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' § 1, Introduction,

During recent years a great deal of attention has been given
to the effects upon the body of the host of the physiological sct-

:ivities of implanted gonadic tissues, The coincident effects

' of such implantation upon the engrafted tissues have not receiveé
;the same attention, The rsbbit, guinea pig, and rat have been
é the enimels used by the great majority of investigators in this
ifield. Schultz (1900 and 1902), however, used the mouse and re-

:corded that in this enimal implantstion of ovarian tissue into

the maele was unsuccessful, Since there was reason to assume thdt

?possibly this failure was due to imperfection in the technique, it

was decided to repeat and extend his work.



|9 2. Material and Method,
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The experimental materisl consisted of 31 male mice, varying

i in age from 8 to 20 weeks at the time of operation.

Table I.

Age &t No. of
operation Nomenclature, operated
in weeks animals

8 | A A A5 Ay By By GO i
12 D3 Dg D3 Dy D5 Dg 6
14 By B By Fy 4
15 _Gi @2 G—s Gf-.'l: G5 Hl Hz Hg H4 H5-']"'f6 H7 12
20 I, : 3

Totel 31

Stringent antiseptic precsutions were taken during the opera

|operation and proved to be fecund,

Offspring of the same litter have identical initial letters.

Three of the males were mated at different times after the

|
i
;
|
f

| :tions, The male was etherised and en area of skin round the sitel

iof the operation shaved and painted with iodine, An incision was

| mede Jjust posterior to the last rib, exposing a fatty mass (c&p—é

:sula adiposa) and the kidney. The kidney was carefully detsched |

|
from the sbdominal wall snd an incision made in the tunica fibrosa

‘which was folded back. At this stage the wound was covered with &

piece of gauze moistened with an entiseptic solution, The female

suppdying the graft was then etherised, aend the ovary removed and

transferred to the male, the peritoneal capsule of the ovary be-

I:ing removed before implantation. The surface of the kidney'be;

::neath the incised tunica fibrose was slightly injured and the |

| ovary placed in the wound,

| pulled together as far as possible to cover the graft and the

|
|

cepsguls/

The lips of the tunica fibrosa were |




capsula adiposa replaced, The abdominal muscles as well as the
{ skin were then sutured and the wound sgain peinted with alcoholic

solution of iodine,

! The experimental animals were killed for examination at per-
' :iods varying from 10 to 35 days after operation. The gra.ftsg
were removed immediastely post mortem and fixed in Allen’s modifios-
| tation of Bouin’s fluid., Serisl sections 10 in thickness were

i:cu.t and stained either with Delafield’s hasmatoxylin or Heiden-

i :hain’s Iron Alum Hasematoxylin.

|

i



$ 3, Description of Cases,

G;. 15 weeks old at the time of operation. Killed 10 dasys after
operation. (Fig. 3).

Histology of the greft. The graft has persisted but is highly

|
necrosed and the centrsl region consigts mainly of a mass of in- |

:flammatory tissue. The peripheral region is somewhat more free
from inflammatory lesions but isolated groups of lymphocytes and |
grenulocytes are met with, All the follicles in the body of the |

graft are highly degenerate and are represented by hollow vesi -

:cles containing fluid following resorption of the oocyte and of
- the cells composing the stratum granulosum, The germinal epithe{
. :1lium is apparently healthy and numerous mitotic figures are pre;
:sent, Immediately below the germinal epithelium numerous (a- %
tbout 900) small immature oocytes are found embedded in the stro#
| :mae, The majority of these are encapsuled by a single layer of |

| epithelial cells; although most of them appear to be normal and |
healthy, it is estimated that about one third show some signs of |
the onset of degenerative changes, such as a marked irregularity

in the shape of the nuclei and the failure of the chromatin in

the nucleus to retain the stain.

Successive stages in the new formation of oocytes from the
cells of the germinal epithelium leave little doubt that the nu-

imerous young oocytes present in the graft were derived from a

ipost-operative proliferstion from the germinal epithelium.

Gg. 15 weeks old at the time of operation, -Killed 10 days afteri

operation,

1

|Hiatologx. As in the case of @ the graft has persisted but neoré—
: 1
1tic/
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5

:tic changes are more widely spread. The craft is surrounded by

| a sheath of fibrous connective tissue except in one restricted re-

:gion where alone the germinel epithelium has remained intact.

There appears taibe little doubt thet this fibrous tissue is de—i
:rived from a proliferation of the subepithelisl strends of con—;
:nective tissue following upon the degéneration or bresking downg
of ﬁée germinal epithelium in this area, It is noteworthy thatt
where the germinal epithelium versists there is no proliferation:
of the underlying fibrous connective tissue elements (basement

membrane, tunice albuginea), It is only in the smell area cove—;
ired by normal germinal epithelium that the graft retains a more
or leas heal thy appearance, The bulk of the graft is heavily |
infiltrated by masses of lymphocytes and granulocytes. All the;

folliclss are highly degenerate and their outlines only can be

| determined, ell normal histological details being lost,

In the small area of apparently normal ovarien tissue numer-

| :ous young oocytes are found (sbout 500). There is some activitj

| of the ge minal epithelium in this region, (although it is not so|

merked as in the previous case),indicating the new formation of |

oocytes,

§ Aq. Operated st 8 weeks old, Killed 12 days after operation,

Histology. The graft has become attached to the tissues of the

host and shows no evidence of gross degenerative changes although

| the surrounding tissues isiheavilj infiltrated by masses of gra-

:nulocytes. An outgrowth from the surrounding tissue encapsu-
:les the graft, TFive large follicles, varying in dismeter from |
0,57 mm, to 0.32 mm, are present and some of them are in the

early stages of follicular atresia, A few smaller follicles

{under/



6

(under 0.25 mm. in diemeter) are present in the cortical stroma |
while just beneath the germinel epithelium at least €00 primary
oocytes were counted. As in the case of the larger follicles
it was observed that many of the medium sized follicles showed
earty signs of follicular atresis, e.g. fatty infiltration of ;
the cells of the stratum granulosum,
As previously described, new formation of oocytes from the.

germinal epithelium was observed.

Ag. Cese history the same as that of Ai.

Histology. The graft is almost completely enclosed in a fibrous
connective tissue sheath which, however, is not in direct contact
with the graft except at the point of attachment, The graft has;
retained the typical ovarian structure and there is no evidencg i
of widespread inflammatory changes.

Six large follicles C.38 mm, in dismeter) are present but

| most of them show signs of the onset of degenerative changes.

| In the case of the most advanced stape degeneration is evidenced

by the irregularity in the shape of the follicles and degeneratif
ion of the cells of the membrana grenulosa which lie scattered

in the liquor folliculij; the failure of the chromatic elements

{
I
|
i
|

in the nuclei of the ova to retain the stain; =snd irregularity
in the shape of the ova,
Numerous small oocytes are present and the majority of the-|

:8€¢ are localised in the peripheral region, It was noted that

| follicles of intermediate size (0.15 mm, to 0.35 mm, in diemeter)

| were absent, The occurrence of many anovular follicles and the|

. presence of a series of intermediste stages in the formation of |

such atypical follicles show that there are two altermative mo-
:des/ 1



:des of origin, nemely (1) the onset of degenerative changes
which result in the breaking down and resorption of the ovum;
or (2) the non-inclusion of the ovum in the formation of the
primary follicle, _
Abundant subepithelial primary follicles are found but the l
activity of the germinal epithelium at the time of examination '

is only slight as is evidenced by the fact that very few mitotic

figures are observed,

Ag. 8 weeks old at the time of operation. Xilled 14 days aft-;
:er operation. (Fig. 4).

Histology. The graft is composed of two distiﬁct portions : ;70-
:nad end Fallopian tubes area, and is completely enclosed by fi-|
:brous connective tissue; it forms a solid mass in which the |
Fallopian tubes are embedded but there is only a thin capsule
over the gonadic portion which is only at some points in direct
contact with the latter.

The central region of the gonadic portion of the graft con—i
tsiste of a mass of hyaline fibrous connective tissue and scatter-
:ed depenerate nuclei. There has been considerable hypertrophy
of the ovarian stroma, 1In the peripheral area five small appari
:ently normal follicles are found but medium and large sized fol-;
:licles are sbsent; numerous primordial follicles are present,

As in the previous cases new formation of oocytes from the free

| mergin of the germinal epithelium is observed. Some of these

are found rather deeply embedded in the stroma and this was found

to be due to a folding-in of the germinal epithelium in this re—;
igion caused possibly by shrinkage following degeneration of tha%

central arvea of the graft and subsequent absorption of necrosed

|
!
a
tissue/ 5



tissue, Anovular follicles are commonly met with,

A4.‘ 8 weeks old, Killed 14 days after operation. The ovaria£
tissue used for graftiing ?n cases Az and Ay was taken from the |
seme litter sister. (Fig. 5).

Histology. This graft is the most successful of the series,

It is encapsuled by a fibrous outgrowth from the base of its at-|
:tachment. The typical ovarian structure has been retained witﬁ
only a slight evidence of degenerative changes. The medullary |
region of the graft consists of numerous cysts embedded in a con;
inective tissue stroma.and representing the ultimate stapge in
follicular atresia,

Twelve large follicles (0.22 mm, to 0.30 mm, in diemeter)
and gbout fifty smaller ones (0.11 mm. and under) are present in|
the stroma of the central region in addition to the very numer- g
ious primary follicles found at the periphery, Jjust beneath the a
germinal epithelium, Six of the larcse follicles show signs of |
incipient atresia in that the ova are prematurely entering into
the maturation division; in two of these the first polar body
has become constricted off and the ovarare in the early anaphase;
stage of the second mitotic division, These ova have become deé
stached from the stratum granulosum and aré lying free in the 11%
:quor folliculi, Such abnormal follicles are commonly met with;
in the normal functioning ovary. The germinal epithelium retains
its normal structure-but tﬂere is no marked activity of the oomré

:ponent cells,

Hy. 15 weeks old at the time of operation. Killed 14 days af-
:ter operation,

Histology/




Histology. The graft is highly necrosed, the central region con-

| :sisting of' a mass of pale staining cell debris through which iso-

:lated pycnotic nuclei sre scattered. Nearer the periphery the;
degenerative changes are not so marked and typicel ovearian stro-;
:ma is present through which extensive eryth?ocyte ex@ravaaationi
has occurred, The germinal epithelium in contradistinction to é
the reast of the graft shows few or no signs of degenersative chan%

|
:ges and the presence of several mitotic figures in different re-
:gions of the epithelium gives evidence that this structure is
functioning normally,

The presence of a few small follicles in an early stage of

follicular atresia was noted but most of the follicles originally

§presént in the graft have completely degenerated and all traces

of their charscteristic histological features have been destroyed.

Several apparently healthy primery follicles were observed. |
Hg. 15 weeks old at the time of operation. Case hiétory as in
Hy

Histology. Although the graft has persisted, wide spread necro- |
:tic changes have occurred, particulsrly in the central area
which consists of a scenty framework of connective tissue with
masses of lymphocytes, granulocytes end degenerating cells scat-?
ttered throughout it, One or two large blood vessels permeate |
this region. The degeneretive changes are less marked towards
the periphery of the graft. No follicles of any size are pre-
isent and in only one instance has the outline of the follicle
been retained. Small follicles are present embedded in the pe—é
:ripheral stroma but are apparently unhealthy, as the chromatin
threads of' the ova fail to retain the stain,

The/
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The germinal epithelium, which has for the most part retain-

red its normsl structure, shows only slight activity.

Hz. 15 weeks old at the time of operation, Case history the
|
same as that of his litter brothers, '

Histology. Although the graft has persisted, degenerative chan-i

f
iges are wide spread and the originel histological features have|

| become almost obliterated., There has been a practically com-

:cae of the follicle ; the central cavity has been invaded by

:plete degeneration of the Graafisn follicles which are represen-

:ted only by a persisting fibrous capsule derived from the the-

E lymphocytes and leucocytes esnd the ovum and follicular cells

have been completely absorbed, There has been considerable hyké
:pertroPh& of the ovarisn stroma and the continued sctivity of %
the stroma éells is evidenced by the presence of abundant mito-
:tic figures, |

Invasion of inflammatory tissue has taken place throughout |
the graft but is greater in the medullary than in the cortical ;

region, The germingl epithelium, if present, could not be iden-

:tified with certainty.

Hge 15 weeks old at the time of operation. Oase history as that
of litter brothers,

Histology. Aithough the medullary region of the graft is compo-§
:sed almost entirely of inflammatory tissue, such degenerative |
changes are not so merked in the corticsl region, where several E
follicles (0.16 mm, to 0.10 mm. in dismeter) are found enbedded .
in the raether dense and actively proliferating strome. Some of

these follicles are in the early stages of atresie, as is shown

in one case by the early onset of the maturation processes, the

ovum/
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ovum being in the early ansphase stage of the first mitotic di- |
:vision, The original large follicles of the praft have com- ;
:pletely broken down end all definite histological follicular |
- |

features have disappeared. E
The germinsl epithelium has retained its normal structure !

|

and aigns of cell activity are mariced, Just below the germinaﬂ
epithelium, embedded in the peripheral stroma, msny young 6o- !
:cytes were found. :
{

Considerable ingrowth of fibrous tissue is noticesble in :

|

one region of the graft.

Hs, 15 weeks old at the time of operation. Case history as

that of litter brothers,

Histology. The graft exhibits gross degensrative changes which

have greatly modified the typical ovarian structure. It con-

:sists of two portions : en area containing Fallopian tubes deep

11y embedded in a dense fibrous stroma, and a pgonadic area loose

1_
:1y enclosed by a fibrous sheath. Large vascular spaces are I
present between the graft proper and the fibrous capsule. The |
grafted Fallopian tubes heve undergone considerable degenerative];
changes. The epithelial lining is very scanty and is not fold¥
:ed snd the cavity of the tubes contains a mass of cell debris
derived from desquemated degenerative epithelial cells,

The medullary region of the gonadic portion consists of a
mass of degenerated cells supported by a loose framework of con;
:neétive tissue., Liquefaction and ebsorption of the degene@at-—é
ting tissue is actively progressing. The remains of degenerat—il

ted Graafian follicles are represented by scattered cysts full

of fluid and containing scattered degenerated nuclei.

The/
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The peripheral siroms contains no follicles of any size but é
agbout 100 very young oocytes were counted, Active hypertrophy |
éof the stroma is evidenced by the presence of msny cells undergo-?
+ing mitosis, |

The germinal epithelium could not be identified with certain4

+ty.

Hes 15 weeks 0ld. Case history the same as that of litter bro-

:thers, (Fig. 6).

