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CHAPTER I 

INTRODUCTION 

The New World leaf-nosed bats of the family Phyllo-

stomatidae (Chiroptera) are a large diverse group that pri

marily inhabit tropical regions of the New World. Recently, 

considerable interest has arisen concerning this family and 

the results of numerous studies on the taxonomy, evolution, 

ecology, physiology, behavior, and reproductive biology have 

been published. However, investigations concerning the 

reproductive biology of the phyllostomatid bats have been 

limited. 

Most reports on reproduction in the Phyllostomatidae 

were results of field observations and macroscopic examina

tions which provide information concerning pregnancy, litter 

size, lactation, and testes size (Wilson, personal communi

cation) . 

Of the few reports on microscopic studies of the repro

ductive biology of phyllostomatid bats, only six of the 

approximately 130 species within the Phyllostomatidae have 

been examined. The first report on microscopic observations 

of a phyllostomatid bat concerned menstruation and intersti

tial implantation in Glossophaga soricina (Hamlett, 1935). 

Recently, Rasweiler (1974) published light microscopic 

observations on the early embryology and implantation of a 

captive colony of Ĝ . soricina. 

1 



Wislocki and Fawcett (1941) reported that Artibeus 

jamaicensis from Cuba had interstitial implantation and 

formed a hemcchorial placenta. Another investigation of 

the reproductive biology of A. jamaicensis from Panama indi

cated that there were two gestation periods of differing 

lengths per year (Fleming, 1971). 

The reproductive biology of the vampire bat, Desmodus 

rotundus, was investigated by several individuals. Initial 

reports were by Wimsatt and Trapido (1952) who microscopi

cally examined the ovary and supplied a few details concern

ing the early embryology. Later Wimsatt (1954) noted that 

D̂. rotundus had a hemochorial placenta. However, the struc

ture of the placenta of _D. rotundus was studied by electron 

microscopy and the structure of the placenta was determined 

to be hemodichorial (Bjorkman and Wimsatt, 1968). Quintero 

and Rasweiler (1974) have published data on the ovarian 

function and early embryology of captive vampire bats. 

Another study concerning ovarian function and early 

embryology was reported by de Bonilla and Rasweiler (1974). 

This study involved a captive colony of Carollia persp icil-

lata and C^. brevicauda and included data on the oviducal 

histology of these bats. There have been no publications 

concerning implantation or placentation in Carollia. 

Finally, Bradshaw (1962) reported on the reproductive 

cycle of Macrotus californicus. Of particular interest was 

the observation that M. californicus had a gestation period 



of eight to nine months, characterized by an initial period 

of slow embryonic growth that lasted about 4.5 months. 

Because the embryo implanted immediately after the blasto

cyst entered the uterus, Bradshaw (1962) called this phenom

enon of slowed embryonic growth "delayed development." It 

should be noted that this phenomenon differs from delayed 

implantation (for review of delayed implantation see Enders, 

1963). In delayed development, implantation begins immedi

ately after the blastocyst enters the uterus, whereas, in 

delayed implantation, the blastocyst persists unattached in 

the uterus for the duration of the embryonic diapause. 

In addition to Bradshaw's studies (1962), Burns e_t al. 

(1972) reported on plasma thyroxine levels during pregnancy 

and on attempts to alter embryonic growth rate with exoge

nous stimuli. Bodley (1974) described the placenta of the 

last trimester of pregnancy in M. californicus. By using 

electron microscopy, he was able to determine that M. cali-

fornicus had a hemodichorial placenta. Bleier (1975) 

reported on the early embryology and implantation in M. 

californicus at the light microscopic level. His results 

confirmed Bradshaw's (1962) earlier conclusions concerning 

implantation and length of gestation in M. californicus. 

The details concerning initiation of implantation and 

the formation of the placental barrier could not be dis

cerned using the light microscope (Bradshaw, 1962; Bleier, 

1975). Therefore, this electron microscopic study of 



implantation in M. californicus was conducted to ellucidate 

the morphological developments from the initiation of 

implantation to the presence of the definitive layers that 

comprise the hemodichorial placenta. 

In addition, the second portion of this study was an 

investigation of the changes in the fine structure of the 

corpus luteum during the first two trimesters of pregnancy. 

