any constant relation--

ship to one or the cther conditionm.

CONCLUSIONS.

(1) In the guinea-pig, only psrathyrecid III is

commonly present and it usuelly lies on the lateral

aspect of the thyroid. - Occasionslly esn internsal
parathyroid is present in sddition.
(2) The cells are srranged, in the guinea-pig,

lsometimes in a"compaot" and sometimes in a "lcbulated”|

menner; the arrangement of the cells has nc functional
significance.

(3) Histologicsl evidences ss tc functional ac-

tivity/
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activity are very scanty, the one definite feature
being an increased vascularity in the gland of preg-

nant snimsls ss compared with thset of non-pregnant.
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THE THYMUS.

The thymus is generally regarded as & "puberty
2land® In the humsn subject it attains its meximum

development abocut the time of puberty and thereafter

|undergoes retrogressive chenges. In eanimals it fre-

guently exisists in s well develcped state in the

adult.

Morphology . f

In men, in its most ective stage the thymus con-
sists of two lateral lobes placed in close contact in
the middle line, situsted partly in the thorax and '!
partly in the neck, and extending from the fourth
costal certilage upwards as high as the lower border
of the thyrcid gland. It lies in front of the peri-
cardium and trachea and partly behind the sternum.

The two lobes generelly differ in size; they are i
occasionally united so as tc form a single mass; amd ‘
sometimes separsted by an intermediate lobe. The

thymus is of a pinkish-grey colcur, soft, snd lcbulat—:
ed on the surface. ‘

In the rabbit it cccupies the same position and
presents much the ssme appearance as in man, except
that the lobulation is more distinct. In the guinea-l

pig it forms twe flat lobes; these are situated in

the/
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the neck on each side of the trachea and do not extend

into the thorsasx.

Development .

The thyrus appears in the fcorm ¢f twe diverticuls
arising from the ventral portions of the third vis-
ceral pouches. These extend laterally and backwardsl
into the surrounding mesoderm in front of the ventral
aortee. Here they meet to become joined to one |
another by connective tissue, but there is never any
fusior of the thymus tissue proper. fhe pharyngeal
opening of each diverticulum is soon obliterated, but
the neck persists for some time es a cellular cord. -

By further proliferstion of the cells lining the

'divertioulum, buds of cells are formed which become

|

surrcunded and isclated by the inveding mesoderm. In
the letter, numerous lymphoid cells make their appe%r%
ance, and are aggregated to form lymphoid follicles.
The original epithelial orgen ultimately develcp$s. |
into a structure resembling the lymph glands. Thymus
rudiments sppear te develecp from the fourth pouches,
but these play little, if any, part in the develcpment
of the thymus proper. ;
There are two views as tc the nature of the fully
developed thymis. Hesmmer, StShr, Psppenheimer, and |

others believe that the organ remains essentially an

epithelial/
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epithelial structure - that the epitheliai?g%swhioh it
originsglly consists divide end subdivide, becoming
jsmaller and smaller so as to resemble lymphocytes.
Other observers believe that the epithelisl beginning
Iof the thymus is, with the exceyvtion of a small por-

[tion, entirely replaced by mescdermal elements.

Involution. Hemmar has shown that, in the human

subject the organ reaches its greatest development be-
itween the fourteenth and sixteenth years. From that
;time onwards it graduslly loses in weight, but micro-
:soopioal investigation shoﬁs that it still functions.
A true atrophy of perenchyma, with eliminstion of ;
ifunction, comes on gbout fifty to sixty years of age.i
In Rebbits the orgsn sttains its grestest develeop-
Imen‘b about the fourth month, while the orgenism is
!preparing for spermstogenesis. In guinea-pigs it in-
;creases in size until the weight of the animsl is
gabout 300 grammes, which occupies about two months.
At this age the animal becomes sexually mature asnd
retrogressive changes in the thymus begin to take
place. |

Histologicel Anatony.

A thymus lobule shows & subdivision into a cor-
tical and a medullary portion. The cortex presents

a8 close resenblance in its structure to lymphoid tis-

sue/
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tissue, being crowded with lymphocyte-like cells and
incompletely separsted intc nodules by trabeculae of
connective tissue. The medulla stains less darkly
than the cortex and is more ¥s=®we®¥e open in its struc-
ture. It contains three different cellular elements.
Its reticulum is mede up of large, transpsrent,branch-
ed cells, which are sometimes arranged in an epi-
thelicid msnner. In the mesehes of the reticulum are
a certain number of lymphoid cells, but these are less
abundant than in the cortex. The most characteristic
elements are the concentric corpuscles of Hassal.
These structures present a certain resemblance to the,
cell nests of a squamous epithelioma. They consist |
of groups of epithelisl cells arranged in a concen-
tric fashion around & nucleus, which consists, appar-|
ently, of cells which have undergone degeneration.
I+ has been suggested that these bodies are the re-
mains of the original epithelium, but evidence is
sccumulating asgeinst tﬁis view. Hammar and Bell
appear to have shown that they are derived from
hypertrophic reticular cells. It has been shown by |
Wallisch that the total volume of the Hassal's cor-
puscles in a young child exceeds theat of the whole
thymus of a three months embryo, so that it is unlike-
ly that these bodies are merely developmental

remsants/
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. rermants . They form a very striking feature in the

. thymus of the young guinea-pig (Fig. (09 ).

The Evidences of Functionsl Activity.

The theory of the possession c¢f an endocrine

functicon by the thyuwus has not yet been firmly estab-

lished. Wiesel makes the statement that "the problem
of the functional importence of the thymus gland is

almost completely unsolved? In the large amount of

| experimental work which hss been done there has been

a striking lsck of uniformity in results. The diver—;

gence in the results of experimental extirpation are |

probably to be partly explained by the diversity in

periods of thymic existence at which operation has

been performed. |

Some authorities hold that there is no sufficienﬂ
|

evidence to prove the existence of an endocrine func-

tion, and regard the organ merely as a lymphoid struc-

| ture. There seems to be little doubt that in early |

| 1ife the lymphoid elements in the thymus are conaern-‘

' ed with the formation of lymphocytes for the circulat-—
|

ing blood. Lymphoocyte counts from infancy to

ipuberty show & declining curve, the graedient of which

follows closely that of thymic involution. Hoskins
believes that the main function of the thymus is to
act/
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act as & lymphoid orgen in infency and childhood when
Ia large number of lymphoid cells and leucccytes are
‘needed to comrbat infection. The possession of such a
'blood-forming function does mnot, however, exclude the
:possibility of the production of an sutacoid substance
'in addition.