Histology, As with the other members of this group considerable
necrosis of the implsnted tissue has occurred, The graft may bei

divided into two distinet portions separsted by a wide band of fi=-

:brous tissue : (1) an area embedded rather deeply into the tissu%
?f the kidney, consisting of large distended Fellopian tubes;

gheae are lined by a single somewhat flattened layer of epithelia#
?ells of unhealthy appearance and are enbedded in a fibrous stro;
:ma which is heavily infiltreted by léucocytes, crenulocytes snd |

lymphocytes; (2) an area of gonadic tissue projecting sbove the

i
Efrface of the kidney and internslly coming into contact with the |

allopien tube area, The graft has retesined the histological ch%—
iracter of an ovary to a greater extent then in the preceding cas%.
Although the corticel region is almost as completely degenerate :
the cortical zone still contains a number of Greffian follicles |
Hhich have not yet undergone the extreme degeneration noted pre-
:viously. One large folliocle (0.40 mm, in diemeter) in stresia
was seen in which the ovum had broken down and was partially ab- ;
rsorbed, Degenerative changes in the folliculer cells are con-

1fined to the innter layers while the peripheral layers are appar-

tently normal end meny of their cells are in mitosis,

A/
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A dozen small follicles (less then 0,10 mm, in diameter) are

ipreaent, many of them in early aﬁages of atresia, The ovarian

' stroma is somewhat dense and hypertrophy of the constituent cell

|
|
|
|
{
|
|
l
i
r
{

' elements is in progress, In the stroma just beneath the surface

;of the greft numerous epparently healthy developing oocytes are
|
Efound. The outer surface of the graft is covered by the germinal

élayer, many of whose constituent cells sre in verying phases of
|

Emitosis. Intermediate stages in the neofomation of primary
|

Foooytes from this active lasyer are observed,

1
1

EH#. 15 weeks old. Case history the same as that of the other
| z
‘members of group o,

{Histologx. Of 21l the grafts of group Dl this one has undergone ;
Ethe greatest modifications, The medullary region consists of a;
émass of inflammatory tissue. The corticsl region is composed |
of a fairly dense stroma, meny of the cells of which are showing :
mitosis and are heavily impregnated with masses of leucocytes,
grenulocytes, and lymphocytes, There is no trace of &ny of
the definitive female sex cells or follicular structures. The;

germinal epithelium has retained its structure and the cells are

actively proliferating but only intermediate stages in the neo- ;

:formation of oocytes from the epithelium were encountered.

|
D1. 12 weeks old at the time of operation. There wes no opera-|

:tive interference with the male genital orgens. Killed 1€ days
after operation, (Figs. 1 and 7).
Histology., The graft has survived without any gross slteration

from the normel overian structure, More than a dozen comparative-

:1y large Greafisn follicles (maximal diemeter 0.35 mm.) are pre-|
:sent, some of which are in the early stages of follicular dege-

ineration/
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:neration with desquemated.cells of the granulosum end irregular-
:ly-shaped ova floating in the liquor folliculi. Five folliole;
(diemeter (.38 mu.) were found in which extravesation of blood
into the folliculsr cavity had occurred; in these incipient ste-
:ges in the degenerstion of the ovum and the epithelial lining
of the follicles were seen (so-cslled blood follicles). Several i
small snd numerous primery follicles are present,

The medullary region is heavily infiltrated by masses of
lymphocytes,

Follicles with a dismeter renging from 0,35 mm, ; 0.15 mm,
are extremely rare. The germinal epithelium possesses the ncn:-—I
:mal structure. Although there are no signs of cell activity

newly formed oocytes are found in clusters just beneath the germ-

:inal epithelium,

D2. 12 weeks old at the time of operation, Case history the
same as D,. (Fig. 2).

Histology. The graft is composed of two distinet portions, Fallo;
ipian tube and gonadic, and is partislly embedded in the tissue
of the kidney which in the imnediate neighbourhood of the graft
consists of degenerating tubules and areas of inflammatory tis-i
:sue, The Fallopian tube region consists of large swollen vé-
isicles filled with fluid end containing a few degenerate cells }
end embedded in an inflemmatory ¢énnective tissue stroma., The
absence of folds in the walls of the grafted Fallopian tubes is
due to the distension of the tubes by accumulated fluid, This
area occupies zbout two thirds of the graft..

The outer surface of the gonadic portion of the graft is

closely applied to the fibrous tissue sheath which covers the

i'
|
entire/ !
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entire graft but enlarpged vascular vesicles are present st fre- |
:quent intervals between the two tissues., The histological
| structure of the graft approximates that of the normal ovary ex-:
:cept that the ovarisn stromas is more dense owing to (1) hyper- %
:trophy of the stroma elements; (2) heavy infiltration of inflam{
:matory tissue, particularly marked in the medullary region, and%
the higher frequency of follicular deceneration.  Numerous fol—%
:licles in the later stages of atresia, consisting of a cyét
filled with fluid and cell debris, are found; their occurrence is
due to & break-down and absorption of both the ovum snd the cellé
of the stratum granulosum,
| The overian tissue adjacent to the large vascular spaces
shows least evidence of degenerative changes snd 14 follicles
(diameter varying from 0.35 mm, to 0.25 mm,) are found, either
apparently normel or exhibiting only early stspges in atresia, E
In this region numerous apparently healthy small and primery |
follicles asre also found. ?
Although identification of a continuous geminal epi'ﬁheliumE
surrounding the graft was difficult, cellulsr activity at the pe—é
triphery was noted and aggregetes of young oocytes sppear to in—;
tdicate that sctive proliferation of occytes from the germinal
epithelium is in progress.

Ds. 12 weeks old at the time of operation, Case history as that

of his litter brothers, Killed 16 days after operation.
{
{Histology. The basal portion of the graft is embedded in the

;tisaua of the kidney. There is a sheath of fibrous tissue sur- |

irounding that portion of the graft which is projecting from the !

surface of the kidney. However, the sheath is not in direct con}

:tact/

:
|
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|
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|
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itact with the germinal tissue, owing to the intervention of
| large blood lacunae. The graft has retsined the typicsl histo—;
|
:logical structure of an ovary., Several normal large follicles;
(0.41 mm, in dismeter) are encountered ss well as eight compara-g
:tively large follicles in early atresia, in some of which the |
ovun is sbsent, However, there where the ovum is still present?
it is mostly undergoing sbnormal msturation, the nuclei heing ini
the early anaphase stage of the first or second mitotic divisioné
This abnormality is commonly met with in the normsl functioning :
overy and is an early sign of the onset of folliculer atresia,.

In some cases the process of follicular degenerstion is
more advanced as is exhibited by the sloughing off of cells fromé
the stratum granulosum into the follicular cevity, |

About a dozen medium-sized follicles (0.20 mm, - 0.26 mm,) |
are present, Fatty infiltration of the cells of the stratum i
grenulosum in some of these is indicative of follicular atresia.!

In this graft young oocytes are most abundant and are restef
:ricted to a definite area, As in the previous cases, consider-i
:able activity of the cells of the germinal epithelium and interi

:mediate stages in the formation of oocytes from this structure %

i
|
were noted, !

Dge 12 weeks old at the time of operation., Killed 18 days aft-|
:er operation,

Histology, The graft is enveloped by a connective tissue sheath ;
which, however, is not in direct contact with the graft at all |
points owing to the intervention of large blood lascunae. The

greft present the typicel ovarian structure., Eight large normal

follicles (0.%2 mm, - 0.37 mm,) are present, Seven comparative{

$ly/ E
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11y large atretic follicles were encountered; in three of them

the ova sre undergoing abnormal maturstion processes, the nuclei

(41}

are in the esnsphase stage of the first or second mitotic divisi~j
:zon, In the others follicular degeneration is more advanced; thé
ova heve completely broken down and the typicsal histological ap—i

:pearance of the membrana granulosa has almost disappeared owingé

to the desquamation of the cells into the follicular cavity. ;
iedium and small-sized follicles are present some of which é

are in early stages of atresia; this is shown by fatty infiltra-|

|
|
no signs of degeneration. In other cases the degenerative chan—f

|

:tion of cells of the stratum grenulosum although the ova show

:ges are more marked owing to a more extensive infiltrstion of
the follicular cells and the ova have completely degenerated.
The central medullsry zone of the graft consists of numeroué

|
cysts embedded in & fibrous stroma which is somewhat heavily in-|

:filtreted by lymphocytes. In the periphersl ares numerous youﬁg
oocytes are present embedded in the stroma, The germinal epithé-

:1ium presents a normal appearance and activity of the component

cells is evidenced by the presence of numerous mitotic figures.
Intermediate stages in the development of primary oocytes from

the cells of the germinal epithelium are encountered. |

Ds. 12 weeks old.at the time of operation. Killed 18 days eft%
:er operation, [
Histolopy, As in the preceding case, the pgraft is enclosed by a;
sheath of fibrous tissue which is gseparated from the body of the:
graft by enlarged blood-filled lacunae, (ross alteretions frnm%
the typical structure of the functional ovary are observed, No

large follicles are present. The bulk of the graft consists of |

a/
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a loose framework of connective tissue scéttered through which
there are numnerous epitheloid cells with degenerating nuclei andé
lymphocytes, The epitheloid cells are derived from the strata i
granulosa of the degenerated folliecles following the disruption E
of the theca. The sccumulation of these epithéloid elements ﬁa%
more marked in the peripheral region of the graft, the medullary!
tissue being more open. £ %
Towards the outer edge of the graft two small follicles i
(0.12 mm, ) apparently normsl, several small follicles in atresiai
and numerous young oocytes are found embedded in thé dense stro-i
ima. Various stages in follicular atresia, as previously des- |
:cribed, were observed,
Some activity of the cells of the germinal epithelium is |
j

noted, It is more marked in those regions below which the stro-|

:ma contains numerous young oocytes.

Dg. 12 weeks old.at the time of operation. Killed 18 days aft-

:exr operation,

Hiafologg. The graft is rather deeply embedded in the sdbstanceé
of the kidney, The gross histological structure shows no mark—i
ted deviation from that of the normsl ovary. The medullary zoni
contains numerous thin-walled cysts embedded in a fibrous stroma.
Large numbers of follicles of varying size are met with through-|
tout the graft but most of them are in a more or less advenced

stage of atresia. There are eight large follicles (0.35 mm. in

maximum daimeter), all of which are undergoing atresia. Towards|

the periphery of the graft many apparently healthy small folli =

icles and young oocytes are present,

The germinal epitheliwm, where it is not in direct contact

with the fibrous sheath covering the graft, retains its typical |

...St.mo ture /
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structure and the activity of the cells is evidenced by the pre-|

:sence of mitotic figures, In this region the neoformation of

oocytes from the cells of the gemminal layer is observed.

|
|
|
|
|
i

By, 8 weeks old at the time of operation. There was no Opera-%
:tive interference with thé male reproductive glands., Sbmewtimei
after the operation the animal was mated to a litter sister and é'
the mating proved fertile. Killed 20 days after operation,

Histology, The graft encspsuled by a sheath of fibrous oonnect-!
:ive tissue is embedded in the substance of the kidney, The me-{

:dullary region shows widespread degenerative changes, the fib- |
:rous stromes being heavily infiltrated by masses of 1ymphocytes.!
In the centre of the grsft a very large hsemorrhagic vesicle is ;
present. The corticsl stroma is extremely dense and in additi-%
|
ton to the elements normally present in this region slight in- |
:filtration of lymphocytes is noticed, The presence of mﬁtotic!
figures among the stroma cells leads one to the conclusion that E
the denseness of the stroma is to be attributed to an sbnormal E
activity of the component cells, It was shown in two previous !
cases (Ds end D) that abnormel density of the stroma may be duei
to the setting free of the follicle cells following the break= E
:down of the thecae of the follicles. Several degenerated and é
anovular follicles are present as well as fourteen apparently

heal thy follicles varying in dismeter from 0.15 mm. to 0.32 mm. |

In one region of the graft there is present a relatively

enormous vesicle with thickened fibrous wells occupying about |
|
one third of the total area of the graft. The cavity is filled

- with fluid in which lymphocytes and debris of degenerated cells
are found,

Where/ 3




| Histology. The graft has retained the characteristic structure

20
Where the germinal epithelium remains unmodified no aotivi—?
:ty of the constituent cells is seen although the presence of nu{

|
:merous young oocytes situated somewhat deeply in the stromsa i

( 0.3 mm, from the periphery) wes noted. ;
Bg. 8 weeks old at the time of operation. Subsequent to the

operation the animal was mated to a litter sister and this mat-

:ing proved fertile, Killed 20 days after operation.

of the ovary but evidence of degenerative changes is given by ;
the occurrence of a wide spread infiltration of lymphocytes and i
leucocytes, particularly merked in the fibrous medullary region.f

The cortical siroms is dense and consists of proliferated connec%

1tive tissue elements, sofe infiltration of leucocytes and lymphf

:ocytes and large isolated epitheloid cells with a lsrge round |
nucleus end grenular cytoplasm (interstitisl tissue). %

Numerous follicles (about 40 were counted), the majority ofé
which are apparently healthy, with a diaméter ranging from O.SZm%.
to 0.12 mm, were found, A few of these are in the early stages%
of atresia, incipient degeneration of the ovum, the stratum gra—%
:nulosum,or of both being present, As in the case of the norm-é
:al ovary some follicles (three) are undergoing premature matu-
:ration process.

A typical germinal epithelium surrounds the graft but only ;
a slight sctivity of the constituent cells is observed. Numer- |
toug young oocytes are found Jjust below the surface of the epi-

: thelium,

Ci. (Pig. 8) 8 weeks old at the time of operation, Post-opera

:tive mating of the animal proved fertile, Killed 20 days &aft-

rer/




| degeneration, However, extensive necrosis of the sdjacent kid-

21

:er operation.

Histology. The graft has persisted and shows few or no signs ofé

£ : 2 B !
tney tissue is evident, The kidney tubules in this ares consist-

:ed of thin-walled cysts distended with colloid; there is oonsidé
:erable hypertrophy of the intratubular connective tissue ele- :
:ments and at the region of sttachment of the graft large masses%
of lymphocytes, i

Many large follicles (0.6 mm, to 0.35 mm.) are present em- |

tbedded in the cortical stroma which is somewhat more dense than;

in a typical normal overy. Two of the largest follicles (0.6 mm.)

have completed their development, the nucleus of the ovum being i

in the metasphase stage of the first maturation division. It is

approximately at this stage in the case of the normel ova:y'thati

the follicle ruptures and the ovum is extruded.  An unusual fea-

iture met with in the graft is the presence in the follicular ca4

:vity of two medium-sized Graffisn follicles of extravasated }

blood.,  Although the other histological features are those typi=

ical of the healthy follicles, small and primary follicles of
|

heal thy eppearance are abundant,

Meny of the constituent cells of the germinal epitheldum of

the graft are undergoing mitosis and successive stages in neofon@-

tation of oocytes from the germinal layer are observed,

|
|
{
|
|
|

I,. 20 weeks old at the time of operation., Killed twenty deys |

after operstion,

Histology. The graft is clearly divisible into twd distinot por-
:tions : (1) Fallopian tube area, snd (2) gonad, The Falkopian
tubes are embedded in a dense fibrous stroma in which large aggre

igates/

|
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:gates of infiltrated lymphocytes are found, The gonadic por- |

:tion of the graft is rather deeply embedded in the kidney tis—!

:sue which in the vicinity of the graft is somewhat necrosed
and inflammatory tissue is gbundant. The gonadic portion is

at several points in dirset contact with the covering fibrous §

capsule but, as in the previous csses, large haemorrhagic lacu-

|

i

tnae occur at frequent intervals., g
|
The medullary erea of the praft consists, as in the nonnali

|

ovaery, of numerous vesicles embedded in a loose stroma of connec-

:tive tissue, An abnormal feature, however, is the presence oﬁ
aggregations of infiltrated lymphocytes. The peripheral regioé
of the grsft, though not so heavily infiltrated by these cells,i
is atypical in that the stroms is somewhat more dense than thaté

of the normsl ovary,

Three large almost mature follicles (0.45 mm, in diameter) |

1

are present, one of them showing early signs of atresia, - Mgny%

small follicles are embedded in the peripherasl stroma and some |
|

of them are undergoing degeneration, No medium-sized follicle%

are present,

The germinal epithelium covering the grsft retains its nor

L SN A

:mal structure even in that region where the degenerative pro- |
icesses in the sub-epithelisl tissue are most marked.

Numerous mitotic figures are found both in the cells of the
epithelium and in the peripheral stroma. Evidence of the neo-

:formation of oocytes was educed from the sections.

|
Iy, 20 weeks old at the time of operation, Case history as !
in I,.
Histology. On examining the sections of the graft it is found

that/
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|
that zll histological features of the original overian implant

have disappeared and have been replaced by ingrowth of fibrous

connective tissue and the infiltration of large numbersrof lympho-

:cytes and leucocytes, Only occasionally can the remmants of ;
degenerated follicles be seen, These occur as small vesicles

scattered through the fibrous tissue, with only a few cells lin—?
:ing the limiting membrane, the cavity being filled with a mass ?
of broken down cell constituents., In a few instances isolated @

ova are found with no trace of follicular cells or thecae. In
these cases the type of degeneration is not characteristic in |
thgt it is commonly found that the ovum is more susceptible to

the onset of degenerative chenges than the follicular and ﬁhecae:
|
cells, i

Gz. 15 weeks old at the time of operation. Killed 21 days !

|
after operation. 5
|
Histology, The graft,clearly separated into two distinct porti- é

:ons, is enclosed by a thick connective tissue sheath, Dggeneré—

:tive changes are well advanced in one area, where no typical

ovarian features can be identified, the whole of the tissue beiné
inflammatory; The other region although markedly degenerate E
retains its original ovarian structure, more or less modified byé
the presence of infiltrated masses of leucocytes, lymphocytes, |
and granulocytes, Embedded in the stroma five follicles (0.21

mm, in maximal dismeter) are found, in which degenerative chan- |

iges are exhibited in the ovum, although the cells of the membras-
|

inum grenulosum are normal, In addition to these, several
small and primery follicles, apparently healthy, are found em-
:bedded in the stroma. The germinal epithelium covering the

graft/
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graft could not be identified with certainty, |

| By, 14 weeks old at the time of operation, Killed 21 days aft- |

Gg/

rer operation, The grafted ovary had become absorbed.