Although changes in the fine structure of the corpus luteum 

during pregnancy in a number of mammals have been published, 

to date there have been no reports on changes in the corpus 

luteum of bats (Enders, 1962; Blanchette, 1966; Cavazos 

e_t aĴ . , 1969; Belt e^ a]^. , 19 70; Crisp e_t al,. , 1970; Sinha 

e^ aa., 1971a, 1971b; Sinha and Erickson, 1972). Also, it 

was noticed from previous studies (Bleier, 1975) that the 

uterus did not appear ready to accept the embryo during early 

stages of pregnancy. Hence, the possibility that the corpus 

luteum was not producing sufficient quantities of progester

one to maintain the uterus for implantation and placentation 

was suspected. Therefore, the objective in observing the 

corpus luteum was to determine the ultrastructural changes 

that accompany pregnancy and to determine whether there was 

a sudden morphological change in the luteal cells concurrent 

with the accelerated embryonic growth rate. 

Thus far, the phenomenon of delayed development has been 

described in only M_, calif ornicus and Artibeus j amaicensis. 

In pursuing this study of M. californicus, it was hoped that 



morphological details of implantation and the corpus luteum 

would provide insight into the reasons for or mechanisms 

involved in this unusual pattern of development. 



CHAPTER II 

MATERIALS AND METHODS 

Specimens were collected from abandoned mines in south

ern Arizona. Within two hours of capture the bats were sac

rificed by cervical dislocation and the reproductive tracts 

removed and fixed for at least two days in 3 per cent 

glutaraldehyde (pH 7.3) buffered with 0.1 M sodium cacodyl-

ate at approximately 4°C. Tracts were post-fixed with 2 

per cent osmium tetroxide (Millonig, 1961) for one hour, 

dehydrated with ethanol or acetone and embedded in a low 

viscosity epoxy medium (Spurr, 1969) or Epon (Luft, 1961). 

Thick sections for light microscopy were sectioned with 

glass knives at one to three micra and stained with Azure II 

and methylene blue (Richardson Ĵt a^, , 1960). Thin sections 

for electron microscopy were cut with a diamond knife at 

approximately 300A, mounted on uncoated grids of 150 to 300 

mesh, and stained with uranyl acetate (Watson, 1958) and 

lead citrate (Reynolds, 1963). Grids were viewed and photo

graphed at 50 KV with an Hitachi HS-8 electron microscope. 



CHAPTER III 

OBSERVATIONS 

Dates of collection and sample size of the individuals 

examined in this study are presented in Table 1. 

IMPLANTATION 

October. Of the eighteen embryos observed in the 

uteri, all were at the blastocyst stage and all had initi

ated implantation. The earliest stage of implantation 

observed is presented in Figure 1. In this section the 

uterine epithelium completely surrounded the embryonic 

trophoblast except for the region indicated by the arrow. 

In this region the uterine epithelium was eliminated and the 

trophoblast was adjacent to the basal lamina of the uterine 

epithelium (Figure 2). A later stage of implantation was 

noted and was characterized by larger areas of epithelial 

loss (Figure 3) . Those areas in which the uterine epithe

lium and trophoblast were still intact were characterized by 

numerous microvilli from both the embryonic and uterine 

cells. Also, numerous phagosomes were observed in the 

trophoblast (Figure 4). Desmosomes were observed between 

the embryoni-" and epithelial layers and evidence of pinocy-

tosis of epithelial materials by the trophoblast was noted 

(Figure 5). No portion of the zona pellucida was observed 

surrounding the embryo. Numerous bundles of filaments and 
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lipid bodies were present in the cytoplasm of the tropho

blast (Figures 5 - 7 ) . The embryo at this early stage of 

development had differentiated endoderm but it did not com

pletely surround the yolk sac cavity (Figures 3 and 8). 

A later stage of implantation was characterized by a 

proliferation of the trophoblast such that it consisted of 

more than one cell layer in the embryonic region and multi

cellular projections of the trophoblast penetrated the 

stroma of the uterus (Figure 8). In those regions where the 

uterine epithelium had formed interdigitations with the 

trophoblast, typical microvilli (as seen in the earlier 

stage of implantation) were absent (Figure 9). Deteriora

tion of the uterine epithelium was extensive and gaps in the 

basal lamina between the trophoblast and stroma were 

observed (Figures 10 and 11). 

The most advanced stage of implantation observed during 

October was characterized by the total absence of uterine 

epithelium surrounding the embryo (Figure 12). The invasion 

of the uterine stroma by the trophoblast was extensive; how

ever, there was no evidence of differentiation of the tropho

blast into syncytiotrophoblast and cytotrophoblast (Figure 

13). Many gaps in the basal lamina also were present at this 

stage of development. 