There is now & large body of evidence in favour

of the belief that the thymus is related to the de- i

velopment of the sex organs snd probably alsc to the

‘regulation of metabolism, especially to the develop-

|
'ment of the skeleton. The work of Basch has also

!suggested that the thymus is concerned in the caus- |

:ation of tetany, as well as the parathyroids, asnd this

iview has recently received considerable support from |

'the observations of Uhleﬁhuth. ‘
The evidence in faveur of a relationship to the

| development of the sex orgsens is considerable. It is

'well-known that castration in snimels prevents the
inormal involution of the thymus. Noel Paton has
|shown that removal of the thymus in guinea-pigs before
!they reach the age of puberty is followed by & rapid i
idevelopment of the testicles. Klose snd Vogt also re-
port more rapid development both of testicles and
ovaries after thyrectomy. Adler reports that de-

struction of the thymus by means of the electric

cautery/
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cautery in the lasrvee of Rena temporaria was followed
by increase in the rste of the growth of the gonsds.
It has been shown recently that the thyrus is exceed-
ingly sensitive to X-ray irradiation, and attempts
have been made to destroy the orgsn by this means.
The rsults of the procedure have been conflicting;
Hdewer reports interference with the function of the
testes, but the findings of Regaud and Cremien have
been negstive in this respect.
Many observers, including Hammar snd Fisohl,
have reported entirely negative results after re-
moval of the thymus, but the weight of the experi-
mental evidence, in association with the fsct that
involution of the thymus corresponds to the time of
attaining sexusl maturity, suggests that the thymus
exercises gsn inhibitory influence on the developmert
of the sex organs, and the appearsances seém to show
that the involution of the thymus is conseguent upon
the maturity of the sexusl glsnds. That this, how-
ever, is not the only fector in producing involution
of the thymus is shown by the fsot that the thymus
sometimes persists in & fully developed state in
pregnant animals.
The relationship of the thymus to regulation of

metabolism is still extremely debatable. Gudernstsch
found thymus-fed larvse delayed their metamorphosis,

although/
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although the animals grew on this diet, and Uhlenhuth |
!has recently confirmed this observation. Allen,how-
ever, reports that no effect on the time of metamor-

' phosis is produced by extirpation of the thymus.
iKlose and Vogt, Baséh and Lucien and Parisot have re- |
' ported interference with the growth of the skeleton
and other metabolic symptoms after extirpation_of the |
thymus. These are manifested especially by & dimin-
ution in the length and weight of the bones, and also
' by & pronounced softness snd pliability, so that de-
;formities tend to develop. The undissclved calcium
is diminished by one half. A lethargic mentél con-
|dit10n is also described. Shimizu hés recently en-
desvoured to destroy the thymus by the use of a strong
thymolytic serum. He reports a marked retsrdation

' of bone growth in young dogs, with extensive atrophy
%of the medullsry portion of the thymus. He concludes|
Ethat the medullary portion has a different function ;
| from the cortical portion, and that the endocrine i
| function of this gland with its influence upon the i
growth of animals must be ascribed to the medullary

portion only.

Many observers, however, report entirely negative

results on metabolism after remcval of the thymus
| Noel Paton snd Goodall were unsble to discover any

| hermful/
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harmful effects after thymectomy in guinea-pigs.

ISwale Vincent found that removal of the thymus in frogs!
Eproducea no result. Pappenheimer, Park, end others
‘have come to similar conclusions. Regeand and Cremien,
"~ |after destruction of the thymus by means of X-ray
irrsdietion, observed no deleterious effects on the 1
hegalth of the animsls.: Surgicel removel in the humen
subject haes rarely been follcwed by harmful results;
;Kénig has reportéd one cese which he believed to pre-
sent signs of insufficient thymic function following
thyrectony . C.H. Mayc considers it advisable to
leave & portion of thymic tissue Behind at operation.
Many suthorities believe that the harmful effects
of thymectomy on metabolism, when they do occur, are

due to the trauma of the operstion and, in some cases,

|to sepsis. No€e€l Paton hes made an interesting obser—|
\vation in this connection. He found that removal of
;the thymus alcone, or of the testicles alcne, has no
:effeet on the rate of growth of the guinea-pig,where-
g8 removel of beoth thymus and testicles produced a

marked delay in the rate of growth. This observation

seems to suggest that the thymus furnishes a hormone
of some kind which ministers to the needs of the
economy before the reproductive orgsns asre fully de-
veloped. If the thymus is removed or destroyed, the

develcpment/




(169)
|
;development of the reprcductive orgens is hsstened and
rthej; are sble to furnish the necessary substance.This
iview is supported by the effects of castration cn the
ithgmus.

The "status thymicus” of the human subject throws

very little light on the functions ¢f the thymus. The

essentisgl nsture of this condition is still imperfect-

ly understocd. According to Hart, the hyperplasis of
the thymus is slmost invarisbly ascccmpesnied by enlarge-
ment of the lymphoid tissue throughout the body and .

ithe cendition is practically always one of status
‘thymico-lymphaticus. The ;welling of the lymphstic -

apparatus sppears to represent a tjssue reaction depéa-
dent on the thymus. Mayc believes that the mechani- |
loal theory of thymic death is untensble, except,perhaps
in isolated caeses in helpless infsnts. Bartel has

described, in addition to the hyperplssis of the thy-

rus snd the lymphoid tissue, a remarkably smsell heart

and alsc hypoplasias of the scrta end peripheral
vessels, with altered sex characteristics, and hypoe-~- |
plasis of other structures, for example, the chroms-
ffin system. The defect in the chromaffin system has
been emphasised by seversl suthors. Hedinger found |
that, ocut of fifteen ceses of Addison's disease,seven |

|
presented a marked degree of status thymioo—lyn@hatizuﬁ
|

Wiesel/
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Wiesel believes that the cause of sudden desth in
this condition is s deficierncy in edrenalin, so that
the blood pressure is not meintained and slight
couses may bring sbout heart failure.

The present tendency is to regard the status
thymic o-lymphaticus as a menifestetion of an abnormal

|

constitution with a disturbsnce in the polyglandular |
system of endocrine orgsus. The importane of the !
thymic hyperplasia is doubtful. According to Biedl,
it may be merely & secondary condition, depending on
disturbance of one or more of the sndocrines. In thisg
view,the condition of the thymus in status thywmico-
lympheticus is snslagous to the hyperplasia which is
seen in exophthalmic goitre. Hart believes that the
hyperplestic thymus produces & toxic effect on the
heart, but there is nc direct evidence &s tc this

ection. In any case, there is no procf of hyper-

gctivity on the psrt of the thymus and no indication

as to the function of the normsl thymus secretion.

A toxic effect on the heart, if it exists, is more

likely to be due to an sbnormel secretion than to ex-

cess of the normal. |
It ﬁas found, in the animals examined, that the i

thymus wes commonly present in the pregnent, as well i

as in the non-pregnant stste. I did not realise to i

begin/
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begin with, that the thymus is so frequently persis-
tent in edult animels, and obtained only three speci-
mens from the guines-pig, cne in a pregnant animal
snd two in non-pregnant. In the rsbbit, thymic .
tissue can practicaslly always be identified, arnd a
fully developed thyrms was found in both pregnsnt and

non-pregnant enimals. Where o complete gland was not

‘present, smaller portiows of thymic tissue were found
Eembedded in the medisstinel fat.