Eg. (fig. 9). 14 weeks old at the time of opveration. The ovary |
was taken from a litter sister in an esrly stage of pregnancy.
Killed 21 days after operation,

Histology. The graft, almost cempletely separated into two por- |

:tions by an invading band of fibrous tissue, is enveloped by a

thick connective tissue sheath which, however, is in direct con—i

:tact with the graft only at a few points, the intervening spaces
being filled with blood., The graft retsins the typical ovarien |

|
structure, No signs of wide spread degeneration are in eviden- |

:ce but smallirestricted areas of inflammatory tissue are pres- |
ient in some regions, Nine large healthy Grsafisn follicles
(0.5 mm, ), seversl medium-sized and numerous primery follicles

|
|
[
!
are found embedded in the stroma, which conteins in addition to |

the usuel stroma elements large masses of interstitial tissue i

bundles separated from each other by strands of fibrous connect- |

iive tissue, Some of the smaller oocytes show signs of incipi—;
‘ i
:ent degenerative changes, partial atrophy of the ovum and fatty|

infiltration of follicular cells, @

The germinal epithelium retasins for the most part its 3truc+
iture apparently unchanged although only slight asctivity is evi~5
tdenced by the presence of a few mitotic figures; at some points?
the germinal epithelium has become flattened. Further eviden- ;

:ce of the derivation of the new oocytes from the epithelium, as

previously described, was obtained from this graft.
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Gs. (fig.10). 5 weeks old at the time of operation. Killed 28

days af'ter operation. >

Histology. The graft is encapsuled by fibrous connective tissue

and the gross histological appearance has not been affected, Ma-|

:ny Graafisn follicles of varying size (maximal diameter 0.51 mm)

apparently normal, are found embedded in the dense stroms which, |

in addition to its normal constituents, contains areas of inter-

:stitial cell tissue snd masses of infiltrated leucocytes, granu-

:locytes and erythrocytes, In addition six large follicles

(0.64 mm, ) in atresia sre present, in two of which the follicu-|

tlar cavity is filled with extravasated blood and degenerative

chenges in the ovum are evident. In the others desquemation and

| ebsorption of the cells of the stratum granulosum is taeking pla-

:ce. In the peripheral region several small thin-walled cysts

filled with fluid represent the ultimate stage of follicular at-

iresia, Many primsry oocytes are found both singly end in small

aggregates near the surface of the graft. The germinal epithe-j

:1lium could not be identified as the fibrous sheath was closely

applied to the external surface of the graft. A large cyst fil%

tled with fluid which at its widest diameter occupies about one

half of the graft is found embedded in its substance at one extre

tmity, At the outer surface it is lined by a single layer of
flattened epithelial cells outside of which there is a thin fib-

:rous capsule. Internally, however, the connective tissue

strands snd the epithelial lining have broken down and the cavi- |

1ty of the cyst is in direct association with the ovarian stro-
tma, In the fluid contents of the cyst agpregates of granulo-
tcytes eand cell debris are found suspended,

It is suggested that this large cyst was derived from a de-

igenerate/
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1

:generate Graafian follicle, gradusl raccumulation of fluid dis-
:tending the degenerating follicle until rupture occurred, This|
would be followed by the formation of cysts and absorrtion of thé

ovarien stroma at the site of the rupture.

|

Fi. (fig.11). 12 weeks old at the time of operstion. Killed
35 days after oieration. ;
Histology. The graft persisted without sny meterial alteration
in the structure of the grafted tissue. It is divided into two%
portions : (1) an area of dense fibratic stroma in which Fallopi;

:an tubes are seen in sectionj the tubes are typicel in appesar- 5

tance and structure and the folded epithelial lining shows no

sigsn of cell degeneration. (2) a gonadic area which retains

| the histological features characteristic of the normal function—é

:ing ovary, The graft is surrounded by a sheath of fibrous
tissue which over the greater pasrt of the surface of the graft ?
|
is separated from it by large lscunae filled with blood; hsre :
ths germinal epithelium retains its typicai structure without m0+

:difications. Centrally the graft consists of a collection of |

empty cysts supported by a framework of fibrous tissue, The cor%

{ :tical stroma is, as in the normal ovary, rather scanty, though %

in it masses of interstitial cell tissue are located, ;
Two large Graffisn follicles sre found in the cortical zone%
(0.58 mm, ), the ovum in each of them showing signs of degeneratiQ
:on, They are irregular in shape and hypochromatic. Mapy me- |
:dium~-sized snd small follicles are present, some of them appa- |
:rently healthy, others showing evidence of degenerative changes,
namely fatty infiltration of many of the cells of the stratum

granulosum, Two large follicles 0.8 mm,) the follicular cavity |

|

!

of/ {
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of which is filled with extravasated blood were noted. |
The most striking feature of this greft is the presence of
four corpora lutea which from their histologicsl appearance date
the rupture of the ripened follicle to ebout § days previous to
the killing of the enimal for exemination., The corpora lutea

are essentiglly similar histologically both in structure and ap-

:peargnce to those found in the normsl functioning ovary, It wa$

impossible to identify a continuous germinal epithelium at all

|
regions of the graft but where it could be identified no activi-|

:ty of the component cells was noted although the sub—epifhélial%

|
i

stroma contained numerous young oocytes and pr:i.rﬁmdial 'félliclesi

i

|
Fz. 12 weeks old at the time of operation, History as in Fy
Histology. The medullary region of the graft consists of(a)loos%
framework of connective tigsue supporting numerous thin-welled l
|
cysts; their cavity is.filled with fluid in which a few degenera%
: ted nuclei snd erythrocytes are found; (b) blood vessels; (c) }
degenerate cell masses end aggregates of leuco- and lymphocytes.é
The cortical zone in this pgreft is interesting in that the i
ovarien stroma in which the Grasfian follicles are embedded alsog
contains sbundsnt interstitisl tissue. These cells occur eithe%
singly or in elongated bundles separated by connective tissue i
strands. It is possible to trace the formation of typical bun-;
:dles of interstitial cells from the sub-epitheliel primery fol-:
:licles. The ovum degenerates end fatty infiltration of the |
single layer of follicular cells takes place. The cells gradual%
11y increase in size, oblitersting the follicular cavity, |
Typical cytological changes are observeble in the nucleus

|
which becomes hyperchromatic and irrepular in outline. As the i
[

cells’



| the stratum granulosum.

28 |
cell mass sinks deeper into the stroms it becomes somewhet elonr|
;gated owing to lateral pressure,

Al though no definite evidence as to the origin of the iso- E
ilated interaetitial elementa could be deduced, it seems probsble
that they are derived from the bfeaking-down of the bundles of
interstitial cells mentioned sbove, Scattered through the stro-
:ma there are isolated patches of leucocytes and lymphocytes.

Two large follicles (0.3 mm,) are present; in both cases no
trace of en ovmm cen be discerned although the stratum granulosum
retains a heslthy appearance. Numerous small follicles are ob-
:served many of which show definite evidence of degenerative

changes such as breaking down and pertiel or total ebsorption of

the ovum in conjunction with fatty infiltration of the cells of

The germinal epithelium retains for the most part its typi-
tcal structure but shows signs of cellular sctivity.

Many primary oocytes are found in the sub-epithelisl stroma,
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$ 4, Discussion,

(1) Germinal epithelium.

Herlitzka (1900) examined the ovarian grafts in individuals

' of both sexes of the guinea pig 4-50 days after implantation, end

| recorded that there was no difference between the fate of the graft

|in the femsle and of that implented into the male. According to

his description, the grafted ovary underwent progressive degeneraﬁ-—

l :tion; the germinal epithelium remained intact until the 4th toj

9th day, but after 10 deys degenerative changes set in and at 35

' days no trace of germinal epithelium could be identified, except

in 2 cases examined at 42 and 46 days respectively after the op-
teration where the germineal epithelium presented a more or less
|

normal appearsnce, This wes specially marked in the case of an |

ovary grafted into a male at 46 days, where he recorded 2 nommal |

appearance with a healthy germinal epithelium and follioles. He |

concluded that in the guinea pig the germinal epithelium of the
ovary remains intact if the peritoneal capsule enveloping the cv—
tary is included in the transplent., Schultz (1900), however, obsenf- g
:ed normal germinal epithelium in an ovary grafted.l'j_nto the male%
guinea pig as early as 8 days and as late as 117 days after_tranai-
:plantation, Marshall snd Jolly (1907) stated that in their ex- |
:periments "the germinal epithelium had always become absorbed".

Moore (1921), who worked on the rat, did not refer to the germ:m-

:el epithelium in his paper, but he found primary follicles in 'tha:e

| graft 232 days after transplantation, More recently Voss (1925)

reported that in ovarian transplantations in the guinea pig the;

|
|
germinal/ |
|
|
I
i
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| germinal epithelium persisted in most cases.

: impossible at the time of exsmination to identify a continuous

In the present series of experiments the germinal epitheliuﬁ

| remained intact in the majority of cases, although in some it was

| germinal epithelium (especially when the grafted ovary contained?

|
§

numerous large follicles).

As stated above in cases G4, Ggs Az, Hg, and H7, the germdné
tal epithelium remained intact and active, as was shown by theé
presence of plentiful mitotic figures, notwithstanding the facté
that the central medullary zone had undergone severe necrosis |
which was spreading towards the peripheral region. The presencé
of mitotic figures in the germinal epithelium was also reported é

by Schultz (1900) in the grafted ovary 8 days after transplanta—i

:tion., Figs, 12-20 show the successive steges of mitotic divisi%

. :on in the cells of the germinal epithelium, These are identice

|
:al with the mitotic figures described by Allen (1923) as char- |

iacteristic of oogenesis during sexusl maturity, According toé
Allen proliferation of the germinal epithelium occurs in the ov=:
sary of the mouse after sexual maturity. |
Young oocytes and successive stages of neoformation of the?
oocytes from the cells of the germinal epithelium were also obse%—
:ved in the present series, Schultz (1900) likewise recorded
the presence of young oocytes in his cases and maintains that
these were newly formed ones, The results of the microscop- i
tical examination demonstrates that according to the ﬁiatologicai
structure of the grafts the cases are oapable of classification |
as shown in Table IT. ' At 2016 days and again at 35 days af-|

:ter transplantation (groups B and O) the medium sized follioles

were shsent or exceedingly rare, whereas the germinel epithelium

was/
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TABLE IT, |
Time of
Age at |'killing
Histological condition. Individuels opere- | after
+tion opera-
(weeks) : :tion,
days)
I. Typical overian structure:| ==
(a) Follicles of all sizes | By By Cy 8 20
are present Dy Dg i2 16
Dy D5 1}3 i2 28
E2 14 21
Ga 15 21
Gs 15 28
I; 20 20
(b) Only primery and large A Ay 8 12
but no medium follicles | A, 8 14
are present. Dy 12 16
P 14 35
(¢) Only primsry follicles Ag 8 14
are present, Fy 14 35
Gy Go 14 10
Hy Hy Hy Hy He Hy 15 14
II. The graft is highly de- By 14 21
:generate snd the typi- Gy 15 14
ical ovarien structure He 15 21
cennot be identified, I 20 20




\was active, On the other hand, at from 16-35 days follicles of

iall sizes were present, including 4 corpora lutea found in onei
i {

\graft at 35 days after trensplentation, snd the degree of activity
| : '

lof the germinal epithelium varied. At 16-20 days it showed soti

| |
|sivity, but at from the 21st=55th day it was either inactive org

E
could not be identified with certainty, According to these |
|
facts it may be assumed that the fate of the original follicles i
i

|of all sizes present in the graft is as follows, The large
follicles begin to degenerate s-on after trensplentation; the;!

medium sized and the small follicles develop for a certain perioag

{of time but afterwards also undergo degeneration. This pmbcess:
1

‘terminates at sbout the 16th day after transplantation. A new
.proliferation of young oocytes occurs sometime before the 10th day
and the oocytes develop and become medium sized follicles at the §

{14th day. Proliferation continues until gbout the 20th day.,
i . }

When the graft attains the stage at which it was at the time of
transplantation, the activity of the germinal epithelium ceases un-

:til the second proliferation Allen maintains that "a cyclic

proliferation of the germinal epithelium gives rise to a new ad~|
idition of young ova to the cortex of the asdult ovary at each nor%
smal ®@strous period, 4-6 days". The conditions found in the ov-g
:arian grafts in the present series can be interpreted if it is g
assumed that in the ovary grafted into the male cyclic prolifera—g
‘:fion of the germinal epithelium occurs, the rhythm of which is |
less rapid then that of the normal @strous cycle of the female,
If the graft possesses many various siged follicles embedded
paertially in foreign tissues or is enclosed by a thick connective
tissue capsule which is in direct contact with the graft in most

parts/




53 |

parts, the germinal epithelium is not active, as is seen in Figs..

110 and 11 (G5 end I1). On the other hand, even though the graft

'possesses follicles of sll sizes but the connective tissue sheath

is not in direct contact with the graft, the germinal epithelium

retains its activity, as shown in Figs. 5, 7, 8 and 9 (cases A,
Dl, €y, and B ) These facts indicate that the enlargement of
the graft through the development of the component follicles is

of necessity inhibited by the enveloping capsule, pressure caus-

:ing the growing follicles (mostly the large ones) to become ir- |

:regular in shape (Fig. 11) and the germinal epithelium to 'become%

éf‘la’ctemad or to exhibit degenerative changes, The degeneratioﬁ

of the component follicles causes a partiel shrinkage of the gmi‘t

and the germinel epithelium again becomes active and gives rise to

ja second proliferastion. It is of importance to note that the:;

: |
‘most active germinsl epithelium is found in those cases where it |

l

|
|

|is not compressed in direct and close contact with the capsule;

|
|
i

this point was also emphasised by Herlitzke,

Finally, in cases Hz, Hg, and A; the germinal epithelium .
c.ould not be identified with certainty at the time of e::oraurl:l.ma.t:LorLI
but abundant mitotic figures in various stages were observed 1n
the stroma, These may have been due to the abnormeal prolifera -
:tion of the stroma elements, In cases H5 and A5 abundant yt)ung
oocytes were found embedded in the peripheral stroma. Their |
origin could not be traced though it is possible that they are dei—
:rived from the cells of the germinal epithelium which have mi- |

:grated into the stroma following upon the shrinkage of the sur-

:face of the praft.

|

(2) Grasfian follicles. _ t
|

1

(a) Follicular atresia, Schultz (1900) gave no detailed |

description/ :
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édescription of atretic folliclds, stating only thet at 117 days |

 after transplantation the ovum in the large follicles had degen-

| terated and follicular cells were undergoing transformation into

| this kind of atresia; the ovum has remained in the cavity while

connective tissue. According to Herlitzka (1900) the ova deg- |

|
tenerate before the other structures of the ovary and this writer
assumes that the ovum is the most specilised element and thatfitg
is the most specialised elsment which is the first to suffer in é
strange énvironment. In the cases described in this paper, iné
the smﬁ}l follicles in early stages of degeneration fatty infil~%
:tration was observed in the stratum gramulosum but the ovum was;
apparently healthy; in more advanced stages, slthough the fatty;
infiltration affected the ovum itself, yet, as described in caseé

I, (Fig. 34) en isolated ovum with no traces of follicular cells |

or thecae could be found, Fig, 35 provides further evidence oﬁ

|
|
|
|
atresia, the ultimate stage of which is & hollow vesicle, is comﬁ

no definite follicular cells can be identified, This type of

mmon in smell snd medium sized follicles,
Another process of atresia is that in which the degeneratioq
Pirst affects the ovum and thereafter the follicular cells. There

would appear to be two types of this process : (1) in which the

stratum granulosum remains in an sctive condition after the deg—?
renerated ovum has become shsorbed; in this case the atretic fol{

i
:licle retains its structure during a certain period as an anov- |
i
i

:ular follicle (league and Hartmen, 1925; Tamura, 1926), there-
after either undergoing lypolitic degeneration or becoming trans{

: |
:formed into other ovarian tissue, such as interstitial tissue.

