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SOME OBBERVATIONS ON THE
UTHERUS OF THE RAT DURING 9HE PUERPERIUM.
by

James Grenville Warbrick M.D. (Liverpool).

This thesis deals with some of the changes that
occur in the Rat's uvterus during the post-paritum
period. In the first part the behaviour of the
endometriun is degcribed with parbticular abttention
being pald to that of the epithelium. The area
of endometrium left devoid of epithelium by the
separation of the placenta was re-epithelialised by
cells which spread inwards from the existing marginal
epithelium. There wags no evidence of the bare area
heing covered by a new epithelium arising fron stromal
cells. Re-epithelialisation wés rapid and was con-
pleted within thirty-six hours. Glycogen was absent
from both the normal and the spreading epithelium.
Ribonucleic acid was presgent in the cytoplasm of the
normal epithelial cells but was much re@ucad in the
ppreading epithelial cells. There was a vacuolar
degeneration of the epithelium, similar to that which

occurs during oegtrus, and which was most marked atb

thirty-six/
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thirty-six houva. There wag no evidence of exfolise-
tion of the placental site end the endowetrial portion
of the placental artery appearced to be absorbed in
site

In the second pard the involution of the metriasl
glond i congidorsd. The metrial glands of lactating
and non-laotating aninale involuie in the same way and
av the same apsed. Involution of the gland ils rapid
in the sarly stages, is nearly compledte dby fifteen
days, and 18 findshed by the twentieth day of the
pUuerPeYrinie Typical greanulated metyial gland oslle
forn only & small proportion of the total cell populos-
tion of the gleond. They dissppear by the {idth day,
praesunebly disintegrating. Phay do not becomg lipoid
conbtaining oy phagooytose plsmente. The specific
granudes of the metrial gland cells are probably formed
hy @ nucopolysaccharide joined to sn alkaline protein.
iincapsulatedy giant cells de%iveﬂ frmm.ﬁha placental
artery wore pregsent in the glande and the adjacent endo-
metriume. Thepe cells were mulbtlnucleate, basophilic
and surrounded by a YeapsuleW of newbtral surcopolysace—
charide. Thoy persist until the Ffourieonth day. The
placental artery within the metrial éﬁgngbanrbad by

she/



the fifteenth day.

The third section is devoted to a consideration
of the characteristics of a pigment which is to be
found in the metrial glands and the adjoining part
of the endometrium from the second day of the puer-
periun onwards. The pigment was yellowish~brown in
colour and was intra-cellular. It contained ferric
iron and can therefore be regarded as a haemosiderin.
However, it had other properties, which suggest that
there is also a 1ipid component presente. This lipid
components behaved in many ways like the lipogenic pige
ments. Lipid is not usually associated with hasmo-

giderin.
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PREFACE

Some of the changes that occur in the rat's uterus
during the post-partum period are described in this thesis,
Particular attention has been given to the repair of the
uterine epithelium; to tho involution of the metrial gland;
and to a pigment which appears on the second day of the
puerperium,

Part of the substance of the thesis has been published
as follows:=

1, "Post-Partum Changes in the Uterus of the Rat',
Journal of Embryology and Experimental Morphology,
1955, 3, 256,

2, "A Pigment in the Rat's Uterus", Guarterly Journal
of Microscopical Science, 1066, 87, 11,

I wish to thank Professor G,M, Vyburn for the
encouragement and advice that he has given me during the

course of the work reported here,



Part 1, The repalr of the endometrium with
special reference to the uterine
epithelium,

Part 2., The involution of the metrial gland

Part 3, Some characteristics of the
uterine pilgment
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PART X,

The repair of the endometrium with specianl

roference to the uterine opithelium,



INTRORUCTION

Relatively little attention, especially in recont
yeors, has besn given to the repair of the endometrium
of the posteparturient utorus, Perhaps rather surprisingly,
in view of the great difficulty in obtaining suitable
apacimens, most work hag heen carried cut on the human
utarus, Becausé of this, although the present investigation
deals with the rat, the findings in man will be described
first and those in other mammals second, Later, in tho
discussion, a comparison will be made between some aspects
of repair in the human and in the rat,

The soareity of human mateyial, its autolysis after
death, gnd ite possible involvement by pathological
processes during 1ife, make it easy to understand how
differences of opinion as to the course of endometrial
regeneration, in th;s species, have ariszen,

Bofore the reparative processes thamselvés could be
understocd it was necessary that the nature of the declidual
1ining of the utexus should be recognised and that the
thickness of decidua remaining after the separation of the
placenta bo known, An early statement on this topic is

that/
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/Jthat of william Hunter (1774) who wrote that the decidua
"is an efflorescence of the internal coat of the uterus
itself, aﬁﬁ is, thereforo, shed as often as a woman bears a
ahila‘ar suffers a miscarriage. It is of conaidornble
thickness and one stroatum of it is always left upon the
uterus after delivery, most of which dilssolves and comes
away with the lochia, Freqﬁently a2 thicker stratum
saparafes from the nﬁerus in one part ond o thinner in
another”, On the other hanﬁ, Cruveilhier (1834) was of
the opinion that the whole of the decidua was shed during
dabour and that the muscular coat wes left nuked to the |
uterine lumen, Others, particularly ﬁobin (1843), held the
viaew that the new mucous membrane started to fom in the
fourth nonth of pregononcy and replacad the original one after
lakour, |

A study of the involution of the uterus was made by
Heschl (1652) but he paid littlé attentian{tu the repaiyr of
the mucous membrance., He did, however, believe that it was not
until the uterus had régain@d its nommal sige that the repair
of tho non=placental mucosn was completed, while that of the
placental site took an even greater length of time, He

nated/
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/moted that the vessels at the placental site were throwbosed
and he regorded this as typicoal of that region,

farre (18568) writing cbout the decldua sald “one
portion remains covering the muscular strdeture of the utorus,
it is in parts so thin that the latter appeays to be nearly
bare", e also deseribad the developiment of hypertrophic
masses of new waterinl in the avea of the placentsl site and
theiyr subsequent seoparation snd shedding infa the uterine
Iuman sone months afiter the end of pregnancy,

A majow contribution was made by Feiedillnder (1870,
1876) who was vesponsible for the first cloar account of the
divislon of the decidua into compoact and spongy layers, He
was of the opinion that sepsration of the placenta took
place in the deepoer part of the compast layer and that thus
the whole of thoe spongy layer, which contained the fundic
parts of the uterdne glands, 2emained in situ, He thought
that the fundi of the glends played o major pole in the
vegeneration of the mucosa, He eﬁowed that the non=piacental
and placental regions eé the mucosa were restored at different
times, Repair of the former was comploted by ;;;‘enﬁ of four
weeks but the latter roequired several weeks more, .The most

distinctive/



o

fdistinotive characteristic of the placental region was the
thrombosed vossels which were being organised, He thought
that this process began in the final week of pregnancy and
that its onset was marRed by hyaline degeneration of the
vessel walls,

Handret and Engelmeann (L873) and %heelex (1878) agreed
with Friedlliinder thut placental separation occurred in the
deeper payt of the compact layer, The fomer also confimed
his observation that the non-placental mucoss was repaired
by the fourth waeek poste=partum, at which time tho area of
the placental site was still devoid of an epithelial covering,
incidentally, it waeg these muthors who Lfirst r@cﬁgniaeﬁ gycelical
changes in the uterine mucosz although they wero unaware of
thelr significance,-

The next advenco was due to Longhans (1875) who showed
that the decidua consists, not of two layers as maintained
by Friedliinder, but of three layers, The extra layer described
by Langhans was the basal layer which lles next to the musoular
caat, The stroma and the glands of this layer retoin their
nan;pregnant appearaﬁca during preghancy. e tﬁgaﬁht that
sopayration took place through the spongy layer and not through
the campaﬁt layer as deseribed by Friedlinder, With separation

through/
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Fthrough the spongy laver the deepest part of this layer and
the whole of the basal layer are retéiaed. He believed that
rogonaration of the aucosa ocourred in the same way throughout
the vhole of the ulowmus (e.g5, placontnl and sionwplacental site
areaa) and that the greatest contribution to the restoration
of the muooss was mado by the basul layer,

Va Bindly (1878) maiutained that the decldua was devoid
Of epitheilal structures = 1ne1uding glands « and was thus
forced to the view that durdng the yepalr of the mucoesa
new epithelial vwells arpse froi embryonio calls prosent in
the docidua,

Loopold (1878) devoted much attentlon to the behaviour
of the placental vessels, Like Friedlander he found that
the vesgels at the placental site begun to show hyalinisation
during the elghth month of preguunecy, that their walls were
infiltrated by foelal glant cells and that they become
thrombosed, 23ither wholly @f io part, Duxing the pucrperium
the thrombi at the placental site were made up partly from
these vessels and partiy by thrombi which arose during thoe first
fow days pestepartum, He believed that the hyaii;%sad and
thrombosed vessels undevwent organisation, vascularisation,

and/
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fand eventually disappeared, In the non~placental areas the
docidua, which is retained after labour, degenerated and was
shed into the uterine iluwmen, It was reploced by a new
endometrium which avose f2om the residual stroms and from
glandular epltholium, This process was completed by the ond
of the thixd weck, On the other hund, repair of the mucosa
at the placental site took untii the slxth woek, As only a
very simell number of glends was teo be found in the decidua
basalis of thisz region, he mainteined that now epithelium and
glands axrose from celis which ho termed serotinal calls,
These were to be found botween bundles of musole fibraes,

A histologlienl study by Mayor (1387) was mainly dovoted to
the involétion of the uturine muscle but ho does say that
rvapaly of tho mucosa was not Finished until the sccond month
and that he was unable to dotect glands in the region of the
placental site even at twenty-iour days pnétmgartum.

it was RKiein's (1691) opinion that small pockets of
decidun, which pepsisted in the intervals between bundles of
muscle fibres, pave rise to the new mucous membrane, He thought
that the regenerative process might occur as early as the
third day of the puerpoerium,

in/
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Fin 1892 a veluable cortribution was made by Emdl Rica,
e exanined the placental site manially and xomovod €ragments
of tiscuo with his finger for histological study, Ne described
tho fabe of the thrombosed vassels, Those he belloved soparated
from bthe utorine wall and formed cleots of vorying size in the
utorine lumon frow whioh they wore avenﬁ&ally antruded, He
thoughat thal the sopavation of the thrombosed vessels was
brought avout "by the epithelium fectt tho glands grsdually
sproadisg ovor the suriace and beginndng o secrete agaln, so
that sventually & layer fomms betweon the mucosa aad the eclot,
detsching 1t from its base and cavslng its exfolintion”,.
tnfortunately, aithough his chsovvationus wera based wpon
thirty~siz pationts, they did not eontend boyond the twelith
gay of the puerperiuvm and thus he gould only deal with the
carly stages of mucosal repairv. However, the motorial uvsed
was ohtained from nommal women and the pioture wae not
camplicated by infectlion or other gathmlagica& oonditions as'
in o wany of the eaviier investigotions,

vexth (1895) made an experimental study of the vepair of
the uterins smucona, He removed vteri at varyiném;;riudﬂ after
he had curetted thew, and sxomined his metesisl by histoleglosl
methods, Fe found that a new mucosa was formed very rapidly and

that/
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/that this was brought about by the tissue which remained in
the intervals between bundies of miecle fibres,

Leusden (1897) was impressod by the scarelty of glands in
the decidua basalis, He notedthe precence of glant coelis = the
go=called serotinal giasnt cells - in the decidun basalis in
the enrly stages of the puerperium and thought that these played
a major role in the subsequent formation of new pglandulax
structures, This concept was, however, vigorously challenged
by D'Erchic (1807). ILikewise Aschoff (1890) was opposed to
¢his idea, He held that tha‘giant calls wore of foetal origin
rather than maternal and that they were not responsible for
the regeneration of the uterine glands, Ho maintainod that
the decidun basalis retalned a sufflciently large number of
glands to effect subsequent glandular regeneration angd that
no other explonation was regquired for this prucﬁsﬁ.

an account of the changes in the uterino mucous membrane
during the early post-partum pexriod based upon nommal materinl
was made by Kxdnig (1901) who pointed out that, although the

lino of cleavage of the placents and membyanes is generally to

ol

be found in the spongy layer of thoe decidua, it iﬁ'nat always B0,
Ho demonstratod that in sane parts of the utorus a layer only a

faow/

I
+




s

/few cells thick remains while in others most of the spongy
layer éersists = this being particularly true of the cervix,
the mucous membrane of which is retained almost in its entirety,
In all parts of the uterus, including the placental site,
sufficient decidua is left to ensure that a new mucous membrane
caﬁ be formed from it, He was of the opinion that the non-
placental mucous membrane was repaired by the eighteenth day
while that of the placental site took somewhat longer,
Infection éppeared to have nu}effect ubcn the rate of mucosal
repair,

WOrméer (1903) published a paper which for long remained
the standard work on the subjeet of endometrial repair in man,
ft was based upon\; conslderable quantity of material, Apart
from eight whole uteri which could be reéarded‘as showing
little or no pathological change, he obtained specimens by
curettage from thirty=-six women and he also remove& naterial
manually from the placental site in four others, A considerable
portion of the material obtained, both by curettage and
manually, came from patients who- showed symptaﬁs and signs of
infection nr‘af haemorrhage, The majority of higﬁSpeoimens
gaver the first eleven days of the puerpariﬁm and the material

practically/
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/practically ends at the twenty=third day,

