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INTRODUCTION 

I 

The Establishment of the Normal 
Reproductive Pattern of the Rat 

In 1882, Lataste published the first of a series 

of articles elucidating the reproductive cycle of rodents. 

He determined that ovulation In the albino rat occurs 

spontaneously at estrus, and reported that the length of 

the dlestrous period was 10 days. He also noted that the 

normal pregnancy Is approximately Mde deux perlodes," that 

Is, two of the 10-day *perlode genitale"s which he had de¬ 

scribed. 

Subsequently, Long and Evans (1922) made an exten¬ 

sive study of the reproductive cycle of the white rat. In 

this classic report, they described the basic features of 

the estrous cycle. Among the more salient features reported 

are the following. The length of the estrous cycle In the 

albino rat Is about four days. It Is characterized by his¬ 

tological changes In the reproductive tract. These changes 

are correlated with changes in the vagina. Thus the stage 

of the cycle can be determined in the living animal by micro¬ 

scopic examination of the vaginal contents. The time at 

which an animal ovulates and will breed can thus be calcu¬ 

lated. Preovulatory changes in the ovary appear about 18 

hours after the first appearance of cornlfied epithelial 
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cell8 In the vagina, which indicate the estrous condition. 

Ovulation generally occurs about 6 hours after the begin¬ 

ning of estrus. 

Sobotta and Burckhard (1910) had reported the occur¬ 

rence of ovulation after parturition in the albino rat. 

They thought that this ovulation could occur at any time 

from within a few hours of parturition to 36 hours after 

parturition. Kirkham and Burr (1913) reported ovulation 

occurring within 48 hours after littering. King (1913) re¬ 

ported that this ovulation usually occurs within a few hours 

of parturition. Long and Evans (1922) also confirmed that 

ovulation occurs between 16 and 24 hours after parturition. 

Since this time, the details of the estrous cycle 

have been studied by a number of investigators. Of particu¬ 

lar importance to the current investigation is the work of 

Blandau and of Austin, who determined more precisely the 

sequence of events in ovulation, fertilization and early 

segmentation. 

Boling, Blandau, Soderwall and Young (1941) studied 

the sequence of follicular development and ovulation in the 

albino rat. They reported that ovulation may be complete 

by 8 hours after the beginning of estrus, and is invariably 

complete by 12 hours after the beginning of estrus. Blandau, 

Boling and Young (1941) determined that the length of estrus 

averages 13.7 hours. Blandau and Soderwall (1941) studied 
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the timing of the post parturitional estrus. From their 

studies, they concluded that the time of day of parturition 

Influences the time of onset of the period of estrus, hut 

that the time between parturition and estrus averages 18 

hours. The length of heat in this study averages 10 hours, 

with ovulation occurring between 7 and 10 hours after the 

onset of heat. Blandau and Money (1944) studied the rate 

of transport of spermatozoa in the female tract of the rat. 

They reported that within 45 minutes after insemination, 

86% of the spermatozoa are present in the ovarian segments 

of the uterine cornua. Blandau and Odor (1949) determined 

that the majority of ova have been fertilized by 12 hours 

after Insemination, although no dispersal of the cumulus 

oophorus cells has occurred at this time. Odor and Blandau 

(1951a, 1951b) reported that sperm penetration could occur 

by the third hour after ovulation, with the second polar 

body being formed within an hour after this. 

Austin and Smiles (1948) and Austin (1951a, b), in 

similar studies, reported that sperm can be seen penetrating 

the vitellus by the fourth or fifth hour after ovulation. 

Subsequently, in an extensive study of the time relation¬ 

ships of ovulation and sperm penetration in rats and rabbits, 

Austin and Braden (1954a, b) and Austin (1956) determined 

that ovulation generally takes place between twelve midnight 

and four o’clock A.M., with the process of ovulation taking 
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about one hour. 

II 

Descriptions of Delayed Implantation In the Rat 

In addition to his studies on the estrous cycle of 

the rat, Lataste (1891, 1892, 1893) reported that when preg¬ 

nancy occurs concurrent with lactation, the gestation period 

Is then Mde trols perlodes genitales," or 30 days Instead of 

the usual 20 day period. Similar observations were noted 

In the mouse and other rodents. Lataste observed that no 

prolongation of pregnancy occurs In the rat when only three 

young were being suokled, and suggested that a minimum num¬ 

ber of young may be necessary to produce the prolongation. 

These observations have been confirmed by subsequent workers. 

King (1913) reported a variation In gestation length 

of from 21 to 34 days in rats (Rattus norveglcus albinua. 

Wlstar strain) suckling from 3 to 11 young. All rats suck¬ 

ling more than six young had prolonged gestation periods. 

She suggested that the suckling produced a lack of food sup¬ 

ply to the fetuses and retarded their development. She 

noted a direct correlation between the number of young be¬ 

ing suckled and the length of the delay period, but thought 

that the number of fetuses in the uterus was also Involved 

In the phenomenon. 



The first delineation of the processes occurring 

during delay of implantation in lactating rodents was re¬ 

ported by Kirkham (1916). He compared the embryonic stages 

within the uteri of lactating and non-lactating female mice 

which had become pregnant at the post partum estrus. He 

found that postovulation, segmentation and blastocyst 

stages were similar in both types of females. However, in 

the non-lactating females, the blastocysts implant on the 

fifth day of pregnancy. In lactating females, blastocysts 

were found in the uterine lumen from the sixth to the four¬ 

teenth day of pregnancy. Prom these observations, he con¬ 

cluded that suckling removes nourishment, and prevents the 

uterine mucosa from reacting to the presence of blastocysts 

Therefore, implantation of the blastocysts in the uterus 

does not occur at the normal time. Thus the extended preg¬ 

nancy which occurs in post parturitional rodents is due to 

a prolongation of the time in which the blastocysts remain 

Tinattached within the uterine lumen. 

Hain (1934) reported a similar situation in lactat¬ 

ing albino rats, noting prolongation of gestation of up to 

36 days. She concluded that pregnancy is not necessarily 

prolonged when three or four young are being suckled, but 

it is always prolonged with more than four suckling young. 

She did not, however, find a correlation between the number 

of young being suckled and the extent of the prolongation 
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of the gestation period. 

Weichert (1940) confirmed the earlier work of King 

in observing a direct relationship between the number of 

young being suckled and the prolongation of the gestation 

period. He concluded that the delay in implantation is 

related to the fact that, due to the suckling stimulus, the 

progestational endometrium is not prepared for implantation 

of the blastocysts. He therefore attempted to alter the 

uterine environment by administration of exogenous hormones. 

It was found that injection of large doses of progesterone, 

chorionic gonadotropin (Antuitrin - 3), or a combination of 

these two hormones brings some shortening of the delay period. 

He suggested 1hat the act of suckling stimulates the produc¬ 

tion of prolactin, which in turn Inhibits the release of 

gonadotropic hormones. Thus ovarian hormones which are nec¬ 

essary for implantation are not present in sufficient con¬ 

centration for implantation to occur. 

Subsequently, Weichert (1941, 1942) and Krehbell 

(1941) reported that definite shortening of the delay period 

occurs when rats in the period of delayed implantation are 

injected with theelin (estrone). Weichert noted that the 

ensuing pregnancy can be maintained only if estrogen injec¬ 

tions are repeated. 

In further attempts to delineate the hormonal condi¬ 

tions during delayed implantation, Cochrane and Meyer (1957) 
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produced a delay of Implantation by castrating normal non- 

lactating females on the third day after mating and Inject¬ 

ing 4 mg. per day of progesterone. Implantation results 

If the progesterone dose is supplemented with 1 gamma of 

estrone. Johnson and Shelesnyak (1958) noted that implan¬ 

tation results after sudden withdrawal of progesterone. 

These results Indicate that implantation in rats is depen¬ 

dent upon the synergistic action of progesterone and estro¬ 

gen. 

A great deal of work has been reported on the causal 

relationships of the decidual reaction of the uterus. 

Shelesnyak (1980) has examined the histamine-antihistamine 

system as a stimulus for declduoma formation. Histamine 

solutions injected either into a hormonally sensitized 

uterus or into the vascular system caused deciduomata. 

Antihistamines were effective in inhibiting this reaction. 

Applying these experimental results to the normal situation 

at implantation, he concluded that an estrogen surge occurs, 

followed by histamine release, which induces the decidual 

cell reaction. Proceeding from these suppositions, a pos¬ 

tulated mechanism of ovum implantation, which included roles 

played by both the blastocyst and the endometrium, was pre¬ 

sented. 

The experiments Involving alteration of hormone 

levels seem to indicate that the inadequacy of the uterine 
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environment Is due to an estrogen deficiency. A similar 

conclusion was reached recently by Enders (1961), in a his- 

tochemical study of the rat uterus. 