In the guinea-pig the condition of the gland
seemed to show & distinct relation to pregnancy. In

the adult non-pregnent guineas-pig the gland showed a

considersble degree of infiltration with fat; +this

involved both cortex and medulls, though there was
abundant tissue of both varieties in existence (Fig.id
In the pregnant animal, which weighed 640 gremmes,the
thymus hed the eppesrance which is seen in young
animals (Fig. (| J); it was & compact, highly cellulsr
Istructure with no sign of infiltration with fst. The |

most striking difference between the pregnant snd non-

pregnant animals relsted to the Hassagl's corpuscles.
In the non-pregnasnt snimel these were exceedingly
scanty snd presented & markedly etrophic appesrance,
being smell in size and ill-defined in structure

(Fig. 113 ). In the pregnent enimal, on the other hang,

Hasssl's/ !
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:Hassal‘s corpuscles were comperatively abundsnt,
éthough not sc plentiful ss in the young enimel. They
|were large and well developed and the details of their
' structure were plainly visible (Fig.ll4 ). The appeaf-
gnces in these animsls suggest that regeneration may
teke plece to & certain extent in pregnency. Rudberg
‘hes observed regeneration after exposure tc the X-rays.
| In the rebbit's thymus Hassal's corpuscles 4o
not apprear to be a prominent feature. They were few
in number in beth pregnant end non-pregnant snimals.
‘Fig. |15 shows o corpuscle from s pregnant animal

\with & fairly well-defined structure. The trans-

parent reticulum cells sre sometimes particulerly in

ievidence in pregnant snimals. The most impressive
ifeature in the rabbit was the remarkable degree of
!development which the thymus frequently presents in |
‘adult enimsls; it was found as a large, fleshy organJ
in both the pregnant and non-pregnant conditiocns,

filling up & large part of the anterior mediastinum.

CONCLUSIONS.

e Since a fully-develcped thymus may exist in a
pregnent animal, the maturity of the sexusgl crgans is
not the only factor in producing inveclution of the

thymus .

B i)
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2. Thymic tissue is practically always present in
!a&ult animels, both non-pregnant esnd pregnant; there-
 fore, it probably continues to exercise its function
throughout the whole of life.

B Hassal's corpuscles are well-developed in
ipregnant animals. This fact is in favour of the

'view that it is the medullery porticn of the thymus

which is concerned in its endocrine furction.
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| have shown, by careful observations of the weight and|

| also undergoes enlargement during pregnancy.
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THE SUPRARENALS.

The suprarenals correspond to the mejority of
the endocrines in showing increased activity during
the period cf gestation. The relationship between
the cortex and the sotivities of the reproductive sysH

tem is believed to be clcse, but Elliott & Tuckett

|
the sctual mass of the two perts, that the medulla i

Morphology .

In all mammals the suprarensls consist cof twe -

parts - the cortex and the medulla. The arrangement,i

however, represents the fusion of the twe organs which

developmentally and morpholegicelly, are widely dif-
ferent. In fishes, the two kinds of tissue ép}ear

as two different organic systems, snatomically sepsr-

ate from one another and knowrn as the interrenal snd
adrensl. The interrenal system includes all the

structures which, like the suprarensl cortex, are com-
|

pPosed of cells with lipoid contents; +the adrensal ‘
system comprises all tissues, the cells of which,like |

those of the medullary portion of the suprarenal, arei

characterised by the chromephil reaction, i.e., they 1

bresent a bright yellow to dark brown steining with

chromium/
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chromium salts and with chromic acid. Comparative
anatomy shows that the two fundamental tissues are

| present in 8ll vertebrates, and are therefore to be
regarded s structures which eare component parts of

the vertebrate body.

In mammals, the amslgamation of the two systems i
is complete. This is the result of the topographical.
arrangement by which the adrensl system becomes the i
medullary portion, while the interrenal system bec omes|

the cortical portion of the suprarenal capsules. But

even here, a oonsiderable portion c¢f the adrenal sys-
| tem remsins independent. L1t is distributed along thej
sympathetic system, partly in the form of isolated

chromaﬁhil cells, and psrtly in the form of larger i
| structures, inverisbly found st the bifurcstion cf thd
common carotid artery and at the division of the ab- ‘
dominal sorta, and named respectively the carotid ‘
|gland and Zunkerksndl's sccessory organs of the sympaJ
thetic systen. The greater number of what sre usual-
|

ly called sccessory suprarensl orgsns are rsther free |

portions cf the interrensl system. They are found in

the neighbourhood ¢f the suprarensls, in the substance

| of the kidneys, snd distributed through the whole of

|

| the retroperitoneal space and extending downwards into
[ |

| the pelvis, chiefly in the brosd ligsment in women and

|
‘in/
|
|
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in the vicinity of the spermatic cord and testis in
men.

The guines-pig 1s conspicious among mammals by ;
the huge develcpment of its suprsrenal, the growth i
being chiefly of cortex. Elliott & Tuckett have showg
that,relatively tc body weight, its medulls is slighti
ly less than that cf the dog, both, however, being
high for memmals; but its cortex is tenfold as great
as the deg's. Mlammals generally, are characterised by :
the great develcpment of the cortex, whereas in birds:
the medulla shecws g merked develcpment. It appesrs }

thet the lower the snimael in the scale ¢f vertebrates

the larger is its stocz ¢f chromaffin tissue. The

]

from thaet of the guinea-pig, especially in the arrange
ment of the cells of the cortex, snd forms a useful

standard for compariscn with the suprarenal of the

létter animal. |

Development.

The ccrtex and medulla of the suprarensl of mam-|
mals develeop from entirely different scurces. Balfour:
expressed the view that "in Elasmobrsnch fishes we
have (1) s series of paired bodies derived from the
sympathetic gsnglis, and (2) an unpsired body of meso-

blastic origin. In the smmicta these bodies unite

to/
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to form the compound suprarenal bodies, the two con-

develcpment. The mesoblastic constituent appears to
form the cortical part of the adult suprarensl body,
and the nervous constituent the medullary partt This
hypothesis has been fully supported, snd the cbser-
|vations leading tc it have been completely confirmed
by all subsequent wc;k upon the embryclcgy of the sup-

rarenzls.

The cortex of the suprarensl is the direct des-
icendant of the mesoderm. It is developed from the
TcoeIOmio epitheliunr in the so-called interrenal zone.
| It becomes first recognissble sbout the beginnirg

iof the fourth week as s series of buds from the cocelo=
imic cells at the roct of the mesentery. These buds
iapkear about the ssme time as the sex glsnds. Later,
Ithe corticsl portion beccmes completely separated
frem the coelomic epithelium and forms a suprarensl

ridge projecting into the ceolom between the meso-

nephros and the root c¢f the mesentery.

The medullary porticn of the suprarensl is de-

stituents of which remain, however, distinct in their

rived frem the eoctoderm, presenting a clcse reletion-

'ship tc the sympathetic system and develcping as part
of 1t In mammals, at the time when the corticsl
'pertion has become clearly defined and histologically

differentiated/
|
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differéntiated, undifferentiated sympathetic elements |
wander from the principsl mess of the abdominsal

plexuses to the cell<coclumns ¢f the interrenal bodies.
These cells migrate slceng the line of the central veﬁf
end mske their wey between the cell agglomerations snd
columns of the interrenal tissue. This intrusion of
sympathetic elements is continued during the whole of
Ifoetal life, the interrenal.system becoming entirely

interwoven with these elements, as is seen in the com-|

plicated suprsrensl of birds. In the rabbit, alsco,

| the intermingling of medullary and ccrticsl elements |
'sometimes presents in adult life (Righiisa ). At about
|the beginning of the fcurth month, the cells of the

|
medullary portion scquire the chrome-~brown colour

which is their chief characteristic.
| |

|
Histological Anatony.