December. Four specimens collected on 10 December were 

analyzed by light microscopy and three of these were analyzed 

by electron microscopy. 
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Since the previous sample, there was further prolifera

tion of endoderm, however it did not completely surround the 

yolk sac cavity (Figure 14). Also, aa increase in vascu

larization of the stroma in the vicinity of the trophoblast 

was noted. Reichert's membrane was observed for the first 

time and it was present, not only in the abembryonic region, 

but also in the embryonic region such that it formed a con

tinuous layer around the embryo proper (Figure 14). In the 

abembryonic region Reichert's membrane was located between 

the endoderm and trophoblast; however, in the embryonic 

region it is located between the inner cell mass and the 

trophoblast (Figure 15). 

Further proliferation of the trophoblast was noted and 

differentiation of the trophoblast into cytotrophoblast and 

syncytiotrophoblast had been initiated (Figure 16). Only 

small areas of syncytiotrophoblast were noted and these were 

located in the abembryonic region. This differentiation was 

characterized by the multinucleated condition of the cells 

of the trophoblast. The cytotrophoblast stained more 

intensely than the syncytiotrophoblast. Evidence of deteri

oration of those uterine cells that were in contact with the 

trophoblast was noted (Figure 17). 

January. Four specimens collected on 27 January were 

analyzed by both light microscopy and electron microscopy. 

The endoderm, at this time, completely surrounded the 

yolk sac cavity (Figure 18). Reichert's membrane was still 
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present and reached its greatest thickness during this 

sampling period (Figure 19). There was further prolifera

tion and differentiation of the trophoblast (Figures 20 and 

21). As observed in the previous sample, the cytotropho-

blast stained more intensely than the syncytiotrophoblast 

and therefore the presumptive syncytiotrophoblast was read

ily recognized. Large intercellular spaces appeared between 

the cells of the cytotrophoblast and, in some cases, micro

villi were observed. Mitotic figures were common in the 

cytotrophoblast, however, none were observed in the syn

cy tio trophob las t. Also, desmosomes frequently were observed 

between cells of the cytotrophoblast. 

The syncytiotrophoblast had increased in quantity and 

for the first time was observed in the region of the inner 

cell mass. Interdigitations of the plasma membrane were 

noted in those regions of contact between the syncytio-

trophoblast and cytotrophoblast (Figure 20). Activity 

within the syncytiotrophoblast appeared to have increased 

as indicated by an increase in ribosomes and rough endoplas

mic reticulum. Portions of the syncytiotrophoblast had 

penetrated the gaps in the basal lamina and had formed 

syncytial blocks (Figure 22). 

February. Six specimens collected on 16 February were 

analyzed by light microscopy and one of these six was stud

ied by electron microscopy. 

All six embryos examined were at the embryonic disc 
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stage of development (Figure 23). At the light microscopic 

level, differentiation of the cytotrophoblast and syncytio-

trophoblast was apparent. Electron microscopic observations 

revealed a remnant of Reichert's membrane. This remnant 

appeared to be primarily the remains of the basal lamina 

(Figure 24). 

As in the previous sample, numerous desmosomes were 

observed between cells of the cytotrophoblast and between 

cells of the layers of the trophoblast. The syncytiotropho

blast stained more intensely than the cytotrophoblast, but 

there was also a differential staining of the cells of the 

cytotrophoblast. Some of the cells of the cytotrophoblast 

stained more intensely than others (Figures 24 and 25). 

By the middle of February, all of the layers of tissue 

in the hemodichorial placenta were present (Figure 25). The 

cytotrophoblast remained as a multicellular layer surrounded 

by the syncytiotrophoblast. The endothelium of the maternal 

vascular system had disappeared and was replaced by the 

syncytial blocks. 

CHANGES IN THE CORPUS LUTEUM 

October. The most obvious features of the lutein 

cells were the large numbers of mitochondria and the vast 

quantities of smooth endoplasmic reticulum. Mitochondria 

appeared round to oval in section and had plate-like cristae 

(Figure 26). Mitochondria normally occurred throughout the 

cytoplasm except in those areas occupied by the smooth 
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endoplasmic reticulum or the Golgi complexes. Intensely 

staining membranous bodies were often observed within mito

chondria (Figures 26 and 27). 

