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ABSTRACT
The luminal and glandular epithelia of the uterus of the rat
during delayed implantation have been studied with the electron micro¬
scope, and the fine structure of these tissues has been described in
detail*

Light microscope histochemical preparations of the uterus have

also been examined.
The luminal epithelium during delay is characterized by dense
lipid deposits below the nuclei of the cells.

Very small glycogen

bearing granules are scattered along the free surface membranes of the
cells under light microscope examination.

Electron microscopy reveals

cytoplasmic extrusions of the free surface of the cells that correspond
in size and position to the glycogen bearing granules observed in the
light microscope.

The apical cytoplasm is marked by the presence of

numerous clear vesicles that have been termed "pinocytotic vesicles.*'
The Golgi apparatus is prominent above the nucleus.

Danse inclusion

bodies displaying the properties of lysosomes appear in the supranu¬
clear portion of the cell.
The gland ceils are devoid of lipid.

The apical cytoplasm con¬

tains fewer pinocytotic vesicles than that of the luminal epithelial
cells, and the Golgi apparatus is less well developed.
dense bodies are numerous in the supranuclear region.

Lysosorae-like
Enlarged mito¬

chondria occasionally appear below the nuclei of the gland cells.
Mo significant pattern of changes occurs in the fine structure
of the luminal and glandular epithelia during the course of the normal

ten day period of delay, nor are there any alterations to be observed
on the day prior to implantation.
No evidence has been found in the fine structure of either the
luminal or glandular epithelia of any protein secretory activity during
delay.

Other than the possible extrusion from the luminal epithelium

of cytoplasmic bodies containing glycogen, there appears to be little
production of nutrients for the blastocysts resting in the uterine
lumen.

It is suggested that one of the more important functions of

the luminal epithelium may be the regulation of the volume, tonicity,
and pH of the luminal fluid.
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iNTRODUCTIOil

The primary objective of this study is the elucidation of the
fine structure of the luminal and glandular epithelia of the uterus of
the rat during delayed implantation*

The period of delayed implanta¬

tion has been chosen because it is of particular significance in the
study of reproduction in this animal# about which this paper is also
concerned* Delayed implantation provides an unusually extended period
of time during which the relationship between the uterus and the un¬
implanted embryo can be studied in detail* TWo of the most interesting
problems involved in this relationship are tho analysis of the environ¬
ment of the embryo at this time with respect to its nutrition and the
analysis of the changes that occur in the uterus-blastocyst relation¬
ship at the time of initiation of implantation* A complete analysis
of these problems requires several different experimental approaches
on the levels of morphology* endocrinology* physiology* and biochemis¬
try*

In this study the emphasis is on morphology} this in turn will

provide a basis cn which to analyse the contributions of the luminal
and glandular epithelia of the uterus to the environment of the blas¬
tocyst during the delay and early implantation stages*

Iteuignaua^^
Long and Evans* in 1922* were the first workers to publish a
thorough study of the cyclic reproductive behavior of the rat* Their
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monograph serves as a basic work for the investigation of various as¬
pects of reproduction in this laboratory animal* Those workers found
that the length of the sexual cycle,, or "estrous” cycle# in the rat
was about four days* Within the span of this period a regular series
of changes occurred involving both the behavior of the female and the
morphology of its reproductive tract* The beginning of tbs period was
defined as the time when the female came into “heat*” or estrus# and
became sexually receptive to the male* During the period of estrus#
ovulation occurred# and if the female was unmated she would return to
a period of sexual inactivity in preparation for the onset of the next
estrus* Long and Evans* most important contribution to tbs knowledge
of reproductive phenomena in the rat was their elucidation of the mor¬
phological and histological changes in the reproductive tract corres¬
ponding to the various stages they observed in the four day cycle*
They defined five stages in the sexual# or esirous cycle*

Four of

these stages correspond to the onset# peak and decline of heat# and
tbs fifth corresponds to the period of sexual inactivity* These stages
are prosstrus# the beginning of ’’beat#” estrus# representing two
stages during the peak of ’’heat#** metestrue# the decline of "heat#"
and diostrus# sexual inactivity*

Each of these stages is manifested

in changes in the vaginal epithelium of the cyclic animal and may be
determined by microscopic examination of a smear preparation of the
cells sloughed into the vaginal lumen* The meet of receptivity in
the female is marked by the appearance of cornified epithelial ceils
in the vaginal lumen* Receptivity lasts approximately nine to twelve
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hours and is further characterized by a gross availing of the uterus
due to an accumulation of fluid in the limn* According to hong and
Evans* ovulation occurs 18 to 3D hours after the first appearance of
comified cells in the smear* The appearance of leukocytes in the
smear and tho disappearance of cornified cells signals the end of the
estrone condition and the beginning of the tea day diastrus which is
mark©! by the presence of mucus in the vagina.
Other workers have sought to estabUsb the precise timing in¬
volved in the reprcductiva processes of ovulation* copulation# fer¬
tilisation and tubal transport of ova* Huber studied the early stages
of development in the rat in 19X5# . He believed that fertilisation:-'''
occurred in the latter half of the first day after ovulation* The first
segmentation of the fertilised ova was observed'to occur in the tapper
part of the oviduct during tho early part of the second day* The two
cell stage was maintained for about twenty four hours while the ova
passed through the middle of the oviduct* The four cell stage was ob¬
served at the end of the third day# at which time the ova had traversed
about nine-tenths of the oviduct*

The eight cell stage was found dur¬

ing the latter half of the fourth day* and at the one! of the fourth
day the ova passed into the uterus In the twelve to sixteen cell stage*
Blandau* Boling and Young (1941) and Soling and Blaadau (1941)
studied the timing relationships between estrus and ovulation* From
observations of large numbers of rats they found that the length of
estrus averaged about 13*7 hours* Ho animals were found to have ovu¬
lated within six and one half hours after the beginning of estrus# and
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ovulation was usually completed by tho tenth hour after onset of
estruo.

Blondau and Honey (1944) studied the rate of sports trans¬

port in tho uterus at consecutive fifteen minute intervale after
copulation*

Sperm were distributed throughout tho oviducts after

one hour* Odor and Biandau (19S1) reported that approximately one
half the ova were fertilised between the first and second hours after
ovulations and that 90$ were fertilised three hours after ovulation.
Huber*a paper (191b) offers the best study of the embryonic
changes in early development of the rat* On the sixth day after
copulation* the free blastocyst swells greatly end begins to settle
into a crypt in the antimesoaotrial portion of the lumen. On the
seventh day the blastocyst is deep in the antimesometrial crypt* with
its inner cell mass oriented toward the mesomstrium*

The luminal

epithelium surrounding it Is flattened. Tho ectoplacental cone or
"trager” grows from the roof of the inner cell mass toward the raeaometrium. The egg cylinder grows down into the blastocyst from the
floor of the inner cell mass. The result of this process is a so*
called "inversion” OP "entypy” of the yolk sac* whereby the embryonic
mass ccmss to be surrounded by a layer of entoderm. The preamniotlc
cavity begins to form in the egg cylinder late in the seventh day.
During the eighth day the proaoniotio cavity enlarges.

"Riesenzellen"

may bo observed at the periphery of the ectoplacental cone.

At the

ninth day* the mesoderm appears* along with the anlage of the primi¬
tive streak and groove.
The formation of the foetal membranes and the development of
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the placenta tea teen described by otter authors# Jerikinson (1913)
characterises the development of these structures in the mouse, which
has a course of development very similar to the rat*

Everett (1935)

studied the morphology ate physiology of the allantoic and yolk sac
placentas of the rat9 with special emphasis on the role of the yolk
sac placenta in embryonic nutrition*

Bridgman (1948a» 1948b) studied

the structure of the chorioallantoic placenta of the rat*
the earliest morphological indication of the initiation of
implantation in the rat is the declduailzaiicn of the uterine stroma
around the antimescaeiriai portion of the uterine lumen* Actual at*
tactaent of the blastocyst to the uterine epithelium and the destruc¬
tion of the epithelium does not begin until the decidual reaction of
the stroma is well advanced ate can be visualized grossly as a swell¬
ing of the uterus from the exterior* Krehbiel (1937) has described
the histology of the decidual reaction in some detail* The antimesomeirial decidua is the first to develop*

It is marked by an enlarge¬

ment ate proliferation of the stromal ceils around the lumen such that
the region becomes densely packed with cells* An oedemas on the other
hand# is noted in the less cellular spaces at the periphery of the
aniimescmetrlal stroma near the myometrium#

The neck port ions of the

glands are obliterated* A few capillaries penetrate the densely cellu¬
lar rone to the lumen where extravasated blood may be found* the sesometriai decidua is the last to develop and is characterized by glycogen
bearing cells ate large sinusoidal capillaries*

It is in this region

that the chorioallantoic placenta will form. Of particular interest to
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the present study is Krchbiel's description of the zcnatien of the
luminal epithelium at the time of implantation* Discussion of this
will ho reserved until later*

Ovulation always occurs in the rat at eatrua whether or not
the animal is mated*

It hasbeen shown* however, that the act of copu¬

lation and the resultant stimulation of the cervix by the male organ
Initiates a series of changes in tbs reproductive tract associated with
the: preparation of the uterus to receive ih® fertilized ova* Long and
Evans In 1922 shewed that stimulation of the cervix by vasectcmizsd
males brought about a series of changes in the ovary and uterus that
closely those seen during the early stages of pregnancy* As
further proof that cervical stimulus was the only factor initiating
these changes* they used a glass rod, inserting it briefly into the
vagina of eaireus rats*

Following this treatment the estrous cycle

was suppressed for about twelve days* During this period the uterus
was sensitive to trauma and would respond to artificial irritation on
the fourth day after cervical stimulation by the formation of a decidua
resembling those seen in the early stages of implantation in pregnant
animals* Such a reaction could only ba induced in pssudoprsgnant ani¬
mals at the time when ova, if they had been present, would normally be
implanting* ■'■■■■■■"•

•

■

-

Alien (1931) shewed that the histological changes In the uterus
during pseudopregnancy exactly paralleled those occurring in the uterus
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during the first twelve days of normal pregnancy*

In his experiments,

sterile pseudopregnant horns were compared to horns with implanted
embryos in the same animal*
Creep and Hisaw (1933) demonstrated that electrical stimula¬
tion of the cervix would suffice to initiate pseudopregnancy in the
rat*