(2) The second type of atresia is that in which the degemeration

of/
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i of the follicular cells follows that of the ovum; the follicularf
cells desquemate and disappear. These two types of atresia are%

| more common in the medium snd large sized follicles,

According to our observations, abnormal maturstion processeé
ocour not only in the large follicles but also in the medium-siz=-

:ed ones.  Figs. 29-32 show such processes in medium sized fol-

:licles, These processes are very common even in the normal

?funotional ovary and present evidence of some degenerative chang%

| :es. However, when the maturation division is found in large |

i
i follicles, it is often very difficult to determine whether the
i process is a normel or an gbnormal one, Opinion is divided on |

| this point especially as regards the time at which the formationi

| of the polar body occurs in the mouse (Sobotta, 1875; Kirkham,

1907 ; Gerlach, 1906; and recently Frankenberger, 1926). It

certainly is a fact that the appearance of the maturation divi-
tsion in the nuclei of the ovum marks the end of its aev610pmentf
and the ovum is then either extruded or else undergoes atresia,

Haemorrhagic follicles are common smong the large ones; the |

origin of the blood in the follicular cavity was described in de-
:tail by Heape (1905). This type of atretic follicles is found%

i
after 3 weeks and never before 18 days subsequent to transplanta-

:tion, Typical haemorrhagic follicles are shown in Figs, 10

| and 11 (28-35 days after transplantation ).
Finally, small and large cysts ere found in some of the
grafts; these cysts are derived from degenerated Graafian fol-

tlicles,
(b) Interstitial tissue,  In almost every graft interstit

sial tissue was present, but the most typical interstitial cells |

|
|
appeared/ §
i
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eppeared at about three weeks after transplantation. Moore

(1921) observed such cells in ovarisan grafts several months after

 transplantation end states that "from about the stage of matura-

' :tion the follicles undergo atresia, the ovum fragments and dis—!
|

:appears and the cells of the stratum grenulosum are converted in-

:to interstitial cell masses," According to our observations,i
: |

| these changes are more common in the small and medium sized atreﬁ-

| sic follicles than in the large ones, Fig, 36 shows enovular

; atretic follicles in which the cells of the granmulosa are exhib-é

E :iting activity, Though mitosis is not clearly seen in the il{

% :lustration, two mitotic figures were observed in the original

| preparation, These cells of the stratum granulosum will be

| trensformed into interstitisl tissue subsequent to the degenerar?

:tion of the theca. }

The interstitial cells are more commonly derived from prim-§
:ary atretic follicles as shown in Fig. 25, One primary-foll—é
:icle is present immediately beneath the germinal epithelium, & |
few primary snovular follicles, formed following absorption of i
degenerate ova or developed as anovular follicles from the germ-
:inal epithelium are seen, end mitotic figures are observed in
the component cells. It can be concluded that the interstit—é
:ial cell masses are formed by (1) the trensformation of the fol%
:1icular cells of the stratum granulosum in various sized follic-
:les undergoing atresia; (2) by transformation of cells directly;

|

proliferated from the germinal epithelium, as suggested by Ochotf

of either the follicular cells of primary anovular or of medium :
sized snovular follioles. Isolated interstitiel cells originate

= |
serna and Remirez (1920); or, more probably, (3) by trensformation
|
i
|
from degeneration of bundles of interstitial tissue. %
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'$ 5. General Conclusions,

The results of the present study demonstrate that transplant

;:ation of ovary into the male wes successful in 90 per cent.,of cas!

:es and in elmost all these cases the germinal epithelium had re-

'mained intact, Since the germinal epithelium exhibited activity
bncl successive stages of mitoses were found, it has been suggesteda
|
that there exists a cyclic rhythm at which proliferstion occurs, the

first pmlifaration taking place at 16-20 days and the second some-
| : |

:time gbout the 35th day after transplentation. It is next

suggested that the potentislity of the grefted overien tissue in
| i
the male body depends primarily upon its vascularisation and sec- |
i:ondarily upon the activity of the germinal epithelium, If the

fgraft establishes vascular connections soon after transplantation
|

and under favoursble conditions, it retains the original ovarian
itoj2e-28 2

structure for a certain period of time -about if days after trans-

:plantation - (Teble II), and during this period a new proliferatio n
of the cells of the germinal epithelium occurs and gives rise to !
|

young oocytes. Even under less favourable conditions,if soma{
|
degenerative changes set it, the graft will retain the overian |
structure for a varying period of time, provided vascularisation |
{ i

Eis established before the whole graft undergoes necrosis and while
the germinal epithelium is still active,
On compering the smount of the germinal epithelium of a graftj—
;:ed with that of & normal functioning ovary, it becomes obvious :

\that in the former case it is reduced in area, This is due to

(a) the fact that it becomes flattened owing to the pressure of |

foreign tissue, and (b) degenerative changes. Schultz (1900)

and/




\obtained successful results with the transplantation of ovarian
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and Moore (1921) had observed that the grafted ovary was reduced |
in size at 117 and 152 days respectively, and while the former worl'—
!; tker reported the presence of distinct germinal epithelium, the |

latter did not mention it at all but reported the presence of pr:i.-

tmary follicles. The decrease of the ovarian graft in size is a |
sequence either of the absorption of the necrosed medullary regionf

of the graft or more probebly of a reduction in the area occupied?,

'by the germinal epithelium (vide supra).

| According to Herlitzka (1900) end to Foa (1900) the graft 1s
i
more likely to persist if the operation is carried out at an earl;{‘

!age. Moore also. used young animals for his experiments, However,
| |

Llpschutz 8 school, using a special technique, recently succeeded |

:|_n transplanting adult ovarisn tissue, and the present writer alsq

1
|
|

Itissue on to the surface of the kidney of the host. It 1$

assumed that the favourable time for ovarian transplsntation woulé‘.

be in the case of the mouse from the onset of sexual maturity, 5';3_-5

fabout 8-weeks, to 12 weeks,

It is seen that the female sex gland can persist and develop;_
in the mele body, as is the case with an ovarian graft in the fe-—-!
:male (Foa, 1900). In agreement with the results of Schultz (ﬂ)ﬁb;
Herlitzka (1900), Basso (1905), Moore (1921), it was found that

the presence of the testis did not interfere \_si‘bh the vitality of}

the ovarian tissue, |
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$6. Sumary,

‘L. A series of experiments is described in which ovaries from |

ito the surface of the kidney of male mice.

litter sisters at the age from 8 to 20 weeks old, were grafted on

| II. The grafts were examined at periods varying from 10-35 dayg

after operation. It was found that in the majority of cases‘&é

. greft had retained the typical ovarian structure, in one case cor-

f :pora lutea being present (35 days after transplantation).

III. It is suggested that the survival of the graft is dependent

| primarily upon its vascularisation and secondarily upon the degree

of activity of the germinal epithelium gt the time of operation. |

? IV. It is assumed that if the germinsl epithelium is unimpaired

f it proliferates; the first proliferation occurs sometime before tﬁe

| 10th day and continues until the graft has attained the stage até

| which it wes at the time of operation,

' VI. Greasfien follicles undergo degeneration at various stages

|V, The original large follicles begin to degenerate soon aftef

transplantation; the medium sized and small ones develop for a I

certain period of time but afterwards also undergo degeneration,é

of development, |
VII. Interstitisl tissue appears to be derived from the follic—é
:ular cells of the atretic, or more probably, of the primary and|
medium sized enovular follicles,

VIII. It is concluded that the presence of the testis does not

affect the vitality of the overian graft,
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Di. Graft 16 days after transplantation,

D2 » The same,

. Ovarian graft 10 days after transplantation, show- |
£ ng four necrosed Graafisn follicles in the stroma anfl

several young oocytes in the periphersl region, b 50i
: I

. Ovarian graft 14 deys after transplantation. : tw
the centre is the gonadic portion where one small Pol1-|
:icle is seen. x 25

Ay. Ovarian graft 14 days alfer transplantation. X 25

Hg. Overien graf't 14 deys after transplantation. The|
lower half is occupied by the Fsllopian tube area and |
the upper half is the gonadic portion where a small folb
tlicle is seen. x 25

|
Dy. Ovarian graft (of. Fig. 1) 16 days after trensplent-
:ation, X 25

C,. Ovarian graft 20 days after transplantation, showing
large follicles. X 25

b
Do
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Bg. Ovarian graft 21 days after transplantation

Gz. Section of the overian graft 28 days after trans-
:plantation, Two so-called "blood follicles" and a
mature sized follicle are seen.

®
{\)

F,. Section of the overian graft 35 days after trans-

:plantation, Two so-called "blood follicles", two |
mature sized follicles, and three corpora lutea are |
seen, *x 25

G.. Section through the germinal epithelium with cell §
in earl} prophase, X 1200

Ay. Section through the germinal epithelium with cell |
in metaphase (polar view) x 2000

Gy Section through the germinal epithelium with cell
in metaphase (polar view). x 1200

G4 Seotion through the geminal epithelium with cell |
in metaphase (side view) x 1200

G.. Section through the germinal epithelium with cell
in metaphase (side view). x 1200
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30.

51-

52.

53.
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38,

36,
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Gy. The same, with cell in snaphase (polar wview) x 1200

Gy. The same, with cell in late anephase (poler view)
x 1200

Ag. Section through the peripheral region of the graft,
showing young oocytes. x 750

i
By . Section showing young oocytes in the stroma, 0.3 |
mm, from the periphery. XK HO

Eo. Section showing young oocytes, primordial anovular?
follicles, and interstitisl cell masses x 480 |

Ey. Section showing interstitial cell masses  x 480
F, . Section showing corpus luteum (Fig., 11) X 50 |

Gg. Germinal epithelium has remsined intact, notwith- |
:stending the necrotic change spread widely to the per-
+ipheral region X 570
Dy. Section through a medium sized follicle whose ovum
has a clear nucleus, x 280
!

The same. Section through a medium sized follicle; -
the nuclsus of the ovum is in the metaphase stagex 280
The seme, The nucleus is in the early anaphase stage |
x 280

The same, Section through a medium sized follicle, |
showing polar body and second maturation spindle, * 55

The same, Section through a medium sized follicle, |
showing the early stage of haemorrhage. x 55
Bj. Section showing two atretic follicles; on the
right the follicular cells have depenerated and are
being absorbed, leaving the degenerated ova in the
cavity. X 85

I . Section through a small atretic follicle; the de-
'generatecl ova has remained in the cavity but the fol-
:licular cells have disappeared. x 55

Hy. Section through en enovular follicle, the fOlllC-
sular cells of which are undergoing trensformation :Ln—
:to interstitial tissue.
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I. INTRODUCTION.

GUIEYSSE (1899) observed that the suprarensl
glend of the guines pig underwent enlargement during
- pregnancy, this increase chiefly affecting the zone
faciculata. This observation was confirmed by
KOLMER (1912) and extended to the case of the rabbit
by KOLDE (1913) and others. According to GUIEYSSE,
the hypertrophy of the zona faciculata in the guinea
pig is due to an enlargement of the cells themselves
and not to an increase in their number. He also
states that there is no enlargement of the zona
glomerulosa or of the medulla.

An increase in the weight of the suprarenal
in the rat during pregnancy wes noted by HERRING
(1920), and in the guinea pig by VERRDOZZI (1917) and
CASTALDI (1922). DONALDSON states that there is no
chenge in the weight of the &sdrenal in the hesglthy
- 2lbino rat during the phase of pregnancy-lactation.
MASUI and TAMURA (1924) have shown that the suprarenal
of the mouse incresses in size at the beginning of
. pregnancy, but that at the same time degeneration of
the zona reticularis sets in and proceeds until this
zone hes completely disappeared, so that towards the
end of pregnancy the glend as & whole is greatly re-

- duced/



reduced in size, although the zona faciculata itself
hes increased slightly.

The present work was undertsken in order to
examine the effect of unilatersal ovariotomy on the
suprarenal. Observetions were made on unilaterally
ovariotomised mice during pregnancy. The results
obtained show that unilateral ovariotomy is not fol-
lowed by any change in the histological structure of
the adrenel (apart from that variation which is also
found in normel non-pregnent femeles), and thet dur:=
ing pregnancy in the unilaterally ovariotomised female
both adrensals undergo similar modifications in struec-
ture identical with those that occur in the normal

pregnant female.

II. MATERIAL AND METHODS.

Ordinary mixed tame mica were used as mate-
rial. Each experimental group was composed of indivi-
duals from one and the same litter and virgin females
from & few litters were kept as controls. Unilateral
ovariotomy was performed under ether anaesthesia at
three, five, seven and eight weeks after birth. The
operated and control animals from each experimental
group were kept in the same box. The ovariotomised

animels/



enimals were mated at nine weeks and killed with
chloroform at the first, second or third pregnancy.
They were weighed and measured immediately after
killing, the ovaries and other endocrine orgens were
removed and fixed. Allen-Bouin, Regaud and Chura's
gsolutions were used as fixitive agents. The last
solution gave good results for the purposes of exa-
mination of mitochondria, granules and chromosomes.
The thickness was six:}or structure and three:br fou:f
for granules examination. The stains used were Dela-
field and Heidenhein's Haematoxylin for structure,
Champy-Kulle's acid-fucsin-toloidium-Aurantia for
mitochondris and granules, and osmic acid for lipoid
end fatty substances. The uterus and its contents
were weighed, then &ll foetuses were weighed and their
measurements taken. It is impossible by examination
to determine with exactitude the stage which preg-
nancy has reached in the mouse. If the length of the
foetus is used as & standard for classification, the
whole period of pregnancy may be conveniently divided
into the following five stages:-
STAGE I. Before the formation of the placentsa,
i.e., the stage of fixation of the
fertilised egg, or the coelomic stage.

STAGE/



STAGE II. From the formation of the first
traces of piacenta to the stage when
the length of the foetus is 5 mm.

STAGE III. The length of foetus from 6 to 12 mm.

STAGE IV. The length of foetus from 13 to 20
mme

STAGE V. The length of foetus from 21 mm. and
over.

In order to determine the range of variation
in the length of the foetus during Stage V, measure-
ments were taken of young at birth and lengths from
21 mm. to 27 mm. were obtained. To determine the re-
lative sizes of the different areas of the adrenal,

& drawing was made of the largest section (fixed in
Allen-Bouin solution for as short a time as possible
in order to prevent shrinkage, and stained with ordi-
nary Delafield haematoxylin) and the outline of each
 zone was traced with the aid of a plenimetre.

My thanks are duve to Dr. F.A.E Crew for pro-
| viding asccommodation and the experimental material

eand also for his valuable help and constructive criti-

cism during the course of this study.

III. DESCRIPTION OF EXPERIMENTS.

MASUI and TAMURA (1924) have described in
| detail/
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detail both histologically and cytologically the
structure of the suprarenal-cortex; it is not neces-
sary, therefore, in this paper to desl specially with
this. The changes in the histological structure of
the adrenel during pregnency will be described with
reference to the five stages which have been defined.
STAGE I. (Figs.l, 2, end 3.) During this stage
no change in the relative sizes of the areas of all
zones either in the cortex or in the medulla is to
be observed, as is shown in Tables I and II. The
histological structure of the zones, however, shows
modification, that of the zona reticularis to the
greatest extent, and that of the zona facicuniata to
the least.

: The cells of the zona glomerulosa have
become active, some showing mifosis, others becoming
enlarged in size, whilst minute granules are present
a8 in the glands of the normal non-pregnant female.
In the zona faciculata two types of cells appear.

One is the typical vacuolated faciculata cells
(Figs. 11 and 21) and these are present in large
numbers throughout the zone; the others are much
smaller, clear non-vacuolated cells which lie at the
border line between this zone and the zona reticula-

ris/



reticularis. These cells are similar in structure
to those of the zona reticularis. Signs of mitosis
- are visible in their nuclei. The region of these
cells will be termed zona.gestationis.

The zona reticularis shows & remarkable
change due to a rapid degeneration of the tissues
(Fig. 10). This degeneration begins slong the whole
of the border-line of the zona faciculata and proceeds
centripetally; at ;n early stage of degeneration a
layer composed of contracted cells, packed closely
together, can be seen between the two zones (Figs.