Structure cf the Cortex: The connective tissue cap- |

sule of the suprarenszl is oconnected with the centre
jof the organ by means, partly of thickish strands ccon-
"veying the nerves and blocd-vessels, snd partly by
delicate connective tissue lamellse which radiate from‘
the ﬁeriphery to the centre. The arrangement of these
lamellae subdivides the ccrtex roughly into the three
zones originally described by Arnold. A short dis-
|tance from the caepsule, the vertical lsmellae are ccn—!

nected/
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connected by oblique and transverse strends s&nd by

this means the outer cortical zone is defined = the
zona glomerulcsa. Beyond this the radiasl asrrangement
|

of the connective tissue strands becomes more opern, I

enclcsing parallel spsces in which isolated connective

septa conveying capillaries sre arranged transversely|

?and disgonally. In this region of parallel lamellse
lare the cells of the zona fasciculats. This zone is
'perticulerly well developed in the rabbit. In the
_innermnst part of the cortex, the ccnnective tissue
‘processes become still more delicate and, in the {
neighbourhocd cf the medulla, they break up into a.fﬁw

net-work of delicate connective tissue thresds, in thei
!meshes cf which single pasrenchyms cells are situated -
ithe cells of the zons reticularis. |
: The cells of the cortex are mainly erranged in '
!solid cell columns without a cavity - the corticsal

§composed of a.single row of polygonal cells, though

gclumns of Kolliker. These cell columns sre usually

occasicnally of twec or three. The columns are best

; ;
‘seen in the zcrna fasciculata.In the zona glcmerulcss
‘they end in rounded and sometimes hollowed-out termi-
\nations. The cells of this zone are polygonal in the
iguinea—pig (Fig.ld9 ) and in the rsbbit - not columar

&8 is freguently the csse. The gquestion as to whether

‘the/
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the cells of the zona glomerulcsa encleses a definite |
lumen has been carefully investigated by Stoerk. He

showed that, under normel conditicns, fhere is no free|
spece within the loocp-~like arrsngement of the cell-
cylinders, slthough the appearsnce of these sometimes
closely siﬁulates a lumen. Where; for ins?amoe, I

owing to the overfilling of the suprarenal vessels, |
|

there is extravasation of blood intc the external cor-

tical layer, the cell columns beccme detached from the

connective tissue by whioh the vessels are converged;
|

|
| .
| thus, sppearances are produced which, where the intra -
|

vascular blocd is not demonstrable s such, bear a

imisleading resemblance to transverse and obligue sec-—-

tions of glandular acini. This effect is heightenedi
;by the fact thet compression cf the cell contents pro-
duces an sprarently bsssl position of the nuclei.

:From the nsture c¢f his findings, Stoerk is convinced

‘that the suprarensl does not assume the formation of

8 true gland either under normal or psthological con-

(ditions.

[

[ The cells of the zona fasciculata are also poly-

|

|gonal and ocossionslly elcngated in the direction of

|
the colurmn. In the rabbit end the guines-pig they sre

frequently larger than in either the zona glcmerulcsa
|

or the zong reticularis. In the zona reticulsris the|

-

cells/ |
|
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cells sre arrsnged in branching trabeculse. The cells!
in this zone terd to be somewhat oblong in the ra.’nbit,I
but sre generally rounded irn the guinea-pig. ‘
The most striking charscteristic cf the ceortical
cells in most enimals consists in the presence of the |
lipoid grsnules which they contain. The granules
are soluble in fat solvents, but differ from ordinary

at
by their extreme solubility in essential oils. When

xylol is used in the prepsrstion of sections the gran-
ules disappear and leave benind & vacuolated appear- i

z 7 i !
gnce of the preotoplasm. They do not stain with fuch-

sin, methylene blue, or other similar cclouring agentJ,

but stein vividly with the specific stains for fat.
The cells of the suprarenal cortex aslsc contain
pigment. The pigument-containing cells form a much
wider zone in the guinea=-pig than in the majority of
iother mammals. Elliott & Tuckett state that the
guinesa-pig is almest unigue in their posseésion, but
| I have found & similar zone in the rebbit, snd Browne |
and ¥lint describe similar granules in the suprarenal |
of the humen foetus. In the guinea-pig the pig-
mented cells form a well-marked strip in the region
sdjecent tc the medulla (Fig.il" ). They can be readi-
ly seen in the unstained specimern and show up well
Eafter staiﬁing with iror hesemetoxylin. They stain

with/ |
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with ecsin and other %olid dyes. In meny ceses the
individusal granules sre exceedingly small snd may be
almost ultrs-microsccpic, so that the cells may be
tinted brownish-black by their presence, though the
granules thewmselves may be barely visible (Fig.|l§ ). |

These granules dc not give the chromophil re-

=

D

sction snd sre guite distinet from those of the cells

0f the medulla. They differ from the granules in
| the medullsry cells also in being much finer and of
a brownish hue. In Fig.|(9 1is seen a high power

view of adjacent portions of the cortex and medulla.
The cells of the medulla contain well -marked coarse
granules; the grenules of the adjacent cortex are

much more numerous, sc¢ that they completely fill the

cell, and sre very much finer then those of the

medullsry cells. The distinction between cortex and
medulls in this way is sharply defined. |
Browne and Flint have de;oribeﬁ similar gran- I
ules in the zona reticulsris of the humen sufrarenal.%
Browne states that they are nct only feund in the
cells of the zona reticulsris but commonly extend
into the zona fasciculets and scmetimes to the surface

of the gland.

The bresdth of the pigmented zone in the guinea-

pig depends pasrtly on the sge of the snimsl and partly

| a8 will be shown later, on the state cf functional

activity/
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activity of the suprarensl. The zone certainly does
not correspond tc¢c the anatomical zZonsa reticularis. It
commonly includes the whole of the zona reticularis
and may extend beck for s varying distance into the |
zona fasciculata. | |

Elliott & Tuckett have alsc described in the och
tex a doubly refractive substance which is soluble in
ether. This differs from the lipoid granules in its |
distribution. In the guinea-pig the lipoids are :
ususally most sbundsnt in & hesvily-losded belt in the |
outer half or fhird of the ccrtex, while the doubly :
refractive substance is described as being scattered :
very lightly over all.

i
In connection with the suprarenal cortex,mention!

|

4 |

must be made alsc ¢f the so-called "boundary zone" of |
o |

|

[ the humen foetus. Elliott & Armour have steted that |

|
the relatively large size of the suprerensl cf the i
foetus is due to s msrked develcpment of the inner i
part of the cortex. The cells of the boundary zone
are said to differ from those of the rest of of the
cortex, in having neo lipoid granules. After birth, !
the zone graduslly disappears and is no longer visiblq
after the first year. At birth, the portion repre- !
senting the adult cortex forms & thin strip towsrds ‘

the surface of the gland. These observers fcund thaﬁ

in/
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in the anencephalous fcetus the boundsry zone is
| absent; it must be noted, however, that this obser- |
vafion wes made on & single specimen. '

Browne has recently re-investigsted the condition

of the suprarenal in the normal and in the anencepha-

lous foetus, five specimens of the latter being ex-

eamined. He denies the existerce of s™oundsry zonel
but finds thst in the normsl foetus the zons reticu-
laris is relatively much wider than in the sdult

suprarenal. He stetes thet lipoid granules sare

sabundantly present in sll the layers of the cortex,

gn cbservation which ftraverses that of Elliott and:

iArmour. Browne regerds the diminution of the thick-
ness of the zona reticularis during the first year of |
life as merely & re-arrangement of the cells, &nd
finds thaet the pigment grenules which are limited teo

' the zone reticularis before birth become abundantly

: present in the zZone fssciculsta afterwards. He be-

lieves that a further ingrowth of the bundles of

fibrous tissue separating the columns of the zona

| fasciculata takes place, and transforms the net-work

of the outer porticn of the zona reticularis of the
foetus into parallel columns. In the anencephalous

foetus he finds that the zona fasciculasta is rele:ai:ive-i

| 1y thicker than in the normal foetus, sand thst the

zona/
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zona reticularis forms abouf cne helf of the cortex. ‘
The lstter zone is relatively narrower than in the
normal foetus, but is not the mere strip described by‘

Elliott & Armour.