Velarde, Dawson, Olson and Hisaw (1953) studied the decidua in¬

duced by trauma on the fourth day of pseudopregnancy and found that
they closely mimicked the uterine changes of normal pregnancy* Follow¬
ing the disappearance of the decidua normal ostrus cycling was resumed*

A significant feature of the reproductive behavior of the rat,
and also of other rodents, notably the mouse, is the period of esirus
that occurs shortly after parturition* Jteerous investigators have
reported this phenomenon* Sobotta and Burckhard (1910) reported that
ovulation always occurred within 36 hours after parturition in the rat,
although the exact time was highly variable* Kirkha® and &jrr (1913)
reported ovulation usually occurring 24 hours post-partus* hong end
Evans (1922) fixed the time of ovulation at between 16 and 24 hours
posi-parium# the most detailed study was made fey Standee and Sodorwali (1941)* Thay found that ovulation could occur from 4 to 36 hours
poai-pariuat, with

m average of 18| hours# The length of the interval

seemed to depend on the time of day of parturition* fetosi animals came
into esirus between 6 Ki and 12 midnight and the average duration of
esirus was 10 hours*

They found that no ovulation occurred before 7

8
hours after onset of eairus* but that ovulation ms usually complete
by U hours*

Rats that are bred at the peat-partum estrus and allowed-to
suckle their young during the initial stages of the ensuing pregnancy
will experience a lengthening of this pregnancy beyond the normal 21
to 23 days* due to a delayed implantation of the blastocysts in the
'uterus*
Lataste (1891) studied the lengthening of gestation due to
concurrent lactation in the nouse* which is very similar to the rat In
its reproductive behavior* For the mouse* he reported a lengthening
of the gestation period during lactation from its normal length of two
"genital periods" to a length of three "genital periods#" (The "genl*
tal period" of Latests is approximately id days long and Is equal in
length to the period of pseudopregnancy in the mouse}*
Following Latests'a original observations other workers report¬
ed a lengthening of gestation associated with lactation in mice and
rats* Daniel (1910), working with mica* reported a direct correlation
between the number of young suckling and the length of gestation* Ha
claimed that gestation was prolonged one day for ovary offspring pres¬
ent with the mother* King (1913)* working with the rat* found that if
six or mors young were suckling* pregnancy could last as long as 34
days* Although she found no exact correlation between the amber of
young and the length of gestation* she suggested that the presence of
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suckling young reduced the supply of material nourishment available to
the embryos and retarded their growth*
Klrkhata (1916 s, 1918) studied the uteri of pregnant Instating
aloe killed fro® 6 to 24 days pcst-partu®. He observed that the
lengthening of gestation in these animals tvas due not to a general
retardation of embryonic growth but rather to a failure of the blas¬
tocyst to implant at the normal time*

In 10 animals killed 6 to 14

days posi-partu® he found unattached blastocysts in the uterine lumen*
Animals killed after 14 days had implanted embryos which were retarded
in their development coshered to the same day© of pregnancy without
lactation# Ffrem his work he concluded that a minimum number of young
was necessary to cause a delay in implantation* but that there was no
correlation between the number of young and the length of the delay*
tike King* he postulated that a lack of nutrients was responsible for
the delay of implantation*
Hain (1934) studied the lengthened gestation in rats* She
found no prolongation of pregnancy when less than four young were suck¬
ling* When more than four were suckling* pregnancy was prolonged* but
there was no significant correlation between the exact number suckling
and the lengthening of gestation*

It is interesting to note at this

point what appears to be a gap in the literature up to this time (circa
1930)*

It seems to have become wall accepted that the lengthening of

pregnancy during lactation la the rat was due to a delay of implanta¬
tion. Ifcere appears nowhere In the literature* however* any report of
the finding of free blastocysts in the uterus of the rat beyond the time
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that they would bo present In pregnancy without lactation#

It would

seem that after the initial reports of delay of implantation in the
mouse* the existence of this same phenomenon in the rat was for the
most part tacitly assumed by later workers#
Krehblel (l$4Qs)-» in a study of the effects of lactation on the
Implantation of ova in a concurrent pregnancy in the rat* found that
a minimum of six suckling young was necessary to cause a delayed im¬
plantation*

Be observed some instances* however* when even the pres¬

ence of twelve young produced no measurable delay in implantation*
His records indicated that there was no definite correlation between
the number of young suckling and the length of delay#

Further* if de*?

lay did occur* its length tended to vary from animal to animal#

Ho

obvious factors could bo found to explain this variation* but It was
noted that implantations after delay tended to occur on certain days*
namely days 10*11# 14»16, and 18*20 after mating at post-partura estrus#

The first experimental studios on the hormonal basis of delayed
implantation in rats were den® in the early 1940*8 by two independent
workers* Weichsrt and Krehbiel#

they studied the effects of the admin¬

istration of exogenous progesterone* estrogen and gonadotrophins on
delayed implantation#
Weichsrt (1940) found that injections of either Aniuitrin*$ (a
gonadotrophin) or large doses of progesterone would cause implantation
in delay animals#

He suggested a mechanism of delayed implantation
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thereby the suckling stimulus from a large litter caused the secretion
of large amounts of prolactin from the anterior pituitary* The high
level of prolactin might in turn block the secretion of gonadotrophins
from the anterior pituitary*

If one assumed that pregnancy depended

upon the proper levels of pituitary gonadotrophins acting upon the
uterus through the ovary* then the-action of gonadotrophins or proges¬
terone in initiating implantation might foe explained*
Krehfoiel (1941) found* on the other hand# that injections of
estrone during the early stages of pregnancy in lactating rats would
cause implantation cn day 6* which is the. time that implantation would
normally occur if the mother were not lactating* Srehbial was unable#
however# to bring such artificially induced implantations to term foe¬
tuses by the continued administration of exogenous estrone* Weicheri
(1942) also studied the effects ©f estrone injection cn delay rats*
Be found that doses of 10 1U per day would consistently cause implan¬
tation*

Contrary to vdmt KrehMel reported earlier# weichert ms able

to bring some fcotusas to term using massive daily doses of estrone*
It is interesting to note that Welchsrt (1943) reported that implanta¬
tion could be produced in delay rets merely by sprinkling trace amounts
of diethyl stilfoesterol

m the sawdust of their cages* Diethyl stilbes-

teroif however# has a mere potent estrogenic effect than ©sirens*
Until very recently# little other work has been done on the
effect of hormone administration to intact rats during lactational de¬
lay*

Voshinaga (1961) studied the effects of local administration of

progesterone and estrogen cn the uteri of rats containing delay biasto-
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cysts*. Ho injected solutions of the hormones in oil directly Into
the adipose tissue of the aesossatrlua adjacent to the uterus of the
etherised animal* Ih was able to Induce local implantation of those
blastocysts near the ait© of injection using doses of either 20 mg*
progesterone or 0*005 ug* of estradiol* a potent form of estrogen#

Much of the more recent experimental work that has been dono
on tii® rat uterus has been directed toward elucidation of tbs mechanisms involved in initiating implantation of the blastocysts# Host of
this work has been done with non-lactaiing rats ovarioctomiced during
the early stages of pregnancy# Since the studies of Krehbiel and
Weicherti little has been dote with the intact lactating rat during
delayed implantation* Much has been learned# howaver* about the roles
of the pituitary# ovary and uterus in the initiation of implantation#
From this knowledge# acme theories have arisen concerning the mechanism
of implantation in the non-lactating rat# but non© of them are yet con¬
sidered conclusive* and while it may be the case that non# of the work
supporting the general theories of implantation in the rat has been
done with intact animals in lactational delay* it is probably true that
ii® mechanism of implantation in the rat is the same in normal pregnan¬
cy and after lactational delay#

It is appropriate# then* to examine

sans of the work on implantation in the rat because of the bearing it
will have on the interpretation of the fine structure observations of
the delay uterus during the prelmplantaticn period#
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Several workers have studied the role of the pituitary in
implantation. Lyons 9 Simpson and Evans (1943) hypcphyseciealised nonlactatlag rats on the ease day that sperm from a successful mating
were found. Ihey were able to produce normal implantation In these
animals with daily injections of 60 HI of LTH and 10 XU of estrone.
Everett (1936) reported on the effects of autografting piiuitaries of
rats to the kidney capsule. Such treatment resulted in the maintenance
of functional corpora lutea in these animals for several months. The
cause of this phenomenon is the release of the Lift producing cells of
the anterior pituitary free inhibition by the hypothalamus* and a cor¬
responding rise in production of LTH by the euiografted gland* Coch¬
rane* Prasad # and Meyer (1962) performed similar autografts on preg¬
nant rats before implantation occurred* Such treatment caused an in¬
definite delay of Inplantation.

They suggested that the delay was due

to a high level of progesterone output from the corpora lutea that
were stimulated in turn by the high LTH output from the pituitary.
It was also found by these workers that estrogen injections during
this artificial delay period would initiate Implantation.
Other workers have studied the ovarleclcsaised pregnant animal.
Canlvenc* Laffargue and Mayer (1936) and Qmivenc and taffargue (1937)
ovariectcmised rats on the fourth day of pregnancy when blastocyst©
were present in the uterus* Ho implantation occurred in these animals*
even whan progesterone was administered in daily doses as high as 10 mg.
It could be shewn that the blastocysts remained viable during proges¬
terone treatment by the administration of estradiol benacate after any
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selected period of progesterone induced "delay*0 This hormone would
cause Immediate implantation of the blastocysts* which was the same
effect that Reichert and Krehbiel had observed in estrogen treated
rats in lactational delay* Cochrane and Mayer {1957) evarlectemlted
rats 45-60 hours after sating and injected 4 mg* progesterone dally
thereafter* Following this treatment* free blastocysts were found in
the uterus as long as 45 days after the ovariectomy*

If estrone {1 ug/

day) was given at any time during the progesterone treatment* implanta¬
tion occurred within five days after the first estrone Injection*
These workers suggested that implantation was dependent upon the syner¬
gistic action of estrogen and progesterone in the intact animal*
Mayer (1963) recently summarised the results of several experi¬
ments dene by himself and others with pregnant rats*

They found that

rate cvariectomlsed on day 5 of pregnancy would implant normally on
day 6 if 0*25 - 0*50 mg* of progesterone were administered*

If* however*

the ovariectomy was done before the middle of day 4* it was necessary
to inject both estrogen (l/lO ug estradiol) and progesterone to produce
normal implantation on day 6*