He was of the view that a line of demarcation developed
between the superficially placed decidua, which was to become
necrotic and be shed into the uterine lumen, and the deeper
decidua which was to suxvive and form the basls from which a
new uterine mucosa arose, This process, with the formation
of the line of demarcatlion, can be detected by the second day
of the puerperium and is easlly recognisable by the sixth
day., In the zone of the decidua vera the degenerative changes
are well marked hy the tenth day when the proliferation of the
deeper layer giving rise to a new mucosa is clearly apparent,
although this mucosa is still basically, at this time, formed
by the remnants of the decidua, In places tho surface of
the new mucous membrane is still not covered by epithelium and
these areas resemble granulating surfaces, Some of them are clean
while others have pieces of necrotic matter adhering to them,
Elsewhere the surface of the membrane is covered by an irregular
and thin epithelium, He called this a "provisional wound
cover",

In general, by the fourteenth day the remaining decidua has
been replaced by the new mucous membrane, Some decidual cells

do/




alle

/do remain in the superficial parts of the mucosa but these
show evidence of degeneration, while the stroma of the mucous
nembrane has for the most part regained its endometrial
characteristics, The newly formed endometrium is exceedingly
thin =~ indeed in places it may be thinner than the decidua
from which it was foxrmed, The surface of the endometrium is
irregular and is not yet entirely covered by epithelium,
although most of it has been epithelialised by a spread of
cells from the mouths of the uterine glands, Some of this
epithelium is nomal or almost normal in appearance, Only

a few uterine glands are present and these are of irregular
outline énﬁ make a great variety of angles with the surface,
By the end of the third week the endometrial characters of
the membrane are even more pronounced but it is still thinner
than usual, However, Wormser regarded the repair of the non=
placental repgions, in all its essentials, as having been
completed by this time,

Similar degenerative and reparative processes occur in
the region of the placental site as in the decidua vera (nonw-
placental areas), [However, in the region of the placental
site there l1g a greater abundance of necrotic material, some of
which is very resistant to the cleansing which takes place, As

a/
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/a result of this, regeneration at the site takes longer and
even under optimal conditions the site may still be recognised
two months after labour by the presence of remnants of the larger
blood vessels and of pigment containing phagocytes, 8Soon after
delivery the uterine lumen is filled by a large blood clot which
is readily separated from the decidua vera but which, at the
placental site, is continuous through the open ends of the
maternal placental vessels with the thrombi that £111 them,
This results in the clot belng more adherent in the placental
region, Although the 1line of separation forms hevre, as
elsewhere, the great vessels meke it irregular and, after

the shedding of the surface layers, the muscle coat may be

laid bare iln places, The pleces of clot and the necrotic matter,
which are sheﬁ, appear to be separated from the underlying
decidua by a process which seems to involve digestion and
solution, This may be assisted by leucocytes which are always
present even in the absence of any infection, Dead material
which is not shed is enveloped by newly formed endometrium and
after a time it is removed, In particular the terminal portions
of the great vessels behave in this way., The other necrotic
material, which is shed into the lumen, may he in the form of
large sloughs or it may seem to dissolve away, Likewise blood

clot/
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/clot may be shaed as large pieces or may soften and break down,
As alyeady polinted out, some of Wormeer's material came
from patients who had postw~partum bleeding or showed evidence
of infection, HHe found that uterine repair is unaffected by
slight degrees of infection and may occur even when infection
is severe, Against this, the retention of some of the products
of conception within the uterus could cause considerable
variation in the time taken for repair to occur and even great
delay could result, He found no evidence of the vexy rapid
vepair of the uterine mucosa as postulated by Klein (1391}
who claimed that a new mucous membrane was formed in the first
few days postepartum, |
In 1910 a long monograph by Goodall appeared, This dealt,
for the most part, with the behaviour of the uterine vessels
and was based upon material stained by Van Gieson's method
and Weigert's elastic taahniqge. Goodall was of the view that
the post=partum uterus requived less blood than during pregnancy
and that this could be coxvelated with changes in all the uterine
vessels, These changes affected, especially, the-vessels in
the innery two-thirds of muscle coat and were well marked in'
those lying deep to the placental site, He thought that during

the/;:




w1l
sthe puerperium all the arteries were replaced by the growth

of a new, small vessel inside the lumen of the original one,
After this the wall of the original vessel broke down by

hyaline and eclastolid degeneration and was absorbed, This
absorption was aacomplishéd quickly and was complete in young
individuals but was slower and less complete in older women,

Schickele (1910) was also interested in the behaviour of
the vessels but he limited himself to studying those at ox
near to the placental site, He thought that the vessels were
finally absorbed and that their walls were prepared for this
by an infiltration of trophoblastic cells which caused a
hyaline degeneration to develop, He also believed that this
made their walls more easily compressible by the contracting
and retracting musculﬁris after labour and that this resulted
-in haemostasis ooccurring,

Hinselmann (19213) described the thrombosgis of vessels at
the placental site, Xe did not find any evidence that thrombosis
ocourred early in pregnancy, He noted that thrombi were present
in both arteries and veins éo that these were often difficult
to distinguish,

The next work of importance is that of Teacher (1927) who

based /
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/hased his conclusions upon = étudy-cf seven uterl obtained

at postemortem and one which waé removed at operation, These
covered the period from the fourteenth to the forty«second

day of the puerperium, He also obtained a few curettings during
the first fourteen days post-paxtun but these came from diseased
uterl so that he placed little reliance upon them angd based

his account of this carly period on the work gf w§rmser.

He agreed with Wormser that in the early phase the
superficial layey of the decidua is demareated from the rest
and, after undergoing necrotic changes, is shed into the
uterine lumen to form part of the lochia, He differed from
Woxmmsexr in thinking that the restoration of the nonwplacental
mucosa took somewhat longer than fourteen days, Repailr at the
placental site is slower than elsewhera and takes six weeks
as agalnsd about threo weeks. The placental site is
characterised by thrombosed vessels which give it a nodular
appearance, He oclaimed that the thrombi become organised and
that the vessels are absorbed in situ, The site can also he
identified by the many pignent bearing phagocytas.which are
present at it along with giant cells of chorienic origin,

Like Wormser he. found that slight degrees of infection

hag/
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/had ne effect upon thé rate of repair, This he thought was
an important obsexvation from a medico-~legal viewpoint,

Schroeder (1930),Aa150, was of the opinion that repair at
the placental aite took longer than in the extra-placental
region, He found that in the latter region it was completed
in three weeks while the former took six, He attributed the
dalay in the placental region to the presence there of hyalinised
and thrombosed placentul vessels, which seemad to interfere with
the formation of a new epithelium, The vessels themselves
disappear very slowly, Hyaline remnants could be found at
the site up to 2 year aftor delivery, It appears that the
vessels ara absorbed in situ and that they axre not shed into
the uterine lumen,

A major contribution was made by Williams (1931) who wag
particularly concerned with the fate of the placental site,
and especially with that of the vessels in this region, He
obtalned a large mmber of specimens which can be divided into
thres groups, The uterl in the first group were obtained by
hysterectony performed immediately after Caesarean Section,
gome of these uterl were removed before and oth;;;\after the
expitlsion of the placenta, so that the conditions just beiore,

and/
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Zand just after, placentai separation could be studied, In
the next group the specimens were obtained at post-mortem,
These specimens covered the first three days of the puerperium
and were removed from women who had died of pneumonia, heart
disease, or of a general toxaemia, No specimens from women
dying of uterine infection were placed in this group, so that
this material was not complicated by the presencé of uteri
showing pathological changes, The third group. was made up of
uteri which were removed by hysterectomy for the purpose of
sterilising the individual, The indications for sterilisation
included chronic nephritis, serlous heart disease, feeble~
mindedness, and other psychological disoxders,, In all there
were eighteen specimens in this group which covers the period
of from one week to four months, The earlier part of this
period is better represented than the later = nine specimens
were obtained from between the seventh and twentieth day, seven
between the twenty~first and fifty~first day, one at three
months, and one at four months, The specimens in this group,
like those in the first, were fixed immediately after removal
in ten per cent formalin, After twenty~four ho;;; they were
cut open by either a vertical or tranasverse incision to allow
greater penetration of the fixative,

Williams/




/villiams was in agreement with many of the previous
workers that the repalr of the non-placental mucosa is rapid,
He found that the decidua vera is from 1 to 3 mm, thick during
the first few days, By the seventh day the surface layexr is
infiltrated with blood, although the decidual cells show no
signs of degeneration, Immediately below the surface layer
the mucosa is infiltrated with leucocytes while deeper still
there are many glands which ayve embedded in a stroma that gives
no indication of a deciduasl reaction, By nine days the glandular
eplthelium is showing changes = the epithelial cells are
irregular in size and shape with enlarged and poorly staining
nuclei, No mitotic figures are present, The surface
epitheliun is replaced by cells from the fundi of the glands,
Rewepithelialisation is rapld and is completed by about the
fourteenth day postwepartum, but at this time the stroma is not
entirely nommal and dﬁes not usually become so until about the
twenty=first days.

On the othexr hand the placental site is not repairved until
the sixth or seventh week, Soon after labour tthg}acental
site is characterised by numerous clot or fluid filled blood
vessels which are tightly packed together, The site is about
10 om, in diameter and is slightly elevated, Its surface is

irregulax/
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Jirregular with raised nodules and there is much extruded
blood, Williams believed that the site and particularly the
blood vessels are shed into the uterine lumen by a process of
exfoliation, This is brought about by the undermining of the
plaeental site by the iagrowth of endometrium from round its
edges = this endometrium gradually spreading inwards deep to
the site and thus separating it from the still deeper structures,
He thought that the cellular remnants of the decidua basalis
played little or no part in the process of exfoliation, which
was brought about by the migration of the new noneplacental
endometrium, He believed that the shedding of the degenerating
and thrombosed vessels by the procdess of exfoliation is highly
beneficial in that it results in the formation of a_new mucossa
at the placental site much more rapidly than could occur if the
vessels and thrombi were absorbed in situ, Further, if the
Veésels were absorbed in situ considerable ecarring of the
mucosa would result, so that after a few pregnancies the
gscarring might be so great as to interfere with the menstrual
changes in the endometrium and with the embedding.of a fertilised
ovum so that "the reproductive career would come to an untimely
end,"

He noted that a moderate degree of infection or the
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/ratention of fragments of membrane did not markediy alter
the time taken for repair of the non=placental site endometrium,
Hnwe§er, he felt that repair at the site itself was delayed,

Rutherford and Mezer (1942) studied the regeneration of
the uterine mucosa in normal women, In all twenty five women
were investigated and, from each, one sample of the uterine
lining was obtained by suction curettage. One specimen for
each of the first fourteen days of the puerperium was obtained
while the remaining elevein specimens covered from the third
to the fourteenth ;eek. They are in general agreement with
earlier writers, They deseribed the regeneratioﬁ of both the
surface and the glandular epithelium and state that evidence
of this can be detected as early as the first day post-=partun,
Regeneration occurs initially without cell division but a few
mitoses are present by the fourth day, In a compavison of
iaetating and nonwlaotating females they %ound‘nc difference in
the rate of endometrial repair,

A study by Sharman (1953) was based upon an extensive

collection of material, He employed ten uteri which were

e e
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removed at postemortem and which ranged from the day of delivery
to the twelith day of the puerperium, He also obtained a
fifty=fourth day specimen by hysterectomy, Apart from these
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/whole uteri he had 636 biopsy specimens of the endometrium
which were removed by curettage from 285 women, These
specimens cover every day from the fifth to the eighty-first,
After this each week is represented by several specimens up
to the thirty=-ninth week post-partum, All the biopsy material
was taken from women who showed nc evidence of uterine
infection,

He was particularly cohcerned with the repair of the

endometrium outside the placental site but he includes

ohservations;on the site when portions of this region happened
to0 be present in his sections, Repair is raplid, By the
eighth day a proliferative mucosa can be identified although
the surface epithelium is not quite completely restored at the
fourteenth day, However, the mucosa is entirely repaired by
the end of the sixteenth day, Cell division in the glandular
epithelium can be detected on the eighth day and mitosis continues
at a high rate while restoration is going on, He noted that
giant cells could be found up to the seventh day,

Shamman draws attention to decidual cells persisting in
the new endometrium, Some of these cells aividép;;d he believes
that they may change into typical endometrial cells of a
conunective tissue type thus playing a part in the reconstruction
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fof the new mucosa,

He notes that the stroma immediatgly after labour contains
large numbers of pol&morphonuclear leucoeytes and of lymphocytes,
During the first ten days of the puerperium the polymorphs
decline in number and after this timé are rarely found, On the
other hanhd, after tﬁe tenth day plasma cells may be found in
the stroma and these, along with lymphocytes may persist
until the third or fourth month, Indeed they d¢ so in 37 of
the biopsies obtaineé during tﬁis pexriod, As this infiltration
of plasma cells and lymphocytes §ccurs in normal women it should
not, in women who havé had a recent pregnancy, be taken to
indicate the presencé éf infecticn, as has been the case,