The smooth endoplasmic reticulum in the lutein cells 

of the specimen with the earliest stage of implantation from 

22 October occurred as concentric cisternae that assumed a 

circular to semicircular shape and often surrounded mito

chondria (Figure 26). In later stages of implantation 

(Figure 12) the smooth endoplasmic reticulum occurred in 

dense associations, but the cisternae were not oriented in 

the same plane. Therefore, cross and longitudinal views 

were present within the same aggregation of smooth endoplas

mic reticulum (Figure 28). 

Other cellular organelles observed during this time 

period were the Golgi complex, rough endoplasmic reticulum, 

polyribosomes and desmosomes (Figures 26 - 29). Golgi com

plexes were irregular in size and most appeared active 

because vesicles were observed in the vicinity of the mature 

face (Figure 29). The rough endoplasmic reticulum consisted 

of aggregations of irregularly distributed cisternae that 

were dispersed throughout the cytoplasm (Figure 26). Simi

larly, polyribosomes were observed dispersed about the cyto

plasm of the lutein cells. Finally,' desmosomes were observed 

as junctions between some of the luteal cells (Figure 27). 

Other characteristics of the cytoplasm included a few 

lipid bodies, some unidentified osmiophilic bodies and 
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bundles of filaments (Figure 26). 

Another feature of the lutein cells was the complex 

folding of the plasma membrane. This ruffled appearance was 

observed -primarily between adjacent lutein cells but it also 

was observed in regions where lutein cells came into contact 

with other cell types (Figures 30 and 31). 

December. Lutein cells from the two corpora lutea 

examined from December appeared similar to those from 

October, however, slight differences were noted. The^ smooth 

endoplasmic reticulum occurred in dense aggregations and was 

observed frequently but the orientation of the cisternae 

appeared to be random. There seemed to be an increase in 

the number of Golgi complexes and they had assumed juxta-

nuclear positions within the cytoplasm (Figure 32). Osmio

philic bodies were not observed and lipid bodies were 

scarce. Finally, bundles of filaments were not observed in 

the lutein cells. 

January. Two corpora lutea were examined electron 

microscopically from a sample collected on 27 January. In 

general, the luteal cells from this sample were similar to 

those in December; however, a few differences were noted. 

Lipid bodies like those present in the sample from October 

were observed in this sample; however, the osmiophilic 

bodies were not observed (Figure 33). Also, numerous mem

branous bodies were noted, primarily surrounded by smooth 

endoplasmic reticulum (Figure 33). An increase in the number 
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of Golgi complexes over the previous sample was observed. 

February. The fine structure of two corpora lutea 

collected on 16 February was analyzed. Both specimens 

showed an increase in lipid content compared to the previous 

sample (Figures 34 and 35). 

One of these specimens contained larger lipid bodies 

and the central portions of the lipid appeared to have been 

leached out during fixation (Figure 34). This specimen, 

with the presumptive lipid extraction, contained vacuolated 

smooth endoplasmic reticulum (Figure 34), whereas, the other 

specimen, in addition to containing vacuolated smooth endo

plasmic reticulum, also displayed dense aggregations of 

smooth endoplasmic reticulum. There appeared to be a 

decrease in the number of Golgi complexes in this sample. 

March. The two specimens examined from 28 March were 

characterized by large amounts of whorled smooth endoplasmic 

reticulum. Frequently, the whorls surrounded mitochondria 

and lipid bodies (Figures 36 and 37). The amount of lipid 

had decreased since February, but the amounts exceeded that 

observed in samples from October through January. Other 

than these differences, the luteal cells from this sample 

were similar to those observed in February. 

May. One ovary was examined from an individual col

lected on 21 May. The individual was near term and had been 

dead for some time before the ovary was removed and fixed. 

This specimen was not examined electron microscopically; 
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however, light microscopic observations of the ovary showed 

that the corpus luteum was maintained throughout gestation 



CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

The exact age of the embryos observed in this study 

could not be determined. However, the youngest embryo 

observed on 22 October was probably not more than twenty 

days old. From a previous study, five of the twelve indi

viduals studied were pregnant and carrying early cleaving 

embryos in the oviduct on 3 October. Also by 31 October, 

all individuals were pregnant and eight of ten were carrying 

implanting blastocysts (Bleier, 1975). Furthermore, 

Rasweiler (1974) and de Bonilla and Rasweiler (1974) noted 

that the blastocysts of Glossophaga soricina and Carollia 

(both are phyllostomatid bats) enter the uterus on days 

twelve to fifteen after fertilization. However, it should 

be noted that both of these bats menstruate close to the 

time of ovulation. This fact might account for the unusu

ally long tubal journey. Because M. californicus does not 

menstruate and given the data concerning pregnancies in 

October, the estimate that the embryos observed on 22 

October were twenty days old was probably the maximum pos

sible age of the embryos. 