It was also found that the same doses of

combined estrogen and progesterone were sufficient to produce implanta¬
tion in rats hypophyeectcmlzed before day 4* From this work* Mayer has
postulated that there is m estrogen "surge" from the ovary m day 4 of
pregnancy that initiates the process of implantation in the rat*
Numerous studies of the function of the uterus itself in implan¬
tation have focused on the role of the decidual reaction of the uterine
stroma* This reaction is the uterine response to the presence of the
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implanting blastocyst# and as such, it is one of the earliest morpho¬
logical indications of the initiation of implantation in the rat*

It

is perhaps more interesting# hcwavor# because it is not necessary to
have a blastocyst in the lumen of the uterus in order to have a decid¬
ual reaction* ■ It has been amply demonstrated that a wide variety of
stimuli# generally ones involving acme start of trauma or injur/# may
initiate the decidual reaction if they are applied to the endometrium
of the uterus* Ibis artificially induced reaction has baaa termed
the "declduorsal reaction” to distinguish it frca the decidual reaction
of normal implantation*

It is this deciducmal reaction that has actu¬

ally interested most investigators# primarily because it has been found
that the uterus is capable of forming deciducasata only at certain times
(although# as will be mentioned again later# this depends in part upon
the strength of the stimulus used)* The sensitivity of the rat uterus
to trauma on day 4 of pseudopregnancy was demonstrated by Long and
Etane in 1922* They produced the trauma by passing threaded needles
through the uterus and leaving the threads in place* Kroftbiel (1937#
1939) used electrical stimuli* with a brief stimulus# he was able to
induce deciduoaata in the sterile horns of unilaterally pregnant rats
at the time when the embryos were implanting in the pregnant horn*
Using a stronger stimulus of longer duration# ha could produce deeid*
uoaata in the uteri of lactating rate during delayed implantation*
Lyons and Allen (1933)# using a needle to puncture the uterine wall#
could produce small but recognisable declducmata

m days 4 - 16 post¬

partum of non-pregnant Instating rats* The problem of tha degree of
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sensitivity of tho uterus to various typas of stimuli was examined by
Qtmfom (1959)• Ha used rats that had been ©yarlectomied* then made
psoudpprsgnant end given progesterone* After priming the rats with
estrogen to increase the sensitivity of the uterus* he studied the
effects of instillation of histamine in the uterine lumen versus mechan¬
ical trauma of the endometrium* He concluded that tha uterus I© more
sensitive to soma stimuli than others* and that mechanical trauma is
such a strong stimulus that it cannot be used to differentiate degrees •
of uterine sensitivity*
Sholeenyak and his cowerker© (I960) have pursued the study of
the role of histamine in decidualigation and cvo-nldattea* These work¬
ers word .the first to discover that the instillation of small dosas of
histamine in the Xuroina of the uteri of pseudo-pregnant rats would in¬
duce the formation of deeiducroata*

This effect could be blocked by

the © tail tenuous use of anti-histaminic ceqpounde#

In their further

studies they shewed that smell doses of estrogen would cause a release
of histamine from the roast ceils in the uterus* Sheiesnyak has recently
proposed a theory of implantation in the rat based upon the release of
histamine by estrogen. He believes that an estrogen ©urge occur© in
the pregnant animal at the time when the animal would normally ovulate#
This acts as a trigger to release histamine which in turn prepares the
decidua for blastocyst invasion* His ibeery has not won general accep¬
tance* however* partly because he has bean unable to produce actual im¬
plantation after , treatment which induces a general systemic release of
histamine in the rat*
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Mayor arid Cochrans (1962) have studied the effect of deciduomats on evo-nidaticn in progesterone treated ovariectomized rats*
they found that the presence of dociduccaata in the uterus during this
artificially induced delayed implantation would entirely inhibit ova**
implantation* and suggested that there was competition between the ovum
end the deciduomata for a common substrate that Is necessary for both
nidation and dscidualiraticn to occur*
Vochla and Da Feo (1962) attempted to define the hormonal bal**
anco that would produce maximum sensitivity of the uterus to trauma on
day 4 of psaudopregnancy* This condition was achieved with the com*
binod dally administration of 0*04 to 1*0 ug of estrone end 2*0 mg of
progesterone* From the observed effects of several different combine*
tiens of hormones* they concluded that progesterone fey itself would
promote a lew level* long lasting sensitivity* whereas a fairly precise
titre of estrogen had to fee present in conjunction with progesterone
to produce maximum sensitivity on day 4* the estrogen* however* Inhib*
lied long lasting sensitization* as opposed to progesterone alone*
they speculated that the sensitivity of the uterus in the intact rat
depended more on the time elapsed since the last estrus period than
it did upon an estrogen surge as proposed by Shelosnyak and Mayer*
The discussion of the experimental work on implantation in the
rat has emphasised the rolo of uterine sensitivity*

Tills has not been

meant to imply* however* that it Is the uterus alone which controls im«
plantation*

In fact* there has boon some debate in the literature over

which should be assigned the dominant rolo in implantation* the uterus
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or tbs blastocyst*

From the early work of Krehblel, who was able to

induce deciduomata in Instating delay animals, it would seem that it
was the blastocyst that determined when implantation would occur*

The

work of Runner (1947), Fawcett, Wislecki and Waldo (1947) and Nicholas
(1947) offers evidence to the contrary. Alt these men (Runner, Fawcett
et el* working with mice and Nicholas with rate) showed that fertilised
ova transplanted to the eye, kidney capsule, and duodenum respectively,
would stimulate the formation of the early stages of implantation sites
in these organs, regardless of the sexual condition of the animal at
the time* Here there is some evidence that it is the uterine environ¬
ment which controls the time of implantation* The results of some
other workers have not been so clear cut* Slandau (1949) could pro¬
duce very good decidua in rats on day 4 of pseudopregnancy with par¬
affin or glass beads places in the uterine lumen* These decidua# in
whose erupts rested the beads, bore most of the characters of normal
Implantation sites*

Aides and Smith (1959) did similar experiments

using agar blocks, fixed rat and sea urchin eggs, and live end fixed
mouse ova inserted in rat uteri* Only with the agar blocks could he
produce decidua* The failure of any of the ova to do so only clouds
the issue* The current trend, however, and probably the most reason¬
able one, is to view implantation in terms of a ccs&lex interaction
between the embryo and the uterus*

This concept has received parti¬

cular support from Noyes and Dickman (I960), who studied the relation
of ovular ago to endometrial development*

In their experiments, they

transferred 2, 3, 4, and 5 day old ova fro© pregnant rats to the uteri
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of pseudopregnant animals ©a days 2 through 6* Their results shewed
that thare ware upper and lower limits to the ages of both ova and

endometrium compatible with survival* Within these limits, it was
found that ova of the same relative age or one day older than the
uteri into which they were transferred had the best chance of survi¬
val to term* Ova of a younger ovular age than the host endometrium
had significantly lower chances of survival*

iasssshsaSaai^^
The emphasis of this section will be on three types of histocheaically demonstrable substances! enzymes# glycogen# and lipids*
It should be noted here that no attempt will be made to present an ex¬
haustive survey of the literature on this topic# rather# only a fern
papers that might have particular significance with regard to the lo¬
calisation of these substances in the cellular covenants of the endo¬
metrium at various stages in the rat reproductive cycle will be men¬
tioned* This in turn# it is hoped# will aid in the interpretation of
the funotlonal significance of the fine structure of certain of the
cell types of the endometrium*
i-

&mm
the enzymes to be examined briefly are* alkaline and add

phosphatase# 8-glucuronidase, and succinic dehydrogenase*

*• aiMlim pissahafeiaa
Talmage (1949) examined the estradiol treated rat uterus
and found little increase above the low background in activity of this
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hormone after estradiol injection#

It ia intereating to note that

estrogen treatment of the castrate mouse, a very closely related ani¬
mal, causes an increase in the activity of the luminal and glandular
epithelium and circular muscle layers (Atkinson and Elfiraan, 1946)*
More recently, Prahlad has studied the comparative alkaline phospha¬
tase activity of the uteri of immature, virgin, psoudcpregnant and
post-parium rats-(i960).

Endera (1961) studied the histochemical properties of the
rat uterus of delay*

He observed a slight alkaline phosphatase activ¬

ity in the apical portions of the mesonetrially oriented luminal
epithelium and no activity in the glands* Be found intense activity
in the blood vessels of the lamina propria*

b«

itoskiMs
Lobe! and Deane (1962) found the greatest acid phosphatase

activity in the rat uterus during periods of involution after parturi¬
tion and hormone withdrawal*
aiders (1961) reported heavy acid phosphatase activity in
the distal cytoplasm of the cells of the luminal epithelium and glan¬
dular epithelium in the rat delay uterus*
Cgawa et al* (1962) in an electron microscope study of the
acid phosphatase activity of the rat uterus, found this enzyme localized
in the microvilli and lysosoaes of the luminal epithelium and the iysoacmes of the stromal macrophages*
c*

BsatomMasa

Enders (1961) demonstrated heavy activity of this enzyme in
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the luminal epithelium of the delay uterus* The glands showed reduced
activity*
Prahlad (1952) in a study of the pre-implantation uterus,
found that this enzyme was most active on day 4 of pregnancy (the day
before implantation in his system of measurement) •
2.