Sharman makes no mention of the fate of the blood vessels
at the placental site aﬁd he does not describe the process of
exfoliationKthch Whitridge Williams noted in this area,

| Attention will now be turﬁad from ﬁan to the mammals as a
whole, Surprisingly little work has been done inlthis field,
Of the earlier writers on the comparative side, Duval (1891)
and more particularly Strahl (1895, 1903, 1808a;.1006b) and
Strahl and Henneberg (1901, 19802) are prominént. Strahl, on

the results of his work, divided the Deciduata into three
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/groups on the basis of the way in which uterine involution
ccecurs, more particularly that of the epithelium, In one
group, in which is to be found man and monkeys, there is no
uterine epithelium left covering the decidua after labour
so that during the puerperium a completely new epithelium is
regenerated, 1In the next group, to which the Carnivora belong,
the nonwplacental regions of the mucosa are covered by
epithelium while thisii& absent deep to the placenta itself,
There is thus a smaller area than in the previocus gréup to be
re~epithelialised, The third gioup is represented by the
Rodentiaes In it not only is the non=placental mucosa covered
by epithéliu&‘but epithelium spreads inwards from the placental
margin to lie deep to the placenta itself s0 that ultimately
the placenta remains attached to the uterus by little more
than a stalk formed by the uierine vessels, This avrangement,
of course, leads to rapid epithelial and endametrial repair
‘during the puerperium and to the establishment of conditions
which could support an early further pregnancy, In this regard
the immediate post=partum ne&tfus of the rat will*be xecalled,
Apart from Duval and Strahl, studies on raodents have been
made by Chipman (19033 who carried out a general survey of the
group, by Stolper and Herrmann (1904), Hamilton (1933) and
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/Nicol (1933) on the guinea pig and Greenwald (1958) on

the mouse, while the gundl was investigated by de Lange (1934),
The closely related rabbit was studied in detail by Bull (1949),
in other orders investigations have been made on the cat by
Turner (1876), the mole by Moll (1908), and the cow by
Ellenbogen (1930);

The work feparta&‘ih this thesis has heen carried out on
the rat, Repalr of the uterine epithelium in this animal was
described by Duval (1881), As previously noted in this species,
the area of endometrium lelt denuded of epithelium, after the
separation of the placenta, is small, this being duec at least

in part to the undemmining of the placenta by the uterine

~epitheliume Duval believed that the denuded area was ve=

epithelialiced by the transfdrmation of endometrial ztromal
cells into epithelial cells and he claimed to héve obgerved cells
in all the vérious stages of this process, On the otherhand,
Strahl (1006b), who worked with the mouse, was of the opinion
that ths bare area was recovered by a spread of cells frém the
epithelium at its margin, He comsidered that this-also occurred
in the rat and in other mammalian specles, Bull (1949),
studying the rabbit, was unable on the material available to
him to confimm either of these views, Hamilton (1933), who

investigated/




_3§u

/investigated the guinea pig, was of the opinion that the
epithelium is restored from pre-exisiing epithelium; although
he states that at the lower end of the uterus, where the horne
are in contact but the lining separate, the possibility of
epithelium arising from siromal cells does exist as there are
few or no glands in this veglon to provide 2 source of epithelial
cells, Sharman (1952) investigated the effect of ovariectomy
coupled with the administration of eitheg cestradicel monobenzoate
or progesterone on the uterus of the post=partum rat and guinea-
pig but he makes no comment on the method of regemeration of
the epithelium at the placental site,

The investigation reported in this section was undertaken
in order to study:=

(1) The mode of regeneration of the epithelium of the

placental site in the rat, particularly to determine

whether or not epithelial cells arise from cells of the

endometrial stroma,

(2) The time at which regeneration is completed and

to correlate this with the early cceurrence of a

new pregnancy, |
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(3) The distribution of glycogen and ribonuclelc ecild
in the regenerating epithelium as no veports of the
‘presence or cbsence of these substances in the epithelium
of the post-pairtum uterus have been nade,
(4) The kehaviour of the placental vessels in the
endometriwn and to detevmine whether or not exfoliation
of the placental site occurs in the rat as described
by Villiams in man,
(5) In addition cextain unexpected observatlons were
made on sone othor ohanges that take place in the uterine
epithelium and on the behavicur of the endometrial stroma,

These will also be reported and conmentad upon,

To ensure standard conditions -~ as far as possible =
particularly with regard to the hormonal state, this work was
carried out on iaétaging animals with six orx moré offspring and
with the possibility of a further pregnancy excluded,

Virgin rats were mated and used for observation provided
they had a litter oif six or more and were lactating, Either
Just before or imﬁadiately.after littering the females were
segregated from the males thus avoiding the chance of 2 new
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/pregnancy, Seven animals were k;lled as soon as payrturition
was complete (referrved to here as O hours), Five animals
vere sacrificed six hours after partubition, three at twelve
hours, three at eighteen hours, two at twenty-four hours,
two at thirt& hours, and three at thirty~six hours, Then five
animals were killed on the second day, three omn the third
day, two on the fourth day, and four on the fifth day,
Portions of the uterine horns containing placental sites
were removed and fixed in either Bouin's fluid or lee cold
Rogsman®s fluld (nine parxts of absolute alochol saturated with
piceric acid and ore part of neutral foxmalin), t was possible
to recognise the positlion of the plaaental sites wlthout
opening the uterine horns, partly because the horns are thicker
in these regions and partly by means of the metriai gland which
bulges into the mesometyium at each slte. Aftor embadding in
paraffin wax, serial sections ten microms thick were cut and
mounted, Those that had been fixed in Bouin's fluid were
stalned with haematoxylin and eosin, The materizl fixed in
Rossman's fluld was treated to show the presence of either
glycogen or of ribonucleic acid, For the demonstration of
glycogen the periodlc acid = Schiff {(P.A.8,.) reaction was used,
Control sections from which glycogen had been eliminated by
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/digestion with diastase (Gomori, 1952) prior to staining were
also prepared, These enabled glycogen to be distinguished from
other P,A,.8, positive substances present in the sections,

To show eytoplasmilce !basophilia sectinns were stained for
fifteen minutes in a 0,2 per cent aqueous solution of toluidine
blue and then dehydrated in hutjl alcohol for ten minutes before
clearing and mounting., Dehydration can be carried out in butyl
alcohol without appreciable loss of toluidine blue from the
sections, as ocours when ethyl alecohol is used for this purpose,
Cytoplasmic basophilia due to ribonucleic acid wae recognised
by incubating control sections in ten per cent perchloric acid
for t@elVa hours at four degrees centigra&e before staining,
This procedure extracts ribonucleic acid ffom the sections and
a comparison can then be made between treated and untreated
sections,

In a number of animals one uterine horn was opened and

\

the placental sites were examined with the naked eye,

OBSERVATIONS
The uterus at O hours,
Althéugh the uterus collapses immediately after littering
and is reduced in size by contraction of its muscle coat, it
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/is stil) much larger than before pregnancy, Measurements
made on transverse sections taken through the placental site
showed the uterine horn to be about four and a quarter
millimetres in width, On opening a uterine horn, the placental
sites can be recognised along the mesometrial border of the
mucosa, They are about one to two millimetres in diameter,
appear as deep pits, and are usually filled with blood clot,

The uterinegmucosa is thrown into éolds which vary in size
and shape and wh;ch run in the long axis of the horn, In the
region of the placental sites one or more large folds project
into the uterine lumen incémpletely dividing it into a larger
anti~mesometrial portion and a smallexr mesometrial one (Fig.l).
Duval (Iﬁ?l) referred to these mucosal projections as the utero=
placental folds,

The uterine mucosa, except at the placental sites, is lined
b& a single layer of tall, noh~ciliated, columnaxr epithelial
cells (Fig, 2) which tend to become cuboidal in shape at the
edge of the bare area of theﬂpiacental éite. The cell outlines
are distinet, The cytoplasm contains fine granq;gs, especially
in the supranuclear region, At the freé surface of the cell
there is a c¢lear eosinophilic layer which was referred to by
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/Pritchard (1948) as the distal band, The nuclei, whieh are
situated towards the base of the cells, are round to oval in
shape, vesicular in appearance, and contain one or two nucleoli,
When stained with toluidine blue the cells show marked cytoplasmic
basaphilia, particularly in the supranuclear region (Fig, 2),
In the control sections, treated with perchloric acid before
staining, there is a marked reduction in the amount of cytoplasmic
basophilia (Fig, 3) and it is, therefore, concluded that the
basophilia lost during pérchloric acid incubation is due to
ribonualei; acid, With the P.A,5, techniyue a number of small
granules, mainly in the supranuclear region, are stained,
There is also a surface layer of P,A.8, positive material and
a distinct basement membrane can be made out (Fig, 4), The
appearance is similar in the control sections whi h were incubated
in diastase bhefore staining, From this it may be concluded that
ﬁone of the P.A.S, positive material described above is glycogen,
" The distribution of the P,A,8, positive material corresponds to
that described by Leblond (1950) in the epithelium of the non=-
pregnant rat uterus, | .

Mitotic figures are numerous throughout the epithelium except

ih the regions adjacent to the placental sites-where there are
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Jonly a few to be found, In the nonwplacental regions as many
as forty mitoses can be seen in a single transverse section,

At intervals between the typical columnar ceils a second
type of cell can be distinguished, These are narrow and
elongated with'éaeély-staining éyﬁeplasm and spindle shaped
nuclei (Fig, 5). They reaémble the "rod" cells described by
Horning (1942) in the uterine epithelium of the non=pregnont
rat and by Aykroyd and Gatenby (1941) in man, Mitotic figures
can occasionally be seen in these cells,

The epithelium terminates abruptly at the site of insertion
of the placental pedicle, At this stage the epithelial cells
at the margin of the bare area are cubéidai in shape. The
epithelium near the site is infiltrated by a large number of
polymorphonuclear leucocytes,

Glands, in small numbers, can be seen in the endometrium of
the side walle of the uterine horn and to a much lesser extent
along the antimesometrial border, but they are absent from the
mesometrial border and thus from the placental site.v Because of
this distribution they camnot be expected to play..any direct part
in the re=epithelialisation of the placental site,

The endometyrial stroma is most abundant in the mucosal folds,
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/while between the folds the epithelium is separated from the
myometrium by only a thin layer of stroma, The cell density of
the stroma varies, 1In the larger folds there are a few cells
scattered in an abundant ground substance giving the endonetrium
here an cedematous appearance, Elsewhere, especially at the
bases of the folds, the cells are mowe numerous and the ground
substance reduced in amount, The stromal cells, which resemble
fibroblasts, show no evidence of a decidual reaction except
round the placental site where there are a few cells that contain
glycogen. In the subepithelial zone the stromal cells are
orientated parallel to the surface but otherwise ne regular
arrangement is apparent, The blood vessels passing through the
styoma are dilated and there is a well marked subepithelial
plexus,

At‘the placental gite theravis an absencelof epitheliunm,
Here the stxamal cells\are more numerous than elsewhere and‘are
falrly clogely packg@ together So'thzt there is no indication
of the oedema which is so obvious in the mucosal folds, There
is usua}ly cne,_buﬁ there mgy be two placental arteries at each
site (Young, 1956). A placental artery_enters ;ﬁé'struma
through a gap ip the circular layer of the myometgium, the fibres
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fof which, in this region, are widely separated by cells, some
of which resemble those of the adjacent endemetrial strona,
The arterieélwhieh pass through the condensed stroma tdwards the
bare surface of the glaéental aite contain a mass of thrombus,
The wall of a placental artery, as it traversos the stroma, 15
made up for the most‘part of a hoanegeneous gosinophilic stalning
material which also colours readily with the P.A.8, technique
and stains blue with toluidine blue, The presence of this
material is taken to iﬁdicaﬁa & hyaline depgeneration of the
vessel wall, Within the vessel wall there are a large number
of nultinucleate giant cells (Fige 6)., These have a basophilic
cytoplasm and each cell is surrounded by a thick covering of
p.Ass. positive material.whieh has the appearance of forming a
capsule for the cell, This "ecapsule" is eosinophilic and none
metachrbmatic with toluidine blue, In some cases what seem to
be two or three separate smaller cells are prosent inside one
"capsule™ and thesé give the impression of fusing together to
produce one large giant cell, ﬂh the surface of the bare stroma
there is usually a mass 6£~bload clot which may.extend into the
stroma on either side of the placental artery, Blood ciot may
also be present within the sﬁréma itéelf, or hetween the stroma

and the uterine epithelium, Polymorphonuclear leucocytes are
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/already present in the blood clot and in the adjacent

endometrium,

Ihe uterus from 8 to 12 hours postepariuil,

By twelve hours postepartum the uterine horns have decreased
slightly in size being now about four millimetres wide in the
placental regions, The lumen vemalns large and there is still
miach folding of the endometrium,

The ro~epithelialisation of the bare area of the placental
site commences soon aftew littering. By six hours the epithelial
cells at the margin of the bare area have become variable in
shape-(Fig. 7)e In section some appeax round, others oval,
paar shapad, or flat, Thelr nuclel are enlarged with prominent
nucleoli and the cytoplasn is less bagophilic than that of the
rest of the uterine epithelium, There is no glycogen within
these cells, The intercellular houndaries are very indistinct,
and no bagsement membrans is iev&aled by any of the staining
techniques usedy These hypertrophic cells have a thin layer of
PJAE, positive material on thelr free surface. They form a
layer which ié one cell thick and which is dira;;§§ continuous
with the sdjacent columnar epithelial cells lining the uterine
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Jiuman, In some places they lie on the endometrial stramé but
in others they are separated from the stroma by blood clot or

by fibrin clot with which they are in contact, There was neo
evidence of a transformation of stromal cells into epithelial
cells, Cell types intermediate between the two could not be
identified, Similar appeavances are present at twelve hours
although now the hypertrophic¢ cells are more numerous,

The remainder of the epithelium shows little change, The
¢ells remain tall and columnar but at §WeIVE hours the bases of
the cells have become moye eosinophilié and in the same region
the intercellular boundaries are less distinct, No mitoses
Qere'faund anywiere in the eplthelium although a iarge numbey
of sections were oxamined, The polymorphonuclear leucocytic
infiltration now extends throughout the whole of the epithelium,
The rodw=like cells could no 1on§er be discerned (Fig. 8).