2 end 3). In some cases this process is far more
advanced than in others; the zona reticularis has for
the most part degenerasted into large vacuoles or con-
' nective tissue and is represented by a thin layer of
cells adjacent to the medulla, which still retain the
original characters. The cells of this layer are
reduced in size and have irregularly shaped nuclei
with one or more very clear nucledlui and & small
quantity of chromatin grenules. Cells containing
secretory grenules are, whepn present, very few in
number and the size of the granules is smaller than
that of those in the non-pregnant female. Thus, al-
though at this period the zona reticularis is present,
the/



the characteristic retiocularis cells are almost ab-
sent, this finding being in agreement with that of I
MASUI and TAMURA.

In the medulls a few mitotic figures are
present, but no other changes can be seen.

STAGE II. (PFPig. 4). The total ares of the
section is reduced by about 18 per cent and a re-
markable change in the relative sizes of the zona
faciculata and reticularis has occurred; the latter
zone is much reduced in size owing #o the absorption
of the tissue which is the prinecipal oauée of the
shrinkage of the section as & whole. In the zona
glomerulosa no change is to be observed, as is shown
in Tables II end III. The area of the zona facicu-
lata shows an absolute increase by about 20 per cent;
i.e., a relative increase (estimated in relation to
the total area of the cortex) or about 56 per cent.
On the other hand, the area of the zona reticularis
deoreaées by 84 per cent in absolute, and 78 per
cent in relative value.

Notwithstanding the remarkable change in
the relative size of the area, the histological
8tructure of the zona glomerulosa and faciculata is
almost the same as in the former stage. The smaller

clear/



clear snd non-vacuolated cells (zone gestationis). of
the zona faciculata have increased in number towards
the periphery,among them small cells having large
clear nuclei and & relatively scanty protoplasm are
also visible. The zona reticularis has either almost
or entirely disappeared and is replaced by connective
tissue. When the zona reticularis has degenerated,
it does not surround the medulla as in the normal
glend, but becomes compressed along the abcissa of
the section and accumulates in elongated processes
at each side of the medulla along its ordinate. No
noticeable change has occurred in the medulla, al-
though its area has increased alightly. Several
mitotic figures are observed as in the former stage.
STAGE III. (Fig. 5). There is no observable
change in the relative sizes of the different zones
when compared with those of the previous stage (see
Tables III and IV); the zona reticularis has in-
creased by 37 per cent; this is caused by the pre-
sence of large vacuoles (the so-called zona spongi-
osa). On histological examination, the zona glome-
rulosa is seen to be still developing and mitotic
figures in considerable numbers are visible, mostly
in cases when the length of the foetus is 8 mm. and

over/



over. Granules, which were described in the previous
stage are again found, though they are now of varying
sizes. '

The structure of the zona faciculata in
this stage may be of two different types; in one type,
glmost the whole of the area is occupied by typioall
vacuolated faciculata cells (a&s in the former stages)
and the vacuoles near the centre are smaller than
those in the peripheral region. In the second type,
the central portion is occupied by the clear cells
(Fig. 16) described in the previous stage, which are
 now more numerous. A few mitotic figures at varying
steges are found.

It is noteworthy that when these latter
cells are present, the vacuolated cells in the peri-
pheral portion are polyhedral in shape and the nu-
clei in some cases show degeneration. The relative
8ize of the area of the medulla in this stage shows
8 decrease which, being but slight, may be due to
fluctuation. Mitotic figures are more numerous,
being from about 8 mm.

STAGE IV. (Figs. 6, 7 and 8). There is no ob-
servable change in the relative size of the zona
faciculata, while that of the zona glomerulosa has
increased by about 26 per cent, as compared with that
of former stages and that of the zona reticularis by

about/ _
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about 46 per cent.

On microscopical examination, it is seen
that the zona glomerulosa is remerkebly changed.
During the previous stage the minute granules were
seen to be increasing in size; at this stsge, mostly'
at from about 16 mm., they are seen to be typical
gsecretory grenules (Figs. 14 and 15) having a struc-
ture idéntical with that described by MASUI and
TAMURA (1924) in the cells of the zona reticularis.
The maximal secretory activity is found at sbout 17
mm. As observed in the zona reticularis of the nor-
mal, non-pregnant, very big vacuoles or & network of
gonnective tissue (Fig. 13) in the cells are also
found, the nuclei in these cases are similar to
those of the secretory cells. As shown in Table IV,
the area of this zone takes up on an average about
21 per cent of the cortex and at its maximal 36 per
cent.

In the zona faciculata at this stage the
new clear cells (Fig. 12) mentioned above appear in
all cases, although their number varies. In some
cases they occupy the whole area of this zone, and
in others they press the vacuolated cells towards
the periphery, so that the latter become diminished
in/
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in size eand rectangular or elliptioél in shepe, and
their nuclei are irregularly shaped.

Some of the new clear cells, mostly those
gsituated in the peripheral region, show (Figs. 18
and 19) "siderophile bodies" (secretory granules)
and contain granules of various sizes, while those
situated in the central portion do not contain any
granules or mitochondris.

At this stage the size of the zona reticu-
laris varies very considerably; in one case it was
equal to that of the zona faciculata (Fig. 8), though
it consisted of nothing but big vacuoles and & net-
work of connective tissue. In another case it oc-
cupied but 1 per cent of the cortex (Fig. 7) and hadé
the form of & thin line of connective tissue.

No marked change is found in the medulla
as regerds its microscopical structure; its area is
found to be inereased by about 6 per cent. The
mitotic figures are still increesing in number.

STAGE V. (Fig.9) At this stage the relative
8ize of the areas of the zona glomerulosa, facicula-
ta, and reticularis have:decreased by 17, 5, and 56
per cent respectively. On histological examination
the secretory activity in the zona glomerulosa is

not/
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not visible, although in a few cases secretory gra-
nules are still observed. Likewise, in the zona
faciculata a remarkable chenge has occurred. In
cases there the typical faciculata vacuolated c;ils
have been pushed towards the periphery remain, they
become enlarged. In other cases where no faciculata
cells were present, they appear and the zona gestat-

ionis is seen to unuergo degeneration. (Fig. 9). Its

| cells become greatly vacuolated, in some instances
the entire cell protoplasm being reduced to a net-
work. The degeneration proceeds from the periphery.
In some cases the zona gestationis disappears entirel#
and typical faciculata cells occupy the whole area.
The proportion of the area of the medulla incresses
by 14 per cent in absolute, and by 30 per cent in

relative value to the entire area of the gland.

IV. DISCUSSION.

(1) HYPERTROPHY OF THE ZONA FACICULATA.
GUIEYSSE stated that in the guinea pig the
hypertrophy of the zona faciculata is the result of
an enlargement of the cells themselves and not of an
inerease in their number. However, in the mouse two
types of hypertrophy may be observed. One is similar
to/
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to that described by GUYEISSE in the guinea pig. It
takes place at a Vvery early period of pregnancy and
the cells increase in diameter by esbout 38 per cent,
the largest cell increasing from 16 to 22. GUIEYSSE
maintained that hypertrophy implies hyperfunctioning
of the zona faciculata, even though he was unable to
demonstrate how this occurred. However, it is reason-
eble to assume that this hypertrophy is only compen-
satory following & shrinkage caused by rapid degenera;
tion and complete disappearence of the zona reticula-
ris.

An examination of Tables 2, 3, 5, and 6
will show that the average area of the zona facicula-
ta in stage 2 shows a very gresat increase as compared
with Stege I; and that in Stage V a decrease, as com-
pared with 8tage IV. However, the initiasl increase is
much greater than the subsequent decreese. This is
probably due to the faect that the increase in size
in the zona faciculata is permitted by a very rapid
degeneration of the zona reticularis and is thus &
process of compensatory hypertrophy. In the 1atef
stage (V), when the zona gestationis has ceased to
develop and begins to degenerate, this process is
Slow and therefore the increase in the aree of the

typical/
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typical vacuolated faciculata cell is very gradual.

Another type of the hypertrophy of the zonsa
faciculata is thaet cesused by the development of the
zona gestationis within the zona faciculata. The
new zone incresses graduelly in size and in Stage IV
occupies almost the whole area of the zona facicula-
ta; in Stage V it ceases to develop and begins to
degenerate and consequently the area of the zona
faciculate becomes reduecéd. As shown in Table V,
the aree of the zona faciculata is greatest at Stage
IV,

(2) THE ZONA BESTATIONIS.

Origin. As stated above, when at an early
period of pregnancy, the zona reticularis begins to
degenerate, there appears on the border line between
it and the zona fsciculata a layer of degenerated
cells, which clearly separates these two zones. At
the same time, one can identify at the inner margin
of the zona faciculata clear cells which increase
gradually in number and in the third gquarter of preg-
nancy (i.e., 17 mm. in length) occupy almost the
whole area of the zona faciculata, while during the
last quarter they become reduced in number. As sta-
ted above, the vacuoles of the cells in the inner

portion/
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portion of the zona faciculate are smeller in size
than those of the outer one. Mitotic fig&ies are
present in the cells up to the middle of pregnancy.

From these facts it is seen that the zona
gestationis &rises on the border line between the zona
faciculata and the zona reticularis. Normally,
these ceélls, whose structure cennot be distinguished
from those of the zona reticularis, lie at the bor-
der of this zone and the zona reticularis, but the
occurrence of pregnancy stimulates their activity
and produces structural changes.

Structure. At the early period of preg-
nancy the cells do not show any signs of secretory
ectivity and have a very clear protoplasm and nucleus
(Fig. 10). Some of them show mitotic figures which
inorease gradually in number up to the beginning of
Stege IV, when minute granules appear which are ar-
ranged irregularly around the nucleus (Fig. 17);
at the 17 mm. stage some cells show typical secretory
granules (Figs. 18 end 19), while in Stage V (21 mm.
end over), the granules change into vacuoles (Fig.
20) which are similar to those of typical faciculata
cells. It is noteworthy that the change begins along
the whole outer mergin of the zone and proceeds in-

wards./
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typical veacuolated faciculata cell is very greadual.

Another type of the hypertrophy of the zonsa
faciculata is that ceaused by the development of the
zona gestatiouis within the zona faciculata. The
new zone incresses graduelly in size and in Btage IV
occupies almost the whole area of the zona facicula-
ta; in Btage V it ceases to de%elop and begins to
degenerate and consequently the area of the zona
faciculate becomes reduecéd. As shown in Table V,
the aree of the zona faciculata is greatest at Stage
IV.

(2) THE ZONA BESTATIONIS.

Origin. As stated above, when at an esarly
period of pregnancy, the zona reticularis begins to
degenerate, there appears on the border line between
it and the zona fsciculata a layer of degenerated
cells, which clearly separates these two zones. At
the same time, one can identify at the inner margin
of the zona faciculata clear cells which increase
gradually in number and in the third guarter of preg-
nency (i.e., 17 mm. in length) occupy almost the
whole area of the zona faciculata, while during the
last quarter they become reduced in number. As sta-
ted above, the vﬁcuoles of the cells in the inner

portion/
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(4) ZONA GLOMERULOSA.

According to GUIEYSSE, no hypertrophy oc-
curs in this zone. However, in the course of this
investigation it was observed at certain periods o~
that an enlargement of this zone occurred resulting
from an increase in number of the consfituent cells
and & heightened activity. During Stage IV there is
an aversge hypertrophy of about 20 per cent, with a
maximum of 80 per cent.

The presence of mitotic figures was noted
by KOLNER (1912). In the course of the present in-
vestigation these were observed at an early period
of pregnancy, mostly at the beginniné of Stage IV,
while no mitotic figures are visible at Stage V. As
stated previously, cells of the zona glomeruvlosa are
most active during the closing period of Stage IV.

(5) MEDULLA.

According to GUIEYSSE, there is no hyper-
trophy in the medulla of the guinea pig during preg-
nancy. MASUI and TAMURA reported that it atrophied
in the mouse at the closing period of pregnancy. In
the present investigation a marked increase of the
area of the medulla was observed, this process is
8low in certain stages, but towards the end of preg-

nancy/
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pregnancy there is a sudden acceleration, so that in
certain cases the medulla occupies as much as 26 per
cent of the total area, thus representing an incresase
of 46 per cent over that which obtain at the begin-
ning of pregnancy when the medulla is but 16 per cent
of the whole area of the gland. A few mitotic fig-
ures were observed during Stege II, and a consider-
&bly larger number in Stage IV. This suggests that
there occurs & hypertrophy of the medulla during
Stages IV and V.

(6) AREA.

In a recent paper, DONALDSON (1924) comes
to the conclusion that "there is no change in the
weight of the adrenal of the healthy albino rat dur-
ing the pregnancy lactation period", although he
observed a slight increase in weight in the first
quarter; an observation also made by VERDOZZI and
CASTALDI in the case of the guinea pig. Similarly
HERRING (1920) observed in the rat an increase in
the weight of the adrenal at the close of pregnancy.
It is not reasonable to hold that there must be a
correlation between the size of the gland and the
degree of its functional activity as suggested by
RIDDLE (1923) in the pigeon especially, as in the

case/
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case of the suprarenal gland of the mammal there are
several distinct zones.

There can be no doubt that the zona reticu-
laris during pregnancy in the mouse is composed of
nothing but connective tissue or big vacuoles in which
fatty substances are present. Thus the increase in

the weight of a gland cannot be considered as indica-
tive of an incresase in its functionel activity. A
gland may have a very large total ares, yet-if the area
taken up by the degenerated zona reticularis is de-
ducted from it, it will be seen that the area occupied
by functional tissues is aétually smaller than in the
| normal gland.
(7) FUNCTIONAL ACTIVITY.

GUIEYSSE, who observed vacuoles and sidero-

- phile bodies in the adrenal of the guinea pig, regards
them as signs of secretory activity of the gland. He
suggests that in the guinea pig the secretory activity
is cyclic, increasing till the middle of pregnancy,
and followed by a resting stage until parturition.

But in the present investigation vacuoles
~ &re present in great numbers in Stage I; in Stage II
. they are reduced in number and are replaced by the
cells of the zone gestationis which at this stage
showed no sign of secretory activity. As stated

above/
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above, this process is very gradual. During Stage

IV the vacuoles asre almost absent. The cells of the
zona gestationis as well as those of the zona glome- |
rulosa, exhibit the maximal degree of secretory ac-
tivity, containing large numbers of siderophile
bodies (referred to by MASUI and TAMURA as secretory
grenules).

MAHNERT (1920) assumed that during preg-
nancy the suprasrensl is in an exhausted condition.

In explanation of this assumption he says, "Geht aus
der Lipoidverarmung dieser orgaene bei den Schwanger-
schaftstoxikosen”. On histological examination there
can be no doubt that the lipoids are scanty through-
out pregnancy, except at a very early stage, so that
the assumption of MAHNERT is probably true. If the
functional activity during pregnancy is noted, it
will be seen to increase slowly until the third quar-
ter and to decrease during the last guarter.

WATRIN (1914, 1919) attempted to discover |
the cause of the hypertrophy of the suprarenal in the
rabbit and after numerous experiments concluded that
hypertrophy is due to the presence of the fertilised
ovum before fixation and of the foetal placenta. The

results of the present investigation are such as tend

to/
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. to corroborate this suggestion.

MAHNERT considers that during pregnancy the
suprerenal is functioning sbnormally and that this
disfunctioning (or malfunctioning) of the endocrine
organs during pregnancy is caused by the toxins of
- the foetal elements of the placenta. Further, he
. agrees with others that the disfunctioning of the
ovary is primery and that of the adrenal secondary.

Current opinion concerning the relationship
of the suprarenal ovary cen be as follows:-

1l. The zona reticularis is hyperfunctioning at
the period of "heat" (MASUI and TAMURA)

2. During pregnancy, when the ovary and adrenals
are in the disfunctioning stage, the zona
reticularis degenerates and disappears.
(TAMURA in this paper).

3. The zona reticularis reappears when the ovary
regains its normal functioning. (MASUI and
TAMURA) .

4. In the blood of the gonadectomised female
there is present an enzyme which stimulates
the development of the ovary. (LONG and
EVANS end GOTO).