Structure of the Medulls: The medulla of the supra-

rensl is the most vascular structure in the bedy. Itf

forms & solid cell-mass permeated by lsrge sinus-like

blecod-vessels with the cells compectly arranged be-
| tween and sround them. The cells are supported by
| delicete strands of ccnnective tissue. They are

irregulsrly polygornal in shace, but when they abut on

1
!the sinuses they often assume s more columnar aspect.
{The cells sre slways pleced clcse ggainst the blcod-

| |
vessels (FPig./40 ) and, ss a rule, are sepsrated by the
endothelium only, though occasicnelly also by & deli=-

czate tissue sheath, from the lumen of the capillaries

snd the enlarged sinus-like veins. The cytoplasnm ‘
contains numercus grenules,which vary in size in aif= |
ferent animsals. In the guinee-pig they are compara«!
tively coarse snd are readily observed; they sre more

delicate in the rabbit. 1f the fixstion has heen

lsatisfactory they are found tc be scattered fairly |
| unifermly througheut the cytoplasm. They sre most
rezdily observed in specimens steined with irecn haema1
toxylin; they steain also with ecsin.

Blood/
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Blood -Supply and Nerve-Supply.

The blood-supply of the cortei is represented byi
fine arteries which run inwerds from the capsule to
| the medulla in the connective tissue that lies be-
tween the columns of cortical cells. The vessels do|
not penetrete the cell cclumms of the zons glemeru-
lcsa and the zona fasciculata, but are restricted to
the supporting connective tissue. On reaching the
- zone. reticularis they become enlsrged and come into
close relationship with the cells. The vascularity
of the medulls, as already mentioned, is one of its
most striking festures. The sinuses with which it
is permested are lined with & singlellayer of thin
endothelial cells which are in direct contect with
| the cells of the medulla. Lymphatic vessels are
. present in the connective tissue of the cortex and
| these open into the lymph spaces of the medulla. |
The nerves of the suprarenal are gbundant. The‘yI
are derived from a net-work of mnerve fibres in the
capsule of the organ, and the nerve supply of this

pPlexus comes partly from the suprarenal plexus,formed!
|
|

; by twigs from the coelisc, phrenic, and rensl plex- |
% uses, and partly from the splsnohnic nerve. The
nerve fibres are partly distributed to the vessels
and cells of the cortex, but the majority pess into i
the medulla where they form s dense plexus from which!
filaments pass to the secretory cells.

The/
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The Histological Evidences of Secretory Activity.

In view cf the different origin of the cortex and|
the medulls and the differences in structure, it is
commonly believed that the functions of the two parts
are quite distinct. Some observers, however, believe
that there is & physiologicsl relationship between the|

'two regions, especially in view of the fact that the

blcecd-vessels of the cortex pass directly into the
| .
|medulla. It is convenient to consider the two parts

separately, in the first instance.

Secretory Activity in the Cortex.

The evidences of secretory activity in the cor-

!tex which appear tc be of most importence are the pig-|
ment granules end the lipoids. The doubly refracting
granules described by Elliott & Tuckett ere of doubtful |
'significance. Aschoff adopts the view that they may |
represent only & modification of the ordinsry lipoids =
a special sort of storing up of fats. He believes

that they are composed of cholesterine esters, and

lthis view is endorsed by Biedl. In Biedl's opinien

they are not to be regerded as products cf secretion
!destined to be cerried off by the blocd-stream.

i The pigment grsnules in the deeper part of the
cortex appear to represent secretion products which

can/
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|
'can be cuickly utilised by the body. According to

[Elliott and Tuckett, they disappear rapidly with

muscular work and re-accumulate with rest. In the
: no

young guinea-pig, the suprarenal contains/cortical

.pigment and the fat is distributed throughout the

cortex. With growth the brown granules sgppear and

fma;'; finally occupy more then three-fourths of the
-diameter, the dark ground so held being enveloped by

8 thin shell crammed with the fatty materisl. In view
of the fact that the medulls does not grow after
iadolescence, it might be urged thet the same is true
iof the fat-producing cells of the cortex; +that the
latter have simply been borne outward on the swelling
mass of those required to produce.the granules, and

| that the great specific enlasrgement of the guinea-
pig's cortex is csused simply by the addition of these
' specisl cells. ZElliott snd Tuckett have shown thsat
'this is not the cease. In conditions under which i%
§may be assumed that the gland is exhausted, as in
époisoning by diphtheria toxin, the fatty substance
;sweeps over the entire cortex and completely repleaeces
Ithe brown grasnules. Similerly, the grenules may all
disaprear in a couple of days under the extrs demand

' made on the remeining tissue when one half of the

' suprarengl has been removed.

An/
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| An examinetion of the suprarensl of the guinea-
pig suggests a subdivision of the cortex into three
physiological zones, which differ to a certain extent
from the familiar snstomicel zones. The physiolcgi-

csl zones sappear to be (1) the zons glomerulosa,which

fseems tc be distinct from the others, physiologically
ias well as snatomically, (2) the lipoid zone, snd (3)
Ithe pigmented zone. The cells of the pigmented zone
are guite characteristic, both in guinea-pigs and in
;rabbits. They are spheroidsl in shepe; +the nucleus
'is generally eccentric in position; and the proto-
:plasm contains abundant fine brownish graenules. The
number of the granules varies in different cells;
some are so full as to appear almost black and indi-
viduel granules caunnot be identified; in others the.
granules are less nunerous and the individuel granules
cen be plainly seen (Fig.Il§ ).

This zone shows vsriations in size under certain
éconditions. As alresdy mentioned, the granules tend:
1to disappear in states of exhaustion. Apart from
:such conditions, Elliott and Tuckett relate the size
'of this zone to the body weight 6f the animal.

| An examination of the series of pregnant and non-
'pregnant enimals shows that this zone presents a dis-

tinct relationship tc the activities of the repro-

ductive/
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reproductive system. It can be shown in the first
plece that the size of this zone does not depend en-
tirely on body weight, other conditions being normal.
In Pig. |A| the upprer illustration is tsken from the
suprarenal of a non-pregnant female guinea-pig of 560
grammes and shows a very narrcw pigment zone; Fig./22%

shows & much wider zone in & male animal of only 325

|grammes . A group of 5 mele animals, vaerying in
!weight from 325 to 880 grammes, was exawmined, and in
all cases the cortex showed & wide pigment zone, quite
‘independently of the bedy weight. It has been shown
%by Noel Paton and Goodall that a guinea-pig of 300
;grammes is sexually meture, so that the large size of
the pigment zone seems to be dependent upon the attain-
ment of an esctive state of the reproductive system

rather than on the size of the animsal. In the femalei
'this development of the pigment zone seems to be de- i
layed until pregnency is well established. At this
period the size of the pigment zone corresponds to
[that seen in male animals. In the early stages of
:pregnancy in enimals of a lighter weight, where the
:animal is presumably a primipara, the zone masy still
jbe small, resembling that of the non-pregnant animsls.

| It may be noted here that the suprarenal of the
|

guinea-pig undergoes a very definite alteration in its

external/
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external shape in the course of s first pregnancy.