The portion of the uterine artery'tﬁat crossed the
endometrial stroma is disintagrating;presumably'by a continuation
of the hyaline degenerstion that was found at the time of
littering, By twélve nours the wall may be extensively broken
down, In these cases the P.A,8, positive material forms a
collection of separate masses which lie along the line of the
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Jarterial wall = the macces being separated from each other by
new Tibrous tissue which is replacing the wall, The "encapsulated”
giant cells are to be found both within the remains of the wall
and to a lesser extent in the surrounding endometrium, Even
when separated from the wall they retain their covering of P,A,S,
positive material and can thus be readily identified, Blocd
clot in the endometrium and in the artery show evidence of
organisation (¥Fig., 10}, The endometrial strﬁma in the region
of the site remains condensed and cellular while that of the
rest of the mucosa is still markediy cedemstous, The glycogen

containing decidual cells have disappeared from the plécenﬁal

reglion,

The reduction in size of the uterus continues although the
folding of the endometrium persists (Fig, 8)+ The uterine horns
in the placental region are now about 3.5 wm, wide, The placental
slta is extensively rewepithelialised; in an occeasional specimen
completely so, The new epithelium consists oif hypertrophic cells
which are similax to those that have al#eady ba:§gﬁeﬁeribedg
Fige 0 and Fig. 11 ag@ of a sectlon taken through a placental

site of an animal killed twenty~four hours afier littering, They
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/show, in this case, that the site is completely re~epithelialised,
The new epithelium consists of a layer of hypertrophic cells

one cell thick, It covers over a mass of blood clot and is
continuous with the adjacent columnar epithelium that bordered

the site, The hypertrophic cells still retain their enlarged
nuclei, As before, they show a diminished cytoplasmic basophilia
while glycogen continues to be absent, There is no indication

of a basement membrane deep to these cells,

Further changes have ocourred elsewhere in the uterine
epithelium, By twenty=four hours the eosinophilia at the bases
of the cells has become more marked than in the twelve hour
specimen and, in this region, the cell outlines are unrecognisable,
Many of the cells are vaocuolated, The vacuoles occur mainly in
the supranuclear region, In size these may be as large or
even larger than the nucleus and many of them contain debris
(Fig,12), The debris does not stain with the P.A.S. technique,
The degree of vacuolation is not uniform but varies indifferent
reglons of the epithelium, In some places the cells have a
normal appearance wﬁile in adjacent regions vacuolation may be
extensive, In these regions the cell outlines are obscure
and in haematoxylin and eosin preparations it is difficult to
identify the boundary between epithelium and endometrial stroma
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#although with PLA.8, material a basement membrane can always
be seen, The cells remain tall but in some places the epithelium
appears to be pseudo-stratified, Mitoses were not found in
the epithelium,

The breakdown of the stromal part of the placental artery
continues, Hyaline material from the wall can still be
identified as can “encapsulated" glant cells, but the wall tends
to be thinmer and in places is fragmented, Organisation of
blood clot and thrombi has Hrogressed and in places smaller
clots have been almost completely replaced by cells, The
endometrial stroma is becoming more cellular but the density
of cell population remains greater in the region of the
placental sites than elsewhere in the endometrium, The
dilatation of the blood Vessels‘which was appavrent at the time
of littering is still clearly visible (Fig.13), The leucocytic
infiltration remains well marked, Polymorphs a;e‘abundant
in the stroma immediately deep to the epithelium. Many are
present at the placental sites and are also toke found in the
blood clot that is present both in the stroma and. in the uterine

lumen,
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The uterus from 30 to 36 hours postmpartum,

The uterus has decreased further in size and by thirty-
six hours the horns are about three millimetres wide at the
placental regions, The folding of the endometrium persists but
the folds are fewer and larger (Fig, 14), In all the specimens
studied the bare area of the placental site was completely
re-epithelialised by thirty=six hours although many of the
9overing cells have not attained a columnar shape and are still
oval or pear shaped,

In the rest of the epithelium the vacuolation is much more
marked, A greater number nf_cells show vacuoles, most of which
contain debris, but there are, here and there, patches of
noxmal epithelium (Fig, 15)., In the regions. where the cells
show a great degree of vacuolation, the boundary between
epithelium and stroma is indefinite in material which is stained
with haematpxylin and eosin, Thg basgement membrane is, however,
clearly visible in P,A.8, stained sections so that the distinction
between epithelium and stroma can be readily @ade (Fige 16),
There were no mitoses visible within the epithg}%?m.

Very little of the placenta; arterxry remai#é‘within the
stroma, Small amounts of hyaline material from the wall and a

number of "encapsulated* giant @ells persist, but the track
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/of the artery hac been nearly entirely replaced by endometrium,
The endometrium of the placent_ai zone is still denser than
that of the rest of the uterus, but the ocedema of the remainder
of the stroma has decreased and its cellularity is greater
than in the eighteen to twenty~four Broupe

The leucocytic infiltration of the stroma and epithelium
cqntinues but is ;ess marked than in ecrlier groups, The
stromal vesseis are less prominent and their dilatation is
subsiding,

The uterus at 48 hours guatQQartum.

The uterus has decreased considerably in sizg, and in the
region of the plgcental'ﬁi&és the horns are now about two and
a gquarter millimefres in width, The endometrium is no longer
folded and the lumen has been reduced to a narrow slit which
runs from the mesometrial to the antimesometrial border
(Fig, 17), Aé the placental site the epithelial cells are
now similar totﬁhosg }ining the remainder of the lumen, The
epithelium is made up of low columnar cells which have central
nuclei and from which all trace of vacuolation hds gone
(Fige 18)e A few of the cells show mitotic figures, The
“rod" like cells which were presenf at the time of littering
have reappeared,

The/
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/The stroma now foxms a thick layer hetween the epithelium

and the myometrium, It is more cellular than before but

the cell density still rema;ns greatest in the roglions of the

placental sites, The part of the placental artery that lay

within ;he endometrium has now been extéﬁﬁi?ely replaced by

stromal cells, Some hyaline remnants of its wall can be

found and also "encapsulated" giant cells, These may lie

either near to or at some distance from the old course of

the vessel, Along the course of the vessel there are cells,

sometimes singly, sometimes in groups, which contain small

granules of a brown coloured pigment, These granules stain

with the P,A,8, technigue, Granule containing cells are to

be found not only in the endometrium but alsc in the metrial

gland, In the third section of this thesis the nature of the

brown pigment will be described, Tharé is little evidence

of the leucocytic infiltration and only én occasional

' polymofphoﬁuclear 1euc§cyta can Se found in the epithelium or

in the stroma, Likewise the dilatation of the stromal vessels

has subsided and the vessels are much more diigigult to detect,

The uterus from 3 to 8 days postepartum,

Few additional changes have occurred during this period,
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/The uterus remains small, The cells lining the lumen

continue to be cuboidal in shape, By the fifth day the

stromal cell population has become the same at the placental
site as elsewhere, In some cases the remains of the placental
artery have completely disappeavred from the stroma in the

region of a slte while in others a small fragment may remain,
Figure 19 shows one of the larger of these, "Encapsulated"
giant cells are to be found at nearly all of the sites within
the endometrium, These cells retain thelr covering of
eosinophilic P,A,8, positive material and they appear to be
quite healthy., There are more pigment containing cells

present and the individual pigment granules are larger in size
‘s0 that they can be more easily detected in haematoxylin and
eosin preparations, Pigment containing cells are numerous at
the sites where they tend to lie in th; endometriun close to
the myometrium but small graupé or single pigment cills may be
found scattered anywhere in the endometrium, As will be
described later similar célls are ﬁo ba found within the metrial

gland,
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In the material examined, the placental site clearly
seemed to be epithelialised by a spread of cells from the
surrounding uterine epithelium and not by a transformation of
stromal into epithelial cells, The former view is supported by
a number of the observations reported here, At no time were
there any isolated patches of regenerxating epithelium;‘
indeed, at all stages the epithelium covering the placental
site was continuous with the epithellium round it, The
hypertrophy and varied form of the cells, particularly the
flattening, are also chéracteriatic of spreading epithelium
(Floxy 1964), MNoreover, in many of the sections the new
epithelium was resting on blood or fibrin clot and not directly
on the stroma; an observation which in itself makes the theory
of stromal transformation appear unlikely to be true, WVherxe
the regenerating epithelium Qas lying directly on the stroma
there wae an.abrupt demavcation between eplthelial and stromal
cells and no diffieulty was esperienced in distinguishing the
one from the other, Finally, there was no evidence of any
transformation of stromal cells into epithelial cells, and despite
a careful search of the material no forms intermediate between
the two could be detected, it thus appears certain that Duval's
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/view of stromal cells changing into epithelial cells is
incorrect and that Strahl is right in claiming that the
placental site in the rat is re=epithelialised by epithelium
spreading in from round its margin, In this respect uterine
re=epithelialisation in the rat is similar to that in other
species, and it resembles the general pattern of epithelial
repair found in mammals,

In passing, it should be noted that as there are no glands
at the placental site there is no question of glandular
epithelium playing a role in the epithelialisation of the site,
In this connection it will be recalled that in the human, where
the surface layers of the decidua are shed, the new uterine
epithelium lining the lumen is derived from glandular
epitheliun,

Although epithelial cells were dividing at the time of
littering, no evidence of cell division was found in subsequent
groups until forty=-sight hours was reached when a few mitotic
figures could be detected, During this forty=eight hour period
the placental site was re-eplthelialised and this ocourred in
the absence of cell division in the uterine epithelium as a
whole and the spread epithelium in particuiar. These findings
may be viewed in the light of the opinions put forward by
McMinn and Johnson (1955), These authors point out that, on
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/the basis of mitotic activity unéer ordinary conditions, two
groups of epithelia can be described, One group, into which
the epithelia of skin, cornea, and intestine can be placed,
shows a high level of mitotic activity while the other, which
is comprised of such epithelia as that of the duets of
exocrine glands, the vascular tree, serous cavitles, gall=
bladder, and urinary bladder, shows little activity, The
hehaviour during regeneration of these two types of epithelium
differs, In the first group,.skin wounds are re-eplthelialised
by epithelial spread, and this occurs without, at least

in the early stage, any significant inorease in mitotic
activity (Arey, 1936), Likewise wounds of corneal epithelium
are repaired, primarily, by a spread of cells over the bare
area, with cell division taking a later and much smaller part
(Friedenwald, 1950), Similarly, wounds of the mucosa of both
the esmall and large intestines (McMinn & Mitchell, 1054, Mclinn
& Johnson, 1952b) are epithelialised by cell migration without
the occurrence of any significant increase in cell division,

In the other group mitosis begins early and mifgtic figures

are to be found within the spreading epithelium; Thus,
Milstein (1950) found early proliferative activity during the

repair/
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/repair of the duct of the submaxiliary salivary gland, while
McMinn & Johnson (1958, 1957%) report a high mitotic activity,
with mitotic figures in both the normal and the migrating
epithelium, in healing."artificial“ ulcers of the urinary
bladder and the gall bladder of the cat, These authors

suggest that epithelia that nomnally have a high mitotic rate

may rapidly repair defects by utilising cells that would

otherwise be shed at the surface, On the other hand, in
gpithelia with a low resting mitotlc rate, repair might be
facilitated by an increase in the rate, with more cells
becoming avallable for covering the raw area as a consequence,
The observations on mitotic activity reported in the present
paper would support this contention, %hile the mitotic
activity of uterine epithelium may vary according to the
endocrine state, and although no mitotic figures were found
in any pﬁfﬁ of the epithelium while epithelialisation of the
site was in progress, nevertheless large numbers of cells

are avallable fof covering the site, The utexus is rapidly
decreasing in size during the first few days ofﬁtﬁe puerperium
and the folding of the mucosa becomes less and less marked.
This must result in a decrease in the surface area of the

mucosa/
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/mucosa with a consequent surplus of epithelial cells,
Presumably some of these could migrate to cover the bare area
at the placental site, which is in fact small, without any
resort to cell division, Of course, in this case cells are
available irrespective of the normal mitotic rate of the
uterine gpithelium.