GJ^son

itemscue workers have studied the glycogen content of the en¬
tire rat uterus* Among these, Boettiger (1946) assayed total uterine
glycogen content at different stages in the reproductive cycle, and
found the highest glycogen content during proestrus*

Estrogen injec¬

tions in the castrate rat raised the glycogen level in the uterus*
His work was repeated and confirmed by tfalaas (1932) who noted that
estrogen increased the glycogen in the muscular!© of the uterus.
the work of Krehbiol on the decidua of the rat (1937) has been
mentioned before* He observed the brief appearance of glycogen in the
ceils of the moscssatrial decidua*
Rosenbaum end Goolsby (1937) studied the endometrium of the
rat uterus and reported the presence of discrete glycogen bearing cells
in the stroma, around the glands, and in the luminal epithelium of the
cyclic animal* Heavy doses of estrogen in the castrate animal increased
the occurrence of glycogen bearing cells in the luminal epithelium and
the musculoris*
Enders (1961) found no demonstrable glycogen in the endometrium
of the delay uterus, but observed occasional PAS-posltive diastase resis¬
tant material in the glandular lumina.
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3* kM4 as£ ate&aXMsl
The lipid content of the luminal and glandular epithelia of
the rat endometrium has been moro thoroughly investigated than tha
other substances discussed* Aldan (1947) and Cavio and Alden (l$59)
have examined tlio cyclic fiction in lipid content of the rat uterus
and the effect of hormone treatment on uterine lipid in castrated rats*
They found that lipid began to accumulate under the nucleus of the
luminal epithelial cells at early proestrus and gradually became thinly
distributed throughout the ceils at estrus*
Lipid content declined at diestrua. In the pregnant rat# lipid
greatly increased 70 to 80 hours after copulation with the greatest
amount appearing basally* This condition persisted throughout through,
the first six days of pregnancy*

In castrate rats* the administration

of estrogen caused a gradual disappearance of lipid# while progesterone
brought an abnormal increase of lipid in the apical and basal zones*
They reported no lipid in the glandular epithelium*
liftman (1958) also gave estrogen to castrate rats and found
an increase in ceil height and a decrease in the basal phospholipid
content of the luminal epithelial cells*
Endoro (1961) reported a high concentration of phospholipid in
the basal portions of the luminal epithelial cells of tha delay uterus*
iJo demonstrable lipid was present in the glands except where the straight
portions joined the luminal epithelium*
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Studies of the fine structure of the uterus are as yet too
few in number to permit a general discussion of this topic* Gener¬
ally speaking* the studies that have been done on the fine struc¬
ture of the uterus have been done with human and on the mouse* and
have emphasised the cyclic variations of the luminal and glandular
epithelia, This work includes several papers by Hilsson on the mouse
(15583, 1553b, 1555, 1552), Compel (1962) and Vessel (1960),
HU a son’s studios on the mouse have been the most thorough to
date. He has studied the variation in fine structure of the luminal
epithelial, cells during the normal estxus cycle and also the effects
on these cells of castration with exogenous hormone treatment.

In

this work, Milsson has particularly emphasised the effects of estrogen
upon sire* free surface modifications, internal membrane structures* and lipid content of the luminal epithelial cells*

Weasel has studied

the fine structure changes In the human endometrial glands during the
proliferative and secretory phases of the menstrual cycle* with special
attention to the mechanism of the production and secretion of glycogen
by these cells* Gospel has presented a general description of the fine
structure of the endometrial glands of the human during the time of
secretory activity of these cells*

MATERIALS At© METHODS
Virgin female rats of the Holtssaan strain weighing between 190
and 240 gras were used in this study*

Uteri were removed from these

animals at various stages in the reproductive cycle and during delayed
implantation*
Delayed implantation was produced in the following manner.
Vaginal smears of the virgin females were taken and examined in the
evening.

Animals in proestrus according to the smears were placed

with large adult male rats overnight.

The following morning these

females ware removed and their vaginae flushed and examined for sperm.
If sperm were present this was designated "day 1" of normal pregnancy,
and the animals ware then isolated in separate cages to await the
births of their litters.

Normal gestation varied frcra 21 - 23 days.

Near the end of the normal gestation period a large adult male rat was
placed in the cage with each female.

The females were observed daily

thereafter to record the date of birth and number of young in the lit¬
ter.
The morning following parturition the females were again exam¬
ined for sperm to determine mating at post-partum estrus.

If sperm

were present this was designated os "day 1" of lengthened gestation
and the male was removed from the cage.
adjusted to 10

t

On day 1 all litters were

1 pups and this number was maintained constant through¬

out tha lengthened gestation.
Females were killed on the odd-numbered days of delayed implan24-
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totlon from day 7 through day 15.

On day 16, implantation occurred in

most of the animals used in this study*

Soma of the delay females

were allowed to precede to iu$>lantation before tissues were removed for
study*

Xn additions soma animals unprodictably implanted before day 16

and tissues from these animals were also studied*
The methods of tissue removal wore as follows.

The animals

wore killed by abrupt cervical fracture and their reproductive tracts
immediately dissected intact*
and separated at the cervix.

The uterine horns were trimmed of fat
From the middle of one hern sections 1 mm

thick were cut between the sites of the old placental scars and placed
in cold fixatives for the electron microscope.

Similar but larger

cross sections were removed and placed in other fixatives for the light
microscope.

The remaining horn was then flushed with a 0.9A> Nad solu¬

tion and the flushed material was examined under a 75X binocular dis¬
secting microscope for the presence of blastocysts.

If free blasto¬

cysts were found# the aniraal was considered to be in delay and given a
number*

If no blastocysts wore found the animals were discarded from

the experiment and the tissues thrown out.
Three different fixatives were routinely used for the electron
microscope.

These were Caulfield's {1953} sucrose modification of

Pelade's (1952) veronal acetate buffered 1% osmium tetrexido solution#
VMte'o saline buffered l# osmium tetroxide and X.2& potassium perman¬
ganate in 0.9U NaCl9 o modification of tuft's (1956) procedure.

All

fixatives ware chilled to 0° - 4°C during use# and tissues were left
in the fixing solution for one hour.

After fixation the tissues were
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rapidly dehydrated with a graded series of cold ethyl alcohols.

This

was carried out in such a manner that the tissues were in absolute
alcohol within five minutes after leaving the fixative.

After 15 min¬

utes in 2-3 changes of absolute alcohol at roc® temperature, the tis¬
sues were transferred to a half and half mixture of absolute alcohol
and propylene oxide, and then to two changes of 1G0S propylene oxide for
15-20 minutes.

The tissues were then placed in gelatin capsules contain¬

ing a fresh mixture of Araldite resin, DDSA hardener and accelerator.
The capsules were placed in a vacuum oven at 60°C until all bubbles were
removed from the resin and then transferred to a 60°C warming oven for
two days for polymerization.
The tissues were sectioned at 40-60 millimicrons on a Porter81urn .mechanical advance microtome and placed on Parlodicn coated copper
or nickel grids.

The osmium fixed tissues were stained with lead ace¬

tate according to the method of Dalton (1957).

The sections were exam¬

ined in a RCA B3J 3f electron microscope.
Tissues for the light microscope were fixed in Zenker's and
Hlftman's chromate solutions, Rossman's PAP, and in neutral formalin
and calcium formalin.

For routine histological examination the chro¬

mate fixed tissues were embedded in Paraplast and sectioned at seven
microns.

Staining was done with hematoxylin and eosin or with a tetra-

chrcme stain.

Glycogen and mucoplysaccharides were demonstrated in

the Rossman's fixed tissues with a Periodic acid-Schiff method.

Total

lipids v/ere demonstrated with Sudan Black B in frozen sections of for¬
malin fixed tissues.

Phospholipids were demonstrated in paraffin sec¬

tions of Hlftman's fixed material.

OBSERVATIONS
The emphasis of this study is on the elucidation of the fine
structure of the luminal and glandular epithelium of the uterus of
delayed implantation as revealed by the electron microscope*

tight

microscope histological and histochemical preparations were also made.
These preparations provided an overall picture of the delay uterus
that was very useful in interpreting the electron micrographs.

The

hlstochemical preparations in particular were essential in the func¬
tional analysis of the fine structure of the luminal and glandular
cells.

Light microscope studies of the delay uterus
1.

Histological appearance of the delay uterus
The uterus of delay shows no significant morphological differ¬

ences from one day to tha next during the delay period.

The overall

appearance of the delay uterus in situ is identical to that of the
non-pregnant lactating animal.

Thera is no external indication that

blastocysts are present in the lumen.
uterus reveals little vascularization*

The outer wall of the delay
The placental scars from the

previous litter are seen as dark nodules on the mesometrial aspect of
the uterus.
The myometrium of the uterus is composed of an outer longi¬
tudinal and an inner circular muscular layer.
1/4 to i/3 the diameter of the fixed uterus.
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Together these comprise
The endometrium is ccm~
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posed of two tissues, the luminal and glandular epithelium and the
stroma.
The stroma may be divided roughly into three zones, with a
continuous gradation between each zone.

The deepest zone next to the

myometrium contains the largest number of collagen fibers and the
least number of stromal nuclei.
prominent in this region.

Cross sections of arterioles are

Numerous macrophages may be found in the

mesoraetrial half of the deepest portion of the stroma.
The intermediate zone has less connective tissue and more cellu¬
lar components.

Numerous small capillaries and larger, more sinusoidal

vessels are found here.

The basal coiled portions of the tubular endo¬

metrial glands are found in this zone.
patent or occluded.

The lumina of the glands may be

A basement membrane surrounds the glands# Hie

gland cells are somewhat irregular in shape and range from pyramidal
to lew columnar.

The nuclei of the gland cells are round and lie in

the middle of the cell.

The cytoplasm of the gland cells is devoid of

basophilia.
The innermost zone of the stroma is densely cellular, but small
capillaries are occasionally present.
the ducts of the glands.

Passing through this region are

The ducts are usually tortuous, but they may

at times be almost straight.

The ducts join with the luminal epithe¬

lium, but there are no patent openings of the ducts into the uterine
lumen.
The uterine lumen is slit- shaped and is oriented in mesemetrial-antimesometrial direction.

Frequently there is a small transverse
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slit, like the bar of a
slit.

n

T% at the mescraetrial pole of the luminal

Its outline may bo irregular in cross section due to the con¬

traction of the uterine musculature in fixation#
The luminal epithelium of delay is simple columnar, with a
basement membrane.

The nuclei are ovoid and situated in the basal

halves of the cells#

There is no detectable histological difference

between the epithelium of the mesometrial and the antimescmetrial poles
of the lumen#

There is no basophilia present in the luminal epithelium

in H a E preparations.
During the period of delay no significant changes could be de¬
tected in the endometrium of the uterus.

2#
3*

££ Iks. Max item
Dinid and phosnholinid
In the endometrium lipid appears only in the luminal epithe¬

lium and In the stromal macrophages#

In the epithelial ceils it is

present above and below the nucleus in moderate amounts*
slightly more in the basal portions of the cells*

There is

Phospholipid dis¬

tribution in the endometrium is similar to that of total lipids.

In

the luminal epithelium it is present in discrete droplets in moderate
to heavy amount© below the nucleus and in smaller droplets and in less
quantity above the nucleus#

There is no phospholipid in the glands ex¬

cept where the neck region joins the luminal epithelium.

Heavy depos¬

its are seen in the stromal macrophages*
There is no significant variation in lipids or phospholipid
during most of delay#
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PAS-posltiva material
A thin PAS-positive fringe may be observed along the free

surface of the luminal epithelium. Under high magnification this
fringe is partially composed of small irregular granules localised at
the cell surface.

