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The purpose of this study was to examine the ventral 

prostate from Sprague-Dawley rats of the ages two, twelve, 

and twenty-four months to determine the extent of histologi

cal and fine structural change. The tissue was processed 

for routine light and electron microscopy.  

The following changes occurred with an increase in age 

of the animal: (1) basal cells changed shape, (2) altera

tions occurred within the basal laminia underlying the basal 

cells, (3) the basal laminia generally became thickened and 

more folded, (4) collagen increased in amount in the inter

stitial tissue of the stroma, (5) electron dense staining 

material increased in amount in the interstitial tissue, 

(6) periacinar sheath became thickened, and (7) pathologi

cal processes seemed more prevalent.
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CHAPTER I

INTRODUCTION 

The purpose of this investigation was to examine the 

ventral prostate from aging Sprague-Dawley rats to deter

mine the extent of morphological change. Light and elec

tron microscopic studies were utilized.  

The ventral prostate is a compound tubulo-alveolar 

gland composed of a pseudostratified columnar epithelium 

resting on a fibromuscular stroma with a basal lamina po

sitioned between the two structures. The extent of study 

on these components of the ventral prostate in the aging 

animal remains limited. Other than pathological studies 

involving the ventral prostate obtained from aging rats, 

the epithelium has almost exclusively been the subject of 

descriptive and experimental studies. The reason for the 

focus upon the epithelium is the direct and conspicuous 

role the epithelium has in normal and pathological processes 

occurring within the gland. The prostatic stroma and basal 

lamina have not received the attention the epithelium has 

received, and as a result, information on these structures 

with regard to aging is limited. This limitation becomes 

important when one considers the importance of the stroma 

in the maintenance of growth, structure, function in the 

normal glands, and as a factor of importance in pathological
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processes. Because of the limited information available 

on age-associated changes in these ventral prostatic com

ponents, the present study was undertaken.



CHAPTER II

LITERATURE REVIEW 

The rat ventral prostate is a compound tubulo-alveolar 

gland consisting of an epithelial membrane, a fibromuscular 

stroma, and an intervening basal lamina. The epithelial 

membrane consists of essentially two cell types, the secre

tory glandular epithelial cell and the basal cell. These 

epithelial cells, however, are thought to express themselves 

in a morphological gradient between two extremes: the com

pletely differentiated secretory cells and the relatively 

undifferentiated or dedifferentiated basal cells (Deane and 

Wurzelmann, 1965, and Mao and Angrist, 1966),. However, 

since both cell types differ physiologically, they are con

sidered separately.  

Secretory Epithelial Cells 

Several authors reported observations made on secretary 

epithelial cells of the ventral prostate. Moore, Price ard 

Gallagher (1930) reported observations made with light micro

scopy of the prostate from sexually mature rats. Harkin 

(1957a) reported observations made in the first electron 

microscopic study of the rat ventral prostate, focusing his 

attention on the secretory epithelial cells. Brandes and 

Groth (1961) contributed additional observations made with 

the electron microscope on the normal sexually mature animal.

3
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In addition to these authors, Bartech, Fisher and Rohr 

(1975) developed a morphometric model providing information 

on organelle volumes and Dahl, Kjaerhein and Tveter (1973) 

reported on secretory granules of ventral prostatic epi

thelial cells, observing that they are few in number.  

These descriptive studies, as well as studies dealing 

with cell biology, allow one to understand how these cells 

are actively involved in the formation of the prostatic 

fluid found within the acinar lumen. Proteins, including 

enzymes such as acid phosphatase, are some of the component 

substances secreted into the alveolar lumen, which in turn 

are secreted into the semen by the prostate gland. Helminen 

and Erickson (1970), using histochemical methods and electron 

microscopy, localized acid phosphatase within the Golgi 

apparatus and in secretion vacuoles, which suggests the 

release of the excretory products by way of exocytosis via 

a merocrine process (Helminen and Erickson, 1970),. Flickinger 

(1974) supported these findings in his electron microscopic 

auto-radioautography study and added that the secretory 

proteins are synthesized in the rough endoplasmic reticulum, 

transported to the Golgi apparatus, and packaged into secre

tory vacuoles, which move to the apical ends of the cells and 

release their contents to the lumen (Flickinger, 1974). This 

structural-functional relationship is found within other



5 

secretory epithelial cells and is generally held to be true.  

Yet, there appears to be other evidence which supports an 

apocrine type secretion in the ventral prostate.  

Numerous studies indicate the presence of apical blebs 

of cytoplasm extending from the ventral prostatic secretory 

epithelial cells into the acinar lumen. Controversy exists 

as to whether these blebs represent artifacts due to tissue 

processing or whether they represent a true form of apocrine 

secretion. Although these blebs have not been studied per 

se in the ventral prostate, Aumuller and Adler (1979) in 

altering hormonal conditions, and with electron microscopic 

auto-radiographs and freeze-fracture replicas, proved that 

the apical blebs are closely related to the functional acti

vity of the cells and are interpreted as true apocrine secre

tion in the rat dorsal prostate epithelium (Aumuller and Adler, 

1979).  