Glycogen was absent Both from the normal and from
rggeperating uterine gpithelium. On the other hand, it is
present in regenerating skin ep;£helium where it is abundant,
particularly in the superficial layer #f the stratum spinosum
but is absent from the basal layer (Bradfield, 1951), A
comparable distribution of glycogen was found in regenerating
cesophageal epithelium whevre it is present in the superficial
layers, but again absent from the bas#l 1ayef (McMinn &
Johnson, 1968a), These authors also found a relatively large
amount of glycogen in the new epithelium covering the floor
of an "artificial"™ ulcer in the wall of the géll bladder
(McMinn & Johnson 1957) and small quantities in regenerating
rectal epithelium (McMinn & Johnson, 1964b), The significance
of these findings is difficult to assess even if the possibility
of species variation is ruled out = the present work is on
the rat, Bradiield's on the guinea pig, and McMinn & Johnson's

on/
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fon the cat, Even within a single species (cat) glycogen
accumulation in regenerating epithelium varies from large
quantities in the oesophagus to very small quantities in
the rectum, S§ far, no theory has been advanced which
accounts satisfactorily for the acounulation of glycogen in
vegenerating epithelial cells, Scothorne & Scothorne (16563),
reviewing this field, cxitieiée the main views, namely:=

{a) that 1t is a mechanism af_carhohyératé storage,

(b) that it i% a -degenerative phenomenon, and

(c) that it is an. adzptation to conditions of reduced

oxygen {ension,

They foundbnone of these offered a satisfactory explanation
of the phenomenon, As the significance of glycogen accumulation
in regenerating epithelium is unknown, it is difficult to
draw any useful comparison between the epithelia in which it
occurs and uterine epithelium in which it does not,

In the migrating uferina epitheliun cytoplasmic basophilia
was. diminished, As the cytoplasmic basophilia oi noxmal

it may be

£

uterine epithelium is due to ribonucleic aeid,
concluded that there is a diminution of this substance in the
migrating cells, It should, however; be rioted that the

migrating cells are hypertrophisd, and even if the

ribonucleic/
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/iihonucleic acid content remains unchanged, the substance
will he spread out through a greater volume of cell, and
thus the stalning reaction to sultable dyes will be less
intense, Howeverxr, the reduction in cytoplasmic basophilia
wvas 8o marked as to lead one to belleve that there is an
actual reducticn-in the ribonucleic acid content of the cells,
In contrast, skin eplthelium shows an increase in ribonucleic
acid (Scothorne & 8cothorne, 1963) but this does not occur
until. the epithalium contains mitotic figures, and it will
be recalled.that thexe is ne evidonce of mitosis in the
new uterine epitholiumy On the other hand, regenerating
oesophageal and gall bladdey epithelia show no significant
change in ribonuwcleic acid content (McMinn & Johnson, 1957,
1958a)s Thus, as with glycogen different epithelia behave
in éifﬁerant ways and this may represent some baslce difference
between thé various epithelis; or may be due to specles
differences,
In the material investigaited here all the bave aveas
of the placental sltes were re~eplthelialised within thirty-
six hours after littering, This rapid repair can be correlated
with the small size of the bzre arveas, The speed with which
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/epithelirlisation ocours, along with other changes, results:
in the uterus returning quickly to its nomal structure and
to bheing able o support a furthey pregnancy, In this
connection it will be wecalled that in the rat theve 1s an
early postepartum oostrus with ovulation occeourcing abeut
eighteen hours after littering, - If fertilisation takes place,
nidation will occur about fgﬁr days later, although in lactating
animals this 1ls delayed, Nevertheless, therxe is a possibility
of the uterus having to support further embryos within a very
few days after littering and the rapid restoration of its
normal structurs onablas it to do this,

Puring invelution, areas of the uterine epithelium show
vacuiolation, This can flrst be found at about eighteen hours,
reaches 1ts peak by thirty=six hours, and has subslided by
forty=aight hours postwpartum, Thers are two possiblae
axplanations, It may be that the vaocuolation indicates
degoneratlion of the epithelizl cells consequent upon the
dacrease. in size of the uterus with the resulting escess of
cells, On the other hand; the vacuolation may §§ related to
the first postwparitum oestrus, Long & Evans (19##) desciribed
a similar vacuolation of the epithelial cells during ocestrus
and they veferred to this as vacuolar degeneration, They

described/
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Zdescribed the vacuolation as appearing during thelr stage IV
of the cycle, As ovulation takes place during stage IXI and
vacuolay degeneration reaches its peak in stage IV, this
gorvesponds to the evente in the post=partum animal in which
vacuolation reaches ita maximum about eighteen hours after
ovulation takes place, It should be notdd that the vacuolar
degeneration of oestrus begling after the distended uterus

has collapsed so that it may be related to a surplus of
eplthelial cells,

Although vacuolar degenerntion of the eplthelial cells
ogeurs, at no time, except at the placental site, were areas
of endometrium found demuded of epithelium nor did there
appear to be a undversal shedding of epitheldial cells into the
lumen, In this respect the ret differs from the guinea nig
(Hamilton; 1883), In this animal the uwbterine epithelium that
lines the lumon before parturition is shed and replaced by-
new eplthelium derived f?am the wterine glandsy This shedding
is apparent at about fiftyweight hours post=partum when
epithelium in all shages of detachmont can be §Q3§d and when
some areas of the endometrium are completely denuded, New
epithelium can be secen extending as o single layer of cells
from the mouths of the glandes, This process of epithelial

shedding/
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/shedding and replacement can still be detected at eighty=-
four hours postepartum and is completed by between four to
six and a half days after parturition, A similar process has
been described by Bull (1949) in the rabbit, In this speciles
degeneration of the epithelium commences late in pregnancy and
is well marked at the time of parturition when, in some
parts of the uterus, epithelium can be found separating into
the lumen, This process is accompanied by the growth of
a2 new layer of epitheiium from that of the glands, By the
end of the first day of the puerperium the replacement of
the old by the new epithelium is complete, Thus, in three
fairly closely related species three different patterns of
behaviocur of the uterine epithelium are to be discerned and
this Zllustrates that it would be unwise to make any but the
most general statement about specles that have not already
been investigated,

No evidence of the clearing of the placental site by the
process described by Williams (1931) as exfoliation could be
found, No undermining of the site by ingrowing endometrium
with the subsequent separation and shedding of blood c¢lot and

placental vessels could be detected, Blood clot appeared to

be/
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/be organised and in many cases new epithelium'waﬁ found
spreading over it, The placental artery within the endometrium
undexrgoes hyaline degeneration and is absorbed in situ, This

is accomplished rapidly, usually by the fifth day, but it should
he realised that only a small amount of the vessel lies within
the endometrium, Bull (1949), in the rabbit, was unable to

find any evidence of the undermining of thrombi and vessels

by endometrium with their subsequent exfoliation, However,

Deno (1937) in the mouse, states that there is "“an exfoliation
of polypold masses of thrombosed vessels and other necrotic
residium through undemining by the endometrium during the

:irst few days post-partum", These findings, along with

those noted in the previous paragraph, indicate that the
pattern of postepartum repair varies considerably in different
species, This may be ralated, at least in part, to differences
in the details of placental development and to the time of
occurrence of the flrst post-partum ovulation, Certainly it
would be foolish to make any but the most general sssumptions

about post=partum repair in a species that has not been studied,
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SUMMARY
Rats were killed at intervals from § hours to 6 days

after littering, Some of the changes that occur in the

uterus during this period were studied, with particulnyr

attention being paid to the uterine epithelium,

The area of endometrium left devoid of epithelium by
the separation of the placenta was re~epithelialised
by cells which spread in from the existing marginal
epithelium, There was no evidence of a transformation
of stromal into epithelial cells,

The spreading apithelial.cella dld not contain glycogen
and their cytoﬁlasmia content of ribomucleic acid was
raduced,

Re=epithelialisation of the site was completed within
thirty-six hours,

There was vacuolation of the epithelial cells which
was most marked at 36 hours post=partum, This is
compared with the vacuolar degensration that ocours
during normal oestrus,

The behaviour of the‘nonéplaeental epithelium in the

rat is contrasted with that of the guinea pig and rabbit,

No evidence of exfoliation of the placental site was

found °
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The involution of the metrial gland,
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INTRODUCTION

It is to Selye & McKeown (1935) that one must
turn for the first clear description of the structure
in the rat to which they gave the name of "metrial gland',
The metrial gland is "an enlargement in the wall of the
uterus just below the placenta", It is situated in the
mesometrial aspect of the uterine wall and in the adjacent
part of the mesometrium, The typical cells of the metrial
gland are arrangeé round the blood vessels which pass to
the placenta, These cells are large and contain many
granules, The granules are usually eosinophilic but sometimes
there are nlsc basophlilic ones, Glycogen is always present
in the oytoplasm, These characteristic cells will be
referred to, for convenience, as metrial gland cells,

The gland begins to develop from about the 8th to 10th
day of pregnancy, The metrial gland cells may arise from
endothelium, from smooth muscle cells, or from fibroblasts,

During the puerperium metrial gland cells may behave
in one of several different ways, Many of them degenerate;
others may phagocytose pigment derived from blood clots or

thrombi/
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/thrombi, while =till others become so loaded with lipoid
material as to resemble cells of the corpus luteum or adrenal
cortex, Round these lipoid containing cells the connective
tissue becomes more and more hyaline in appearance, Lipoid
containing cells arve more numerous in lactating than in none-
lactating animals, Likewlse the hyaline connective tissue is
better.developed in lactating aninals,

They suggest that the metrial gland should be regarded
as a holocrine =~ endocrine gland, In applying the temm
endocrine they(do nqt impl& that the gland produces a hormone
« indecd they were unable to find any true hormonal funotion
although they think that its epecial development during
lactation may indicate such activity ~ but use the term in
its literal sense to imply liberation of products into the
blood stream, They believe that the gland supplies nourishment
to the embrya,. They base . thls on the observation that if the
embryo is removed and the placenta left in situ, then metrial
gland cells acéumulaie in the lumen of the blood vessels and
in the blood spaces of the maternal part of the placenta,
They suggest thaé the cells accumulate because they would
nafmally supply nourishment to the embryo but, ihat when
the embyryo ig removed, there is nothing to use them up,

af
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/A structure similax {to the metrial gland develops in
the uterine wall during the involution of deciduomata ~ one
metrial gland for each deciduoma, This finding indicates
that the metrial gland cells are of maternzl origin,

These original cbservations were extended by Selye,
Borduas & Masson (1942) in an experimental study into the
hormonzl control of deciduoma and metrial gland development,
On the morphological side, they noted that metrial gland cells
are vacuolated, They found that the life span of the gland
was markedly prelonged by the influence of progesterone,
Indeed, evidence of proliferation of the gland could be
found in animals treated with this hormone, On the other
hand ceatrogen, in the fom of cgestradiol, increased the
rote at which involution of the gland took place, It thus
appears that the metrial glend is undexr hormonal influence,

Bridgman (2948), in o paper devoted to the development
of the rat placenta, notes the presence of metrial gland cells
on the seventh day of pregnancy, They are few in number and
are to hé found in the central mesometrial regicn, In
deseribiné these cells, in addition to the characteristics
already listed in the preceding paragraphs, she states that

they/
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/they are larger than other mesometrial cells, spherical and
freﬁuently binucleate, By the ninth day metrial gland cells
show a tendency to cluster round the arteries, At sixteen
days the gland is so large that it extends deeply into the
mesometrium and forms a white coloured swelling on the surface,
On the seventeenth day fat can be detected in the metrial
gland cells, These dalls are diminishing in number near to
the placenta, A few of the cells, on the nineteenth day,
took up trypan hlue, a phenomenon which is, perhaps, related
to their ageing,

Bridgman suggastk that moetrizl gland cells may have two
functionsy one related to their'high confent of glycogen
and the other to théir granules; Like Belye and McKeown
she states that the Qland cells are to be found in the lumina
of maternal arteries and that they may be carried down in
the blood to the plécenﬁa wheré they give up their glycogén‘
This in turn nmay ba stored in the placenta'or transfexrred
directly to the embryo, On the basis of their granularity
she suggests that the cells may be hormone producers although
there is no experimental evidence to support this, Both
these views are similar to those put forward by Selye & McKeown

on/
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Jon the function & the organ,
A study of the histochemistry of the gland, both during

pregnancy and in the post=partum period, was reported by

Baker (1948), He divides the lifewcycle of the gland into

three phases which overlap each other, The first phase is
characterised by {the presence of basophilis, the second by
eoginophilic granules and glycogen, and tﬁe third by lipids,
The basophilic phase beging on the sixth day of pregnancy when
mny of the connective tissue cells of the metrial gland area
become round and begin to enlarge, At tihe same time the
cytoplasm bacomes basophilic and this 1s due to the accumulation
of vibonucielc acld, Both the basophilia ahd the cell sige
increase duving the next few days, Rosinophilic granules

can fivst be detected in the cells on the eighth day and after
the tenth day they accumulate rapidly, At this time the cells
begin to foxﬁ euffs round the blood vessels in the mesometrium,
Glycogen appears in the cells shortly after the granules, The
glycogen is first found round the periphery qf the. cell while
the zosinophilioc granules lie near the csnirey; round the nucleus,
Both granules and glycogen reach their maxinum. between the
 thirteenth to fiiteenth days. As the second phase develops the
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/cytoplasmic basophilia lessens and, by the time it reaches
its peak, only a few scattered clumps of basophilic material
are present and no young basophilic cells are to be found,
After the fifteenth day, glycogen and granules are reduced

in ameount and by the twenty-first day the loss is significant,
During thiszperiad, metyial gland cells may necrose in situ

or be swept away in the arteries,

The third or lipid phase baging on the seventeenth day of
pragnancy, Baker states that "“lipid appeared at the periphery
of the cuffs of granulated cells survounding the metrial gland
vesaéls". Thus lipid begins to appear as the eosinophilic
granules and glycogen axre declining, Baker doss not make it
clear whether lipid accumilates in metrial gland cells which
have lost their granules and glycogey, oy whether it is to be
found in a second type of cell, This phase continues on inte
: the puerporium when the lipid conteining cells are located
mainlyiin "the conmocotive tissue between the blood vessels",
From about the fifth to the twenty=second day of laetétiqn the
gland did not show any major changé.