5. Complete gonadectomy in the female has no

effect/
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effect on the structure of the suprarenal.

(MASUI and TAMURA).

The results of the present investigation
are such as tend to confirm MAHNERT'S first sugges-
tion, but in them there is no evidence Which'permita
8 decision as to whether the disfunctioning of the
suprarehal in relation to that of the ovary is

primary or secondary.

SUMMARY/
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V. SUMMARY.

In the mouse there is no correlation between body
weight, body length, and the size of the supra-
renal gland, The size of this gland is not always
‘indicative ' of its funetional aotivify.

Unilateral ovariotomy has no effect on the func-
tional activity of the suprarensl gland.

During pregnancy the gland becomes reduced in ares.

The hypertrophy of the zona glomerulosa occurs
during pregnancy and at 17 mm. stage it reaches
the maximal secretory activity.

Observations on the hypertrophy of the zona faci-
culata are in agreement with those of other
workers. This hypertrophy may be caused by
either an enlargement of cells or an increase of
their number. In the latter case it is due to
the appearance of & new zone, zona gestationis.
This zone reaches its maximal activity at about
17 mm., and at this stage so-called siderophile
bodies (secretory granules) are visibie in great
numbers.

Zona reticularis degenerates rapidly at an early
period (before formation of placenta) of preg-

nancy/ .
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pregnancy, and at the middle of pregnancy the
site of this zone is occupied by vacuoles.
7. The hypertrophy of the medulla occurs at the

closing period of pregnancy.

8. Mitotic figures were observed in every zone ex-
cept zona reticularis at an early period of
pregnancye.

9.

The secretory activity of this gland increases
slowly &and reaches its meximum at about the
third querter of pregnancy, followed by a par-

tiel decrease during the last quarter.
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VII. Description of Figures.

Adrenal of the mouse at a very early stage
of pregnancy (Stage I).

Figs. 2 & 3. The same.(Stage I).

FPig.14.&

The same (Stage I1), showing degenerated
zona reticularis.

The same during Stage III.

The same at the beginning of Stage 1IV.

The same, showing zona gestationis occupy;
:ing the entire site of zona fasciculata
and vacuoles in zona glomerulosa,

The same, showing large vacuoles in the
site of zona reticularis.

The same during Stage V.

Degenerating cells in zona reticularis
during Stage IV (from fig.7).

Typical vacuolated cells of the zona fasci-
:culata.

Cells of zona gestationis (from fig.7)

Cells of zona glomerulosa during Stage IV
(from fig.7)

15. A cell of zona glomerulosa showing

Fig.16.

granules.

A cell of zona gestationis during Stage III.

Pigs.17,18 & 19. A cell of zona gestationis during

Figs, 20

Stage IV.
& 21. The same during Stage V.




TABIE I.

CONTROL
AREA IN M.~

ZONA zomA | zoma |MEDULIA |TOTAL

GLOMERU- |FACICU-|RETICU- :

TOSA TATA | TARIS

| Ex.6 No.3 | 0.224 0.926 | 0.354 | 0.227 |1.731
| Ex.37 No.2 | 0.178 0.551 | 0.422 | 0.204 |[1.335
| Bx.9 TNo.2 | 0.184 0.540 | 0.529 | 0.289 |1.542
Ex,9 TNo.3 | 0.224 - 0.473 | 0.302 | 0.210 {1,289
Ex.26 No.2 | 0.132 0.526 | 0.473 | 0.250 |1.381
| No.l o 0.166 0.611 | 0.710 | 0.178 |1.665
‘To.2 o 0.145 0.881 | 0.342 | 0.289 |1.657
Wo.3 o 0.118 0.382 | 0.480 | 0.191 [1.171
é No.4 o 0.122 0.625 | 0.454 | 0.184 [1.395
| No.5 o 0.132 0.295 | 0.381 | 0.154 |1.065
| AVERAGE 0.164 0.589 | 0.445 | 0.217 |1.423




TABLE II.
STAGE I (0=5 mm.).

| GROUP. I.
AREA IN ML >
ZONA ZONA 70NA |MEDULLA |TOTAL
GLOMERU- |FACICU- |RETICU-
T.OSA TATA LARIS

| Mo. 16 o p.| 0.191 [ 0.395 | 0.572 | 0.185 [1.341
No. 21 ¢ p.| 0.151 | 0.526 | 0.552 | 0.224 |1.45%
' Ex. TNo.2| 0.193 | 0.531 | 0.569 | 0.246 |1.539
| No.17 op. | 0.229 |o0.611 | 0.270 | 0.302 [1.412
No.10 ¢ p. | 0.176 | 0.658 | 0.549 | 0.192 |1.575
| Ex.25 No.3 | 0.185 | 0.532 | 0,435 | 0.168 [1.516
| Ex.31 No.1 | 0.256 | 0.639 | 0.354 | 0.263 [1.512
| Ex.16 No.3 | 0.168 | 0.526 | 0.270 | 0.256 [1.220
| Ex,21 No.3 | 0.214 | 0.736 |0.339 | 0.282 [.571
| AVERAGE 0.196 | 0.573 | 0.432 | 0.235 |1.438




TABLE ITT.

| GROUP 2.
AREA IN M.~
ZONA ZONA ZONA | MEDULLA| TOTAL
GLOMERU-| FACICU{ RETICU-
| TOSA TATA TARIS
._Ex.l9 No.5 | 0.217 0.921| 0.105| 0.420 | 1.663
'No. 6 o p. | 0.097 0.471| 0.036 | 0.270 | 0.874
fEx.zl No.4 | 0.121 0.710| 0.050 | 0.256 | 1.137
No.1l ¢ p. | 0.210 0.556| 0.060 | 0,180 | 1.006
Ex.21 No.2 | 0.159 0.774| 0.085 | 0.215 | 1.223
| AVERAGE 0.161 0.686 | 0.067 | 0.268 | 1.182




TABLE IV.
GROUP 2,

2
AREA IN MM.

ZONA ZONA | ZONA |(MEDULLA | TOTAL
GLOMERU- | FACICU- |RETICU-
| TOSA TATA | LARIS
‘No. 9 o p.(6) 0.215 | 0.826 | 0.109 | 0.254 | 1.404
gmo.ls o p.(6) 0.151 | 0.610 {10.172 | 0.198 | 1.131
@No. 1o p.(7)] 0.132 | 0.634 | 0.046 | 0.232 | 1.044
‘Bx.19 To.6(8) 0.209 | 0.832 | 0.088 | 0.214 | 1.545
Zx.31 To.2(8) 0.179 | 0.460 | 0.095 | 0.192 | 0.926
o, 8 9 p.(9) 0.167 | 0.823 | 0.060 | 0.351 | 1.401
‘No. 2 ¢ p.(9)) 0.132 | 0.584 | 0.060 | 0.164 | 0.940
‘Fo.13 ¢ p(10) 0.171 | 0.640 | 0,197 | 0.211 | 0.219
éNo.lB ¢ p(10) 0.122 | 0.547 | 0.091 | 0.249 | 1.009
émo.zz Q.p(lO} 0.221 | 0.711 | 0.113 | 0.290 | 1.335
%NO.BE 0 p(10) 0.158 | 0.434 | 0.243 | 0.151 | 0.986
éNo.llzg p(10) 0.070 | 0.682 | 0.028 | 0.206 | 0.986
‘No. 7 g p(iLg 0.121 | 0.806 | 0.085 | 0.360 | 1.372
| Ex.34No.4(12) 0.295 | 0.864 | 0.101 | 0.261 | 1.501
:Ex.zlmo.l(lz) 0.235 | 0.809 | 0.114 | 0.289 | 1.447
5AVERAGE 0.171 | 0.684 | 0.107 | 0.255 | 1.213




TABLE V.

STAGE IV (13 - 20 mm.).

Ex.zz
Ex, 21
No. 25
ﬁo.ze
Ex.lg
Bx. 8
No.15
Bx. 54
Bx, 6
No. 4
%x.55
Ex. 30

No.27

Ex,16

No.3(12.5)
No.5(13)
9 p.(13)
9 p.(13)
No.3(14)
No.1(14)
0 p.(14)
No.2(16)
No.12(16)
9 p. (17)
No.2 (17)
No.2(17.5)

g P
No.1 (20)

(18)

AVERAGE

AREA IN MM}B

TOTAL

7ONA ZONA | ZONA |MEDULIA
GIOMERU-| FACICU-|RETICU}

TOSA TATA | LARIS

0.233 | 0.622 | 0.114| 0.280 |1.249
0.158 | 0.539 | 0.127| 0.189 |1.013
0.22¢ | o0.848 | 0.105| 0.309 |1.486
0.212 | 0.557 | 0.184| 0.250 |1.203
0.195 | 0.707 | 0.264| 0.225 |1.391
0.213 | 0.579 | 0.239| 0.151 |1.182
0.114 | 0.546 | 0.080| 0.257 |0.997
0.296 | 0.940 | 0.155| 0.299 |1.690
0.229 | 0.794 | 0.189| 0.2724 |1.486
0.352 | 0.822 | 0.016| 0.368 |1.558
0.191 | 0.555 | 0.555| 0.247 |1.548
0.343 | 0.559 | 0.046| 0.389 |1.337
0.178 | 0.592 | 0.506| 0.302 |1.578
0.284 | 0.988 | 0.201| 0.261 |1.734
0.230 | 0.689 | 0.198| 0.272 |1.389




TABLE VI.

STAGE V (21 mm. and over).

: No. 3

g P

Ex.16 No.2

. Ex.10 @ D.

Ex. 9 No.l
Ex.25 No.4

Ex.14 9 P

-No. 5 Qp.

No. 5222

Ex. 6 No.2
AVERAGE

(21)
(21)
(21)
(24)
(24)
(24)
(24)
(24)
(24)

AREA IN MM.2
=

ZONA ZONA ZONA |MEDULLA|TOTAL
GLOMERU-{ FACICU-|RETICU+

LOSA LATA LARIS

0.100 0.534 0.020 | 0374 |1.028
0.234 0.518 |0.066 0.266 [1.084
0.321 0.902 |0.197 0.513 |1.933
0.218 |0.658 |0.068 0.300 |1.244
0.163 0.602 0.1585 | 0.192 |1.112
0.167 0.596 0.063 0.298 [1.124
0.220 [0.676 0.075 | 0.307 [1.278
0.101 0.736 0.070 0.408 |1.315
0.189 0.639 0.070 | 0.193 |1.091
0.190 |(0.651 0.087 0.317 |1.245
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A HISTOLOGICAL STUDY
of the
ANOVULAR FOLLICLE in the DINGO & the MOUSE.
by
Y. TAMURA.

LEAGUE and HARTMAN (1925) have recent-

ly reviewed the literature relating to anovular fol -
licles in the mammalian follicles possessing normal
granulosa, basement membrane, and theca interna, but
devoid of eggs in the armadille, opossum, and rhesus
monkey. They distinguish, chiefly on the basis of
size, three types of anovular graafian fellicles,
viz:- primoxdial, medium and mature. In their opin-
ion primordial anovular follicles are usually of ap-
proximately the same size as primordial ova and con-
sist of granulosa cells only, loosely arranged with-
in a basement membrane; as suggested by Gérard (1920)
they arise from Bfliiger"s egg tubes and are simply
groups of epitheliél cells that have failed to become
agsociated with ova. They concluded that in the op-
ossum these primordial anovular follicles may undergo
cell division and enlarge to form 'medium' anovular
follicles consisting of many compactly massed granu-

losa/
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granulosa cells, as REGAUD and LACASSAGNE (1913)
meintain to be the case in the rabbit. Another type
of anovular follicles is that which arises by death
and resorption of the ovum, or more rarely by the
migration of the ovum out of the membrana granulosa.
LEAGUE and HARTMAN hold thet in the opossum this
type gives origin to the mature anovular follicles
whose structure has the appearance of a syncytium
and whose nuclei are mostly peripherally arrenged,
with a scattering of several nuclei near the centre.

They concluded also that the identity of
the origin of the normasl and the anovular follicles
is evidenced by their association together in similar
steges of development. Two follicles, one normal,
the other abnormal, mey be surrounded by the same
theca interna. They hold that the anovular follicle
undergoes chromatolytic and lipolytic degeneration
and present evidence to show that the granulosa is
able to maintain its integrity for some time after
the egg has disappeared. REGAUD and LACASSAGNE
¢1913) state that the anovular follicles are to be
found only in young animals and that their number
decreases with the age of the individual. On the
other/



other hand, Gersrd states that in the case of GALACO
the anovular follicles sre few in number in the
young and numerous in the adult, and LEAGUE and
HARTMAN meintain that the anovular follicles sre not
limited to young animals.

The present writer, in the course of an
examination of sterile dingoes and of mice during
their sixth pregnancy for other purposes, took the
opportunity of looking for anovular follicles. The
overian tissue was fixed in ALLEN'S BOUIN and
FLEMMING and stsined with DELAFIELD and HEIDEN-
HAIN'S haemstoxyline. Serial sections of eight
were examined. In certain details the results of
this study esgree with the conclusionmsof LEAGUE and
HARTMAN, while in others they do not.

In the case of the adult sterile dingo
bitches, numerous primordial follicles were found;
while most of them showed degeneration of the con-
tained ovum, and a few were normal, the primordial
eanovular follicles described by LEAGUE end HART-
MAN were exceedingly rare, and in contradistinetion
to the findings of the above guthors. No signs of
mitotic figures were to be found. Mitotic figures
in/



in early stages, however, were:found in the primor-
dial follieles in which the ovum had alresdy de-
generated or resorbed, and which had a normel active
membrane granulosa. |
The most common type of anovular follicles
in the dingo is that whose structure is very similar
to the structure of the "mature" anovular follicles
described by LEAGUE and HARTMAN. However, they
ere found to vary greatly in size, ranging from
0.7069 mm, to O. 19 mm. in diameter in the largest
section (Fig.i)fﬂb follicles resembling in structure
the so-called "medium" amovular follicles of LEAGUE
and HARTMAN ocould be identified, and no evidence
could be gleaned that would support the contention
of the above authors and of REGAUD and LACASSAGNE
(1913) that such medium anovular follicles had in
the case of the dingo bitches developed by cell di-
vision from the primordial epithelisl cells. The
condition found suggested that these anovular folli-
cles in the dingo had resulted from the absorption
of the ova and preservation of membrane granulosa
at & stage when the follicle was of the size that if
exhibited at the time of examination. Various
stages of mitotic figures were found in the follicles
in which the ovum had degenerated or already become

resorbed/
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resorbed while their membrane granulesa corresponded
with that of normal follicles at a similar stage of
development. In some cases the granulos@ projects
into the human and mitotic figures in early stages
are still showing and in the case of a mofe advanced
stage of degeneration the granulosa cells are scatt-
ered loosely in the lumen, and there is an indica-
tion of an antrum in the centre of the follicle, as
described by LEAGUE and HARTMAN in the case of ma-
ture anovular follicles. In other cases the anovu-
lar follicles in the course of formation become com-
pressed from both sides and elongate taking on a tu-
bule-like appearance. (Fig.2). Structures identical
in appearance with the 'medium' follicles of IEAGUE
and HARTMAN and surrounded ﬁy a well-developed theca
interna were present, but on careful examination of
the serial sections these were found to be merely
parts of a normal medium sized follicle.

Careful examination of serial sections
failed to reveal the presence of two follicles, one
normal and the other anovular, in association as de-
scribed by LEAGUE and HARTMAN. On the other hand,
there was plentiful evidence to show that such an
apparent combination was obtained when sections were

cut/
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cut from a gingle follicle which had become diminishe
ed in size, for what seems to be two follicles when
followed through, was found to be but one. (Fig.2).

The fate of these anovular follicles
was typical lipolytic degeneration; several single
anovular follicles of varying size underwent lipoly-
tic degeneration here and there, but it was found
that the great majority migrated to one area of the
ovary which consisted of nothing else but follicles
in some stage of degeneration. (Fig.3).

In the left ovary of one of the dingoces
magses of tissue closely resemblingBeminiferous tu-
bules were found invading the connective tissue.
(Fig.4.). It was not possible to decide with confi-
dence what this tis&ue actually was. No signs of
spermatogenesis could be identified, but the struc=-
ture was very similar to that of the testis of the
immature male and wvery different from that of the
anovular follicle. The theca of the abnormally
large atretic follicles, particularly when contorted
and enclosing a lumen lined with degenerated granu-
losa, presented an appearance very suggestive of this
gseminiferous tubule-like tissue, but it is impossible
to decide whether the seminiferous tubule-like tissue
had its origin in this.