These granules disappear after diastase digestion,

indicating that they contain glycogen.

Also under high magnification,

numerous small PAS-positive, diastase resistant granules are observed
in the luminal epithelial cells above tbs nuclei.

A PAS-positive base¬

ment membrane outlines the bases of the cells.
The uterine lumen is devoid of PAS-positive material.
Small PAS-positive, diastase resistant granules are found
in the apical cytoplasm of the gland cells.

A dense PAS-positive base¬

ment membrane surrounds the glands.
There is often a strongly PAS-positive substance filling
the glandular lumina.
Macrophages laden with dense PAS-positive inclusions are
present In the stroma,
c* Iron
Peri's test for iron reveals occasional small granules in
the apical cytoplasm of the luminal and glandular epithelia. targe
positive granules are found in the stromal macrophages,
d.

Acid pJ3.gsp.l1ala.se
The Gcraori lead sulfide method produces dark granules in

the apical cytoplasm of the luminal and glandular epithelia.

These

granules correspond in number, sire and position to the PAS-positive
granules present in these cells.
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Hqo fine structure of the luminal. and glandular opithella
during delayt electron microscope studies
The results of this study indicate that there are no signi¬
ficant changes in the fine structure of the luminal and glandular
epithelia during most of the delay period*

A general description of

the fine structure of these cells has been compiled from micrographs
of uteri removed from days 7-15 of delay.
1*

The luminal epithelium
For convenience of description the luminal epithelial cells

have been divided into three zones (see figs. 1 and 11).

&&

a-

The free surface is marked by the presence of short irregu¬
lar microvilli (fig. 2).

An unusual modification of the free surface

of these cells frequently observed is an extrusion of the apical cyto¬
plasm into the uterine lumen.

Such extrusions* or “blebs,” often

appear to be in the process of pinching off from the surface of the
cells (fig* 4).
tures.

The blebs are often free of internal membranous struc¬

At such times they present an amorphous interior similar in

density to or slightly darker than the background substance of the cell*
Terminal bars are present at the apical ends of the cells
joining one call to another.

Desmoscmes are present along the lateral

cell membranes below the terminal bars.
The apical cytoplasm is characterised by the presence of
numerous clear, membrane-bound vesicles that give this portion of the
cell a "frothy" appearance (figs. 1—3)*

The contents of these vesicles
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are similar in density to the free space of the uterine lumen*

In

this study, these vesicles will be called "pinocytotic vesicles.”
vjhile the pinocytotic vesicles are the most striking, numerous other
vesicular profiles are observed in this zone of the cell*

Most abun¬

dant of these are vesicles with thinner membranes than the pinocytotic
vesicles*

They are occasionally studded with ribosomes, indicating

that they are a component of the endoplasmic reticulum.
are similar to the background cytoplasm in density.

Their contents

Occasionally,

cross sections of more tubular or cisternal components of the endo¬
plasmic reticulum are observed.
fixed tissue.

These are best seen in permanganate

Close examination sometimes reveals very small thick-

walled vesicles whoso contents are usually denser than the background
cytoplasm.

A few largo clear vacuoles that contain varying numbers of

small vesicles inside are usually present*

These will be called "multi-

vesicular bodies.n
Small mitochondria are dispersed in the apical cytoplasm.
They are most numerous between the free surface membrane and the Golgi
apparatus.
''Rosettes” of free ribosomes are found in the apical cyto¬
plasm and more or less uniformly throughout the rest of the coll,
h*

JM

m&M

This zone includes the area just above the cell nucleus.
It is marked by the presence of the Golgi apparatus, inclusion bodies,
and occasional lipid dropleiB.

Randomly distributed profiles of vesic¬

ular or cisternal elements of the endoplasmic reticulum are also present
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(figs* 6-?)*
The Golgi apparatus is prominent in luminal epithelial
cells*

In osmium fixed tissues it consists primarily of widely di¬

lated cisternae, or ''Golgi vacuoles.”

The fenestrated cisternae

described in the Golgi of other cells are rarely seen in the Golgi
of luminal epithelial cells*

Small "Golgi vesicles” similar to the

small thick-walled vesicles described in the apical cytoplasm are
clustered about the vacuoles.

These vesicles may also appear iso¬

lated in the cytoplasm of the supranuclear region of the cell*
Golgi vacuoles are devoid of demonstrable contents.

The Golgi vesi¬

cles are denser internally than the background cytoplasm.
ganate fixation# the Golgi vacuoles are less common.

Use

In perman¬

Close packed

stacks of lamellar membranes are occasionally seen in their place.
The supranuclear inclusion bodies exhibit wide variation
in structure and content (fig. 6-8).

They may be of the same density

as the background cytoplasm# or they may be extremely dense.

Inside

may be found large dark granules, light areas# crescent shaped mem¬
brane lamellae# small vesicles# or any combination thereof.

Occasion¬

ally they contain a fine black granular substance which is probably
protein-bound iron.

In the less dense bodies one may sometimes discern

entrapped mitochondria (fig. 8).
ies is an outer limiting membrane.

The one common feature of these bod¬
Acid phosphatase lead deposition

methods for the electron microscope reveal the localisation of this
enzyme in the inclusion bodies (fig. 9).

In this study these bodies

are considered to belong to the class of organelles known as "lysoscmes.”
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Dark stained lipid droplets may be present in the Golgi
region but they axe never very numerous above the nucleus during most
of delay*
c*

Tbs nucleus
The nucleus is oval shaped and nearly fills this portion

of the cell*

its profile is generally smooth# but there may be cyto¬

plasmic indentations.
cleus (fig. 14).

A double membrane envelope surround© the nu¬

Frequent continuities of the outer membrane of this

envelope with the endoplasmic reticulum are seen.

Nuclear pores, or

“annulae" are cession# and they are studded with ribosomes.

The nuclear

content varies considerably in appearance depending on the fixative
used in preparing the tissue,
d. Hi© basal zone.
The most striking feature of the luminal epithelium of de¬
lay is the large quantity of lipid present below the nucleus (figs. 1#
10).

In seme sections lipid droplQts may fill the basal cytoplasm to

such an extent that they virtually exclude other structures.

In many

sections# however, dense clusters of small mitochondria are present
between the lipid and the basal cell membrane.
The basal surface of the cells is quite irregular*

It is

composed of tapering cutfoldings from which thin finger-like projec¬
tions extend into the sub-luminal free space (fig* 10).

Closely ap¬

posed to the cell membrane is an amorphous electron dense layer of
uniform thickness.

This layer constitutes a port of the basement mem¬

brane observed in the light microscope.
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The luminal epithelium is only loosely bound to the stroma.
The space below the luminal epithelium is occupied only by a few scat¬
tered collagen fibers.
2.

The glandular epithelium
Little variation in the fine structure of the gland cells is

observed in sections taken from different regions of the glands during
delay.

There is much variation in the shape of the ceils themselves,

however.

This is due to the coiling of the basal portions of the glands

and the occasional distension of the glandular luraina (see figs. 12, 14).
a»

The fjB&aJL BSE&Sa

£l j&g aMl .cells

The apical cytoplasm of the gland cells is occupied by numer¬
ous assorted vesicles, but it is quite different from the luminal epi¬
thelium in appearance (fig. 13).

The clear pinocytotic vesicles which

give the luminal cells their frothy appearance are not as abundant in
the glands*

The other types of vesicular profiles described in the lu¬

minal epithelium are present in great numbers*

This Includes the com¬

ponents of the endoplasmic reticulum and the small dense-walled vesicles.
Multlvesicular bodies are numerous in the apical cytoplasm of the glands.
Mitochondria are distributed unevenly throughout the apical
cytoplasm.

They are generally small and slightly elongated with lamel¬

lar cristae.
The Golgi apparatus of the gland cells is not as prominent
as in the luminal epithelium.

Its general organization is similar to

that of the Golgi of luminal epithelial cells, but it is rarely as
large.

The gland cell Golgi is often pushed to one side of the cell,
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and it may sometimes be found between the nucleus and the lateral mem¬
brane of the cell.

The variations in the position bf the Golgi can

probably be accounted for by the distortions of the gland cells by the
forces mentioned above.
Dense inclusion bodies, or lyaoscmes, are common in the
apical cytoplasm of the gland cells.

Their properties are the same as

those of the inclusion bodies described in the luminal epithelium,
b.

Basal zone of the eland cell
The most unusual feature of the basal zone is the appearance

of enlarged mitochondria that are easily distinguished from the normal
small mitochondria present (figs. 12, 15).

In any one cross section of

a gland, enlarged mitochondria may not be present in all cells in the
field.

In cells where they do appear they may occur singly or in small

groups.

The enlarged mitochondria tend to be round in cross sections.

Their cristae are fairly close-packed and lamelliform.
Irregular cross sections of elements of the endoplasmic
reticulum are scattered randomly through the basal cytoplasm.
the profiles bear a few ribosomes.

Some of

The space enclosed by the more di¬

lated profiles is somewhat lighter than the background cytoplasm.

Occa¬

sionally the enlarged mitochondria are closely surrounded by cisternal
elements of the endoplasmic reticulum (fig. 15).
Rosettes of free ribosomes are present in the cytoplasm of
the basal portions of the gland cells, but they are never numerous
enough during the delay period to render this area basophilic in the
light microscope.
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Cellular elements of the stroma are often closely asso¬
ciated with the basal portions of the gland cells.

Particularly

common are associations with capillaries (figs* 17, 18).

These ves¬

sels are often seen lying directly against the basement membrane of
the gland or even indenting the body of the gland itself.

In such

instances the only separation between the gland cell and the endo¬
thelium of the capillary may be the respective basement membranes of
the two structures*

Stromal plasma cells, easily identified in elec¬

tron micrographs by their dilated granular endoplasmic reticulum, may
also directly abut against or indent the gland cells (fig. 16).

Pro- and oost-imolantation charges In the delay uterus
1.

jLloht microscope observations
Krehbiel (1937) described the zonation of the luminal epithe¬

lium of the early implantation site in the rat*

These zones are 1) the

roesometrial zone of normal columnar epithelium, 2) a transitional zone
of low columnar epithelium, 3) a low cuboidal epithelium lining the im¬
plantation chamber and 4) a zone of pseudostratlfied epithelium at the
antimescmetrial tip of the lumen.

Krehbiel reported that lipid was

present in the luminal epithelium of all these zones.