In virgin animels it presents s triangular appesrance

| on cross section, the surfaces being flattened and

the borders well-defined. In the later stages of

pregnancy the cross section is rocunded or ovoid, the

- gland having become enlarged and the borders rounded

off. i

In non-pregnant guinea-pigs the pigment zocne was|

| usually a narrow strip in comgarison with that of

| pregnant animels. Exceptions to this rule were pre-

sent in three large females of approximately 600

grammes in weight. These showed & pigment zoneé of

a size corresponding to that seen in the later stages|
of pregnsency. The condition in these large, probablq
miltiparous,females presents a resemblance to the
pituitary enlargement which occurs in a first preg-
nency and which remains permemently, though to a
slightly diminished extent. Comparison is suggested
also with the areola of the mammary gland in the
human subject; in the early months of pregnancy this;
becomes pigmented and never returns to the virgin
condition, though the degfee of pigmentation dimin-
ishes at the end of pregnancy.

The state of the pigment zone in guinea-pigs
may be summarised: -

(1) In all sexually msture snimsls - over 300

grammes/
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grammes in weight - there is, under normsl physio-
logical cpnditions, a lerge pigment zone. This zone,
no doubt, becomes diminished in size by muscular work
and other conditions causing expenditure cof energy -
as Elliott and Tuckett have shown - but a large zone
represents the normsl state. The early development
of the pigment zone in msles of light body weight -
presumsbly young animals - suggests that the male
gonads are more directly dependent on the activities
0f the endocrines than the female. The exXperiments
of Fos on the pineal body support this view. ;

{2) The size of the zone does not depend on |
body weight alonse. In fully-grown non-pregnant fe- |
males it is sometimes a narrow strip. ‘

(3) In the later stages of pregnancy it forms
a large zone, corresponding tc the condition in the
sexually meture male animal.

(4) In virgin females the zone is generally
small. In multiparous females which are non-preg-
nant, the zone is of considerable width, but the cells,
in some cases at least, appear to contain less pig-
ment than in pregnant aniﬁals.

In the rabbit the pigment zone is much less de-
veloped than in the guines-pig. In the non-pregnant|
animal it forms o very narrow strip, the cells of

which/
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| mainly in & belt which lies between the pigment zone

| and the zona glomerulosa, though they extend into

iwhich contein only & small esmount of pigment (Fig. /24 )
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|
In pregnancy, however, it forms a fairly broad, deeply|
pigmented zone. In this animel alsc the develcpmenﬁ
of the pigment zone appears to present a close Tre- |
lationship to the sctivities ¢f the reproductive |
system. i

It is generally believed that the lipoids of !
the suprarenal cortex are increased in amount in preg-

nanoy, though a gusntitetive estimation dces not

aprear tc have been made. I have not been able to

satisfy myself, from the histolcgical asppesararces,
that there is any constent relationship in this direc-

|
tion. In the guinea-pig the lipcids sre contsined |
|
|
|
i
|

both the other regions. They are commonly abundant
in pregnency, but in some cases tney asre scanty in
amount. On the other hand, they are sometimes plenti-
ful in non-pregnant animals, especially in those of
large size.

The zona glomeruleosa also appears to undergo
little alteration in pregnancy. In the guinea=-pig

the cells of this zone stain more darkly, both With.

zone and the zona glcmeruloss is gquite sharply de- i

| fined. It is never more than a thin strip at the

surface/
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' surfsce of the gland and does not appear tc undergo

| ary enlargement in pregnancy.

-

Secretory Activity in the lMedulla.

‘ It hses been shown by Elliott and Tuckett that :
the medulls undergoes distinct enlargement in preg-
nénoy, although to a much less degree than the cortex.|
The incresse is probably psrtly due to increassed vas-|

icularity, but it can be shown thst cellular ohanges '

| also take place. The cells of the medulls have been

' described as being generally polygonel in shape and |

?as possessing granules in their protoplasm. The-sig%

inifioance of these granules has been variously inter- |

;preted. Stoerk and v. Haberer have stated that the l
characteristic granules of the protoplasm of the I
suprarenal medulla are net cast cut into the lumina of

|the blocd-vessels. In their opinion these granules
represent structural units which are possibly to be

.regarded as the seats of chemical action whose pro-

Eduots are to be locked upon as the true secretion

‘material of the medullary cells, which meterisls paess

'into the blcod by some such process ss diffusion.

EThese authors believe thet the fluid secretion product

|1s the true bearer of the chromephil reaction of the

medullary cells, the granules hesving the reaction

cnly in their secretory phese, when they are just

forming/



Ff(%-.lﬂé.ﬁ& MEDULLA OF A PREGNANT GUINEA~PIG.

THE CELLS ARE CROWDED WITH GRANULES .

taon waemaroxvein X T{LO.



(195) !

{ forming the chromaphil substance. They state that

the fluid secretion can be recognised intracellulerly
in both the protoplasm and the nucleus, and extra-

cellularly, in admixture with the serum of the capil-|

| lary and venous blcod. Besides the typicsally fine

granules of the medullery protoplasm,they describe |

coarse structures which occur on the side of the

cells turned towards the vessels and which reveal a

different staining resction from the granules. I
have been quite unable to identify the coarse struc- ‘

tures mentioned; +the medullary granules are usually |

distributed uniformly throughout the entire cell.

the appesrance of the medullary cells. He finds thaﬁ,

'under the influence of such causes as trasuma, hasemorr-

|
Carlier, on the other hand, believes that he was

able to.observe the granules in the blood channels
and in different stages of elimination from the cellsj

S |
Hultgren and Ander§pn alsc believe that they observed |

| the passage of the granules from the cells intc the

blood-vessels, snd Félicine described the granules in
the intercellular canals and lacunae.
Crile, in connection with his work on surgical

shock, has described very strikingly vsriastions in j

hage, lcss of sleep, musculsr exertion, or excessive

emotion, the granules undergo a marked diminution in

number/ |
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number and a falling-off in distinctness of staining.
The contrast was impressively demonstrated in the
iadrenals of salmon; one group was examined in the i
resting state at the mouth of the Columbis river and |
the other at the end of their 700 miles journey to the
spawning grounds. In the second group the granules |
in the medullsry cells had become much reduced.