In order for a blastocyst to implant, there must be an 

apposition stage; that is, the embryo must come in suffi

cient contact with the endometrium so that the embryo can 

17 
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adhere and initiate invasion of the uterus (Enders and 

Schlafke, 1969). In M. californicus the apposition stage 

was easily accomplished because of the size of the embryo. 

The earliest blastocyst observed in the uterus (Figure 1) 

completely filled the uterine lumen and was thus held in 

place for the adhesion stage by the physical limitation of 

the size of the uterine lumen. The presence of desmosomes 

between the epithelium and trophoblast has been reported in 

mammals other than M. califo rnicus and these junctions 

helped maintain the embryo apposed to the uterine wall. It 

should be noted that the zona pellucida was absent at this 

stage, but the time and location of its loss could not be 

determined. 

The initial invasion of the uterus was accomplished by 

the elimination of luminal epithelial cells and occurred 

shortly after the embryo entered the uterus. There were no 

trophoblastic tongues that extended between uterine cells 

as reported for some mammals (Enders and Schlafke, 1972). 

Elimination of the epithelial cells was probably by the 

phagocytic action of the trophoblast. During these initial 

stages of implantation, the basal lamina of the uterine 

epithelium was persistent and seemed to be resistant to the 

invasive action of the trophoblast. 

It was remarkable that differentiation of the tropho

blast into cytotrophoblast and syncytiotrophoblast required 

so much time. Differentiation of the two layers was not 
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accomplished until December and at this time there were only 

small pockets of syncytiotrophoblast in the abembryonic 

region. This late differentiation wa3 unusual because in 

most mammals this development occurs before elimination of 

the uterine epithelium (Enders and Schlafke, 1969, 1972). 

However, it should be noted that the differentiation of the 

syncytiotrophoblast in the rat (Rattus norvegicus) and the 

bat (Myotis lucifugus) required more time to develop than in 

most mammals (Enders and Schlafke, 1969). 

Reichert's membrane was observed in M. californicus in 

samples from December through February. Its presence was 

not surprising because it was reported in Desmodus rotundus 

(Wimsatt, personal communication) and in Glossophaga 

soricina (Rasweiler, 1974). However, the fact that in the 

embryonic region Reichert's membrane was bounded by the '' 

inner cell mass and the cytotrophoblast was unusual because 

in most mammals, including Ĝ . soricina, Reichert's membrane 

occurred between the supraembryonic endoderm and the cyto

trophoblast (Rasweiler, 1974). The persistance of 

Reichert's membrane in M. californicus is notable because 

perhaps it served as a protective barrier for the diapausing 

embryo. 

The presence of all the layers of the definitive pla

centa in individuals observed in mid-February was consistent 

with the results reported by Bodley (1974). 

Implantation in M. californicus was definitely central. 
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Hamlett (1935) stated that G. soricina had interstitial 

implantation; however, Rasweiler (1974) reported that he 

observed a mcdified central implantation in G. soricina. 

The types of implantation in Desmodus rotundus (Wimsatt, 

1954) and Artibeus jamaicensis (Fleming, 1971) were reported 

to be interstitial but Rasweiler (1974) felt that the data 

to prove these conclusions were not presented by the 

authors. In the vespertilionid bats that were studied, all 

appeared to have central implantation (Boyd and Hamilton, 

1952). However, M. californicus is the only phyllostomatid 

bat thus far studied that has a true central implantation. 

Finally, it should be stated that implantation in M. 

californicus began during the first month of pregnancy (in 

October). The process of implantation was quite long, 

extending to the middle of February when the definitive 

layers of the placenta were established. But, there was no 

indication that M. californicus exhibited delayed implan

tation . 

In general, the ultrastructure of the corpus luteum of 

pregnancy in M. californicus was similar to that reported 

for other mammals. However, some differences were noted. 

The most striking difference between luteal cells in 

M. californicus and other mammals was the distribution of 

rough endoplasmic reticulum. Studies of the corpora lutea 

of man (Adams and Hertig, 1969a, 1969b; Gillim ejt aj,. , 1969; 

Crisp e_t aj,. , 1970), the pig (Belt et^ al. , 1970), the rabbit 
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(Blanchette, 1966), the mink, armadillo and the rat (Enders, 

1962) have shown that the rough endoplasmic reticulum 

occurred as parallel stacks or whorls of cisternae in dense 

concentrations throughout pregnancy. On the other hand, the 

rough endoplasmic reticulum in M. californicus was not 

arranged in parallel arrays and the amount was reduced when 

compared to that found in other mammals. 