Aidon (1947)

studied the lipid content of the luminal epithelium of early implanta¬
tion sites in the rat*

Lipid in the inter-implantation region remained

unchanged from the pro-implantation condition during the first six days
after implantation.

At the implantation site the lipid was clustered

around the nuclei of the cuboidal cells that lined the embryonic crypt.
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In the present study, light microscope lipid demonstrations
of 1-2 day old implantation sites have generally confirmed the obser¬
vations of Krehbiel and Alden.

In sites 3-5 days old, however, there

appears to be some variation among different animals in luminal lipid
content in the oesometrial zone of the implantation site and in the
inter-implantation region.
The lipid content of the luminal epithelium of animals in day
15 of delay is similar in amount and distribution to that of animals in
earlier stages of delay. The light microscope reveals no changes in
the lipid distribution in the luminal epithelium up to the time that
the formation of the embryonic crypt in the antimescmetrial portion of
the uterine lumen signals the end of delay and the beginning of implan¬
tation.
2.

Electron rnicrfiSCctiQ .observations
Electron microscope observations of tha post-implantation uterus

were restricted to the early stages (1-2 days after implantation). The
sections examined were taken from the inter-implantation region of the
uterus.
The most significant change observed in the luminal epithelium
two days after implantation is the decrease in lipid in the basal sons
of the cells and the increase in lipid above the nucleus (fig. 19).
This change is not uniform in ail the luminal epithelial cells exam¬
ined, however.

This lack of uniformity probably results from the var¬

iation in level in the uterine lumen of the sections prepared for the
electron microscope.

It is unfortunately very difficult to determine
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the precise orientation of individual luminal epithelial cells with
respect to the lumen in electron microscope preparations» and, as
noted in the light microscope sections of whole uteri, there is some
variation in the lipid content of the luminal epithelium between the
mesomatrial and antimesometrial poles of the lumen.
Besides the change in lipid distribution, the following other
changes may also be seen in the post-implantation luminal epitheliums
1) an increase in size of the Golgi vacuoles, 2) an increased dilation
and granulation of the endoplasmic reticulum in the apical portion of
the cell, and 3) modification of the basal interdigitations between
cells.
No consistent changes can be seen in the luminal epithelium
of day 15 of delay, which is usually the day before implantation in the
animals used in this study (fig. 11).

In seme animals there appears to

a slight increase in the supranuclear lipid in the luminal epithelium
of day 15, but the absence of other corollary changes and the uncer¬
tainty involved in predicting in advance the time of implantation in a
delay animal precludes the establishment of this change in lipid dis¬
tribution as a valid pre-implantation phenomenon.
Mo consistent pattern of changes can be observed in the gland
cells in the pre-implantation or early post-implantation stages.

In

any one section of a post-implantation uterus much variation con be ob¬
served in the fine structure of different glands in the field*
the glands may be indistinguishable from those of delay.

Some of

Others, how¬

ever, show changes that appear to be degenerative in nature.

These
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changes include an increased vacuolization of the apical cytoplasm
and of the mitochondria#

Glands of the ostrus uterus
The fine structure of the gland cells at estrus Indicates a
high degree of protein secretory activity (fig. 20).

Lamellar stacks

of granular endoplasmic reticulum occupy large spaces in the basal
cytoplasm of the gland cells.

The Golgi apparatus in the apical por¬

tion of the cell is well developed.

Moderately dense secretion gran¬

ules are present in great number* and may be seen in close association
with the Golgi or may appear to be in the process of being extruded
from the cell Into the glandular lumen.

The luminal and glandular epithelium of non-pregnant lactation
Uteri from non-pregnant lactating animals have been examined on
days 9-15 post-partum (figs* 21, 22).

The fine structure of the luminal

and glandular epithelium of days 9-13 is identical to that of comparable
stages of pregnant lactating animals in delay.

The luminal epithelium

of day 15 non-pregnant lactation differs considerably from the luminal
epithelium of day 15 of delay (cf. figs. 11 and 22).

The lipid content

of the luminal epithelium of the non-pregnant animal is much reduced
compared with that of the delay animal.

Other differences include a

reduction in the number of pinocytotic vesicles at the apical tip of the
cells and an increase in length of the microvilli at the free surface
of the cells of the luminal epithelium of the non-pregnant lactating
animals.

DISCUSSION
Uterus-blastocyst relationships during delayed implantation
1*

Maintenance of the blastocysts
The blastocysts of the rat are in a state of arrested develop¬

ment during delayed implantation, and there is little or no cell divi¬
sion or growth during this time (Schlafke, 1962)•

The amount of nour¬

ishment required to sustain the blastocysts is probably very small,
and part of it is undoubtedly available from their own cytoplasmic
reserves.

It seems likely, however, that during the extended delay

period some additional nourishment must be drawn frcsn the luminal en¬
vironment.

Since the luminal epithelium is the tissue directly in

contact with this environment, it is the logical tissue to examine
first in a study of the nutritional factors of delayed implantation.
The luminal epithelium, of course, may not be the ultimate source of
all intraluminal nutrients? the only assumption made here is that it
is the last intermediate in the transfer of nutrients from the blood
vasculature of the endometrium to the uterine lumen*

This allows for

the possibility that the luminal epithelium is synthesizing substances
and secreting them into the lumen, or that material is passing more or
less directly through the luminal epithelium from the stroma.

Hie

most likely possibility is a combination of these alternatives.
The glandular epithelium, and possibly the oviducts as well,
may also make significant contributions to the luminal environment of
the blastocysts.

The role of the glands is more difficult to define,
41-
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however, for it is uncertain whether the glandular epithelium is in
cossnunication with the lumen via the duct during delay*

The results

of this study indicate that it is not, but this cannot be said with
certainty for the living animal*
ducts in the dQlay animal.

The same may be said for the ovi¬

Their contribution to the luminal envir¬

onment during delay is unknown*

It would be interesting to observe the

effects of ligation of the oviducts of the delay animal on the survival
and later implantation of the blastocysts.
Another factor which may be of importance in this study is the
large surface area of the luminal and glandular epithelia in compari¬
son to that of the blastocysts*

The contribution of any small unit of

cells in these epithelia may be insignificant in relation to the con¬
tribution of the entire epithelia*

It is even possible that this ‘'unit*'

contribution may be so marginal as to evade detection even in the elec¬
tron microscope.
2*

The initiation pf implantation
The interactions between the uterus and the blastocyst during

the initiation of implantation are as yet ill-defined.

The nature of

the changes that occur in the luminal environment to cause the blasto¬
cyst to resume its growth after a long period of delay are particularly
obscure.

Experimental studies on the initiation of implantation in the

rat have thus far revealed only hormonal changes that might precede the
alterations in the luminal environment itself.

The evidence accumulated

to date indicates that implantation occurs only when the uterus has
been sensitized by the synergistic action of estrogen and progesterone
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(Cochrane and Meyer, 1957).

This synergism appears to depend upon

a high progesterone level and a very low level of estrogen*
trogen level seems to be the most critical of the two*

The es¬

Some workers

(Mayer, et al*, 1963) have suggested that the rise of estrogen to its
required level is the final step in the sensitisation of the uterus
to the blastocyst at the initiation of implantation*

It has been fur¬

ther proposed that this sensitization is correlated with a release of
histamine in the endometrium under the influence of the rise in estro¬
gen level (Shelesnyak, I960)*
During the delay period the uterus is under the influence of
progesterone secreted by the functional corpora lutea of lactation*
The fine structure of the epithelial layers during delay is probably
a reflection of this progesterone domination*

If there is an increase

in the level of estrogen shortly before implantation, it is possible
that there may also be changes in the fine structure of the epithelial
layers in response to the altered hormonal conditions*

The detection

of such fine structural changes might in turn reveal further clues as
to the modification of the liaainal environment of the blastocysts at
implantation*

rAlj*tlprLi:p,j:lie„^
1*

Secretory activity
a.

Protein secretion
The light microscope reveals that there might be protein
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secretory activity in the luminal and glandular epithelia during delay.
This is suggested by the fringe of PAS-positive, diastase resistant
material on the free surface of the luminal epithelium and the heavy
deposits of a similar substance occasionally seen in the glandular
lumina.
The intracellular structures associated with the synthesis
and release of protein have been well defined in cell types known to
secrete large quantities of protein (Siekevltz, 1959? Porter, 1962;
Zoigel and Dalton, 1962).

The synthesis of protein has been linked to

the granular endoplasmic reticulum, and the coapartmentalizaticn and
release of protein is indicated by membrane-bound secretion granules
associated with a well developed Golgi apparatus.

It must be acknow¬

ledged that the use of these criteria derived from integrated biochemi¬
cal and morphological studies of highly specialized cells may not be
entirely adequate for defining secretory activity in other cells of un¬
known function.

It may be particularly difficult, for example, to de¬

tect very low levels of secretion using a highly active cell as a stan¬
dard.

The identification of protein secretion in this study will have

to rest on the criteria available, however.

More precise criteria will

have to be derived in the future if they are needed*
During the period of delayed implantation neither the lumi¬
nal nor glandular epithelia exhibit the fine structural patterns char¬
acteristic of active protein synthesis and secretion*

Ribosome studded

elements of the endoplasmic reticulum are rare in both epithelial types.
Free ribosomes are present in the cytoplasm of the colls, but never in
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©ore than moderate numbers*

Hie protein synthetic activity associated

with these free ribosomes is probably non-specific and related to the
maintenance of the cytoplasm.
It is interesting to compare the fine structure of the
glands of delay with that soon in the glands during estrus.

The pres¬

ence of extensive smltilaminar stacks of granular endoplasmic reticu¬
lum, as wall as numerous secretion granules near the enlarged Golgi
apparatus and the free surface of the cells indicates that the glands
are secreting large quantities of protein during estrus.

This height¬

ened activity at estrus reflects the elevated estrogen levels at this
time and emphasizes the relative inactivity of the gland cells during
progesterone dominated delay.
The apparent absence of evidence for protein secretion in
electron micrographs of the delay uterus fails to account for the sub¬
stance collected in the glandular lumina.
sidered.

Two explanations may be con¬

One is the possibility that the material was secreted before

the delay period and is only residual during delay.

She ether is that

the process of secretion has not been observed, either because it oc¬
curs very slowly, or because the mechanism of secretion is different
from the one outlined above.
The enlarged Golgi apparatus in the luminal epithelial cells
is suggestive of secretory activity, but this is not supported by the
presence of typical secretion granules.