Ill 

The Structure of ■the Early Stages 
of Development of the Rat 

Starting with preovulatory changes and proceeding 

through implantation, a rapid sequence of events involving 

the development of the ovum occurs. This sequence can for 

convenience in consideration be separated into 4 stagest 

the preovulation period, the early post-ovulation period 

(consisting of the second maturation division, fertilization 

and cleavage), the period of the free blastocyst, and the 

period of attachment of the blastocyst to the uterus and 

formation of the placenta. 

The most comprehensive study of the development of 

the rat is that of Huber (1915). He described the morphol¬ 

ogy of the ovum from ovulation through segmentation, blas- 

tulatlon and Implantation to the stage of formation of 

mesoderm (9th day). In this work, successive segmentation 

stages were followed and classed by age and size. He deter¬ 

mined that, by the time of the 4-cell stage, or the third 

day after insemination, the ova have traversed about 9/10 

of the length of the oviduct. During the fourth day, the 
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morula Increases from 8 to 16 cells and passes from tile ovl** 

duct into the uterus. He also stated that the oolemma 

(zona pellucida) was lost in the 4-cell stage. Blastodermic 

vesicle formation occurs during the fifth day* the segmen¬ 

tation cavity of the blastocyst arising as a single irregu¬ 

lar space between the inner cells. During the sixth day* 

the blastocyst enlarges, partly as a result of extension of 

the outer cells. During the seventh day, the blastocysts 

become oriented in an antlmesometrial uterine crypt. The 

embryonic or inner cell mass portion is oriented toward the 

mesometrial border. With rearrangement and cell enlargement, 

the '’germinal disc" forms an outgrowth mesometrlally to form 

the embryonic anlage. Within this embryonic portion, there 

is a compact central mass of cells which constitute the 

primary embryonic ectoderm of the future embryo. This mass 

is covered by endoderm. During the eighth day, a cavity 

develops in the ectodermal node, the proamniotic cavity. 

A second cavity develops in the ectoplacental cone, with 

the two cavities fusing by the end of the eighth day. Dur¬ 

ing the ninth day after Insemination, initial mesoderm 

formation occurs and the anlage of the primitive streak and 

groove appear. 

In a recent report, Baevsky (1961) used light micro¬ 

scopic methods to study the rat blastocyst during both nor¬ 

mal pregnancy and delayed implantation. He stated that in 
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non-lactating animals the day 5 blastocyst had a distinct 

endodena, whereas the day 5 blastocyst of lactatlng animals 

showed no differentiation. He concluded that the differen¬ 

tiation process in blastocysts during delay of Implantation 

develops much slower than that in non-lactating animals. 

He also observed an increase in size of the blastocyst dur¬ 

ing the delay period, and he thought that the increase in 

size is due to an Increase of the volume of its cavity and 

is not correlated with the level of differentiation. 

Studies of the mature placenta have been numerous 

and informative. Duval (1891) and Melllsinos (1907) first 

described the morphology of the placenta of rodents. Some 

of the more interesting studies are those of Everett (1935) 

and Bridgman (1948a, b) • The former author described the 

morphology of the chorioallantoic placenta and yolk sac of 

the rat. Bridgman studied the attachment of the allantois 

to the trophoblastic ectoplacental cone, and the establish¬ 

ment of the vascularized labyrinthine hemochorial placenta. 

Padykula (1958) described the pattern of enzymatic activi¬ 

ties in the development of the placenta, and summarized the 

work of earlier authors on this subject. Wislocki and Demp¬ 

sey (1955) and Sdhiebler and Knoop (1959) have described 

the fine structure of the rat placenta. 
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IV 

Hlstochemlcal Studies on the Ovum. 
Blastocyst and Embryo 

Extensive hlstochemlcal studies of the composition 

of the developing ovum and blastocyst of mammals have been 

made In Dalcq*s laboratory. Dalcq (1954, 1956) studied the 

localization of RNA, DNA, plasmologene (phospholipids) and 

mucopolysaccharides in developing ova and blastocysts of 

rats and mice. He also described the process of segmenta¬ 

tion, and Included studies on the effects of centrifugation 

on the egg nucleoli. He has not, however, studied any 

blastocyst8 of delayed implantation in rodents. 

Dalcq (1955) reported that RNA, which is concentrated 

at one pole of the ovum, disappears during segmentation and 

reappears in the inner cell mass of the blastocyst. He con¬ 

cludes that oytoplasmlc RNA associated with oocyte growth 

is exhausted during cleavage, but reappears, concommitant 

with absorption of substances from the uterus. Polysac¬ 

charides appear inversely to RNA, that is, at the opposite 

pole of the ovum and in the “ventral” blastomeres. 

Izqulerdo (1955) produced vital coloration with 

toluldlne blue of oocytes and embryonic stages up to eight 

blastomeres. He found that after early cleavage the tropho¬ 

bias t could be clearly distinguished from the cells which 

will become the embryonic portion, with the ventral tropho- 



12 

blast-forming cells showing a clear granular coloration. 

Mulnard (1955) made extensive enzymatic tests for 

the presence of add and alkaline phosphatases in early rat 

and mouse embryos. He found a strong alkaline phosphatase 

reaction in the blastocyst of the fifth day of normal preg¬ 

nancy of the rat. He reported that at this stage the endo- 

dermal cells are distinct from the rest of the embryonic 

cells by their lack of positive reaction. By the sixth day, 

the endodermal covering is complete, with the rest of the 

embryonic cells being strongly colored. He reported that 

alkaline phosphatase appears shortly after RNA appears in 

the same cells. He therefore concludes that, this order of 

appearance indicates the role of the enzyme in the synthesis 

of ‘'morphogenetic substances of a protein nature." 

Both diffuse and granular acid phosphatase reactions 

were present. The granular reaction decreased during cleav¬ 

age stages, with an Intense diffuse reaction appearing in 

the embryonic cells with the exception of the endoderm. He 

extended his observations to early post-implantation embryos, 

finding more extensive reactions after gastrulation. 

Borghese (1957), in a review article, concludes that 

the high cytoplasmic RNA Indicates active nucleoproteln syn¬ 

thesis in the embryonic cells. He also states that growth 

and differentiation are more active in the inner cell mass. 
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V 

Recent studies on the Structure of the Ovum and 
Blastocyst. Using the Electron Microscope 

With the development of electron microscopy of bio¬ 

logical materials, fine structural studies have added infor¬ 

mation concerning the early stages of development. The fine 

structure of the rat oocyte in pre- and early post-ovulation, 

maturation, fertilization and early cleavage stages has been 

described by Sotelo and Porter (1959). In the preovulatory 

ovum, these authors observed processes of follicular cells 

extending through the zona pelluolda to the egg, as well 

as microvillous projections of the ovum extending a short 

distance into the zona pellucida. During late preovulation 

and early postovulation, a general withdrawal of these proc¬ 

esses from the zona pellucida is observed. The small multi- 

vesicular bodies which are found in the ovarian egg show 

an Increase in number and size during maturation and fertili¬ 

zation, Breakdown of these bodies appears to result in the 

liberation of their content into the cytoplasm. 

Chlquolne (I960) studied the development of the zona 

pellucida of the ovarian ovum of the mouse, rat and guinea 

pig. He confirmed the presence of processes from the granu¬ 

losa cells and from the ovum into the zona pellucida. He 

also presented evidence indicating that the zona was formed 

from granulosa cells, rather than the ovum itself. 
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In a study of ovarian ova and unfertilized tubal ova 

of the rat, Odor (I960) noted some evidence for participa¬ 

tion of the ovum in the formation of zona pelludda material. 

In summary, the salient features of the ovum, made visible 

by electron microscopic procedures, are the presence of pro¬ 

jections of the ovum into the zona pellucida, yolk or lipoid 

structures, and multivesicular bodies. 

The first electron microscopic study of fertiliza¬ 

tion is that of Szollosl and Ris (1961), who studied the 

penetration of sperm into the rat ovum. These authors em¬ 

phasized the apparent passive nature of the incorporation, 

and the absence of any resemblance to pinocytosis or phago¬ 

cytosis. They noted particularly that the sperm cell mem¬ 

brane is absent after the sperm had been Incorporated into 

the egg, indicating a fusion of cell membranes of the two 

cells. Their studies have not covered the fusion of the 

pronuclel or cleavage stages. 

Izquierdo and Vial (1962) studied the mature oocyte 

through fertilization to the 8-cell stage using the electron 

microscope. They reported multivesicular bodies similar to 

those described by Sotelo and Porter (1959), and postulated 

that these bodies are identical to the metachromatic gran¬ 

ules seen with the light microscope (Izquierdo, 1955). They 

observed no lipid, phospholipid, or yolk bodies. Inadequate 

fixation prevented their discerning whether cell membranes 
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occur between projections of granulosa cells and the ovum. 