The amounts and distribution of smooth endoplasmic 

reticulum observed in M. californicus differed from most 

mammals thus far studied. Judging from the micrographs 

published by other authors, the luteal cells in this study 

were characterized by greater amounts of smooth endoplasmic 

reticulum. The only mammal thus far studied that contained 

smooth endoplasmic reticulum, in such a regular whorled 

arrangement as was frequently observed in M. californicus, 

was the rabbit (Blanchette, 1966). However, most mammals 

had primarily tubular smooth endoplasmic reticulum; whereas, 

in this study, most of the smooth endoplasmic reticulum con

sisted of stacks of cisternae. 

Other than these differences, the ultrastrueture of 

luteal cells as reported in the Observations was similar to 

that reported for luteal cells in other mammals. However, 

there were differences between the luteal cells from differ

ent stages of pregnancy. These differences are summarized 

in the Observations and need not be repeated. 

Both estrogen and progesterone are necessary for 
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maintenance of pregnancy (Turner, 1966). Also, Harrison 

(1946) demonstrated that granulosal lutein cells produce 

progesterone and that thecal lutein ci^lls produce estrogen. 

Because the corpus luteum in M. californicus is derived from 

granulosal cells, the steroidal activity in the corpus 

luteum probably involves progesterone. 

From results reported in other studies concerning 

steroidal activity, it was possible to predict when the 

luteal cells in M. californicus were most active. Gillim 

(1969) and Cavazos ejt a_l,. (1969) noted several morphological 

details that characterized luteal cells demonstrating high 

steroidal activity. These characteristics included large 

amounts of smooth endoplasmic reticulum, mitochondria with 

tubular cristae, and decreased amounts of lipid. Because 

the luteal cells of samples collected in October contained 

large amounts of smooth endoplasmic reticulum and limited 

amounts of lipid, it is assumed that these cells were 

actively producing steroids. It should be noted that mito

chondria with tubular cristae rarely were observed in luteal 

cells from M. californicus. The sudden absence of lipid in 

luteal cells from December and the persistence of smooth 

endoplasmic reticulum would indicate that these cells were 

also active with respect to steroidal synthesis. However, 

the vacuolar smooth endoplasmic reticulum and the reappear

ance of lipid in the sample from January signified a 

decrease in steroidal activity. 



23 

The drastic increase in lipid content in the luteal 

cells from February indicated a decrease in steroidal activ

ity. However, the decrease in lipid content in the sample 

from March would signify an increase in steroidalgenesis. 

Hence, it does not appear that there was a correlation 

of a sudden change in morphology and an increase in ster

oidal activity in the luteal cells of M. californicus with 

the increased embryonic growth rate in February. Instead, 

judging from the ultrastructure of the corpus luteum, it 

appeared that February was the time period with the least 

steroidal activity; whereas, the interval from October 

through January probably was the period of maximal steroid 

production. 

It is significant to note that Enders (1962) found no 

ultrastructural differences between corpora lutea during 

delayed implantation and postimplantation specimens of the 

rat, armadillo and mink. Also, Talmage e^ a_l. (1954) could 

find no differences in activity of the corpus luteum from 

the armadillo sampled during delayed implantation or after 

implantation. Therefore, it is important to note that the 

luteal cells in M. californicus undergo morphological 

changes at the time that embryonic growth is accelerated in 

February; whereas, this phenomenon does not occur in the 

rat, armadillo or mink. 



CHAPTER V 

SUMMARY 

Initiation of central implantation in Macrotus cali

fornicus was observed in October. The youngest blastocyst 

found in the uterus lacked a zona pellucida. The tropho

blast and uterine epithelium contained numerous microvilli 

and desmosomes were present between the two layers. At one 

point the uterine epithelium was eliminated and endodermal 

differentiation was initiated. In later stages of implanta

tion during October, extensive areas of uterine epithelium 

were obliterated and in one individual none was observed 

surrounding the embryo. During December, the trophoblast 

had begun to differentiate into cytotrophoblast and syn

cytiotrophoblast. Reichert's membrane was observed in the 

embryonic region. All layers of the hemodichorial placenta 

were present by the middle of February. Implantation in 

Macro tus was compared to that reported in phyllostomatid 

bats and in some other mammals. 