In pregnant snimsls the medullary cells are, as
a rule, more uniformly full of granules then in non-
pregnant animals. Figs./2¢ ¥ /2% show the sppesrance
of the cells in the pregnant condition. The cells
are crowded with cosrse granules distributed unifornily

throughout the protoplasm. In Pig. /2§ & portion of

the medulla of & non-pregnant animal is shown. The

lgrannles are fewer in number and not sharply defined
!as in the cther examples. The appearances vary, to
la certain extent, in different pa}ts of the medulla, |
but the general rule is that in pregnant arimsls the
granules are more generslly sbundant thsn in non-
pregnent.

The medullary cells slso show & very constant

difference with regard to their shape and size in

Pregnant and non-pregnant animals. In non-pregnant
animals they sre mostly polygonal and quite irregular
in shape. In pregnant animals the cells are dis-

tinetly/
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|

ldistinoctly lasrger and they show & well-marked tendency

'to assume a colummar form (Fig. I ). 1In these elong{
|

'ated cells the nucleus usually lies towards the end of
the |
ycell which is away from the blood-channel, whereas in

inon—pregnsnt animals the nucleus is ccmmonly central

|in position. The medullary secretion is often plain-|

ly visible in the blcod channels, but I have not ob- ‘
'served any constant difference in the amcunt of this
|
|

'secretion between pregnant and non-pregnant animals.
|

The appearances of the cells of the medulla in

_ipregnaﬂcy, as compared with these in the non-pregnant
| |
istate, support the belief that the granules represent

ithe secretion precducts, and illustrate the condition |

of increased functionsl sctivity which exists in preg-

naney .

Significance of the Signs of Activity in Pregnant

|

| .

! Animals.

i The difference in origin between the ceortex and
'the medulla and the relationship of the two parts in
:fishes suggest that the funotion of the cortex is
;entirely different from that of the medulla. Evidenoe%
'is sccumulating , however, tc show that the two parts
are intimately related from‘the physioleogical point cf
?view. The fect thst the cortex and the medulls are

united/
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united to form one organ in men snd the higher animals
and the arrangement of the blocod-supply, by which thei
blood reaches the medulla after having passed through!
the cortex, suggest that the anatomical relationship i
is necessitated by a physiological interdependence. !
Cramer has furnished convincing evidence to show thatI
the cortex takes part.in the functional sctivity of

the medullz and that the two parts are not physio-

logically interdependent. Certain functiomns, howeveﬁ

' —

| have been assigned to the cortex slcne. The relstiocn
ship to the reproductive system seems to consern the
cortex rather than the medullsa. This is evidenced
by the much greater increase in size of the cortex in
pregnancy . The close relationship between the size
|of the pigment zone and the activities of the repro-

ductive system, which has just been described,strongly

supports this pelief.

Further evidence of the relationship to.the sex- |

|
ual functions is supportéd by the results of patho-

lcgical affections of the suprarensls. Gallais has 1
recently observed and collected a number of cases in ‘
which tumours of the suprarenals have given rise to 2
striking abnormelities in the development of the re=- !
productive organs. Barker descriﬁes three possible |
results of hypersctivity on the part of the suprsrensl

cortex/ |
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oortei. (1) Pseudo-hermaphrodism. This oonditioni
g is believed to be due to & congenital form of hyper- i
interrencpathy, commencing before birth. The true !
sex of the person depehds upon the character of the |
internal_sex organs. The external genital organs of |
the pseudo—hermaphfcdite usuelly resemble those of the
gex bpposite to that tc which the patient really be-
| 1lengs. (2) Premature puberty. This is believed

to bhe an early postnatal form of hyperinterrenopathy.

The patients appear normal at birth but soon become
Obese. The growth is abnormally rapid end premature;
development of the secondary sexual charscters -takes |
plece. lleany of these cases suffer from tumours or
| hyperplaesia of the suprarensl cortex. (3) Adult
hirsutism or virilism. This is believed to be a late

or adult form of postnatal hyperinterrencpathy. The

condition usually sffects women between sixteen and
twenty. The patient tends tc escquire masculine
charscters, the most characteristic festure being the
\change in the number and distribution cf the hsirs;

e beard develeps and hair appears on the chest, ab-
domen, -and elsewhere. These patients commonly suffer
from a tumour of the suprsrenasl cortex. ]

The feeding of young animals with suprsrenal cor-

|
tex appears to stimulate the growth of the testes,

though/ |
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though Hewer has recently described degenerative

changes similar to those prcducel by exposure to the

X-rays. Grafting experiments have usually been un-
successful, but recent experience in the human subjecq
seems t0 show thet this affords & promising field forj
further research. Tanner transplanted a suprarenal |
removed from s foetus just before death into the

testicle of a patient suffering from Addiscon's disesse

The patient has improved considersbly and the graft

{ pleantation of the suprarenal intc another orgsan appears

| gaticns. Zlliott and Tuckett believed thet the guines-

| .
| shewn that it is sbundsnt in infaney and slsc in

developed zone in the pregnant rabbit. Findlay hss

to be more likely to be followed by success than }
merely grafting under the skin. i
The significance cf the pigment in the cells of 5

the cortex hes been the subject of repeated investi-

pig was slmost unigue in its possession, but Flint

and others hsesve described the pigment in the human

suprarensl. As already mentioned, it forms & well-

chronic diseases, such as tuberculcsis, syphilis, and |
carcinoms, which are associsted with cell depression.:
Bauer has recently advenced the opinion that the cor-
tex detoxicates the waste products of the inter- |

medis ry/
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intermediary metabolism which are present in the cir-
culation even under physiolcgical conditions. The

chief product of the purin metabolism presents uric

acid. The latter, sccording to Bauer, is &also the
mother substance of pigment. The melanin of the cor- |
tex, or cxidised uric scid, is elaborated into &ad- I
renalin by a process.cf destruction and by repeated
procesées of reduction in the medulla. The oxidaticn
of urie acid in the cortex serves a double purpose;
to keep the pigment in the cortex in eguilibrium, and
to oxidise the rsw materisl for the medulla, He
found the suprarenals much enlarged in patients who
died from chronic nephritis, especially in those with
contrscted kidneys. Simulteneously with the lsrge
size of the suprsarenal giands, the cortex wes unusual-
ly broad snd it showed & proncurced incresse in pig-
ment . He believes that the increase in size in these
cases is due tc the excess cf uric acid, the result
of the deficient kidnej function. 1If the suprarensls
are overworked and unable to deal with the excess of
pigment,; it becomes deposited in the skin, where it
may become oxidised tc pigment. He found that, after
incubation, the skin from uraemic patients showed s
merked brown colour. Bsuer has demonstratei, by
careful microchemical tests, the presence of uric acid

|

in/ i
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in the cortex. * Wolf and Thacher have shown that in
Addison's disease there is & marked retention of purin
bases in the bleced. It appears from these cbser-
vations that the pigment in the cortex is the pre-
cursor of the sdrenslin in the medulla. The increase
in the pigment zone in pregnancy, if this view is cor-
rect, may be regarded as possibly @ preparation for
the increased demand for adrenslin which must exist
during parturition.

The significance of the lipcids is still extreme-
ly debetable. Many observers, and especislly those
of the French schocl, believe fhat the cortex repre-
sents the factory for lipoids; ofther authorities con-
sider that the cortex acts rgther as a stocrehouse for
lipoids produced elsewhere snd carried to the supra-
renal by the blocd-stream. Against this latter view
is the observation of Federici thet there was nc
diminution in the amount of the lipoids in animals
which were starved to death. This cobserver also
found no change in the lipcids of bats or dormice
relatiﬁe tc hibernstion. It hes been mentioned that
no constant relationship was_found to exist between
the amcunt of lipoids and the pregnant state, so far
gs ooculd be made ocut by histolegical examination.