Only two studies of the fine structure of the mam¬ 

malian blastocyst have been published. Hadek and Swift 

(1959) reported in a note the finding of areas of filamen¬ 

tous material in the cytoplasm of the rabbit blastocyst in 

association with large crystalline structures. 

The only extensive study which describes the fine 

structure of a mammalian blastocyst as seen with the elec¬ 

tron microscope is that of Enders (1962). He described the 

mature blastocyst of delayed implantation of the armadillo, 

emphasizing a definite polarity of the intracellular organ¬ 

elles in the trophoblast cells and the loose association 

between the cells of the inner cell mass. His numerous 

observations did not, however, include any discussion of 

changes in structure with age of the blastocyst of the 

armadillo• 

It is the purpose of this study to describe the fine 

structure of the rat blastocyst, to elucidate the changes 

in morphology of the blastocyst which occur during delayed 

implantation, and to evaluate the structure seen in blasto¬ 

cyst cells with respect to possible functional impl J cations. 



MATERIALS AND METHODS 

Albino rats (Rattus norveglcus) of the Holtzman 

strain were used in this study. Blastocysts were collected 

both from animals in normal pregnancy and from animals in 

the post parturition pregnancy. 

For animals in the first pregnancy* the following 

procedure was used. The estrus cycle of adult female rats 

was determined by means of vaginal smears. Animals which 

were in proestrous or early estrous stages were placed with 

males. Vaginal smears were taken within 24 to 36 hours, to 

determine whether mating had taken place. Mating was de¬ 

tected either by the presence of sperm in the vaginal smear 

or by the presence of a vaginal plug. The day in which 

sperm were found in the smear was designated the first day 

of gestation, or day 1• 

Blastooysts of normal pregnancy were collected on 

the fifth and sixth days of gestation. Implantation appar¬ 

ently occurs late in the sixth day. Thirteen blastocysts 

from these two days were studied. 

In order to obtain blastocysts of delayed implanta¬ 

tion for the study, animals in late pregnancy were placed 

with males one or two days prior to the anticipated parturi¬ 

tion. These animals were examined daily. Vaginal smears 

were taken within 36 hours of parturition. The day on which 

sperm were found in the smear was designated day 1 of delay. 

16 
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A total of 49 blastocysts were prepared for examination from 

the delay period, primarily on days 5, 6, 7> 9* 11, 14, and 

16. Observations on size and the presence or absence of a 

zona pellucida were made on a number of additional blasto¬ 

cysts, which were subsequently lost in the embedding proce¬ 

dures. 

All animals were hilled by vertebral fracture. The 

reproductive tract was quickly excised and trimmed of fat. 

The uteri were severed Just distal to the tubo-uterine Junc¬ 

tion and at the cervix. The blastocysts were flushed from 

the freed uterine horns into a depression slide, using a ,9% 

saline solution in a syringe. These slides were placed under 

a dissecting microscope and examined for the presence of 

blastocysts. When blastocysts were found, they were quickly 

removed from this solution with a fine dropper and placed 

into another depression slide which contained previously 

chilled fixing fluid. The majority of the blastocysts were 

fixed in 1.2% potassium permanganate in •9% sodium chloride, 

a modification of Luft's (1956) solution. A smaller number 

of blastocysts were fixed in 2# potassium permanganate in 

Tyrode*s buffer, osmium tetroxide in dichromate (Dalton, 

1935), or veronal acetate-buffered osmium tetroxide (Palade, 

1952) containing sucrose (Caulfield, 1957). 

The blastocysts in the fixative were maintained at 

reduced temperatures (0°-4° C.) for 10 to 45 minutes. Pre- 
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viously chilled 70$ ethyl alcohol was then added to the 

fixation vessel. This mixture was quickly removed and 70$ 

alcohol again added. By subsequent replacement with In¬ 

creasing concentrations of previously chilled alcohols, 

the blastocysts were quickly dehydrated. After several 

changes of 100$ alcohol, most of the blastocysts were placed 

In propylene oxide. These blastocysts were then placed In 

gelatin capsules which contained the monomeric form of 

Araldlte 502 epoxy resin mixture (1 part Araldite 502, 1 

part dodecenyl succinic anhydride, and 1.4$ DMP 30 acceler¬ 

ator) • In addition, a few blastocysts were placed into a 

mixture of 3 parts butyl to 1 part methyl methacrylate. 

All capsules were placed briefly in a vacuum oven to remove 

the propylene oxide which had been transferred with the 

blastocyst. They were then polymerized overnight at 60° C. 

All of the steps from fixation through dehydration 

were carried out with the aid of a dissecting microscope. 

Forty to sixty millimicron sections were made using 

a Porter Blum microtome. The selected sections were placed 

on 200 mesh copper screen or 100 mesh nickle screen grids 

which had been covered previously with a thin film of cel- 

loidin. The sections were examined using an RCA MU 3F 

electron microscope. 



DESCRIPTION 

I 

The Blastocyst of Normal Pregnancy 

The blastocyst of normal pregnancy Is roughly spher¬ 

ical, ranging In size from 50 to 70 ;i. It consists of a 

hollow sphere of trophoblast cells and an Inner eccentri¬ 

cally placed group of cells, the Inner cell mass. The Inner 

cell mass occupies about one quarter of the volume of the 

sphere. The blastocyst Is surrounded by an amorphous zona 

pelluclda, which Is generally 2.5 to 3 ^ thick. 

The trophoblast 

The cells of the trophoblast form a single continu¬ 

ous layer. The Individual cells are low cuboldal In cross- 

seotlonal outline (fig. 1). The cells have an apical sur¬ 

face facing on the zona pelluclda, a mid region with lateral 

attachments to adjacent cells, and a basal surface facing 

either on the cavity of the blastocyst or on the Inner cell 

mas8. An Irregular space may be present between the apical 

cell membrane and the zona pelluclda. Microvilli are found 

Irregularly distributed on the apical surface projecting 

toward the zona pelluclda. These microvilli are of a small 

(60 mju) regular diameter, and contain no discernable inter¬ 

nal structure. 

19 
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The cells of the trophoblast are closely apposed 

at their lateral margins* The lateral cell borders are 

relatively straight, with only a few short blunt lnterdigi- 

tations. No desmosomes are found at the lateral cell bor¬ 

ders, nor are there areas of fibrillar or filamentous 

material present in the cytoplasm. Basally, the cell mem¬ 

brane is relatively devoid of elaborations. Irregular 

projections of cytoplasm occur in some areas. Occasionally, 

a thin tenuous granular extracellular material is found 

coating the inner surface of the trophoblast cells. 

The organelles within the cytoplasm of the tropho¬ 

blast cells show little distinct orientation. However, the 

mitochondria of the trophoblast cells have a tendency to be 

localized. They are generally found near the nucleus and 

also at the lateral cell borders (fig. 2). They are elon¬ 

gate and tubular in shape, approximately .2 p in diameter 

and ranging up to 1.5 p long. Occasionally branching mito¬ 

chondria are seen. The inner structure of the mitochondria 

consists of numerous parallel lamellar crlstae, which can 

be seen to be infoldings of the inner mitochondrial membrane. 

A distinct Oolgi complex is frequently seen in the 

vicinity of the nucleus or in the apical cytoplasm of the 

cells (fig. 3)* Typical Oolgi regions appear in cross- 

section to consist of stacks of three to five cup-shaped 

membrane pairs indicative of Oolgi cisternae. Small vesicles 
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are present peripheral to the membrane pairs* 

The endoplasmic reticulum is seen as strands through¬ 

out the trophoblast cells (fig* A), Irregular membrane 

pairs extend from the nucleus to the outer surface of the 

cells. Occasionally the membranes appear to be continuous 

with the outer nuclear membrane. Frequently strands of 

reticular membranes are seen parallel to the apical and 

basal cell membranes. Particularly striking is the proxim¬ 

ity of the endoplasmic reticulum and the mitochondria, and 

the absence of endoplasmic reticulum from large portions of 

cytoplasm. Since ribosomes (ribonudeoprotein particles, 

Palade's particles), which are generally found on the outer 

surface of the endoplasmic reticular membranes, are not 

preserved with permanganate fixation, only the membranous 

component of the endoplasmic reticulum Is observed in these 

preparations. 

A number of types of Inclusions are found in the 

cells of the rat blastocyst. These Include Irregular osmi- 

ophilic lipid droplets, large membrane-bound vesicular struc¬ 

tures, moderately homogeneous dense granules, and large 

bodies consisting of multilaminar membranes and vesicles. 

Not all of these inclusions are found in each stage, however. 