Velardo, Dawson, Olsen & Hisaw (1953) included an account
of the life of the m@trial gland in4theirvstudy of the
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/prolongation of pseudopregnancy associated with deciduomata
formation, They found that the metrial gland began to develop
during the seventh or eighth day of pseudopregnancy and that
it reached its maximum degree of development on the fourteenth
day of pseudopregnancy, The gland maintained its sizge until
the eighieenth day when small atrophic areas began to appear
within it, By the twentieth day some regression of the gland
was appavent and by the next day it was largely atretic with
only a few typleal metrial gland cells remalining, These
writers do not mention any other type of cell in the gland,

Like Selye, Borduas & Masson (1942) they found that the
administration of progesterone prolonged the life of the gland
for approximately three days, They suggest that the gland
may produce a hoymone and that this may play some part in
promnoting the development of the mammary gland‘and thus
enhaneing lactation ,

Little has bheen written about the comparative anatomy
of the metrial gland, Selye &sMcKéawn {1038) state that cells
comparable to typical metrial gland cells have bééﬁ*described,

under the names of ‘monster cells", “nephrophagocytes®™ and the

- like, in the uteri of many pregnant mammals including man, but

- that/




-G
/Jthat neaxly always the cells are scattered throughout the
uterus and do not Lowm a éampaet organ és in the rat, Whether
or not th@éa scattered célls are identiflable with metrial
gland cells is a matter of conjecturs, Recently a comparative
study has been made by BHuke (1957), Unfortunately, he has not
yet published a detailaé aaeeuntymf hias work and only a very
short abstract is avallable, He found that there were
histniogiéai changes ig the meso-myometrial zone in a number
of lagomorphs and redénts. The type, degree, and exect location
of the changes varied from specles to specivs, In some
speclies a localised mass of large cells was found, while in
othars tﬁara was a hypertrophy of the cells of the perivascular
connaective tissue, |

The present invéﬁtigat&ﬁn is concerned witﬁ the metrial
gland during the postwpartum period, It will he recalled that
Belye & McKeosn (19238) thought that during the puerperium
typical metrial gland cells either (1) degenerated,
(2) phagapytused pigment, or (3) became filled with lipoid,
They also thought that thers were more lipoid eogﬁg%ning cells
in lactating than non41aatat1ng animals and that ﬁyaline
connective tlssue was move abundant in the fewmer, Apart

from these observations on the puerperal gland there are only

those/
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/those of Daker (1948) who described tho accumulation of
lipid in some of the cells and who claimed that in laetating
animals the éland of the twenty=second day was similar to that
of the f£ifth day, The work reported here was carried out
with the following object in view:=

le To follow the structural changes that take place

in the gland during its involution and to cowpare the

findings with those alroady reported,

24 To determine the time taken for involution of

the gland to ococur,

3« To compare the glands in lactating and nonelactating

animals in order to ascertain whether or not invojution

of the gland is influenced by lactation,

4, To sptudy the ataiﬁing reactions of typical metrial

gland cells with the P.,A8, technique and with toluidino

blue,

ERIAY, AND HODS

For histologlical purposes the material employed in the
last section was utilised, This was supplemented as follows,
Virgin rats were mated and then removed from the male, After
littering some animale wore allowed to foed thelr offasprying

while/
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/while from others the babies were removed, These rapidly
ceased to lactate, Both lactating and non~lactating rats
were killed at 5, 10, 15, 20, and 25 days post=partum,
Portions of uteri and mesometrium containing metrial glands
were exclsed and fixed in either Bouin's fluid or Rossman's
fluid, Transverse sections were prepared and mounted in
serles, Series fixed in Bouln's fluid were stained either
with haematoxylin and eosin or by Van Gieson's method,
Rossman fixed serie&:wara stailned with 5% toluidine blue
oxr by the P.A8, technique, Controls were prepared in the
same way a5 in the previqns section, A few specimens were
fixed in absolute alcohol and after sectioning were subjected
to the Gomori technique for alkaline phosphatase,

In a second set of experiments virgin rats were mated
and then taken from the males, After littering the offspring
were removed from some of the females so that both lactating
and non=lactating animals were available, Animals of both
- types were killed at 6, 10, 15, 20 and 25 days post=partum,

A number of animals were aleo killed ilmmediately after littering,
A minimum of three animals was employed in each group., As

soon as possible after killing an animal, the uterus was
remcved~and spread out on a cork mat, The size of the metrial

glands/
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/elands was then measured using a binocular dissecting .
microscope with a micrometer eyewpiece on one‘side. The
measurements are recorﬁed in the units of the micrumeter
eye=piece's scale, At the magnification used, twelve of
these units correspond to one millimetre, Two measurements
were made on each gland, One was méde of its lengtﬁ {i.e.
1n_a\d1rection parallel to the uterine horn) and one of its

width (i.e, in a direction at right angles to the uterine horn),

ORSERVAT IONS

1, The structure of the gland,
The metxial gland at the time of littering

At the time of littering the metrial gland is a more orxr
less spherical structure, about four millimetres in diameter,
which extends from the mesometrial aspect of the uterine wall
into the adjoining mesometrium, It thus forms a substantial
swelling which usually, like the rest of the uterine wall, is
greyish in colour,

In the rat the outer; longitudinel muscle coat not only
surrounds the uterus, but is continued for a considerable
distance into the mesometrium, This occurs in such a way
that there is a layer of muscle immediately deep to each

surface/
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/eurface of the mesometrium, while separating the two muscle
layexrs there is a layer of connective tiséue. Nearly all
the uterine blood vessels, particularly the larger ones as
they pass through the mesometriumtowards the uterus, come to
lie in the connective tissue between the two layers of smooth
musecle, HNear to the uterus there is an increase in the amount
of connective tissue between the two layers of the longitudinal
muscle coat. This zone of connective tissue is limited at
its uterine end by the intaect circular muscle coat, In
transverse section this mass of connective tiasue is triangular
in outline, and for this reason the zone has been called the
nesonetrial triangle (fSelye & McHeown, 1038), It will be
understood that the connective tissue of the triangle is
bounded on two sides b& the longitudinal musele coat and on
the third side or base by the circular muscle coat, (Fig., 20),

It is in the mesometrial triangle that the metrial gland
chiefly develops, Here it surrounds the blood vessels
traversing the mesometrium but it overflows from this region,
and extends into the adjoining‘aircular mascle cqgﬁl(rig. 21),
At a placental site, fibres or small groups of fibres of the
circular muscle eoat‘are separated from each other, sometimes
widely, by cells of the metrial gland, In transveyse sections,
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/these muscle fibres appear te form a trellis although in
ihreé dimensions it 1s probable tﬁat they have an arrangement
which resembles rathex & apongé with the spaces of tho sponge
filied with gland cells, The placental artery (oxr arteries)
passes through a gap in the circulay coat, Round the margin
of the gap the muscle fibres have turned at right angles to
their usual direction and run parallel to the course of the
artery,

The piaceytal artery can be differentiated from the other
large blood vessels paseing through the metrial gland by the
abundance of gesindphilie, P8, povitive material in its
wall, "ﬁneapéulated“ glant cells, similar to those found in
its wall as 1t runs through the endometrium, and described in
the previous part of this work, are present in or neaxr to its
wail. The endothelial cells lining its lumen are often large,
as those of other vessels in the region may be, The artery,
characteristically, has a mass of thrombus in its lumen, Other
laxge and dilated vessels can be seen in the gland,

Typical granulated metrial gland cells, as described by
Belye & McKeown, are readily identifiable within the gland,
They can be recognised by their large size, vacuolation, and

eosinophilic/
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Zeosinophilic granules while they are frequently binucleate
(Fig. 22), No basophilic granules were found in the
haematoxylin and eosin matexial, With toluidine blue, all
the granules stain metachromatically (Fig. 23), The P.A.&,
reaction colours many granules of varying sigze in the cell
(Fig, 24). In control sections treated with diastase hefore
étaining, the cells still contain P.,A,8, positive granules
(Fig, 25) but these are less numerous than in the untreated
sections, The residual P.A.8, positive granules correspond in
size and number to the eosinophilic granules which are so
characteristic of the 6é11, and it is undoubtedly these which
stain in the control sectionse The PA.Se positive material
that is lost by treatﬁeﬁt with diastase is, of course, plycogen,
in the apecimens:treated by the Gomori technigque for alkaline
phosphatase, no evidence of this enzyie wos found in the metwial
gland eeils;

Typical metrial gland cells form only a relatively small
proportion of the total cell content of the gland (Fig, 26),
While they are more numerous round the vessels, they are to
be found acattéred‘irreguiarly thrbughout the gland, Large
numbers of highly vacuolated cells, which are smaller than

the/
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/the metrial gland célms, are to be seen in the intervals
between the vessels (Fige 27), These cells, certainly,
correspond to the lipid coantalning cells described by Baker
(1948) and thelr vacuolativn ls undoubtedly due to the loss

of 1lipld during histological processing, 1t is presumably

to these cells that Selye and McKeown refer when they describe
epitheloid cells in the gland, Scattered throughout the gland
there are other cells which resemble those of the endometrium,
These cells are not vacuolated nor do ‘they have granules in
thelr cytoplasm, They are particularly numerous in that part
of the gland which exmendg into the clrcular muscle coat,

An occaﬁioﬁal mast cell is encountered in the gland, These
are easlly distinguished from metrial gland cells, The mast
‘cells are smaller, shuw no indication of vacuolation, and are
tightly paclted with granules which are ﬁast raadily discerned
when stained matachromatically_%ith toluidine blue (Fig. 28),
The metrial gland at one day postepartum,

The metrial gland is much smaller at twenty«four hours
than it was at the time of parturition, This can be seen by
comparing figures 21 and 9, although allowance must be made
for the faet that figure 21 1s at a greater magnification than
figure 9,

The/
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/The blood vessele passing through the gland are large
and dilated, as at the time of littering, The placental
artery is easlly identified and is filled with thrombus,
' The cells present in the gland are the same as those already
deseribed, Typical metrial gland cells are still most
numerous near to the vessels, although they may oceuy anywhere
wlithin %helgland. Many vacuolated cells ave present, amil as
befove these lie in the intorvals between the blood vessels,
There are glﬁo many of the smaller non=vacuolated cells and
a fow mast cells, |
The metria1 gland at two dave postepartum

The decrzase in sizge of the gland continues (compare
figures 9 and 17 which arve at the same magnification), The
dilatation of the bléoﬁ vessels, which was 50 marked earvlier,
is subﬁiging. The wall of the placental artery is undergoing
destyructinn and therae iﬁ_erganisation of the bl&nd clot. within
ita lumen, The fibres of the circular nusele coat in the
asighbourhood of the gland are now nearer together; The hble
in this coat for the placental artery is still prgsent and the
remains of the distal end of the vessel lie in 1t, "Encapsulated"
glunt cells are present in or near to the vessel's wall, The
same coll types persist in the gland, However, typical metrial

gland/
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Jeland cells by this stage are ealmost completely limited to
the half of the gland farthest away from the uterus, They
ave still, in this wegion, fairly nunerous and they remain
close to the vessel walls (Fig, 46), Small granuleu of a
brownishevellow pignent are present in the coytoplasn of
gome of the small nonevacuclated cells, SHimilar pigment
containing celle are present in the endometrium at the placental
site and were mentioned in Part I, A full account of the
pigmont is given in Part IlI,
The metrial glend at four days postepartum

The gland has still further decressed in size, The blood
vevsels passing through the gland ave less engorged, The
dlisintegration of the placental artewy is well advanced, In
places the wall has entirely dlsappeared, whiia in others it is
8till complete (Fig, 31). The remaiﬁa af the vessal wall
consist largely of P.A.8, positive material, The distribution
of Pencapsuwlated™ glant cells ls uanchanged, The fibres of the
ciroulay muscle coat ave nearver together although the coat is
gt11l widey than in the intersite repgions,