It is of interest to note that HAMMOND

(1925)/



(1925) describes a very similar embryonic seminife-
rous tubule-like tissue in the ovaries of infecund
rabbits. His figures (Blates XII, Fig. 2, and XIII,
Figs. 3 and 4) present features that are very similar
indeed to anovular follicles found in the dingoes.
In the case of the bld pregnant mice, nu-
' merous anovuler follicles were found.in the ovaries,
(Fig. 5) whereas in the case of younger mice preg-
nant for the first or second time, no such folliclés
| were present. In the mouse it would seem that the
. number of anovular follieles increase with age after
& certain age. This is not in agreement with the
conclusions of REGAUD and LACASSAGNE. In structure
these follicles were as the primordial and medium
eanovular folliecles described by LEAGUE and HARTMAN.
Since in thecexperience of the writer these
anovular follicles are more frequently found in old,
sterile, or pregnant individuels, it seems reasonable
to suggest that their development is determined by
. nutritional agencies, and that when nutrition or the
. hypothetical "generative ferment" of HEAPE is inade-
quate, it may result in the failure of many of the
constituent follicles of the ovary to attain their
| normel development and the appearance of anovular fol-

licles/



| follicles. It is probable that in this matter one or
more members of the endocrine chain are involved. In
the case of the dingoes examined the individuals were
infecund and examination of the endocrines revealed
' the fact that all were abnormsl (TAMURA, 1926). How-
ever it is impossible to say definitely that nutrit-
; ive supply or the "generative ferment" has its origin
in the endocrine orgens, but it may be assumed that,
as suggested by HAMMOND (1925), endocrine orgsns have
& very important role in the normel development of
the ofary.
It is still questionable whether it is the
gonads or the endocrine organs that are the first to
- be affected by environment. However, GLYNN (1921)
MASUI and TAMURA (1924) have presented evidence which
| demonstrates the intimate interrelationship of the
 edrenal and overy, and MACCARRISON (19%7) of the thy-
- rold and the gonad. Therefore it may be suggested
that the formation of anovular follicles may be the
sequel to & malfunctioning of some member of the en-
doerine chain caused by an inadequate nutrition eor
. "generative ferment".
In conditions of inadeguate nutrition fewer
. primordisl follicles continue their development to

| become/



become medium sized follicles than in conditions when
nutrition is in every way sdequate and similarly
fewer medium sized follicles continue their develop-

' ment to become large sized follicles and furtheerewer
of these proceed to complete development. The result
is, therefore, that in such a case, fewer ripe ova

are elaborated and this is evidenced by the fact that
very few corpora lutea are found on examination. In

the case of the dingoes, there were no corpora lutea.

I am greatly indebted to Dr. F.A.E. CREW
for the materisl supplied and also for much con-
structive coriticism during the course of this study.
I also wish to thank Dr. A.W. GREENWOOD for his

valuable help.
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DESCRIPTION of FIGURES.

Fig. 1. Shows various sized anovular follicles the
structure of which is the same as that of
"mature" anovular follicles of LEAGUE and
HARTMAN. DNote few normal small sized
follicles in the peripheral region.

Fig. 2. Shows two follicles surrounded by the same
theca interna, and an elongated anovular
follicle.

Fig. 3. Shows & group of anovular follicles which
are undergoing hypolytic degeneration.

Fig. 4. Shows & seminiferous tubule-like mass which
is found in the left ovary of a dingo
bitch.

Fig. 5. Bhows anovular follicles found in a pregnant
mouse .«
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I. INTRODUCTION.

The effects of gonadectomy on the size
of the body and of the various organs, especially of
the endocrine glands, have been studied by several
investigators who, however, record very different
results. According to HATAI (1915), the result of
castration in the rat is considerably to increase
the weight of the suprarenal, hypophysis, and thymus.
On the other hand MOORE (1922) found that in the cas-
trated guinea-pig the suprarenal and hypophysis are
considerably lighter than in the normal males.

In a previous study (1924) we demonstra-
ted that in the mouse there exists a distinct sexual
difference in respect of the size of the suprarenal,
this gland being considerably larger in the female
than in the male. This size difference is due to
differences in the degree of development of the zona
reticularis, which is well developed in the female,
whereag in the mature male it has almost entirely
disappeared. In castrated males, when compared with
the normal, the suprarenals show an enlargement which
likewise, is for the most part due to an increase in
the size of the zona reticularis. On the other hand,
ovariotomy in the female is not followed by any in-
creage in the size of the zona reticularis, and con-

sequently/



2

consequently the size of the gland as a whole remains
unchanged.

The present paper deals with similar
sexual differences in the weight of the kidney, thy-
mus, and spleen of the mouse and with the effect of
gonadectonmy.

We wish to express our thanks to Prof.
C. Ishikawa, Prof. R.Goldschmidt, and Dr. F.A.E.Crew
for their help during the course of this study. The
expenses of the investigation were defrayed by a
grant from "Keimeikwai" (an association the object
of which is to give pecuniary assistance to scienti-
fic investigations), to which we also wish to extend

our cordial thanks.

2. MATERIAL and METHODS.

The animals used in the present study
were reared in the Anatomical Laboratory for Veteri-
nary Science, University of Tokyo. In the majority
of cases they were operated on at the age of twenty
days, though in certain cases the operation was de-
layed until thirty or forty days, in order that the
effect of age on the results of gonadectomy could be
examined. Individuals belonging to the same litter
were divided into two lots, viz. operation and con-

trol;/



4.

control; but in order to avoid variation in external
conditions, operated mice were kept in the same cages
as the controls, but any litter of more than six in-
dividuals was divided into two cages. When ninety
days old all mice were weighed and killed with chlo-
roform, the organs being removed and weighed immedi=-
ately.

In his investigation HATAI divided a
litter into two lots, one for operation the other for
control; and comparison was made between the two lots.
He used this method because he believed that varia-
bility of body weight in a litter is only about one
half that in the total population. MOORE, however,
holds a different opinion as regards the guinea-pig;
he says: "Comparison of animals of the same litter
"does not afford more convincing argument in favour
"of weight comparison". It must, however, be noted
that in his experiments on gonadectomy MOORE used
only 46 animals.

In analysing our data it was found that
even in the same litteér there is considerable varia-
tion as regards body weight. It is reasonable to
postulate that size in animals is the expression of
the interaction of a number of factors (three or
more). If so many factors are concerned in the pro-

duction of one character, it may be assumed that only

in/
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in extremely rare cases can a homozygous race be ob-
tained. It is, therefore, probable that the animals
used in the present experiment differed considerably
with regard to their genetic constitution, and con-
sequently it becomes difficult to obtain reliable
results, especially if only a limited number of ani-
mals is concerned. Comparison of animals of the same
litter does not afford any more reliable results, be-
cause, as stated above, each animal may belong to a
different genotype: 1In view of these facts, and in
order to determine exactly the existing sexual diffe-
rences with regard to certain characters and also

the results of gonadectomy in the two sexes, it was
found necessary to use a large number of animals and |

to make a statistical analysis of the data collected.

3. DESCRIPTION of EXPERIMENTS,

a. BODY VWEIGHT. Nale mice are on the average
about 7+5 pérrcent heavier than female. When the
mean value of the body weight of the males is compar=-
ed with that of the females, the difference is found
to be approximately 7.6 times its probable error:

M (o) = 22-70 3 0-085; K (2) = 21-11 + 0-19 (Table I).
EFFECT of CASTRATION. When the average
body weight of normal and castrated males is compar-

ed, it is found that the difference is but slight,

the/
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the castrated being only 1-3 per cent. heavier. Thes
difference of mean values of body weights between
normal and castrated males (Mo) = 22-99 iﬂo-126), as
seen in Table I., is smaller than twice gts probable
error and may be regarded ags insignificant. It can
thus be concluded that castration in the male has no
effect upon body weight.

EFFECT of SPAYING. When the average body
weight of normal females is compared with that of
ovariotomised animals, it is seen that the latter are
about 7+34 per cent. heavier than the former. The
difference of the mean values for the body weights
of normal and spayed females (+=22:6610-242) is app-
roximately five times its probable error. This is
gignificant, indicating that spaying has a definite
effect upon body weight (Table I.) |

b. BODY IENGTH. In the rat HATAI found that
the body length is absolutely less in castrated than
in the normal animals, and concluded that castration
embarrasses growth of body length. MOORE obtained
similar results in the guinea-pigs. In the case of
the mouse, however, it was found that castrated males

are considerably longer than the normal.

TABLE I./
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SEXUAL DIFFERENCE. Comparing the average
body length of females with that of the normal males
it is found that it is about 1-2 per cent greater in
the former; thus the difference is very slight. Sta-
tistical analysis shows that the difference of the
mean values for body length between the males and
females (¥ (o) = 6-085 z 0;0022; XM (2) = 6-156£0-018)
is approximately 3-7 times as large as its probable
error, i.e. not so significant as to warrant group-
ing into different classes.

CASTRATION. Comparing the average body
length of normal meles with that of the castrated,
it is found that the body length of the latter is
about 1.9 per cent. greater than that of the former.
The difference of mean values for body length in the
two classes is approximately eleven times as large
as its probable error (M(o) = 6.085 + 0-0072:
¥ (6) = 6-198 & 0-0058), and is therefore signifi-
cant (Table II.). It is reasonable to attribute
this increase in body length to the effects of cas-
tration.

SPAYING. When the average body length of
spayed females is compared with that of the normal,
it is evident that the difference is very slight,
the latter being only 0-36 per cent. greater than
the/
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the former. The difference of mean values for body
length in the two clasges (Table II.) is approximate-
ly equal to its probable error (M(2)=6-15610-018;
i (+)=6-134jo-0165), i.e. it is not significant.
In the guinea-pig MOORE found that

the average body length of the normal female is
slightly greater than that of the spayed. In the
rat different results were obtained by HATAI; who
concluded that the absolute body length is slightly
greater in spayed females. It is, however, unjusti-
fiable to attribute such slight variation to the ef-
fects of gonadectomy. _

c. WEIGHT of the KXIDNEYS. As far éa we know
no one hag previously described the effects of gonad;
ectony on the weight of the kidney. It will be showﬁ
that the weight of the kidney in the mouse differs
according to the sex of the individual, it being con-
siderably heavier in males than in the females.
Since the kidney is a most important excretory organ,
it is very probable that it has some important rela-
tion to the metabolism of the body. Moreover, it is
reasonable to assume that the weight of an organ is
correlated with its functional activity, i.e. the
functional activity may increase in proportion to
the weight of the organ. Since the male kidney is

heavier/



9+

heavier than the female, it can be argued that the
metabolic activity of the male is higher than that
of the female.

SEXUAL DIFFERENCES. On comparing the
average weight of the kidney of the male with that
of the female, it is found that the former is consi-
derably heavier. The difference (about 45 per cent.)
is so great that the statistical method of compari-
son is not necessary in this case (M(0)=0-418 + 0-
00303; ¥ (£)=0-289 + 0.0024. ¥t is, of course, true
that with the increase of the body weight the weights
of the various organs likewise increzse. But since
the average body weight of the normal meles is only
7+3 per cent. greater than that of the females, it
is evident that the difference in the weight of the
kidney in the two sexes is significant (Table IV.).

CASTRATION., When the average weight of the
kidneys of castrated males is compared with that of
normal ones, it is found that the latter is about 53
per cent. heavier. As this difference is even great-
er than that existing between the weights of kidneys:
of normal males and females, it is clear, even with-
out a statistical analysis, that it cannot be due
simply to variation (M(o0)=0-418+0-00303; M(4)=0-274
+0:0024). As stated above, castrated males are
glightly heavier than normals, and thus the diffe-

rence/
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difference of the relative weights of the kidneys is
greater than that of the actual weights (Table IV.)
Hence it may be concluded that castration inhibits
the growth of the kidney to a remarkable extent.

SPAYING., Comparing the average weight of
the kidneys of spayed females and that of the normal
it is seen that the latter is about 8.6 per cent.
greater (M(E)=O-289 + 0-0024; H(£)=0-266 + 0-0016).
As stated above. spayed females are considerably
heavier than normal, and accordingly the difference
of relative weights between them is grezter than
that of actual weights (Table IV.).

It is seen that the difference in
weight of the kidneys of the two sexes disappears _
after gonadectomy, when the weight in either sex ap-
proaches that of the female. Tables I. and II. dem-
onstrate the differences of the actual and relative
weights of the kidneys in normal and operated indi-
viduals. It is of importance to note that as the
result of gonadectomy in the male the kidney becomes
greatly decreased in weight, while in the spayed fe-
male it undergoes but a slight @iminution in weight
(Figs. 3 amd 4). On the basis of what has been said
above in respect of the metabolic activity of the
two sexes, we may infer that castrated males approach

the female type of metabolism, while in spayed fe-

males/
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femoles only a slight change occurs. The metabolic
changes of the castrate are caused by the absence
of the internal secretion of the testis. The very
congiderable reduction of the weight of the kidney
after castration may be one of the most imﬁortant
gigns of the depression of the metabolic activity.

d. WEIGHT of the THYMUS. Sexual differ-

ences. It has been stated that gonadectomy is fol-
lowed- by a congsiderable increase in the size of the
thymus in hoth sexes, but no previous investigator
has recorded the fact that there exists a sexual
dimorphism as regards the weight of the thymus. In
the mouse the thymus is considerably heavier in the.
female than in the male (Fig.5), the difference be= |
ing on the average 81 per cent. (M(o)=0-021 %
0-00035; H(2)=0-038 + 0-00073). Since the body
weight of the male is about 7-5 per cent. greater
than that of the normal female, it is evident that
the difference of percentage weights of the thymus
between the two sexes is greater than that of abso-
lute weights. (Tables VI., VII., VIII.).
CASTRATION. When the average weight of
the thymus of castrated males is compared with that
of the normal, it is found that there is a marked

difference, namely an excess of about 146 per_cent.l

in/
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in favour of the castrates (M(0)=0:021+0-00035;
M(4)=0-00518+0-00066). The difference is manifestly
greater than that existing between the weight of the
thymus of normal males and females; thus it follows
that as the result of castration the thymus becomes
greatly enlarged (Tables Vi., VII.). This conclusi-
on is in agreement with that of other investigators
who used different material.

SPAYING. The average weight of the thymus
of spayed females is about 3+7 per cent. greater
than that of the normal: (M(f)=00038 + 0-00073:
Hff)=0-051 + 0-00049). It will be remembered that
the body weight of the spayed female is considerablj
greater than that of the normal; the difference of
the relative weights, as shown in Table VII., is
also found to be considerably greater. It has, how-
ever, to be noted that the difference of mean values
of the weights of the thymus in the normal and the
gpayed females is but 3.5 times its probable error
(ef. Table VIII.); it cannot therefore be stated
definitely whether this is a case of enlargement of
the thymus as a result of gonadectony, orlmerely a
case of fluctuating variation. -

As seen in Fig.5, the frequency distri-
bution of the thymus weight of the castrated males
and/
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and spayed females is very similar to that of the
normal females. This is even better shown by a sta-
tistical calculation (Table VI.). The same relation
is seen on comparing the relative weight of this
organ. It can thus be concluded that as the result
of castration the weight of the thymus becomes great-
ly increased, approaching almost that of the female,
while in the spayed female the increase in weight of
the thymus is not so striking.

Thus, as in the case of the kidney, the
castrated males, the normal and the spayed females
display a great similarity in respect of the weight
of the thymus. This fact leads us to the conclusion
that there is an intimate functional relation, either
direct or indirect, between the testis and the thymus;
while no close association can be seen between the
thymus and the ovary.

e. WEIGHT of the SPLEEN. As far as could

be ascertained, MOORE is the only investigator who
has observed the functional relation existing between
the spleen and the sex glands. He recorded (1922)
that in the guinea-pig there is a slight sexual di=-
morphism as regards the weight of the spleen which is
greater in the female; and that in the castrated male
there occurs a slight increase, in the spayed female,

- a slight decrease in weight.