The small Golgi vesicles are

intriguing, however, in the resemblance they bear to the other small
dense vesicles distributed more or less singly throughout the apical

46

cytoplasm.

If theca other small vesicles are elaborated by the Golgi

apparatus, then they may perhaps be involved in the distribution of
substances either synthesised or concentrated at the Golgi apparatus.

h.
Light microscopy reveals glycogen containing granules at
the free surface membrane of the luminal epithelial cells.

Alkaline

phosphatase activity has also been reported in this region of the
cell.
The cytoplasmic extrusions observed in electron micrographs
of luminal epithelial cells correspond in size and position to the gly¬
cogen bearing granules observed in the light microscope.

Close examina¬

tion of these extrusions in osmium fixed tissues, however* fails to
reveal the presence of glycogen according to the criteria of Revel,
Napolitano and Fawcett (1960) for identification of glycogen in thin
sections of osmium fixed tissues.

In permanganate fixed tissues, gly¬

cogen is known to appear as dense dark granules slightly larger than
ribosomes. Such granules could not be observed in the cytoplasmic ex¬
trusions in the permanganate fixed tissues examined in this study.
Glycogen, however, is water soluble and the exposure of the tissues to
water during the fixation and dehydration processes may extract any
glycogen present in the relatively unshielded cytoplasmic extrusions.
It is worth noting here the work of Porter and Sruni (I960), who pro¬
posed that the synthesis of glycogen in hepatic cells is related to
the agranular endoplasmic reticulum.

In the luminal epithelial cells,

profiles of agranular endoplasmic reticulum are numerous in the apical
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cytoplasm near the regions where glycogen may be present*
The question arises as to hew cytoplasmic extrusions bear¬
ing glycogen could be related to the nutrition of the blastocyst*
Schlafke (1962) has studied the fine structure of the delay blasto¬
cysts of the rat with the electron microscope*

She reports the pres¬

ence of lysosoma-like dense bodies in the trcphoblast cells of the
blastocyst during late delay*

If these dense bodies are indeed lyso-

sernes, then there is seme basis for suggesting that they might be in¬
volved in the digestion of nutrients taken up from the uterine lumen
by the trcphoblast cells*

2. faaaa&aate

iMsl temsmi-.

'

The large clear vesicles in the apical cytoplasm of the luminal
epithelial cells have been termed pinocytotic vesicles for the following
reasons?

1) their restriction to the apical cytoplasm near the free

surface membrane, 2) the comparable densities of the contents of the
vesicles and the uterine lumen, 3) the similarity in thickness of the
membranes of the vesicles and the cell surface and 4) infoldings of the
cell membrane between the microvilli suggestive of the formation of
vesicles*
Vokaer (1962) lias studied the uptake of colloidal dyes injected
into the uterine lamina of rats at different times in the reproductive
cycle*

Using the light microscope, he has observed the uptake of dye

substance by the luminal epithelium during pseudopregnancy and at im¬
plantation.
A similar experiment was done for the present study, using
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hemoglobin as an electron dense maos tracer.

A hemoglobin solution

was injected into the uterine luaiina of anesthetized delay rats, and,
after one hour, their uteri were removed and fixed for electron micro¬
scope examination.
at present*

The results of this experiment are inconclusive

Although the number of pinocytotic vesicles seems to be

increased after the injection and the hemoglobin has disappeared from
the uterine lumen, it has not yet been possible to identify electron
dense deposits of hemoglobin in the pinocytotic vesicles.
The nature of the fluid contained in the uterine lumen during
delay is unknown.

Xt is very likely, however, tiiat small amounts of

protein and other substances are dissolved in this fluid.

The question

arises as to the fate of these materials if they are indeed taken into
the luminal epithelial cells by the pinocytotic vesicles.

One possible

course is suggested by the presence of the lysosome-like bodies in the
supranuclear portion of the cell.

The work of deDuve {1559) and Ncvi-

koff (1960) on the biochemical and morphological properties of lysosesses in hepatic cells, and the studies of Miller (1963) and Straus
(1962) on the uptake of protein by kidney tubule cells have resulted
in the establishment of the lysoseme as a definite organelle whose pri¬
mary function is intracellular digestion.

This is accomplished by a

wide array of hydrolytic enzymes that work at a moderately acid pH.
Hie digestive function of lysosemes has been shown to be two-fold?
they may break down material ingested by the cell, as in the case of
the lysosomes in macrophages, or they my participate in strictly autolytic processes within the cell.

This second function may be related

to the normal processes of maintenance ami repair, or it may be a fac¬
tor in the necrosis of the entire cell*
The dense inclusion bodies in the supranuclear region of the
luralnal and glandular epithelial cells display several properties
that characterize them as lysosoaes*

1) they are membrane-bound,

2} they contain PAS-positive substances, 3) they exhibit internal mem¬
branous structures ("myelin figures") resembling breakdown products
of other cellular constituents and 4) they display acid phosphatase
activity.
On© of the primary functions of the lysosoaes In the luminal
and glandular epithelial appears to be the breakdown of normal cyto¬
plasmic constituents.

This is suggested by the presence of partially

decomposed mitochondria and "myelin figures" (phospholipid remnants
of membrane breakdown) within the iysoscmes*

Bis involvement of lyso-

some© in the digestion of material removed from the lumen by the lumi¬
nal epithelial cells is less certain.

Their participation in this

activity is suggested, however, by the pattern of pinocytotic vesicles,
multivesicular bodies and lysoscmes that may be observed in the apical
cytoplasm of the luminal epithelial cells.

Kovikoff has postulated

that, in kidney tubule cells, multivesicular bodies participate in the
transfer of engulfed material from the free surface to regions where
lysosoaes are present in the greatest number.

In the Uterine luminal

epithelium, multivesicular bodies are most common in the area between
the free surface membrane and the region of heaviest concentration of
lysoecmes just above the nucleus.

Moreover, one may occasionally see
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structures which could be intermediate in the formation of multivesicular bodies from enlarged pinocytotic vesicles and in the forma¬
tion of lysoscmes from multivesicular bodies (fig. 23).

However, until

such time as electron dens© tracer material can bo followed into the
coll, no final conclusions can be drawn regarding the general patterns
of movement of engulfed substances within the call.
Perhaps the most interesting results of this study, however,
are not the conclusions about the overt secretory and pinocytotic ac¬
tivity of the luminal and glandular epithalia» but rather the questions
that arise concerning the less morphologically obvious contributions
of these tissues.

The cellular mechanisms related to the regulation

of the volume, tonicity and pH of the luminal fluid are particularly
intriguing*

The general appearance of the luminal epithelium in the

electron microscope suggests that large quantities of water may be pass¬
ing both in and out of the ceils of this tissue. This is indicated not
only by the pronounced vesiculation of the apical cytoplasm, but also
by the rather exaggerated dilation of the vacuoles of the Golgi appara¬
tus, which suggests a high concentration of water in this part of the
cell.

It is also interesting to note the groupings of mitochondria

near the apical and basal membranes of the cells. The basal groupings
in particular, because of their proximity to the moderately extensive
cutfoidings of the basal cell membrane (fig. 10), suggest comparison
with the basal modifications of other cells such as those of the kidney
tubules known to be specialised for water transport.

Certainly there

is yet much to be learned from electron microscope investigation of
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these cells concerning their more subtle influences on the environ¬
ment of the blastocysts.

The application of more cytocheaical tech¬

niques for the electron microscope will certainly aid in this effort.
3.

Special structural modifications
Two unusual features of the luminal and glandular epithelia

during delay have not been discussed.

One is the lipid concentrated

In the luminal epithelium below the nucleus.

Comparison of the uteri

of ncn-pregnant lactating rats with those of pregnant lactating delay
animals reveals identical lipid deposits in both.

The presence of

such lipid deposits is probably a manifestation of the high progester¬
one levels in both animals and is not directly linked to presence of
blastocysts in the pregnant animal.

The restriction of the lipid to

the luminal epithelium, however, suggests that it might contribute to
the nourishment of the blastocysts, but the electron microscope fails
to reveal any mechanism whereby this might be effected.
Especially interesting are the enlarged mitochondria found in
the basal regions of the gland cello during delay.

They are also

present in the gland cells of non-pregnant lactating rats, which indi¬
cates that they are correlated with the high progesterone levels in
these animals.

In tha human*enlarged mitochondria have been associated

with the synthesis of glycogen in the endometrial glands during the
secretory phase of the menstrual cycle (Compel, 1962), but no apparent
function can be assigned to the enlarged mitochondria in the rat.
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Implantation
1.

Bub-threshold estrous cycles during delay
The early work of Krehbiel (1941) on the effect of lactation

on the length of gestation in the rot resulted in the postulation of
an incomplete inhibition of the estrous cycle during lactation.

This

resulted from his observation that spontaneous implantations after the
period of delayed implantation tended to occur only on certain days#
namely, days 10-12, 14-16 and 18-20 after fertilization at poat-partum
estrus.

These days appear to coincide with the days on which the ani¬

mal supposedly would have been in estrus again were it not lactating
and if it had not been previously mated.

The work of Greep and Hisaw

(1938), who observed that the first period of estrus after an induced
pseudopregnancy was likely to be only partially manifested by the
changes in the reproductive tract ordinarily associated with estrus
also supports the concept of a sub-threshold estrous cycle.
In the present study an effort was made to investigate the
merits of this hypothesis.
however.

No substantiating evidence could be found,

There did not appear to be any tendency for delay animals to

Implant on groups of days other than days 14-17.

Moreover, there were

no cyclic changes detectable in the fine structure of the luminal and
glandular epithelia of the uterus during delay that might indicate an
increase in the level of estrogen due to a partially suppressed estrous
condition.
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No consistent pattern of changes within one to two days of im¬
plantation have been observed in the luminal and glandular epithelia.
In the present study, implantation has been determined by the first
gross appearance of decidual swellings in the uterus.

It may be that

electron raicrcspically detectable changes in the uterine epithelia occur
only shortly before the decidual swelling itself Is manifest**, which
would explain the failure to detect any alterations on the day before
implantation.
It is interesting to note, however, the appearance of the lumi¬
nal epithelium of non-pregnant lactating animals killed 15 days post¬
partum.

Marked alterations, including decrease of lipid and lengthen¬

ing of the microvilli, may be seen in these cells when they are com¬
pared with earlier stages from non-pregnant lactating animals*

These

alterations may possibly reflect changes in the hormone levels of the
day 15 non-pregnant lactating animals.