In the early blastocyst, small (300-400 mji) irregu¬ 

lar lipid droplets are a common feature of the cytoplasm of 

the trophoblast cells (fig. 2). Large vesicles devoid of 
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electron-dense material are also seen occasionally. More 

striking, however, are the large bodies consisting of multl- 

laminar membranes and vesicles. These bodies range In size 

from .5 to 2 ji, and appear somewhat similar to the yolk 

bodies described by Bellairs (1958) In the egg of the chicken. 

Three general types of yolk bodies are common. The 

first type consists of a very dense, membrane-bound multi- 

veslcular structure (figs. 5* 6). This la the type of yolk 

body most frequently observed In the day 5 blastocyst. Since 

they are particularly electron-dense, they may contain large 

amounts of lipid. They generally appear oval or round In 

profile. 

Another type of yolk body Is seen which appears 

similar to the first, but which Is distinctly less dense 

(figs. 6, 7)» The vacuolar portions are more prominent and 

the body Is not as compact and regular as the first type 

of body. 

In addition to these structures, membrane-bound 

bodies are present which contain a substance similar In 

density to the surrounding cytoplasm (figs. 5» 8). The mem¬ 

branes of these bodies are more dense than the membranes of 

the endoplasmic reticulum. Occasionally groups of small 

vesicles are located near these structures. Metabranes of 

the endoplasmic reticulum are frequently found In close 

association with yolk bodies, together with mitochondria. 
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Within the trophoblast cells are areas devoid of 

organelles which have a seemingly less dense nature than 

the rest of the cytoplasm (figs. 1, 2). These areas occupy 

the greatest part of the cells of the trophoblast. The 

areas are invariably found peripheral to the nuclei, but 

seldom extend below it. The cytoplasm within these areas 

has a more granular or clumped appearance than that of the 

rest of the cell. It is similar in appearance to the mate¬ 

rial seen within the third type of yolk body described. 

The inner cell mass 

The inner cell mass consists of a group of cells 

which are large (7-12 ji), roughly spherical, and loosely 

attached to each other (fig. 9). The cell margins are rela¬ 

tively straight, with occasional irregular blunt projections 

occurring between cells. Intercellular spaces are frequent 

between these cells. 

Mitochondria are numerous in the inner cell mass 

cells, particularly in the vicinity of the nuclei. These 

mitochondria are elongate tubular structures containing 

parallel lamelllform crlstae, and are similar in form to 

those of the trophoblast (fig. 10). Thus they do not con¬ 

stitute a distinguishing characteristic of the inner cell 

mass cells. The mitochondria are almost invariably seen to 

be closely apposed to strands of endoplasmic retloular mem¬ 

branes. The strands of reticulum are even more striking in 
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these cells than in the trophoblast cells, possibly because 

of the shape of the cells (fig* 11)* Extensive Golgi zones 

are found, generally In the perinuclear region. Large elab¬ 

orate yolk bodies are common In these cells. 

The cells of the Inner cell mass contain large areas 

of the less dense cytoplasmic material described previously. 

The nuclei are frequently completely surrounded by these 

areas. All organelles except for occasional strands of 

reticulum are generally excluded from these areas. 

One of the Important features of the inner cell mass 

Is that, aside from shape and position, the layer of inner 

cell mass cells bordering on the cavity of the blastocyst, 

that is, those cells which are generally termed endodermal, 

appear identical with the rest of the inner cell mass (fig. 

12). The density of cytoplasm, number and density of yolk 

bodies, and organization and position of organelles are all 

similar* These cells do not appear to have differentiated 

into a distinct endodermal layer at this time, nor was any 

evidence of migration of these cells from the trophoblast 

seen 
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II 

The Blastocyst of Delayed Implantation 

A. The blastocyst with zona pelluclda (day 5) 

Both the cells of the trophoblast and the cells of 

the inner cell mass of the day 5 delay blastocyst appear 

Identical with those of the blastocyst of the fifth day of 

normal pregnancy. 

B. Early azonal blastocysts (days 6 and 7) 

By day 6 of delay, the zona pelluclda of the blasto¬ 

cyst has generally been lost. Aside from this difference, 

however, the structure of the blastocyst is again similar 

to the early normal pregnancy blastocyst. 

In no instance was there any indication of the pres¬ 

ence of a zona pelluclda by day 7 of delay. The blastocyst 

is slightly larger (60-90 ;i), and presents a somewhat more 

elongate appearance. 

The trophoblast 

The trophoblast cells of the day 7 blastocyst are 

considerably more squamous in cross-sectional outline than 

the previous stages, with a narrower region of attachment 

between cells at their lateral boundaries (figs. 13, 14). 

The lateral attachments frequently form oblique angles with 

the base of the cell. Interdigitatlons between cells are 



26 

less blunt, with occasional finger-like processes occurring 

basally. The microvilli at the apical surface of the tro- 

phoblast cells are less numerous and less regular than those 

of previous stages. The basal surfaces of these cells are 

relatively straight, having only few Irregular projections. 

By day 7 of delay, a thin tunic of granular extra¬ 

cellular material Invariably lines the inner aspect of the 

trophoblast cells. This material Is seen on the basal sur¬ 

face of the trophoblast cells lining the cavity of the blas¬ 

tocyst, and It Is also seen on the basal portions of those 

trophoblast cells which overlie the inner cell mass. The 

material is generally not seen on the surface of the Inner 

cell mass cells which border the cavity of the blastocyst. 

However, it must be remembered that this material is proba¬ 

bly neither a mesodermal derivative nor is it necessarily 

of the same composition as the basement membrane underlying 

epithella of adult structures. 

The organelles of the trophoblast cells of the day 

7 blastocysts show some rearrangement concomitant with the 

lateral extension of the cells, but are otherwise generally 

similar to those of the earlier stages (fig. 15)* The mito¬ 

chondria are still commonly elongate and tubular, containing 

closely packed parallel cristae. However, circular profiles 

with irregularly arranged cristae are occasionally seen. 

Large Golgi zones consisting of three to five parallel mem- 
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brane pairs and numerous vesicular profiles are common 

laterally and basal to the nucleus. 

The endoplasmic reticulum of the trophoblast cells 

has become more elaborate than it appeared in the earlier 

stages. Tortuous tubular and elongate profiles are seen 

throughout the cells. Frequently the area just apical to 

the nucleus shows a particularly high concentration of these 

tubules (fig. 14). In some instances, the tubules seem to 

be distended, showing a cisternal appearance. Large vesicu¬ 

lar profiles are frequently seen in association with the 

endoplasmic reticulum, and may represent a dilated form of 

this organelle. 

A particularly striking feature of the trophoblast 

cells of the day 7 blastocyst is the absence of the lipid 

droplets and yolk bodies which were prominent in the earlier 

stages. However, irregular dense membranes which appear to 

enclose regions of cytoplasmic material are seen (fig. 15). 

These structures are similar to the third type of yolk body 

seen in the day 5 blastocyst. 

Particularly distinctive of the trophoblast cells 

of the day 7 blastocysts are large granules (.5-2.5 /i) which 

contain a generally amorphous, moderately electron-dense 

material (figs. 16, 17). In contrast to the yolk bodies, 

these granules do not appear to be associated with the endo¬ 

plasmic reticulum. 
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The areas of less dense cytoplasm which were promi¬ 

nent in the early blastocyst stages are muoh less extensive 

in the cells of the day 7 blastocyst. The areas are present 

peripheral to and occasionally apical to the nucleus. They 

present a granular appearance which seems more coarse than 

that seen in proceeding stages. However* this difference 

in appearance may be a result of variation in fixation of 

the cell8. 

Occasional mitotic figures are seen in the tropho- 

blast cells* Indicating that there is some Increase in num¬ 

bers of cells. 

The inner cell mass 

The cells of the inner cell mass of the day 7 blas¬ 

tocyst are generally similar in appearance to those of the 

earlier stages (fig. 18). That is* the mitochondria are 

tubular and contain numerous parallel lamellar crlstae. 

Large Golgi zones are frequently found in proximity to the 

nuclei. 

A few large lipid droplets are seen in the cells 

of the inner cell mass (fig. 19). NO typical yolk bodies 

are observed in these cells. However, the lipid droplets 

occasionally contain an internal structure reminiscent of 

the internal membranes of the yolk bodies* which may repre¬ 

sent a derivative of the same structure. The large amor¬ 

phous granules seen in the trophoblast cells of the day 7 
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blastocyst are only rarely seen In the inner cell mass cells 

of this same stage. 

A few areas of the less dense cytoplasm seen in 

previous stages are present in the cells of the inner cell 

mass. 

C. The blastooyst of the mid-delay period (days 9 - 11) 

During the intermediate stages of delayed implanta¬ 

tion, the blastocyst appears larger (80-115 ;u) and pear- 

shaped. The change in shape seems to occur through an en¬ 

largement of the cavity of the blastocyst and accompanying 

expansion of the trophoblast cells. 