Few ettempts have been made tc assign a specific
function tc the zons glomeruloss. Browne, from his

observations/
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observaticns on enencephslcus and normal fcetuses, i
has proferred the suggestion that it may present a
relationship to the srterior lobe of the pituitsary.

He finds this zone increased in size in anencephslous |
foetuses,and thinks that this may represent an attenmpt
to assume the function of the absent pituitary. He |
mentions, in support of this suggestion, the fact thaﬁ
there is a certein resemblance in sppearance between
the cells of the zona glcmerulosa and those of the

| anterior lobe of the pituitary. Beyond the fact thet |
!the cells of the zona glomerulcse of pregnsnt animals |

stained resdily with scid stains, the appesrsnce cf

the zone in the gnimels examined furnished nc evidence

in support of this view. There was no indication of

en increase in size such as takes place in the pars .

anterior of the pituitary in pregnancy.

. The characteristic function of the medulla is thq
?produotion ¢f adrenelin. The manner in which this is
utilisedlby the body is still under discussicn. It
was found by bliver and Schéfer that even in the blocd

| of the suprasrensl vein there is not alwsys encugh of

the autacoid tc casuse a rise of bleccd-pressure when s

| few cubic centimetres were injected into a vein.
| |

 Stewart, Rogoff, and Gibson devised & method recently |
| s |
'wanich shows that normally s smell amount of adrenalin
| passes nmere or less continuocusly intc the circulation.

Blcod/ |
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Blood from the suprerenals was collected in a pocket
of the inferior vena cava, which was msde by akplying;
clamps to this vein above and below the level of the |
suprerenal veins. An animel in which the iris: had |
been sensitized towards the sction of adrenslin by
prior removal of the superior cervical sympathetic ;
ganglion was employed. It was found thet sfter the
pocket had been allowed to £ill with bloocd, removal
of the upper clamp caused the pupil to dilste. It hes
been shown, however, that the amcunt in the suprarensl
vein is normally very smell - not more then one part
in & million. No effects were observed on the gen-

eral health or the blocd pressure of animals in which

| the suprarenal of one side was removed, and the nerve
control of the opposite gland severed, although it is‘
evident that very 1little sdrenslin cculd havé been :
present in the blcod. The amount under these con- ‘
ditions Qas been estimated at not mcre than one part
in 400 million parts of blood. |
Since & "tonus" hypothesis of the medullary
function is untenable, an "emergency” hypothesis has
been brought forward, chiefly owing to the work of
 Cannon. He believes that adremnalin is secreted into
the blood in supernormsl smounts when certain emergen—-

cies arise, such as asphyxia or conditions of extreme

emction, such as fright or fear. In his earlier |
resesxrches & catheter was passsed through a slit in

the/
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the femoral vein so as to lie in the inferiocr vens

cavea opposite the suprarenal veins. Blcod was removed|

and tested for adrenslin by observing its effect on

an isolated strip of intestine. The originel experi-

ments of Cannon were criticised by Stewart and Rogoff |

and these observers were unable tc verify his con-
clusions. Cannon has repeated his earlier obser-
vations by & methcd which would not entail loss of
blood, gnd employed & denervated heart as the test
object. It has been shown by Levy, Gasser, and lleek
thet this responds tc extremely small concentraﬁions
of adrenalin. He found that these later experiments
verified his original conclusions in every respect.

The 'emergency™ hypothesis of the medulls bears

| an important relationship to death under anaesthesia.

It hss been suggestel by Levy that death in the early
stages of snaesthesis is sometimes due. tc the sudden
liberaticn of a large smount of adrenalin. This is
believed to sct as an overdose to the heart snd to
bring about arrest in 2 state of 'delirium cordis®
The cuestion is of importance also in relation to the
operative risk in cases of toxic geitre. 1t has
becen shown that the suprarensls in this condition are
in a state of hyperactivity and sudden death during
cperation mey, in scme cases, occur in the manner
suggested.

The/
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! The observations .cf Crile, in his investigations
|
| into the nsature of surgical shock, appear to have

| shown that the granules in the medullary cells are

utilisel by the body in conditions asscciated with
expenditure of muscular energy. The accunmlation cof
granules and the active state cf the cells in pregnant

. oconsidered § ) . g
anlmalsufln relation t¢ the views of Cennon and Crile,

{ are probsbly to be interpreted as & preparation for
the expenditure of muscular and other energy st the

time of parturition and in the lster stages of preg-

|
| nsncy . The medulla, therefore, may be regsrded as
S ing, a ain ex o B &g wetion, |
| possessin to certain extent storsge function
|

such &s I8 seen in 8 number cf the other endocrine

' glands.

CONCLUSIONS.

1. The cells of the pigment zeone of the supra-

I
|
' renal cortex are characteristic in their appearance in
guinea-pigs and in rabbits. The zone is especislly
well developed in the guinea-pig, but is alsc present
in the rabbit.
5]

2 The size of the pigment zone does not depend

on bedy weight slone. In fully-grecwn nen-pregnant

femsle guines-pigs it scmetimes forms a narrow strip.
S The zone presents a close relationship in its

development /
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development tc the activities of the reproductive
system.

1, It resches to full develcopment at 2n earlier
ddte in mele snimals then in femsle. This suggest
that the male gonsds sre more directly ﬁependent on
the sctivities of the endocrines then the female. |

5. In the later st:ges of pregnancy it forms &
large zone corresponding to thet seem in male animsls.
In non-pregnant virgin females and in the early stages
of & first pregnasncy it forms & small zone.

6. In non-pregnant rsbbits tiae pigment zone is
faintly merked; in pregnsncy it forms & prominent
feature of the ccrtex. |

7 The lipeoids of the suprarenal cortex present
no constant relstionship tec the pregnant stete. The
zonea glomerulosa unﬂergoés nec change in pregnancy.

8. The cells of the medulla show an incresase in
size and a tendency to & oclummar shape in pregnant
guinea-pigs. The grenules which they contein are
distinctiy increassed in pregnsncy.

9. The increase of the granules in pregnsncy
lends support to the view that they represent the

secretion products of the cells.
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In conclusion, I have to express ny grest in-
debtedness t¢o Professor Robinson for the facilities
placed at my disposal in the Anatomy Depsrtment for
the carrying out of this werk sand fer much instruction,
?encouragement, and edvice.
| I huve alsc to thaenk kr. Lewis Beesly, ar. J.M.
IGraham, and ¥Mr. ¥F. E. Jardine for several operation

specimens of psthological conditions, and Dr. W. A.

Alexander for specimens of normsel tissues from the
IPatholcgioal Deartment of the Royal Infirmsry.

_ I am indebted to my wife for the drawings which
Iillustrate this thesis and for the mcunting and
labelling of the illustrations.

‘The rest of the work, inocluding the preserving,
cutting, and staining of the specimens, has been
carried out entirely by myself. The photogreaphs,
alsc, sre my own work throughout.

I have to scknowledge. gratefully e grant from

!the Moray Fund which which has partly defrayed the
!expenses of this investigation.
|
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