If this is the case then the

question arises as to why the hormone levels should change in these
animals on day 15, whereas no similar changes can be detected in the
day 15 pregnant lactating animals.

No satisfactory explanation can be

given at present, but it is suggested that this apparent contradiction
between these two groups of animals on day 15 may be correlated with
the resumption of the estrous cycle after the period of lactation in
the non-pregnant animals.
•tine

The most formidable barrier to^study of the pre-implantation
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changes in the epithelia of the rat uterus during delay is the impos¬
sibility of knowing in advance exactly when any given animal will
implant.

One approach to this problem is the injection in a delay

animal of a dose of estrogen sufficient to cause implantation*

In

this manner one can artificially set the time of implantation in ad¬
vance*

In the present study in$>lantaticns have been produced with a

single dose of estrogen (10 IU estrone) in delay animalsj but no tis¬
sues of satisfactory quality from these animals have yet been examined.
The factors involved in the environmental changes in the uter¬
ine lumen that cause the blastocyst to implant must also await further
study.

At the present time no evidence has been found to suggest al¬

terations in the fine structure of the luminal and glandular epithelia:
as a result of an increase in estrogen during late delay.

SUMSJAHY
The luminal and glandular epithella of the uterus of the rat
during delayed implantation have been studied with the electron micro¬
scope, and the fine structure of these tissues has been described in
detail*

Light microscope histochemical preparations of the uterus have

also been examined*
The luminal epithelium during delay is characterised by dense
lipid deposits below the nuclei of the colls*

Very small glycogen

bearing granules are scattered along the free surface membranes of the
cells under light microscope examination.

Electron microscopy reveals

cytoplasmic extrusions of the free surface of the cells that correspond
in size and position to the glycogen bearing granules observed in the
light microscope.

The apical cytoplasm is marked by the presence of

numerous clear vesicles that have been termed ’’pinocytotic vesicles*”
The Golgi apparatus is prominent above the nucleus*

Dense inclusion

bodies displaying the properties of lysosomes appear in the supranu¬
clear portion of the cell*
The gland cells are devoid of lipid*

The apical cytoplasm con¬

tains fewer pinocytotlc vesicles than that of the luminal epithelial
cells, and the Golgi apparatus is less well developed*

Lysosome-like

dense bodies are numerous in the supranuclear region*

Enlarged mito¬

chondria occasionally appear below the nuclei of the gland cells.
No significant pattern of changes occurs in the fine structure
of the luminal and glandular epithelia during the course of the normal
-55-
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ten day period of delay? nor are there any alterations to be observed
on the day prior to implantation.
Mo evidence has been found in the fine structure of either the
luminal or glandular epithelia of any protein secretory activity during
delay. Other than the possible extrusion from the luminal epithelium
of cytoplasmic bodies containing glycogen? there appears to be little
production of nutrients for the blastocysts resting in the uterine
lumen.

It is suggested that one of the more important functions of

the luminal epithelium may be the regulation of the volumes tonicity,
and pH of the luminal fluid.
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Figure 1.

Luminal epithelium of day XI of delay.

is at the top of the picture.
micrograph.

Hie uterine Ioann

Tho lumen Is partially occluded in this

Microvilli (MV) and cytoplasmic extrusions (CE) appear on

tho free surface facing the lumen.

Terminal bars (T8) and lateral

interdigitations (Xd) join adjacent cells.
Pinocytotic vesicles (PV) are numerous in the apical cytoplasm.
The Golgi apparatus (G) is prominent in the supranuclear region.

Dense

inclusion bodies (D8) and irregular lipid droplets (L) are also seen
here.

Dilations of the endoplasmic reticulum (EH) are common in the

supranuclear and basal portions of the cell.
The nuclei (N) are irregular in outline in this section.

Dense

clusters of lipid droplets and mitochondria are present below the nu¬
cleus.

An electron dense "basement membrane" (Ba) is closely apposed

to the basal cell membrane.
i'Mte's, X 14,100

Figure 2*
1*

Enlarge view of the apical portions of the calls in Figure

Note the slight difference in densities of the cytoplasmic extru¬

sion and the background cytoplasm of the cell*

Pinocytotic vesicles

and profiles of elements of the endoplasmic reticulum are numerous*
Hot© the thicker membranes of the pinccytotic vesicles (arrows) cocapared with those of the endoplasmic reticulum (lines)*
white’s, X 14,400

Figure 3*
lay*

Apical portion of a luminal epithelial cell of day 9 of de¬

(of* Figures 1 and 2).

cles (arrows)*

Note the small, dense, thick-walled vesi¬

(PV, pinccytotic vesicles; EH, endoplasmic reticulum;

U, mitochondria)
White’s X 20,500

Figure 4*

Enlarged view of an irregular cytoplasmic extrusion of a

day 9 luminal epithelial coll*

fctabrane structures are absent from

the interior of the extrusion*

(L, lumen; Arrows, pinccytotic vesi¬

cles)
White’s, X 18,900

Figure 5.

-Apical portion of a day 5 luminal epithelial cell.

the apparent collapse of the pinocytotic vesicles (arrows).

Hot©
Typical

desmosoraes (D) may be seen along the lateral membranes joining two
cells*

(Lines, endoplaaic reticulum* MV, multivesicular bodies).
Caulfield’s, X 20,100

Figure 6. Golgi region of a day 11 luminal epithelial cell*

The Golgi

apparatus is composed of large vacuoles (Vc) and small dense vesicles
(Vs). Lysoscma-liko dense inclusion holies (DB) and occasional lipid
droplets (L) are present around the Golgi apparatus*

(N, nucleus? SR,

endoplasmic reticulum)«
white's, X 17f<00

Figure 7* Golgi region of a day 15 luminal epithelial cell.

Mote the

variation in internal content of the inclusion holies present (lines).
(Vc, Golgi vacuoles? Vs, Golgi vesicles? L, lipid droplets).
Caulfield's, X 13,700

Figure 8.

Supranuclear region of day U luminal epithelial call.

Note

the group of three mitochondria enveloped by a membrane, and the dark
granular material in the adjacent dense body.

(L, lipid droplets? D,

desmosemes? GR, ribosome studded endoplasmic reticulum.)
Caulfield's, X 19,500

Figure 9.

Acid phosphatase demonstration (day 7 luiainal epithelium).

The electron dense reaction product indicative of enzyme activity is
localised in the dense inclusion bodies above the nucleus (arrows).
(H, nucleus? He, nuclear envelope? D, desmosccae at lateral cell mem¬
brane? A, artefact.)
X 31,000

Figure IG.

Basal region of luminal epithelial cells.

Clusters of mito¬

chondria are present between the lipid droplets and the bases of the
ceils. Hot© the interdigitation of the lateral coll membranes and the
paginations of the basal membranes.

(N, nuclei? &a, basement mem¬

brane.)
White’s, X 15,200

;

Figure XI*

Luminal epithelial cells of day 15 delay*

lumen is at the top of the picture*

The uterine

Compare with Figure 1. (N, nu¬

cleus? G, Golgi.)
Caulfield’s, X 8,200

11

Figure 12#

Cross section of a gland (day IS of delay)*

lumen is Filled with a moderately dense material*

The glandular

Numerous vesicles,

raultivesicular bodies, mitochondria, and inclusion bodies of varying
density occupy the apical cytoplasm# Occasional profiles of the Golgi
apparatus may be seen near the nuclei*
in the basal portions of some cells*

Note the enlarged mitochondria
(Lum, lumen;

nuclei; 6, Golgi)

Caulfield*5, X 6,150

Figure 13*

Apical portion of a day 14 gland coll* Koto the pinocytc-

tic vesicles {arrows)» small dense vesicles (lines) both near the free
surface and in the Golgi region* and the extensive areas containing
profiles of endoplasmic reticulum (HR)*

(HV* oultivesicular bodies*

DB» lycosane-liko bodies)
Caulfield’s, X 22,000

/

Figure 14.

Apical portions of day 11 gland calls# Note the variations

in internal structure seen in tha lysoscr,e-like bodies (arrows).
denote annulao in the nuclear envelope#
oblique section#

Lines

The iwaen is occluded in this

(M» nuclei? G9 Golgi)
White*s, S 16,500

Figure 15.
gland cell*

Enlarged mitochondria in the basal portion of a day 7
Mote the cisternal envelopes of endoplasmic reticulum

surrounding the mitochondria.
Caulfield’s, X 25,200

Figure 16.

Plasma cell (left) in contact with the basement membrane

of a gland.

Extensive areas of dilated granular endoplasmic reticu¬

lum are characteristic of plasma cells in electron micrographs.

Hot©

the enlarged mitochondria in the gland cells*
Caulfield's* X 14,200

Figure 17.

Capillary indenting the base of a gland cell.
Caulfield*83 X 103300

Figure IS*

Extremely close association between tha endothelium of a

capillary and the base of a gland cell (Luta, lumen of capillary).
Note the contact between the basement membranes.
mnto's, X 25*200

Figure 19*

Luminal epithelium from the inter*Implantation region of

the uterus on the first day ©f implantation (day 16}* The occluded
lumen is marked by the tec-headed arrow. Lipid droplets are promin¬
ent above the nucleus.

Not© the modification of the lateral inter-

dig!tatIon of the cells at the single headed arrow*
White's, X 11,000

Figure 20* Gland cells during estrue*

Extensive areas of granular

endoplasmic reticulum (ER) are found in the basal portions of the cells.
Secretion granules {$} are present near the Golgi apparatus (G) and
the free surface*
While1©* X 25*200

Figure 21. Luminal epithelium from a non-pregnant lactating animal on
day 9 post-partum. Note that the fine structure is similar to that of
the delay animal in Figure l*
White*e, X 6,150

Figure 22. Luminal epithelium from a non-pregnant lactating animal on
day 15 post-partum. There is a decrease in lipid, and an increase in
the length of the microvilli and the number of profiles of granular
endoplasmic reticulum in comparison with the earlier stages of non¬
pregnant lactation (cf. Figure 21).
Caulfield's, X 11,100

Figure 23.

Apical portion of the luminal epithelium from a non-pregnant

lactating animal•

Arrows 1 and 2 denote possible intermediate stages

in the formation of lysosomes from multivesicular bodies*

Arrow 3 in¬

dicates a vesicle in close contact with the limiting membrane of a
multivesicular body*

A mitochondrian enclosed within a lyscscse-like

body is seen at arrow 4#
White’es X 13,500