The trophoblast 

The trophoblast cells of this period appear more 

flattened and squamous than the previous stages. The aploal 

surfaces of the cells have irregular projections of cyto¬ 

plasm, as well as more regular microvillous projections 

(fig. 2C$. Between microvilli, small droplets are occasion¬ 

ally seen in the cytoplasm which may be indicative of pino- 

cytosis. 

More striking, however, is the development of regu¬ 

lar elongate interdigitations between the cells at their 

lateral borders (fig. 21). Near the apical cell surface, 

the apposing cell membranes are relatively straight. An 

increase in the density of both the cell membranes and the 
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cytoplasm immediately surrounding this region Is frequently 

seen. More basally, elaborate interdlgitations occur. These 

projections appear vllliform in cross-section (fig. 24). 

However, oval or round profiles are not seen. Therefore 

the projections are probably flat and plaque-like in the 

plane of the long axis of the cell. 

Cytoplasmic protrusions from the basal surface are 

seen, especially where the trophoblast overlies cells of 

the inner cell mass. A thick layer of extracellular mate¬ 

rial underlies the entire trophoblast layer (fig. 22). 

By this stage of delay, the organelles of the tropho¬ 

blast cells have changed rather markedly from those of the 

early blastocyst cells. Mitochondria are found throughout 

the cytoplasm, and are generally less elongate. Frequently 

circular and irregular profiles are seen (fig. 23). The 

mitochondria contain irregularly spaced criBtae which vary 

from lamelliform to vllliform in shape. Distinct Golgi 

zones are less often encountered and are therefore probably 

smaller in extent. Typically they are situated basal to 

the nucleus and are seen as profiles of parallel membrane 

pairs, with relatively few vesicular profiles. 

The endoplasmic reticulum at this stage is present 

throughout the cell. Typical parallel membrane pairs are 

seen, but cross sections of circular profiles and of oblique 

sections are also common. Therefore the reticulum appears 
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to be In the form of highly tortuous tubules (fig. 20). 

Regions of these tubules are particularly striking in the 

apical cytoplasm. The diameter of the tubules in the api¬ 

cal cytoplasm appears slightly larger than that of the 

tubules present in other areas of the cell. The wall of 

the apical tubules seems more dense than that of other 

reticular tubules. Large vesicles bounded by membranes are 

frequently found In the apical cytoplasm (figs. 23, 26). 

In a few Instances these vesicles appear to communicate 

with the endoplasmic reticular cisternae (fig. 20). 

Areas of less dense cytoplasm are only rarely en¬ 

countered in the trophoblast cells of the blastocyst of 

late delay, but occasionally very small regions are present 

within the lateral cytoplasm (fig. 26). 

The inner cell mass 

The cells of the inner cell mass of the mid-delay 

blastocyst are much more Irregular in shape and smaller in 

size than those of the early blastocyst. Both of these 

variations can be explained by the striking lack of any of 

the regions of less dense cytoplasm which were prominent in 

the early blastocysts. 

The organelles are distributed more completely 

throughout the cytoplasm of the inner cell mass cells (fig. 

25). Mitochondria tend towards a tubular shape, but irregu¬ 

lar circular and branching forms are common. The crlstae 
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within the mitochondria are more irregularly placed, with 

both lamelllform and villiform profiles frequently seen* 

Golgi zones oocur in the region of the nuclei. Ifoese Golgi 

zones rarely contain stacks of membrane profiles. More 

frequently, they consist of irregular membrane pairs in 

close proximity to each other, with vesicular profiles at 

the periphery of the region. 

The endoplasmic reticulum is not distinctive in the 

inner cell mass cells. Profiles of membrane pairs are seen 

coursing throughout the cytoplasm. No accumulations of 

tubular elements, such as those which occur in the tropho- 

blast cells, occur in the inner cell mass cells. Occasion¬ 

ally slightly dilated cisternal elements appear in these 

cells. 

No yolk bodies, lipid droplets, or granules of any 

sort appear in the cytoplasm of the cells of the inner cell 

mass. 

D. The blastocyst of late delay (days 13 - 16) 

Blastocysts from the later periods of delay of im¬ 

plantation are large (80-115 /i) and distinctly pear-shaped, 

although they collapse quite readily during fixation. Ofte 

inner cell mass occupies a coni cal-shaped area at one end 

of the blastocyst. The trophoblast cells are elongate and 

tenuous overlying the cavity of the blastocyst. 
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The trophohlast 

The apical surfaces of the trophohlast cells are 

relatively uniform, that is, they are not as convex as pre¬ 

viously described. Irregular protoplasmic projections are 

characteristic of the apical cell membrane (fig. 27). Reg¬ 

ular microvilli are seen only rarely. The lateral cell 

surfaces are elaborated into areas of interdigitation 

which are more extensive than those in the previous stages 

(fig. 30). In addition to the interdigitating plaques, 

regions of free extensions between cells with no apparent 

association with other cells are frequently seen in the 

basal regions of the cells (fig. 29). Protoplasmic protru¬ 

sions of the basal cytoplasm are seen projecting into the 

cavity of the blastocyst. Although these protrusions may 

reach a diameter of 400 m;i, organelles are excluded from 

them. 

The mitochondria of the blastocyst of late delay 

occur throughout the cytoplasm (fig. 28). They vary in 

shape from elongate to irregular circular profiles. The 

crlstae of the mitochondria are relatively sparse as com¬ 

pared with those of the mitochondria of the early blasto¬ 

cyst. The mitochondria generally contain lamellar crlstae, 

but villiform crlstae are not uncommon. 

Tubules of the endoplasmic reticulum are found 

throughout the cytoplasm of the trophohlast cells. Vesic- 
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ular and branching tubular profiles, Indicating a tortuous 

branching network of tubules, are the common form. Many 

reticular profiles are seen in close apposition to mito¬ 

chondria. A number of large vesicular structures are seen 

in the apical and peripheral cytoplasm of the trophoblast 

cells. These vesicles occasionally contain a finely granu¬ 

lar material. Occasional small granules which contain a 

moderately homogeneous electron-dense material are seen in 

these cells. These granules are similar in structure and 

density to those granules described previously. They are 

distinctly smaller than the earlier granules, however. 

No lipid droplets are found in the trophoblast 

cells, nor are areas of less dense cytoplasm such as were 

described in the earlier stages seen in these cells. 

The inner cell mass 

The cells of the inner cell mass of the late delay 

blastocyst range from 4 to 7 ju in diameter and are much more 

closely apposed to each other than the/’ are in the earlier 

stages (fig. 31 )• Consequently there are fewer cell layers 

in the thickness of the mass. The cell borders are much 

more closely apposed to each other than the earlier stages. 

The cell borders are relatively straight, with cytoplasmic 

projections acrcurring occasionally at the intersection of 

more than two cells. The nuclei of these cells are irreg¬ 

ular in shape. 
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In a typical Inner cell mass cell the mitochondria 

occur throughout the cytoplasm. They are most frequently 

oval to round in appearance, with no irregular or branch¬ 

ing forms. The eristae are highly Irregular, varying from 

lamellar to villiform. Golgi zones appear in the region of 

the nucleus. They consist primarily of vesicular profiles. 

The endoplasmic reticulum of the cells of the inner 

cell mass is not extensive. The membrane profiles frequently 

show localized dilations, indicating a cisternal structure. 

No lipid droplets, vesicles, or granules are seen in these 

cells. 



DISCUSSION 

I 

The Types and Relationships of Blastocyst Cells 

The study with the electron microscope of the morpho¬ 

logical variation of the blastocyst in normal pregnancy and 

in the delay period yielded a number of observations. Some 

of these observations had been anticipated by light micro¬ 

scope work, but several were unexpected. 

The loss of the zona pellucida, which was observed 

in light microscope preparations, was confirmed with the 

electron microscope. The zona pellucida is apparently rather 

difficult to preserve. Huber (1915)» Mulnard (1955)* Baevsky 

(1960) and Izqulerdo (1961) report the loss of the zona pel¬ 

lucida before day 4 of pregnancy* However, acid-containing 

fixatives, such as Camoy's fluid or osmic aoid, seem to 

dissolve the zona pellucida. Permanganate fixation appears 

to preserve this structure, since in all oases when the zona 

was seen before fixation, it was also seen with the electron 

microscope. 

It was expected that the alteration in shape of the 

blastocyst would be accompanied by changes In the morphology 

of the cells. However, a surprising observation was that 

the morphological changes which occurred indicated general 

changes in the trophoblast and inner cell mass. That is, 

36 
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extensive alteration In the structure of cells occurs, but 

no morphological evidence of differentiation into cell types 

within the inner cell mass could be seen. 