Typical metilal gland cells are much less numerous than
in the earliex stages, They are now limited to the end of

the/




-7 D
Zthe gland farthest from the uterus (Fig, 30)., Those that
persist vetain thelx close velationship to the vessels, There
aye many vacuolated cells present but the individuzl vacuoles
appaar to be emaller, There avre alse many more pigment
containing eélls, They are te bé found, especially, round
the remains of the placental artery and lie slong the track
of the artery through the ciroular muscle coat, The individual
pigment granules are larger and many of the cells are more
densely packed with them, -
The metripl rland at five daoys nosgtmpartum

Spacimene from both lactating and non~lactating animals
wore available for this and for subsequent stages, At five
days the glands from the twaktygaa of animal ave of about the
same size and are similar to each other in structure, which
clogely vesembles that of the four day glands, The involution
of the gland is well advanced and the grent reduction in size
that has taken place since the time of littering can be seen
ky compaying figures 21 and 32, Apart from a slight decrease
in size the main difference between five and fuufﬂgﬁy glands
ig that the former contain many fewer metrial gléédmeells. The
few that remain are limited to the part of the gland distant
frgm the uterine wall,

The/
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The glands from lactating and non=lactating animals at
this afag@ are similar to each other (Fig. 33). Very few
blood vessels, none of a large size, are present in the gland,
This forms a marked contrast with the original highly vascular
natu%e of the organ, The placental artery has almost completely
disappeared but a few fragments of its wall = formed of P,A.B.,
positive material = remain in both lactating and non-lactating
animals (Fig., 34). No typical metrial gland cells could be
found and vacuolated cells are much fewer in number, Pigment
containing cells are hy far the commonest type of cell in the
gland, They may contain only a few granules but, for the most
part, they are densely filled, frequently with large particles,
Their distribution is as before and they can be traced from the
gland through the opening in the circular muscle coat for the
placental artery into the endometrium, An oceaslonal "encapsulated"
giant cell was found within the gland bhut they were more often

encountered in the adjacent endometriunm,

The metrial pland at fifteen days pogtepartum

]

Glands from lactating and non=lactating animals continue
to resemble each othexr (Fig, 35), Involutlon is nearly complete
and the glands are very much reduced in size, Viewed with the

naked/
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/maked eye a gland foxms a very small brown swelling in the
mesometrium adjacent to the uterine wall, They consist almosgt
entirely of pigment contalning cells, but a very small number
of vacuolated cells are precent, There aye also one or two
“encapsulated® glant cells in the gland although these may be
fairly numerous in the endometrium (Fig, 36), When present
these appear to be healthy and they retain thelr P.A.8, positive
Yoapsule', The placental artery'hae‘aﬂmpletaly disappeared
although its couree is marked, at least in part, by new
connective tissue round which pigment cells are congregated,
The metrial gland at twenty days postwpartum

There is no difference between lactating and non-lactating
animals (Fig. 37), The glands have completely involuted but
the position they occupied in the mesometrium is marked by a
mass of brown plgment, IThe sections show very large numbers
of pigment containing cells in these zones, No vacuolated or
Yencapsulated! glant cells were found, -
The metrial giand at twenty=five days poste=partum

The appearances are the same as thase at twqgﬁg days.
Indeed, the pigment containing zones which maxk the sites of
metrial glands may persist for very long periods, possibly for

the rest of the animal's life,

2./




TABLE 1,

LACTATING NON~LACTATING

Nogof Meaan Mean Nogof Mean Mean

Age sites Length wWidth | sites Length Width

0 days 54 44.4&6.3 al.1ta.6 — - —
6 days 58 30.2%6,3 19,4%4,2 45 31k, 2175,2

10 days = 44 19,852,4 12,851,0 46 19,353,7  12,7%2,4
15 days 33 16,8+2,4 1282,3 39 16,3%2,0 13,243

20 days 82 16,1%t2,6 10.$£é.z 38 14,8%52,1  10.6%1,7

25 days 46 15,113,6 B45%2,3 31 16,6k2,86  11,2%1,6
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2, Measurements of the metrial glond
These are given in Table I, It should be.nutad that
the measurements for the twenty and twenty-=five day animals refer
not so mach to the metrial gland but to the dimensions of the

pigment zone which mark its site,

DI1SCUSSION

It is clear, both from the histological sections and
from the measurements, that the involution of the metrial
gland 1s the same in both lactating énd none=lactating animals,
At any given_time the histological appearance of the glands
is similar in the two graﬁps. There is no evidence to support
Selye & McKeown's view that lipoid containing cells are more
plentiful in the glands of lactuting animals or that 5ygline
connective tissue is more abundant in this group, An inspection
of Table I shows that the mean length and width of glands of
lactating and non~lactating animals of the same post-partum
age closely correspond to each other, This suggests that
invelution is occurring at the same rate in the two groups,
The involution of the gland takes place quickly, This
is #llustrated by the measurements given in Table I and by
the sections, The gland rapidly decreases in size during the

first/
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/first few days poste=partum and by the tenth day it is about
half as long and wide as at the time of littering., By fifteen
days involution is almost completo although a fow Yencapoulated”
glant cells and cccasional lipeid containing cells still
persist, At twenty days involution has finished and the site
of the gland is now mavked by a brownlsh patch of pigment,
These findings do not support Baker's contention that the fifth
gnd twenty=second day glands in lretating animals closely
resemble each othewr,

Typical metrial glond cells contain glycogen, the loss
of which during histological preparation presumably results
in the vacuelation which is so often found 1n‘thase calls,
The specific metrial cell gramiles are eosinophilic, metachromatic
with teluidine bhlue, and atrgngly‘ﬁ.A;ﬁs yositive, The intense
stalning of the granules with the P.AS, technique sugpests
that they contain a mucopolysaccharide, This could also account
for their metachromasia, The marked eosinophilia of the granules
is presumably due to the present of baslc groups, Since these
conclusions were reached the papers of Ellis (1957).and Wislocki,
Welips, Burgos; and Ellis (1057) have appeared, They also found
the specific granules to be P,A.8, positive and metachromatic

with toluldine blue and suggest that they contain a

mucopolysaccharide/
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/mucopolysaccharide conjugated with an alkaline protein,

All the specific granules in metrial gland oells were
eosinophilic, No basophilic ones were found, Selye & McKeown
(1930), however, claimed that both evalnophilic and basophilic
granules éauld ocour togethor in the same cell when stained
with eeosin and gniline blue, A= Wislocki et al, (1987) point
out, this ppsertion was based on the misconception that aniline
blue is a bawsic dye, In fact, aniline blue is an acld dye
and will thuz stain basic substances, Tﬁat it stains some of
the gramules, whilé %@ﬁﬁ are stained by eosin, merely indicates
that the izowelectric point of the individual granules varies
unomewhat from one to another so that their affinity for
individunl acld dyes varies, |

At the time of littering typleal metrianl gland cells form
only a small proportlien of the total cell population of the
gland, vwhile none 1s found after the fifth day of the puerperium,
They disappear from the uferiﬂe end of the gland first and
peralat longest at the opposite end, There was no indication
. that 4ypleal metrial gland eells ever: phagooytose pigment or
kecome lipeld beaxing in tge way suggested by Selye and MoKeown,
¥hile disintegrating and dying cells of this type were not
identified, 1t must be prosumed that they degenerate as the

gland/



-G
/gland regresses, The lipoid containing cells are quite
distinet from the metrial gland cells, They are smaller, never
contain granules, and are always uninucleate, Ellis (1957)
suggests that they may arise from fibroblasts or fibroblast-like
cells within the gland, The third main type of cell found in
the gland is that which tekes up the pigment, These should
be classified as macrbphages and are similar to the macrophages
described in the uterus of thé mouse by Deno (1937),

It is not possible, with the present material, io determine
whether the "encapsulated! glant cells are of foetal or maternal
origin, They avise, in particular, f;um the wall of the
disintegrating placental artery but, as they are to be found
at the time.of littering, it is possible that they may have
grisen from trophoblast that has extended along the vessel,
Mossman (1937) states that glant cells may remain in the uterine
wall for long periods after parturition, "Encapsulated" glant
cells persist for about two weeks, Tﬁe intensive P.A.8, positive
reaction of the “eapsule" (which is not abolished by diastase)
and the fact that it is non-metachromatic with toluidine blue
indicates that it is formed by a neutral mucopolysaccharide,
Cells of this type have not, hitherto, been described,

It will be noted that the placental artery, as it passes

through/
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/through the gland, disintegrates and is replaced by connective
tissue, There is no evidence of the recanalisation of the
vessel in the way described by Goodall (1910) in man,

The present investigation offers no suggestion as to the
function of the gland, As, however, the gland regresses
rapidly during the puerperium it may be presumed that it is
¢oncerned with the pregnancy itself rather than with the
conditions occurring in the ﬁcstnpartﬂm period, such as

lactation,

1, Metrial glands of lactating and non-lactating rats
involﬁte in the same way.

2, Involution of the gland 1s rapid in the early stages,
is nearly complete by fifteen days, and is finished by
the twentieth day of the puerperium,

-3¢ The specific granules of the metrial gland cells possibly
contain a mucopolysaccharide joined to an alkaline protein,

4¢ Metrial gland cells foyrm only a small proportion of the
total cell population of the gland. They do not

phagocytose pigment or become lipoid containing,
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5. - "Encapsulated" giant cells persist for about two
weeks,

6. The placental artery is sbsorbed in situ,

ER )
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Some characteristies of the uterine pigment
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INTRODUCT YO

Selye & McKeown (193%5) and Bakex (1948) have noted
the piresence of plgment in the metrial glands of the uterus
of the rat after littering, They found that it contained
iron and concluded that it was haemosiderin, Baker also stated
that some of it stalned with Sudan black in frozen sections,
Attention has been drawn to this pipment in the earlierx
sections of this thesis, It has been pointed out that the
pigment appears i? the region of the placental sites, both
in the endometrium and in the metrial glands, on about the
second day postepartum and that it is positive to the P,A,S,
test, As haemosiderin is not usually considered to be
sudanophil or P.A.8, positive this investigation was undertaken
in order to study the characteristics of the pigment in
greater detall, Of the various techniques employed, many
are such as qoulg be expected to give a positive result with

a substance containing lipid,

MATERIAL AND METHODS

Two rats were killed on the 1l0th day aftexr littering and
two on the 20th, On examining their uteri there was & small
brown discolouration of the mesometrial part of the uterine

horh/
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Jhorn and mesometrium at each placental site, Portions of

the horns containing placental sites were remmved and fiwed

in neutyal 1% fomalin foxr 24 hours, They were dehydrated

in aleohol, cleared in codaxwood oil followed by henzene,

and embedded in paraffin wax, Eections were cut, mounted,

and treated with one or more of the following techniques:=

le For routine hiatolagigal study haematoxylin and cosin
staining was usoed,

2, Staining for 10 minutes in 0,5% aqueous toluidine blue,

3. Perl's reaction for ferrvic iron,

4, The P.A.#; test,ﬁﬁifh diastase=treated sections as
contﬁols.

5+ The performic acid/Bchiff (PFA) reaction; as described
by Pearse (1951),

6e The perxacetic écid/échiff weaction, by Lillie's
technique (1954),

'7& Oxidation‘for aneﬁgoﬁr in 4% ocuromlc aéiﬂ'fallowad by
45 mihutem’in Schiffie reugenﬁg |

8¢ Exposure of a section withouﬁ previous oxidatiun to
Bchiff*s roagent for périods up to 18 hgura,

9¢ S8talning in a saturated solution of Sudan black in 70%

aloohol. for 3 hours, rinsing in 70% aleohol, i and mounting

in/
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ii,
12,

13,

14,

15,
18,
17,

18,

{3 G
/in glycerine jJjelly,

The long Ziehl=Neelsen method as employed by Pearse

' {1953).

Gomorits chrome alum/haematoxylin method,

Mallory's technique for haemofuscins,

The ferric ferricyanide reduction test, by Lillie‘s
method (1954).