The corpus luteum during October contained large 

amounts of smooth endoplasmic reticulum and numerous mito

chondria and Golgi complexes. Some rough endoplasmic retic

ulum, polyribosomes, desmosomes, lipid bodies, unidentified 

osmiophilic bodies, and bundles of filaments were also 

observed. By December the smooth endoplasmic reticulum was 

24 
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not regular in its orientation and lipid bodies were not 

present; however, lipids were present in January. Also 

present in January were numerous membranous bodies and an 

increase in the number of Golgi complexes. The major fea

ture observed during February was large amounts of lipid 

in the cytoplasm. In March the luteal cells contained 

increased amounts of smooth endoplasmic reticulum and a 

decrease in lipid, A corpus luteum was observed in May; 

however, it was not studied by electron microscopy. Steroid 

synthesis, as evidenced in the morphology of the luteal 

cells, was discussed. 
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Fig. 3. Light micrograph of an implanting blastocyst from 
22 October. There is an extensive area of the 
uterus in the embryonic region that lacks epithe
lium. Differentiation of endoderm (E) has begun. 
B=blastocoel; TR=trophoblast; UE=uterine epithe
lium. 

Fig. 4, Electron micrograph of the junction of the tropho
blast (TR) and the uterine epithelium (UE) from an 
individual on 22 October, There are numerous 
microvilli (MV) between the two tissues. Desmo
somes (D) are present between cells of the tropho
blast. Note the autophagasome (A) in the tropho
blast, B=blastocoel. 
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Fig. 5. Electron micrograph of junction of trophoblast (TR) 
and uterine epithelium (UE) in an individual from 
22 October. There is a desmosome (D) that is 
shared by both layers. Vesicles (arrows) that have 
staining properties similar to the uterine epithe
lium are present in the trophoblast. Note the 
bundles of microfilaments (F). MV=microvilli. 

Fig. 6. Electron micrograph of junction of trophoblast (TR) 
and uterine epithelium (UE). Note microvilli (MV) , 
bundle of microfilaments (F), and autophagasome 
(A). 
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Fig. 7. Electron micrograph of endoderm (E), trophoblast 
(TR) , and uterine epithelium (UE) from an individ
ual on 22 October. Note the basal lamina (BL) of 
the endoderm and the large amounts of lipid (L) in 
the embryonic tissue. 

Fig. 8, Light micrograph of an implanting blastocyst from 
22 October. Note the extensive area (arrows) 
where uterine epithelium (UE) has been eliminated. 
Also, the trophoblast (TR) has sent projections 
into the uterus so that the trophoblast has an 
irregular contour, B=blastocoel ; C = connective 
tissue; E=endoderm, 

i 
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Fig. Electron micrograph of junction of trophoblast 
(TR) and uterine epithelium (UE) in an individual 
from 22 October. Note that the plasma membranes 
of the two layers interdigitate, but typical 
microvilli are not present. 

Fig. 10. Electron micrograph of the junction of the tropho
blast (TR) and the uterine basal lamina (BL) and 
stroma (UT) in an individual from 22 October. 
Note that there is a break in the basal lamina 
(arrow), 
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Fig. 11. Electron micrograph of gap (arrow) in basal 
lamina. TR=trophoblast; UT=uterine stroma. 

Fig, 12, Light micrograph of an implanted blastocyst from 
22 October, There is no uterine epithelium sur
rounding the embryo. The arrows point to uterine 
tissue that has sloughed off, B = blas tocoel; 
TR=trophoblast; UT=uterine stroma. 
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Fig. 13, Electron micrograph of trophoblast (TR) and 
uterine stroma (UT) in an individual (Fig. 12) 
from 22 October. There is no uterine epithelium 
in the vicinity of the trophoblast. 

Fig. 14. Light micrograph of an implanted blastocyst from 
10 December, Note that Reichert's membrane 
(arrows) completely surrounds the embryo. The 
endoderm (E) has proliferated but does not com
pletely surround the yolk sac cavity. There are 
many blood vessels (V) in the immediate vicinity 
of the embryo. ICM=inner cell mass; TR=tropho-
blas t. 
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Fig. 15, Electron micrograph of the inner cell mass (ICM), 
Reichert's membrane (RM) and cytotrophoblast (CT) 
in an individual from 10 December, Note that 
Reichert's membrane consists of a basal lamina 
(BL) and a flocculant-like material. L=lipid, 