In a study of the blastocyst of the mouse, Selenka 

(1883) reported that the embryonic cell mass was covered 

by a distinct layer, Rauber^ layer, which was separated 

from the formative cells by a distinct line. He also stated 

that the formative cells could be separated into two germ 

layers. The inner endoderaal layer bordering the cavity 

of the blastocyst could be distinguished by more deeply 

staining nuclei, and tongue-like processes which extended 

into the cavity of the blastocyst. Jenklnson (1900) also 

reported an outer trophoblast layer, an embryonic epiblast 

and an embryonic hypoblast in the blastocyst of the mouse. 

Duval (1891) noted the presence of an endodermal 

layer in the blastocyst of the rat, which was said to exhib¬ 

it ameboid movement. Sobotta (1903), however, thought that 

there was no distinct differentiation of cell types in the 

embryonic cell mass of the mouse. Huber (1915) found no 

evidence of differentiation of the inner cell mass of the 

rat blastocyst into two germ layers, but reported that an 

outer or covering layer occasionally appears distinct from 

the formative cells. He does note, however, that In the 

early post-implantation blastocyst a single layer of embry¬ 

onic cell mass cells bordering the cavity of the blastocyst 
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appearance of the cytoplasm. He concludes that this endo- 

dermal layer is formed by differentiation of the cells of 

the inner cell mass adjacent to the cavity. Those cells 

near the edge of the endoderm which attach to the tropho- 

blast cells may be drawn out onto the inner surfaoe of the 

trophoblast as the cavity of the blastocyst enlarges. 

Mulnard (1955) concluded that the embryonic ecto¬ 

dermal cells can be distinguished from the endodermal layer 

by their differences in reaction to acid and alkaline phos¬ 

phatase tests. However, his diagrams show this difference 

much more clearly than do his photographs. In a study of 

the mucopolysaccharides of the rat blastocyst, Dalcq (1955) 

described the migration of the endodermal cells from the 

trophoblast to the inner surface of the inner cell mass. 

This process is also thought to occur in the blastocyst of 

the goat (Amoroso, 1942) and the sow (Heuser and Streeter, 

1929). 

In the study reported here, no indication was seen 

of differentiation of the germ layers in the blastocyst 

stage. That Is, the cells of the inner cell mass do not 

appear to contain distinct ectodermal and endodermal cell 

types. In addition, no evidence of migration of the tropho¬ 

blast cells beneath the inner cell mass to form the endo¬ 

dermal layer was seen. 
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Close apposition of trophoblast cells to the cells 

of the Inner cell mass which line the cavity of the blasto¬ 

cyst is seen in a few instances* Mitotic figures are rare 

in the trophoblast cells of this area. When they are seen, 

the axis of the division is usually in the plane of the 

trophoblast* 

II 

The Nature of the Preimplantation Blastocyst 

The difference in morphology between blastocysts 

taken at the end of the normal pre-implantation period and 

at the end of delay was surprising. The evidence thus far 

accumulated indicates that the blastocyst of normal preg¬ 

nancy implants at a stage which is morphologically similar 

to the day 5 blastocyst of delay. The blastocyst of late 

delay is strikingly different from these early stages. It 

is highly improbable that the blastocyst of normal pregnancy 

could change in structure from that observed within the last 

few hours before implantation to that which is seen at the 

late delay stage. Additional studies centered on implanta¬ 

tion per se could aid our understanding of the structure of 

the trophoblast cells at implantation. 

Noyes, Boyle and Bentley (1961) transferred blasto¬ 

cysts from day 5 of pregnancy to uteri of rats which were 

in the fourth day of pregnancy. They concluded that one 
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additional day of development before implantation gives 

blastocysts a selective advantage over controls, in terms 

of fetal weight at term. 

It is possible that the blastocysts of delay develop 

more rapidly after implantation than do those of normal im¬ 

plantation. However, since it Is very difficult to pin¬ 

point the exact time of implantation, these rates are diffi¬ 

cult to study. The application of the techniques Introduced 

by Weichert could aid in producing implantation at a known 

time by administration of exogenous estrone. This technique 

could be helpful in elucidating both the fine structural 

alterations occurring immediately prior to implantation and 

the timed sequence of events occurring after implantation. 

Ill 

The Preservation of the Blastocyst for 
Examination with the Electron Microscope 

The blastocyst has proved to be quite difficult to 

preserve for study with the electron microscope. Fixation 

procedures which have proved adequate for most tissues, that 

Is, buffered osmium tetroxide fixation followed by embedding 

in methacrylate, resulted in leached and otherwise inadequate 

preparations. 

Enders (1962) tried a number of variations of fixa¬ 

tion and embedding procedures, and concluded that 1.2% per- 
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manganate fixation, rapid cold dehydration, and epoxy resin 

embedding resulted in adequate preservation of the fine 

structure of the blastocyst. This procedure has disadvan¬ 

tages, however. A number of structures, such as ribosomes, 

fibrillar or filamentous structures and nuclear annuli, are 

not preserved by permanganate treatment. Variation in form 

of structure with various fixation procedures gives an indi¬ 

cation of the effect produced by the fixative per se. With 

the use of single fixation procedures, this cross-check on 

alteration during preparation is not present. 

In this study, blastocysts fixed in osmium tetroxlde 

either buffered or in a mixture with diehromate were poorly 

preserved. However, ribosomes could be visualized with 

osmium tetroxlde fixation. Therefore, a fixative containing 

osmium should still be used as an adjunct to fixation in 

permanganate, although the latter fixative produced the most 

satisfactory results. All blastocysts embedded in methacry¬ 

late were poorly preserved. Attempts to protect the blasto¬ 

cyst from the swelling effects of permanganate by use of 

higher salinites and various buffers resulted only in an 

increase in the grain of the tissue. 
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IV 

Evaluation of the Fine Structure of the 31astocyst 

Fawcett (1959) reported that embryonic cells gener¬ 

ally show little differentiation of cytoplasmic organelles. 

This observation was confirmed in the study of the rat 

blastocyst cells. Some general organization was seen in 

the regional distribution of organelles. However, familiar 

patterns of organization, such as those which have been 

attributed to specific functional activities in the liver, 

pancreas, and other glandular cells, were not seen. 

Certain features of the blastocyst appear to be more 

directly related to the organization of the cells into a 

sphere rather than to the physiological functions of metab¬ 

olism and growth. Included in this category are general 

relationships between cells, specific areas of attachment, 

and regions specialized to withstand mechanical stress. 

The interdigitations seen between the trophoblast 

cells of the rat blastocyst are quite different in struc¬ 

ture from those seen in the armadillo blastocyst. A more 

highly ordered arrangement and greater regularity in size 

of interdigitations are found in the rat. A relatively 

straight portion of the lateral cell membrane situated 

apically is invariably present also. The straight portion 

appears to be a region of firmer contact than the basal 

portion of the lateral cell membrane, in which region inter- 
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digitations are frequently seen splaying into the cavity 

of the blastocyst. 

Areas of increased density and apparent close appo¬ 

sition between cells may occur at the apical portions of 

the area of contact between cells of the trophoblast, but 

whether these regions constitute desmosomal areas is not 

immediately apparent. In section, a typical desmosome con¬ 

sists of a series of parallel dense lines at and between 

the cell boundaries, with regions of dense cytoplasm 

(attachment plaque) and fibrillae (Odland, 1958). In the 

cells of the blastocyst, however, only an apparent increase 

in density of the cell membranes is observed. No tracts of 

fibrillae, such as those found in the trophoblast cells of 

the armadillo (Enders, 1962) are seen. Although the limits 

of what may be designated a desmosome have not been well- 

defined, the structures seen in the cells of the rat blasto¬ 

cyst probably should not be Included under this term. 

Considerable progress has been made in the study of 

secretory cells through the combination of biochemical and 

electron microscopic studies, These studies have been pri¬ 

marily concerned with cells in which the secretory functions 

are well known. In cells with less pronounced secretory 

activity, changes in state are less clearly demarked. The 

absence of an exaggerated pattern of any particular organ¬ 

elle makes definite conclusions difficult. In addition, 
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It Is difficult to Interpret the functional activities of 

organelles in the absence of correlative biochemical data. 

Nevertheless, a comparison of the form of the organelles in 

the rat blastocyst cells with known conditions in other 

cells is not only interesting, but may also serve to indi¬ 

cate areas where further investigations are currently fea¬ 

sible. 

A number of possible functions have been attributed 

to-the endoplasmic reticulum. These suggested functions 

range from inclusion in general metabolic activities to the 

very specific function of conduction of impulse in striated 

muscle (Fawcett and Revel, 1961). The participation of the 

granular endoplasmic reticulum in protein synthesis is well 

established as a general function (Palade and Siekevitz, 

1956). Agranular endoplasmic reticulum has been associated 

with the synthesis of glycogen in the liver (Porter and 

Bruni, i960) and in the production of steroids (Christensen 

and Fawcett, 1961); Enders, 1962). In addition, Porter 

(1961) has postulated that the network of endoplasmic retic¬ 

ulum is in communication throughout the cytoplasm as well 

as with the nuclear and cell membranes. The tubular con¬ 

tinuum may thus be a region of partition of materials and 

a pathway for diffusion of metabolites. 