SEXUAL/
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SEXUAL DIFFERENCE. In the house there
exists a sexual dimorphism with regard te the weight
of the spleen, that of the female being on an ave-
rage 65 per cent. heavier than that of the male
(M(o) = 0-081 + 0-0023; M(?) = 0-134 + 0-0058). As
the body weight of the male is about 7-5 per cent.
greater than that of the female, it will become ob-
vious that the difference of the relative weights
of the spleen (in relation to body weight) is great-
er than that of the absolute weights. Hence it is
evident that there is a distinet sexual difference
in the weight of the spleen.

CASTRATION. The weight of the spleen of
the castrated males is on an average much greater
than that of the normal, there being an increase of
54 per cent. (M(e) = 0-0081 + 0-0023; M(4) = 0-125
4+ 0-0033). Since the body weight of the castrated
male is about 7-5 per cent. greater than that of the
nornal, the relative weight of the spleen of the
castrated individual is also considerably greater
than that of the normal. Statistical calculation
shows that the difference of mean values of the cas-
trated and the normal males is approximately eleven
times its probable error (Fig.8). It is thus seen
that the spleen of the castrated maie is strikingly

heavier than that of the normal, and is in this re=-

spect/
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respect similar to the spleen of the normal female.

This relationship is clearly illustrated in Fig.8.
SPAYING. On comparing the average weight

of the spleen of the spayed and the normal femsale,

it is found that the former is somewhat lighter than

the latter. However, the difference is only about

3+9 per cent. (H(f) = 0-134 t 0-0058; M(é) = 0-129

+ 0-005), and since the difference in body weight be-

tween the normal and the spayed female is also very

slight, there is no marked difference between the ac-

tual and the relative weight of the spleen (Table XI).

Thus, as in the cases of the thymus

and the kidney, castration results in an enormous in-

creagse in the weight of the gpleen, which approaches

that of the female; while spaying produces no change

in the weight of the organ. Also, the normal and the

spayed females and the castrated males show great si-

milarity as regards the weight of the spleen, a re-

sult which is in strict conformation with that obtain-

ing in the cases of the kidney and the thymus.

4. CONCLUSIONS.

According to LIPSCHUTZ (1924) "by cas-
tration the sexually differentiated type, i.e. the

male or female, loses more or less its sexual charac=-

ter/
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character and shows a tendency to become a2 sezxually
indifferent form common te both sexes". Further, he
says: "There can be no doubt that in the mammal there
is no development of characters characteristic of the
other sex after castration®. The results of the pre-
sent study do not conform with LIPSCHETZ'S hypothesis
of the 'asexual type': as the result of gonadectomy
in the male the weight of the kidney, thymus, and
spleen approeaches that of the female, i.e. a charac-
ter develops which is typical of the opposite sex.
This observation is completely in accord with the re-
sults of our previous study on the suprarenals of the

mouse.

5. SUMMARY.

1. There is a distinct sexual difference in the body
weight of the mouse, the males being consider-
ably heavier than the females. As the result
of gonadesctomy in the male there occurs no
change in the body weight, while in the female

it increases rapidly after spaying.

2. A slight sexual difference is seen to exist in
the body length, the females being longer than
the males. Body length increases slightly after

castration, while spaying produces no effect.

3./
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3. There is a distinct sexual difference in the
weight of the kidney, it being strikingly hea-
vier in the male. The kidney of the castrated
male becomes greatly reduced in weight and ap-
proaches that of the female kidney; in the spay-
-ed female only a slight reduction in the weight

of the kidney may be observed.

4. The thymus of the female is considerably heavier
than that of the male. As in the kidney, cas-=
tration is followed by a striking increase in
weight which approaches that of the female thy-
mus; spaying has but little effect.

5. There is a distinct sexual difference in the
weight of the spleen, it being considerably
heavier in the female. The results of castra=-
tion and of spaying are the same as in the case

of the thymus.

6. The results of the present study do not agree
with LIPSCHﬁTZ'S hypothesis of an 'asexual'
type, for as the result of gonadectomy in the
male the weight of the kidney, thymus, and
spleen approaches that of these organs in the
femele, or, in other words, gonadectomy is fol-
lowed by a development of the characters typical

of the opposite sex.
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TABLE 1I
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2% 0015 + 00034 40 X
g 0023 + 0-0029 80 x
&7 0008 + 0-0029 2:8 x
TABLE IV.
M.
3 177 * 00052
Q 1-30 % 00018
& I-11 * 00150
& 1-12 + 00180
TABLE V.
M, - M. + N ol
3d 9 0-486 + 00187 250 X
3 & o066 + 00159 420 X
& 0-186 + 00235 79 X
o & o180 + 00254 70 X
g & o012 + 00228 —1:9 X




TABLE VI.

M, - M, + N 1+ om
243 o-0172 + o-00081 21-0 X
) 0-0305 + 0-00075 407 X
Z 9 00133 + 0-00008 135 %
£ 92 00125 + o-00080 156 X
& & 0-0008 + 0-00082 00 X
TABLE VIL
M.
3 00795 * 0-0021
Q 0183 =+ o-0080
& 0185 + 0-0061
=z 0228 =+ o0.0082
TABLE VIII
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TABLE X.

M.
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F1G. 1.—Frequency distribution of bedy weight.
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F16. 2.—Frequency distribution of body length.
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F16. 3.—Frequency distribution of weight of the kidneys.
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F1G. 4.—Frequency distribution of percentage weight (to the body weight)
of kidneys.
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F16. 5.—Frequency distribution of weight of the thymus.

gor
zor """‘"""“#
60
Sor
gor
SRR
/ N
3o} / A
A N A
I SN
' 4 AR
20 ’ 4 oA -
e \\ Yooty
1 b X
£t 5 N A\
(O iy T~ \.\
Los 47 PSS
e b T
- it N e
° —— 1 1 N mm————— — 1
0 00/ 0ol — 403 0 0F 004 006 e.07 oo0f 009 oajo oyl
W. in gms. | 0:01. 002, 008 1 0-04. I 005 0°00. 0:07. 0+08. 009 0-10. Total.
Freq. I I
8 27 88 22 8 145
2 5 7 36 39 18 21 3 2 I 132
] 10 15 23 11 4 1 64
& 2 6 18 30 13 10 I 1 81
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F1G. 7.—Frequency distribution of weight of the spleen.
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INTRODUCTTION.

The recorded results of the STEINACH ope-
ration on animals including man, and their interpre-
tation, demand that there shall be made available ac-
curate information concerning the effect upon the
testis of vasoligation or of vasectomy. The STEINACH
sechool holds that following such operative interfe-
rence, there is a definite degeneration of the germi-
nal epithelium of the gonad and submits that the re-
juvenescent effects which it claeims to have produced
are to be interpreted as the result of the post-ope-
rative hyperplasia of the interstitial tissue, this
increase in bulk being associated with & correspond-
ing augmentation in the amount of the internal secre-
tion elaborated. OSLUND (1924), however, has brought
forward evidence which points to the conclusion that
uncomplicated vasectomy is not followed by degenera-
tion of the germinal epithelium and maintains that
when such degeneration is present it is due to the
fact that one sequel of the operation is an artifici-
&l cryptorchism, this condition and not the opera-
tion of vasectomy or of vasoligation being the actual
cause of the degenerstion. VAN WAGENEN (1924) on
the/



the other hand, has shown that such degeneration does
indeed follow the operation of epididymo-deferentec-
tomy or of ligation of the efferent ducts. It seemed
desirable to repeat and extend these observations be-
cause of the manifest difference in opinion.

MATERIAL sand METHODS.

Tame mice, albinos, blacks, chocolates, and
chocolate and whites of no special breeding from the
general laboratory stock were used. Ether was em-
ployed as & general anaesthetic, all antiseptic pre-
cautions being teken, an incision was made alongside
the penis, special care being taken not to injure the
inguinal canal and the vas was exposed and traced up °
to its connection with the epididymis. In those cas-
es in which vasectomy or vasoligation was performed
the vas was cut or tied neer its Jjunction with the
epididymis: in those in which epididymo-deferentec-
tomy was carried out the epididymis was carefully dis-
gected from the testis and removed together with a
portion of the vas. The blood and nerve supply of
the testis was not disturbed and every care was taken
to guard the testis itself against exposure and in-

jury. PFinaelly, having seen that the téstes were

within/
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within the scrotum, the incision was sutured in two
layers. All the experimental animals were kept to-
gether along with a number of controls and examined
at intervals in order to decide whether or not the
testes were still within the scrotum. The controls
were tested for fecundity at the age of ndne weeks
and all matings involving these proved to be fertile.
When the mice were killed the testes were removed
immedisately, cut into three pieces, and fixed in
Allen's modification of Bouin, Flemming or Chura's
solution, sections 5-12 were stained with Delafield,
and Heidenhain's iron slum heematoxylin. In all
cases the testes of the experimental animals were
compated with those of the controls of the same age
end killed at the same time (spermatogenesis is nor-

mally exceedingly active).

RESULTS.

In certain cases the testis had become in-
tra-abdominal following the operstion. When examined
histologically its structure was that of the typical
cryptorchid as described by OSLUND (1924) and others.
Though mice of different ages (3,5, and 7 weeks old

et the time of operation) were used, the results were

gimilar/
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similar in all cases, and it was found that though
incertain of the cases the operastion had been per-
formed on sexuelly immature animals, this did not
prevent the testis from continuing its development.

A. Bilateral vasectomy or vasoligation.
Operation performed when the mouse wes 3 weeks o0ld,
13 cases; when 5 weeks old, 11 cases; and when 7 ' -
weeks o0ld, 8 cases.

(1). The testis examined 70-90 days sfter the

operation. The testes present the normal structure;
all stages of spermatogemesis are present and sperma-
tozoa are abundant. The epididymis is relatively
greatly increased in size, the epithelial lining of
the epididymel tubes present & normal histological
structure with cells in all steges of mitosis. With-
in the epididymis there are plentiful sperm &nd there:
is nowhere any evidence of degeneration (Fig.l).
These findings are in agreement with those of OSLUND,
MOORE and QUICK.(1924).

(2). The testis examined 150-250 days after the

operation. In the majority of cases the structure of
the testis is quite normal. In guite & number, how-
ever, many of the seminiferous tubules include de-

generated germinal dells (Fig.23). The epididymis is

8till/



still further increased in size, often being more
then three times the size of the normal, and in sev-
eral instances a yellowish srea of degeneraticn can
be seen on its surfece. Within the epididymel tu-
bules are numerous spermatozoa and degenerated tes-
ticul products (Fig.2), the amount of these varying
greatly and being dependent upon the extent of the
area of degeneration within the testis. The epithel-
iel lining of the epididymal tubules is grestly at-
tenuated in those parts in which the tubules are dis-.
tended with testicular detritus. |
These observetions point to the conclus-
ions that degeneration of the germinal epithelium
is a sequel of uncomplicated vasoligation or vasect-
omy and that the difference in opinion oﬁ the ques-
tion is due to the fact that in different cases the
examination of the gonad has been made at different
intervels of time following the operetion. It is
probable that, in these cases the arrest of sperma-
togenésis is caused by the backward pressure on the
testis following an accumulation of testiculat pro-
ducts within the seminiferous tubules or more pro-
bably by the action of toxi® substances elaborated by
the disintegrating cell and sperm débris. The highly

organised/
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organised celia nearer the lumen are the first to be
effected but on those regions in which the accumu-
letion of cell detritus is greatest all cell ele=
ments are involved and only the fibrous basement
membrane of the tubule remeins.

B. Bilateral epididymo-deferentectomy.
Operations performed at three weeks, 16 cases; at 5
weeks, 11 éasesS; and at 7 weeks, 7 cases.

(1)e The testis exemined 70-90 days after the

operation. In every case there is definite degener-
ation of the germinal epithelium, this degeneration
being restricted to the central region of the gonad.
In & typical case in which the operation had been
performed when the mouse waes 3 weeks 0ld and in which
the animal had been killed 90 days after the oper-
ation, the testes, scrotal in position, were normal
on inspection. Histologicel examination, howefer,
gshows that though the gresater part of the gonad pre-
gerves & normel structure, all stages of spermato-
genesis being found, in the region of the rete tes-
tis the seminiferous tubules sxhibit marked degener-
ative changes and contain within their lumen abund-
ant degenerate sperm-detritus (Fig.5). Around this

area/



area of extreme degeneration the neighbouring tu--
bules show evidences of definite but less severe de-
generation, the spermatogenial being normel and sper-
matogenesis, though emberrassed, still continuing,
but the_tubulea contain quantities of disintegrated
epithelial cells. Many of the tubules are distinctly
larger in diameter than the normal and the germinal
epithelial is reduced in thickness to about two-
thirds of the normsal.

It is cleer that degeneration, equivalent
in every way to that which follows simple vasectony,
follows the 0pération of epididymo~-deferentectomy
after a shorter interval of time (about 70 days in-
stead of ebout 200) although this degeneration is
localised to the region of the rete testis.

(2)e The testis examined 150-250 days after the

operation. In a typical case in which the operation
was performed at 5 weeks and the mouse killed 259
deys thereafter, histological examination of the
gcrotal testes revealed all stages of asctive sperma-
togenesis although the spermatozoa were distinctly
reduced in number. The area of degeneration in the
region of the rete has become greatly enlarged and

contains/
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contains sperm and degenerate seminal products. In
the tubules adjacent to this large area of degener-
ation spermatogonia are abundant but spermatocytes
and spermatids cannot be identified. Primary sperme-
tocytes in division are loose within the lumen of
the tube and are degenerating. The thickness of the
germinal epithelium is no more than from two to four
cell layers, so that the tubules appear to have in-
creased in diasmeter (Fig.7). In other cases, these
degenerative changes involve the greater part of the
testis, degenerated and disintegrated germinsal cells
filling the lumen of the tubules. Primary sperma-
tocytes in division are seen, but no normal sperma-
tids or spermatozoa are present. With the increase
in the post-operstive interval before exsmination
there is an increase in the area of degeneration.
These results sre in agreement with those
of VAN WAGENEN and the technigue we have employed is
not open to the seme oriticism as that made by MOORE
and QUICK (1924) upon the method of ligation of the
effefent ducts employed by VAN WAGENEN for epididymo-

deferentectomy can be performed without injury to

$hé testis or to its trophic supply. Spermatogenesis

is not completely arrested during the period of ex-

perimentation/
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experimentation, even though severe degenerative
changes widely aeffect the gonad. We: agree with
KUNTZ (1921) thet in cases of testicular degeneration
the spermatid is first to be affected, then the
spermatocyte, and finelly, in advanced cases, the
spermatogonium. It is seen that the spermagonial
cell is involvéd only rarely following epididymo-
deferentectomy and never following vasectomy.

C. Unilateral vasectomy together with
unileteral epididymo-deferentedtomy . In these cases
the two sides reacted to the different operative
interference quite independently presenting the ty-
pical effects of vasectomy and of epididymo-deferen-

tectomy respectively.

SUMMARY.

1. Degeneration of the germinal epithelium of
the testis invarisbly follows the operation of vaso-
ligation or of vasectomy in the mouse, but does not
become evident until a considerable period of time
has elapsed.

2., Similar degeneration follows the operation
of epididymo-deferentectomy but after a much shorter

interval/
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interval of time.

3. This degeneration is caused perhaps by the
pressure within the seminiferous tubules exerted by
the accumulation of seminal products or more prob-
ably by the action of toxic substances liberated

from the disintegrating cell and sperm debris.
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DESCRIPTION OF FIGURES.

Epididymis of the mouse. 70 days after
Vagsectomy; shows normal apithelial lin-
ing of the epididymel tubules and plenti-
ful sperm. X 130.

Epididymis of the mouse. 175 days after
vasectomy; shows degenerated testicular
products in the epididymeal tubules. Note
the enlargement of the tubules as com-
pared with that in Fig. 1. X 130.

Degenerated part of the Testis. 160 days
after vasectomy; a few tubules have de-
generated and some include degenerated
germinal cells. X 70.

Testis of the mouse. 150 days after vasec-
tomy. X 48.

Testis of the mouse. 90 days after epi-
didymo-deferentectomy; shows degenerated
seminal ‘tubule which is greatly increased
in size contains degenerated sperm-de-
tritus. x 48,