(a) Bromination, and (b) treatment with 5% chromic acid
for 1 hour, followed by the ferric ferricyanide
reduction test,

The Masson~Fontana alkaline silver technique,

The Gmelin test for hacmatoidin,

Bleaching in hydrogen peroxide for 48 hours,

Exposure to ultra~violet light for fluorescence,

OBSERVATIONS

The distribution, appearance, and properties of the

pigment were the same in all the specimens that were examined,

whether from the 10 day ox 20 day rats, Pigment was found

in large quantities at each of the old placental sites, All

the pigment was intracellular and the cells containing

pigment/
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/pigment were grouped either in the remains of the metrial
gland situated in the maaqmeprial triangle or in the
mesometrial half of the endometrium, where they lay close
to the myometrium (Fig, 34), The pigment was yellow to
light brown and formed granules that varied in slize from fine
particles to those that were 10 or more microns in diameter,

In assessing the resulté of the various techniques that
were employed, allowance must he made for the original colour
of pigment because it is on to this that any second colour
is superimposed, For inaténce, a method which gives a blue
colour as a positive may with the pigment produce a green
or greenish~blue shade, The observations described in detail
below are summarised in Table 11,

The pigment was not stalned by either haematoxylin or
eosin, but with toludine blue it became a deep greenish=blue,
in parts appearing almost black, Perl's test for ferric
iron gave a §tr0ng_poaitive reactlon and resulted in all
the pigment’granulea becoming a deep blue, while a lighter
bluish~green chade was imparted to the eytoplasmxof the cells
containing pigment, The pigment reacted strongly with the
PJAB. technique, the granules becoming a deep brownishw=red
which could be readily aistinguished from their nommal colour,

The/
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/Jihe same colouring of the pipment was also found in the
diastase controls, and thus the possible presence of glycogen
was excluded, The pigment remained uncoloured after exposure
to S8chiff's reagent for 18 hours when no previous oxidation
was enployed., Thiz shows that the P.AL. method was giving
a true positive reaction and was not responding to the presence
of preformed aldehyde groups in the pigment, The P,F,.A,
reaction, the peracetic acid/Schiff reaction, and oxidation
with chromic acid followed by Schiff's reagent all failed to
produce any colouring of the pigment, It was sudanophil,
most of the particles giving a greyish colour with Sudan
black, although some of the larger ones became & deep black,
It was acld=fast, resisting the aoid aloohol differentiation
in the long Ziehl~Neelsen method, so that while the background
was a pale pink the granules were a deep brownishwred, With
the chrome alum/haematoxylin technique of Gomori the pigment
took up some of the stain; and although the original yellow
colour was not completely abolished, the effect of the
haematoxylin could be easily recognised, After dalecoholic
differentiation in Mallory's technique for haemofuseins some
of the basic fuchsin was retained by the pigment granules

which/
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Awhich became a light reddish-brown, With the ferric
forricyanide reduction ftest the sectlon as a whole was coloured
a pale green but the pigment was more markedly affected,
Nearldy all the granules were greenish-blue, A positive
reaction with this test is nommally indicated hy a blue
colour, Nevertheless, the granules are regarded as being
positive because they colour (although for the most part

in green) much more deeply than the background, After
bromination an& the chromic acid treatment the granmules
remain uncoloured by the ferric ferricyanide method,
Treatment with alkaline silver resulted in slight darkening
of the granules which hecamelbrowner.‘ The Gmelin test for
haematoidin was negative while the pigment was not bleached
by rhydrogen peroxlde, There was no fluorescence under the

mnicroscope when ultra=violet light was employed,

. pIscus »'sxgxg'
fhis i§Vestigat16n confims the findings of Selye &
McKeown and of Baker that the pigment contains ferric iron,
These writers were also undoubtedly right in regarding the
pigment as haemosiderin as this substance is ﬁy definition
a pigment which exhibits one or morz of the reactions of

forric/




Technlque employed

Haematoxylin and eosin
Toluldine blue

Perl's method
Periodic acid/Schiff
Schiff*s reagent

Performic acid/8chiff
Paracetic acid/Bchiff
Chromic acid/Schiff
Long Ziehl=Neelsen

Sudan black

Gomorit*s chrome alum/
haematoxylin

Mallory's technlque

Ferric ferricyanide

Bromination and ferric
ferricyanide

Chromic acid and ferric
ferricyanide

Alkaline silver

Gmelin test

Hydrogen perownide

Fluorescence (U,V,)

o o "

TABLE 11

Colour of Pigment

unchanged
deep greenish~blue

deep blue

hrownisherad
unchanged

unchanged
unchanged
unchanged
brownilshered

grey to deep black

greenish=blue

pale reddishebrown

green to greenishwblue

unchanged
unchanged

brown
unchanged

unchanged

Comments,

basophil with a
basic dye

ferric iron present
a strong positive

no preformed
aldehyde group
present

negative

negative

negative

acld fast
suggesting a lipid
suggests presence
of a lipid

a positive
reaction

a8 weak positive

a positive reaction

negative

negative

a weak positive

no haematoidin
present

an absence of
bleaching

no fluorescence
obgerved,
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/ferric iron (Lillie, 1954), Also, the uterine pigment
resists bleaching by hydrogen peroxide and this is a
characteristic of haemoslderin, According to Lilllie (1954)
three var;eties of hsemosiderin can be recognised, one of
which stains w;th basic dyes as does the ﬁterine pigment with
toluidine blue, Haemosiderin is one of the breakdown products
of haemoglobin (Florey, 1964) and the pigment in the rat's
uterus is certainly derived from the blood, as it is found
almost entirely at the old placental sites into which
haemorrhage occurs at the time of separation of the placenta,

Unlike the pigment in the rat's uterus, human haemosiderin
is not P,A.8, positive (L1lllie, 1950), According to Pearse
(1953) haemosiderin is not acid~fast, does not stain with
Sudan black nor colour with Gomori's chrome alum/haematoxylin
technique, is negative in theifarria ferricyanide test,
and does not darken alkaline silver, All these techniques, e
well as Mallory's technlque for haemofuscins give positive
results when appliedlta the uterine pigment, I% is thus clear
that while the uterine'pigment may be ragaéded as a haemowiderin,
it possesses several properties that ave not usually sssociated
with this substance,

The colouring with Suden black suggests that there is a

lipid/
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Jlipid element present, and other positive reactions, as
with the P.A.8, reaction and the Ziehl-~Neelsen technigue,
support this, A comparison may be made between the uterine
pigment and the lipogenic pigments, the properties of which
have been summarised by Gomori (1052), Pearse (19563), and
Lillie (1954), These pigments, which are fairly widely
distributed, are knnwn by a variety of names such as ceroid,
luteolipin, wear and bYear pigment, and lipofuscin, They
all arise as oxidation products of a lipld precursor
(Pearse, 1953), Thelr reactions with different histologlcal
and histochemical techniques vary and this may be related
to the degreo of oxidatiaq'ﬁhat they have undefgone, Like
the pigment in the rat's uterus they withstand lipid solvents
and caﬁ bé identified in ﬁafaffin sections, Again, many of
the lipogenic pigments such as adrenal lipofusein are acide
fast and P.A8, positive, rveaet with ferric ferricyanide,
and colour with oil=soluble colouring agents in paraffin
sections, They may darken with alkaline silver, colour with
Gomori's chrome alum/haematoxylin, and retain basic fuchsin
in Ma}lory's technique, In these respects the uterine pipgment
resembles them, It differs from some such as cevroid which is

positive/
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/rositive to peracetic acid/Schiff and fluovesces in ultra-
violet light, Nor are the lipogenic plgments usually
associated with iron, although cereid may cccaslonally
contain a few granules of pigments containing iron,

The negative Gmelin reaction indicates that heematoldin,
the iron free breakdown product of haemoglobin, is absent,
Although the uterine pigment in'ﬁame respects resembles
melanin it is not melanin, for gramules of the latter
substance are darker in colour, do not stain with Sudan black,
nor give the P,A.S, reaction, and are usually bleached within
48 hours by hydrogen peroside,

It thus appears that the uterine pigment should be
regarded as a variety Qf haemosiderin in whieh the substance
containing iron is mixed or perhaps combiped with a lipid
component that has many praparti@ﬂ~in common with the lipogenic

plgments,

SUMMARY
1. A yellowish«brown pigment was found at the old placental
sites in rats killed at 10 and 20 days after littering.
2, The pigment contained ferric iron and therefore may

be regarded as hggyaaiderin.
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3, Other properties of the pigment suggest that there
is also a lipid component present. Lipid is not usually
associated with hd@ﬁesiderin.

4, ‘The lipid component behaves in many waﬁ& like the

lipogenic pigmenté.
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Pig# 1# Transverse section of the uterus
immediately after littering# Note the
blood clot at the placental site and the
folding of the mucosa# H# & £4

X 6*54



Fig# 2. Part of a transverse section of uterus
at 0 hours post-parturn stained with toluidine
blue. Note the intense staining of the cyto-
plasm of tkie epithelial cells.

X 485.



FI

3. Portion of a trrmeverBe section of
uterus from the same animal as Fig. 2,
stained with toluidine blue after extrac-
tion with perchloric acid. Note the
decrease in cytoplasmic basophilia.

X 485.



Fig.

4. Transverse section of uterus from the
same animal as Fig. 2, stained by the P.A.S.
technique and showing cytoplasmic granules,
surface P.A.S. positive layer and basement
membrane.

X 485.



Pig. 5. Transverse section of uterus at
0 hour post-partum. Note the darkly
stained "rod" cells. H. & E#

X 1050.



Fig. 6. An "encapsulated” raaltinucleate
giant cell. H. & E.

X 1050.



Plg.

Sy,

7. Part of a transverse section of
uterus 6 hours after littering showing
the edge of the "bare area” at the pla-
cental site. H. & B.

X 105.



Pig. B. Transverse section of utoruo 12 houro
popt-partura. Note the infiltration of poly-

morphonuclear leucocytes in the epithelium.
H. k E.

X 485.



l“\\\]

?lr. 9e Tranoveri?e nection of u uterus at
5t hours pof3t-parturn. The folding of the
endometrium is clearly chown. H. & E.

X 12.
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\ vV
Flg» 1lu. Transverse section of a placental
site at 24 hours post-partum. The site

has been re-epithelialized and the hyper-
brophic epithelial cells are resting on
a mass of blood and fibrin clot. Tolui-

dine blue.

X 105.



11. Part of Fig. 10 at a higher magni-

"“ication. Normal epithelium is to the
left and hype rtrophic epithelium is to
the right. Note the reduced cytoplasmic

basophilia of the hypertrophic cells.
Toluidine blue.

X 485.



%

Fig# 12. Transverse section of uterus from the
same animal as Fig. ~0. The epithelial
cells show early vaouolation. H. & E#

X 485.



Tip, 13» Bndometrlum of a 24 hour post-partum
animal to ohow dilatation of the blood wveaaela*
H. & B.

X 75.
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Fig. 14. Transverse section of the uterus
at 36 hours post-partum# to show the
folding of the endometrium. h. & E.

X 12.



Fie. 15. Transverse section of the uterine
epithelium at 36 hours to show the exten-
olve wvacuolatlon of the cells. H. & E.

X 485.



Flg.

16#
hy the

"4W .% % 4e

Note the basement membrane revealed
P#£f\.S. technique. Tranaveree oection.

X 2fX).



Pig. 17. Traneveroe section of a uterus at

43 hours post-partum. Note the ellt-1like
lumen and absence of folding of the endo-
metrium. H. & E.

X 12.



Plg. 18. Transverse section of uterine

epithelium at 48 hours post-partum. Note
the low columnar shape of the cells and
the absence of vacuolatlon. H. & E.

X 485.



F1f. 194# The remnento cf tlio placental arteiy
in the endometrium at 4 e poet-partum.
P«A«S-e

X 100.



Fig. 20. Tranoverse section of uterus at the time
rfFterine in an interoite region to snow the
meoometrial triangle. H. & E.

X 50.



Fig. 21. A metiial gland at O hours. Trans-
verse section. H. & E.

X 20.



S
12 %

Fig, 22# Typical caetrlal gland cells from a
ft hours specimen. H. & E.

X 800.



Pig# 234 Motrlal gland cells from a ceotlon
stained with toluldine blue# Note the
presence of the granules#

X 800#



Pig. 24#% Metrlal gland cells stained by the
“A.S. reaction.

X 800.



Flfe 25j% Metrial gland cells stained by the
eA*S., reaction after treatment with diastase.

X 800.



Pig, 26. Transverse section of a metrlal gland
at the time of littering to show the distribu-
tion of metrlal gland cells. Stained P.A.S.

X1s80.



Fig. 27. Vacuolated cells in a metrlal gland
at 0 hours. H. & E.

X 1050.



P1K* 28. A maat cell in eano section as

rip. 23. Note that the cell ie so densely
filled with f“runules am to appear as a
black maes. Toluldine 'Rlue.

X 80U.



Fig. 29. A P.A.S. stained section to show
metrial gland cells at 2 days post-partum”

X 180.



Fig. 30. Note the distribution and paucity
of metrial gland cells in a 4 day epecimen,
P.A.8. technique#

X 180.
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Pig. 31. The placental artery in the metrlal
“and shown by the P.A.S. technique in a
4 day specimen.

X 100.



Pig. 32. Transverse section through a metrial
gland at 5 days post-partum in A lactating
and B non-lactaxing animals. H. & E.

X 25.



Pig. 33. Transverse sections through metrial
glands in A lactating suid B non-lactating
animals at 10 days post-partum. The
greater size of the uterine horn in the
non-lactating animal is due to the re-
commencement of oestrus cyclea H. & K.

X 25.



Flg. 34. Transverae oectiona of metrial glanda
at 10 day8 poax-partum In A lactating and
B non-lactating animais to snow the reomants
of the placental artery. P.A.S.

X 80.



Pig. 35. Metrial glanda of A lactating and B

non-lactating animale at 15 days post-partum,
T. S. H. & E.

X 25.



Fig. 36. An ”"encapsulated” giant cell in the
endometrium at 15 days post-partum. Note
the P.A.S. positive capsule. P.A.S.

X 1050.



Fig. 37. Metrial glands from A lactating and B
non-lactating animals at 20 days post-partum.

Z

T. S. H. & E.

X 25.