In electron micrographs of blastocysts which had 

been fixed in osmium-containing fixatives, strands of endo- 
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plasmic reticulum which appear to toe studded with ribosomes 

can toe identified. A dense accumulation of this type of 

reticulum would toe indicative of the secretion of a speci¬ 

fic protein product. However, in no instance were stacks 

of parallel membrane pairs seen. Also, secretory granules 

were not found in the region of the endoplasmic reticulum 

or the Golgi zones. Thus the endoplasmic reticulum of 

blastocyst cells does not meet the criteria which are indic¬ 

ative of protein secretion. 

The endoplasmic reticulum in steroid-producing cells 

appears as numerous profiles of agranular vesicular or tubu¬ 

lar elements. Although tubular profiles of endoplasmic 

reticulum are seen in blastocyst cells, extensive networks 

of this type are infrequently found and are localized within 

the cytoplasm. The mitochondria seen in the blastocyst 

cells are different from those described in steroid-secret¬ 

ing cells. In addition, there are fewer definitive lipid 

droplets than would be anticipated in a cell which is 

secreting steroids. 

Porter (1945) described the form of the endoplasmic 

reticulum in tissue cultured fibroblasts. In these cells, 

the endoplasmic reticulum is a network of tubules which are 

continuous throughout the cytoplasm and in which there is 

an internal phase which is segregated from the rest of the 

cytoplasm. The endoplasmic reticulum of these cells may 
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constitute a communication system, coordinating processes 

within the cells. The endoplasmic reticulum of the day 5 

rat blastocyst cellB appears similar in section to that of 

the tissue cultured fibroblasts. Thus the function of this 

organelle in these blastocyst cells may be primarily one of 

communication and provision of pathways of diffusion of 

metabolites. (The similarity of these cells to the tissue 

cultured fibroblasts is intriguing. Not only are the cells 

morphologically similar in shape, but also they are physio¬ 

logically similar in that neither group of cells is vascular¬ 

ized. ) 

In addition, the possibility of the endoplasmic 

reticulum forming a communicating pathway between the organ¬ 

elles is given credence in the constant association of the 

membranes of the endoplasmic reticulum with other organelles 

in the blastocyst cells. Hay (1958) reported a striking 

close association between endoplasmic reticulum and mito¬ 

chondria in the blastema cells of regenerating amphibian 

limb. She concluded that the association probably indicates 

the transfer of energy or metabolic products, rather than 

the formation of endoplasmic reticulum by mitochondria as 

postulated by Bernhard and Roulller (1956). The function 

of the association in blastocyst cells thus may be to provide 

energy for metabolic interchange. 

Although various cell types tend to have character- 
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latlc mitochondrial forms, the type of mitochondria seen 

in the blastocyst cells is among the more common forms en¬ 

countered. The parallel lamelliform cristae Increase the 

membranous component of the mitochondria. The membranous 

portions have been shown to be the primary locus of the 

electron transport system and of oxidative phosphorylation 

(Lehninger, 1959). Thus the presence of a large number of 

mitochondria which have the structure described seem to be 

indicative of a high rate of oxidative activity, and should 

not be attributed to any specific function of the cell per 

86. 
The presence of elaborate yolk droplets in the devel¬ 

oping blastocyst of the chicken has been pointed out by Bel- 

lairs (1958). She concludes that these droplets are com¬ 

posed predominantly of lipoproteins and that their breakdown 

contributes to cytoplasm formation. The presence of similar 

bodies in the cytoplasm of the early rat blastocyst cells 

indicates that the oells of this stage may be in the process 

of converting these structures into cytoplasm. The first 

type of yolk body contains multiple lamellae, generally 

termed myelin figures. The yolk bodies seen with the elec¬ 

tron microscope may thus represent the phospholipid granules 

described by Dalcq (1955) in the developing rat blastocyst. 

The presence of three types of yolk bodies may indi¬ 

cate progressive stages of the same structure. If the 
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breakdown of the first, most dense type of yolk body results 

in the loss of lipid-containing material without loss of 

the external membrane, a less dense structure would be antic¬ 

ipated. Continued conversion of this material into cyto¬ 

plasm could lead to a membrane-bound vesicle which contains 

cytoplasmic material. The nature of this material is simi¬ 

lar to that in the areas of less dense cytoplasm described 

in the early blastocyst. These areas may thus be the pro¬ 

ducts of breakdown of the yolk bodies. 

The extensive areas of less dense cytoplasm which 

occur in the cells of the early blastocyst are puzzling. 

The position of these areas and their disappearance early 

in the development of the blastocyst indicate that they may 

constitute a storage product of some sort, Glycogen has 

been visualized in the cytoplasm of numerous cells as a 

region of different density. However, the material seen 

here does not have a distinct granular appearance as does 

glycogen in the cells of the liver (Revel, Napolltano and 

Fawcett, 1960) or of the blastocyst of the armadillo (Enders, 

1962). Moreover, the periodic aeid-Schiff test for the 

presence of glycogen and mucopolysaccharides does not give 

a localization similar to the material seen with the elec¬ 

tron microscope. 

The only inclusion which develops, then regresses, 

during the course of delayed implantation is the granular 



49 

structure which was described in the trophoblast cells of 

the day 7 blastocyst* Since these granules appear only in 

the trophoblast cells, they may be associated with the pas¬ 

sage of material from the outside of the blastocyst toward 

the cavity. These granules appear similar to the lysosomes 

of the liver, originally described by de Duve (1959). He 

based his identification of these structures in part on the 

presence of a positive periodic acld-Schiff reaction and of 

high acid phosphatase activity. Lysosomes seem to be asso¬ 

ciated with the transport of materials, particularly pro¬ 

teins, across oell membranes. 

The day 7 blastocyst may well be at a period during 

which large amounts of fluid and nutrient materials are 

being transported into the cavity of the blastocyst. How¬ 

ever, tests for acid phosphatase should be run on the blas¬ 

tocyst before these granules can be identified as lysosomes. 



SUMMARY 

The fine structure of the blastocyst of the rat has 

been described, including both normal pregnancy and delayed 

implantation stages. 

The day 5 blastocyst of delayed Implantation does 

not differ markedly from that of normal pregnancy. The 

blastocyst at this stage consists of a hollow sphere of 

trophoblast cells surrounded by a thick zona pelluclda and 

including an eccentric inner cell mass. The most prominent 

feature of the cells of the day 5 blastocyst is the pres¬ 

ence of large areas of relatively less-dense cytoplasm, 

from which organelles are largely excluded. Irregular pro¬ 

files of endoplasmic reticulum are seen in the cytoplasm 

from the nucleus to the cell border. Large yolk bodies 

and lipid droplets are frequently seen. 

Only small areas of less dense cytoplasm are seen in 

the day 7 blastocyst of delay. A zona pellucida is not 

present at this stage, nor are yolk bodies seen. The blas¬ 

tocyst is larger, apparently a result both of cell prolifera¬ 

tion and of an increase in the size of the cavity. In addi¬ 

tion, large homogenous granules are seen in the trophoblast 

cells. 

By the middle stages of delay (days 9-13) the 

salient features of the blastocyst are the presence of elab¬ 

orate lateral interdigltations, and dense accumulation of 

50 
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endoplasmic reticular tubules in the apical cytoplasm. 

By late delay stages, the blastocysts are large, 

the trophoblast cells being squamous in shape. Extensive 

areas of tubules of the endoplasmic reticulum are present 

in the apical portions of the cells. 

The morphological variation between blastocysts at 

the end of the normal pre-implantation stage and those at 

the end of delay has been observed. It appears that two 

morphologically different types may become implanted in the 

uterus. 

Distinct patterns of organelles which would lndioate 

secretion are not seen. Little evidence is observed for 

the release of a cytolytic enzyme either at the time of the 

loss of the zona pelluclda or at the pre-implantation stages. 

However, there is indication of a possibility of absorption 

of fluids and nutrient materials. 
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Figure 1. Trophoblaat cells from a day 5 blastocyst. 

A thick zona pellucida (ZP) is at the top of the picture, 

the cavity of the blastocyst (CB) at the bottom. Regular 

microvilli project from the apical surface. The lateral 

cell borders are relatively straight. Areas of less dense 

cytoplasm are seen laterally and apical to the nucleus (N). 

X 12,200 

Figure 2. Trophoblast cells from a day 5 blastocyst. 