Fig, 16. Electron micrograph of the syncytiotrophoblast 
(ST) in an individual from 10 December. Note 
that there is not a plasma membrane separating 
the two nuclei (N), G=Golgi complex. 
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Fig. 17. 
Electron micrograph of the junction of the syn
cy tio trophoblas t (ST) and uterine stroma (UT) m 
an individual from 10 December. Note that the 
stromal cells (UT) seem to be deteriorating. 
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Fig. 19. Electron micrograph of inner cell mass (ICM), 
Reichert's membrane (RM), and trophoblast in an 
individual from 27 January. Note the large 
intercellular spaces (IS) between the cells of the 
cytotrophoblast (CT) . In this section the cells 
of the presumptive syncytiotrophoblast (PST) are 
uninucleated, so that a true syncytium is not 
present. However, it is easy to distinguish the 
presumptive syncytiotrophoblast from the cyto
trophob last. 
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Fig. 22. Electron micrograph of the cytotrophoblast (CT), 
syncytiotrophoblast (ST), intrasyncytial lamina 
(IL) and syncytial blocks (SB) in an individual 
from 27 January, Note the desmosomes (D) that 
are shared by the trophoblastic layers. The arrow 
points to a gap in the basal lamina and shows the 
continuity of the syncytiotrophoblast and the 
syncytial blocks. 

Fig, 23. Light micrograph of an embryo at the embryonic 
disc stage from 16 February. Note differentiation 
of cytotrophoblast (CT) and syncytiotrophoblast 
(ST). AC=amnionic cavity; ED=embryonic disc; 
YSC=yolk sac cavity. 
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Fig, 24. Electron micrograph of the trophoblast in an 
individual from 16 February. Note that the syn
cytiotrophoblast (ST) stains more intensely than 
most of the cells of the cytotrophoblast (CT), 
Arrow points to remnants of Reichert's membrane. 
D=desmosomes. 
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Fig. 25 
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Fig. 26, Electron micrograph of luteal cells from 22 
October. Note the numerous mitochondria (M), 
whorls of smooth endoplasmic reticulum (SER), 
lipid bodies (L), rough endoplasmic reticulum 
(RER), osmiophilic bodies (OB), membranous 
bodies (M), and polyribosomes (arrows). 
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Fig. 27. Electron micrograph of portions of two luteal 
cells. Note desmosomes (arrows), smooth endo
plasmic reticulum (SER), and membranous body (MB) 

Fig. 28. Electron micrograph of a portion of a luteal cell 
from 22 October. Note that in this section the 
smooth endoplasmic reticulum has been cut in 
longitudinal and transverse planes. 

Fig. 29. Electron micrograph of a portion of a luteal cell 
from 22 October. Note the Golgi complexes (G) 
near the nucleus (N) and the bundles of micro
filaments (F) , 
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Fig. 30, 

Fig. 31 

Fig. 32 

,n micrograph of portions of two luteal 
:rom 22 October. Note the complex foldin Electro: 

cells f--~- -- , V 
of the plasma membranes (arrow). 
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comptex folding of the plasma membrane of the 
luteal cell (arrows). N=nucleus. 
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Fig. 33, Electron micrograph of a portion of a luteal cell 
from 27 January. Notice that the whorls of smooth 
endoplasmic reticulum (SER) surround lipid bodies 
(L) and mitochondria (M). Numerous membranous 
bodies (MB) and Golgi complexes (G) v;ere observed 
in this sample. N=nucleus. 
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Fig. 34, Electron micrograph of a portion of a luteal cell 
from 16 February. Note large lipid bodies (L) 
that appear to have had central regions leached 
out. G=Golgi complex; M=mitochondria; N=nucleus. 

Fig. 35. Electron micrograph of a portion of a luteal cell 
from 16 February, Note that lipid bodies (L) are 
smaller than in Fig, 34, but there is not evidence 
of leaching. The smooth endoplasmic reticulum 
(SER) occurs in dense aggregations in this speci
men, M=mitochondria; MB=membranous body; 
N=nucleus. 
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Fig. 36. 
Low magnification electron micrograph of a portion 
of the corpus luteum from 28 March. Note numerous 
mitochondria (M), lipid (L) and whorls of smooth 
endoplasmic reticulum (SER). RBC=red blood cell. 
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Fig. 37. Electron micrograph of a portion of a luteal cell 
from 28 March. Note whorls of smooth endoplasmic 
reticulum (SER) that surround mitochondria (M) 
and lipid (L). 
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