An area of less dense cytoplasm is situated between the 

nucleus (N) and the lateral cell border. Elongate mito¬ 

chondria (M) appear in close association with strands of 

endoplasmlo reticulum (ER). Nuclear pores can be seen 

at the arrows. Lipid droplets (L). 

X 19,200 





Figure 3. A portion of two Inner cell mass cells and an 

overlying trophoblast cell of a day 5 blaBtocyst. Promi¬ 

nent Golgi zones (G) sire apparent In the apical cytoplasm 

of the trophoblast cells. Dense yolk bodies (1) and less 

dense bodies (2) are present. 

X 16,600 





Figure 4. A portion of a trophoblast cell from a day 5 

blastocyst. Profiles of endoplasmic reticulum (ER) are 

abundant throughout the cytoplasm. Note the proximity 

of the endoplasmic reticulum and yolk bodies of the dense 

(1) and light (3) types. The endoplasmic reticulum is 

also seen coursing parallel to the cell membrane (arrows). 

X 18,800 
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Figures 5-8. Three general types of yolk bodies are 

illustrated in these figures. 

Figure 5. Very dense yolk bodies (1) and the membrane- 

bound cytoplasmic material (3)* 

X 15,100 

Figure 6. Very dense yolk bodies (1), intermediate type 

(2) and membrane-bound cytoplasmic areas (3) are seen. 

X 17,600 

Figure 7* An intermediate yolk body (2). Note the asso¬ 

ciation of the endoplasmic reticulum with both yolk bodies 

and mitochondria. 

X 20,500 

Figure 8. Intermediate and cytoplasmic forms (2, 3)* 

Note the vesicles in association with a yolk body (arrow). 

X 20,700 





Figure 9* A section through the Inner cell mass of a day 

5 blastocyst. The trophoblast cell contains large Golgi 

zones (G), mitochondria (M), and lipid droplets (L). 

Note strands of endoplasmic reticulum among the organelles. 

Large intercellular spaoes (IGS) separate the inner cell 

mass cells. Extensive areas of less dense cytoplasm are 

present in the inner cell mass cells. Organelles are 

largely excluded from these areas. 

X 13.100 





Figure 10. Inner cell mass cells of a day 5 blastocyst. 

Note strands of endoplasmic reticulum (ER) within the 

areas of less cytoplasm. 





Figure 11. Inner cell mass cells of a day 5 blastocyst. 

Strands of endoplasmic reticulum (ER) are present through¬ 

out the cytoplasm. Note three types of yolk bodies (1, 2, 
3). 

X 17,300 





Figure 12. A section through trophoblast cells (Tr) and 

inner cell mass cells (IGM), Including that layer which 

borders the cavity of the blastocyst (CB). This layer, 

generally termed endoderm (End), does not appear morpho¬ 

logically different from the other inner cell mass cells. 

X 16,800 





Figures 13 and 14. A single trophoblast cell from a day 

7 blastocyst. Note squamous shape and narrow lateral 

boundaries. Irregular microvilli are present on the 

apical surface. Small areas of less dense cytoplasm can 

be seen. Golgi zones (G) are present basolateral to the 

nucleus (N). A dense accumulation of endoplasmic reti¬ 

culum (ER) occurs apical to the nucleus. 

X 17,600 





Figure 15. Trophoblast cell from a day 7 blastocyst. 

Note the large amorphous granule (OR), dilated endo¬ 

plasmic reticulum (ER), and Golgi zone (G). 

x 16,300 

Figure 16. A large amorphous granule (Gr) is situated 

in the cytoplasm of this day 7 trophoblast cell. The 

cavity of the blastocyst (OB) is at the bottom of the 

picture. 

X 13*100 

Figure 17* Sections of three amorphous granules are 

present in this day 7 trophoblast cell. 

X 12,600 





Figure 18. A section through the Inner cell mass of a 

day 7 blastocyst. Note the squamous shape of the tropho¬ 

bias t overlying the inner cell mass (Rauber's layer). 

Areas of less dense cytoplasm are less extensive than 

they are in the early blastocyst. 

X 10,800 
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Figure 19. Rauber's layer and inner cell mass cells of 

a day 7 blastocyst. Profiles of endoplasmic reticulum 

are seen throughout the cytoplasm. Note continuity of 

the endoplasmic reticulum with the outer nuclear membrane 

(arrow). 

X 21,900 





Figure 20. A relatively thick section of a portion of a 

day 9 trophoblast cell. Note the tubular nature of the 

endoplasmic reticulum (ER) in the apical cytoplasm. The 

arrows indicate points at which the endoplasmic reticulum 

appears to be in continuity with vesicles. 

X 25,000 

Figure 21. Trophoblast cells from a day 9 blastocyst. 

Elaborate lnterdigitatlons occur at the lateral cell 

borders. Note Increased density of the straight apical 

portion of these cell membranes. A granular material 

coats the inner surface of the blastocyst (BM). The 

tubular nature of the endoplasmic reticulum (ER) may be 

seen. 

X 26,700 





Figures 22, 23, 24. Trophoblast cells of a day 11 blasto¬ 

cyst. 

Figure 22. Note basal and basolateral Golgi zones (G). 

X 15,600 

Figure 23. Dense accumulations of endoplasmic reticulum 

are apparent supranuclearly (ER). Vacuoles (V) are fre¬ 

quently seen in this region. 

X 18,800 

Figure 24. Profiles of the endoplasmic reticulum are 

abundant throughout the cytoplasm. 

X 18,800 





Figures 25 and 26. Trophoblast cells overlying inner cell 

mass cells of a day 11 blastocyst. 

Figure 25* Apical vacuoles are common in the trophoblast 

cells. Note Irregular basal projections of these cells. 

X 18,300 

Figure 26. Occasional areas of less dense cytoplasm occur 

in the day 11 cells. Lateral cell borders are elaborately 

interdigitated. 

X 21,600 





Figures 27 and 28. Trophoblast cells of day 14 and day 

16 blastocysts. 

Figure 27. Strands of endoplasmic reticulum are seen 

throughout the cytoplasm. Irregular droplets are occa¬ 

sionally encountered. 

X 18,300 

Figure 28. Golgi zones (G) are seen lateral to the nu¬ 

cleus and In the basal cytoplasm. Arrow Indicates the 

area of Increased density of the lateral cell membrane. 

X 17,500 





Figures 29 and 30. Trophoblast cells of day 14 and day 

16 blastocysts. 

Figure 29. Note the density of the apical portion of the 

lateral cell membrane (arrow). 

X 23,000 

Figure 30. Elaborate plaque-like interdigitations are 

apparent in this micrograph. 

X 24,100 





Figure 31• Inner cell mass of a day 16 blastocyst. Note 

close association of Inner cell mass cells and lack of 

Intercellular spaces. Mitochondria (M) are frequently 

round with Irregular crlstae. 

X 19,500 





ABSTRACT 

The fine structure of the blastocyst of the rat has 

been described, including both normal pregnancy and delayed 

implantation stages. 

The day 5 blastocyst of delayed implantation does 

not differ markedly from that of normal pregnancy. The 

blastocyst at this stage consists of a hollow sphere of 

trophoblast cells surrounded by a thick zona pellueida and 

including an eccentric inner cell mass. The most prominent 

feature of the cells of the day 5 blastocyst is the pres¬ 

ence of large areas of relatively less-dense cytoplasm, from 

which organelles are largely excluded. Irregular profiles 

of endoplasmic reticulum are seen in the cytoplasm from the 

nucleus to the oell border. Large yolk bodies and lipid 

droplets are frequently seen. 

Only small areas of less dense cytoplasm are seen 

in the day 7 blastocyst of delay. A zona pellueida is not 

present at this stage, nor are yolk bodies seen. The blas¬ 

tocyst is larger, apparently a result both of cell prolif¬ 

eration and of an increase in the size of the cavity. In 

addition, large homogenous granules are seen in the tropho¬ 

blast cells. 

By the middle stages of delay (days 9-13) the 

salient features of the blastocyst are the presence of elab¬ 

orate lateral interdigitations, and dense accumulation of 



endoplasmic reticular tubules In the apical cytoplasm 

By late delay stages, the blastocysts are large, 

the trophoblast cells being squamous in shape. Extensive 

areas of tubules of the endoplasmic reticulum are present 

in the apical portions of the cells. 

The morphological variation between blastocysts at 

the end of the normal pre-Implantation stage and those at 

the end of delay has been observed. It appears that two 

morphologically different types may become implanted in the 

uterus. 

Distinct patterns of organelles which would indi¬ 

cate secretion are not seen. Little evidence is observed 

for the release of a cytolytic enzyme either at the time of 

the loss of the zona pelluclda or at the pre-implantation 

stages. However, there is indication of a possibility of 

absorption of fluids and nutrient materials. 