In several different studies, the secretory epithelial 

cells from the ventral prostate of aging rats have received 

attention. Brandes (1966) reviewed the literature concerning 

tissue and cytological change occurring in the ventral pros

tate as a result of aging. All the studies he reviewed were 

focused upon the secretory epithelial cells or some component 

of them. He noted that Arcadi (1959) was the first to ob

serve a definite change related to aging in the rat ventral
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prostate. Arcadi (1959) observed and described the appear

ance of PAS-positive granules in the supranuclear region 

of the epithelium of 2-year and older rats, noting that 

these granules were not present in 3-month old rats. Since 

these granules stained positively with PAS, he postulated 

that these represented a glycoprotein component of the Golgi 

apparatus which underwent change following castration or 

the administration of estrogens and androgens. In an ultra

structural study by Harkin (1961), dense bodies were shown 

to be progressively deposited in the supranuclear region of 

the ventral prostate epithelium of the aged rat. In a com

bined histochemical and electron microscopic study by Brandes 

(1963), these dense bodies were further shown to be of a 

lysosomal nature. In addition, it was shown that these dense 

bodies were not a component of the Golgi apparatus but rep

resented a transition form between simple lysosomes and larger 

multilobulated lipofusin granules (Brandes, 1966) . In another 

study by Harkin (1957b), similarities of the aged rat epithe

lium to human tissues were described. Harkin noted that the 

general internal architecture of a class of adult rat prostate 

epithelial cells possessed a complex RER and Golgi complex 

structure which resembled the organelles observed in prostate 

epithelial cells in cases of human prostatic hyperplasia.  

Among the differences which he noted were a more prominent
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"basement membrane," and numerous electron-dense bodies 

slightly larger than the mitochondria, in the Golgi region 

of the human prostatic epithelium. Furthermore, in a 

series of rats of older ages he noted that involutional 

changes were occurring in the prostate but that these did 

not appear to include loss of the cellular function of 

secretion (Harkin, 1957). Ichihara and Kawamura (1979) more 

recently described other changes which occurred in the ven

tral prostate epithelium of aged rats. Some of the changes 

noted were an increased variability of cell height in differ

ent parts of the same organ, signs of depressed secretory 

activity, and the frequent occurrence of supra- and para

nuclear pleomorphic lysosomes. Signs of depressed secretory 

activity included a reduction in the population of apical 

microvilli and apical secretory vacuoles, decreased emio

cytosis, fewer condensing vacuoles in the proximity of the 

Golgi region, and a greater number of RER derived vesicles.  

Basal Cells 

Several studies of the prostatic epithelium revealed 

that there are basal cells located between some of the 

secretory cells and resting on the basal lamina of the 

acinus. Rowlatt and Franks (1964) described these cells 

in mice; Brandes (1966), Dahl et al (1973) and Ichihara 

and Pelliniemi (1975) described these cells in rats. Brandes
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(1964) described these cells in man.  

Brandes (1966) found that these basal cells are 

located between the acinar cells and the basement membrane 

and that they show characteristics of reserve or quiescent 

secretory status. Dahl, et al (1973) perceived that the 

cells are inserted between the basal lamina and the surface 

epithelium in a way that they do not contact the lumen. He 

also observed that the cells have irregular nuclei with 

their long axes parallel to the basal lamina. Furthermore, 

he surmised that the cells demonstrated several similarities 

to the secretory cells but lacked secretion granules and 

microvilli, and the RER and the Golgi were less prominent.  

Ichihara and Pelliniemi (1975) demonstrated in light micro

scopy that the basal cells show a spindle-shaped profile 

with a triangular section, but occasionally they are stellate 

and have a fairly large amount of cytoplasm. Electron micro

scopy revealed that the cytoplasm extends between the lateral 

aspects of the secretory cells. They also observed the 

following characteristics. The nuclei were triangular or 

elongated in shape and often showed irregular lobules. The 

nucleo-cytoplasmic ratio was found to be markedly greater 

than that of the secretory cells. Desmosomes were found on 

cell surfaces of neighbouring basal and secretory cells.  

Irregular dilatations with minute cytoplasmic projections
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were observed on cell surfaces. A substantial number of 

pinocytotic vesicles were seen along the basal cell mem

brane of these cells, while such vesicles were found to be 

less numerous on the remainder of the cell membrane. Many 

clusters of free ribosomes were observed in the cytoplasm 

except in the Golgi region, while rough endoplasmic reti

culum was small in amount. The cisternae of RER, which is 

present, was found to be short and flat. A small Golgi 

apparatus was usually noted in the apical cytoplasm and 

consisted of several short saccules and vesicles. In com

parison to the triangular basal cells, the polygonal basal 

cells had a more abundant cytoplasm and a better developed 

rough endoplasmic reticulum. Filaments in small bundles 

were also situated within the cytoplasm. Recently, the 

basal cell filaments have further been identified by an 

immuno-peroxidase technique to be composed of keratin.  

Examination of the secretory epithelial cells by the same 

technique revealed a lack of keratin (Schlegel, Banks

Schlegel, and Pinkus, 1980).  

The nature of the basal cells is not very well under

stood. It is now thought to be a reserve cell rather than 

a myoepithelial cell (Sakurai, 1969). It is known to pro

liferate under conditions unsuitable for secretory cell 

maintenance (Kroes and Teppenza, 1972; Triche and Harkin,
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1971; and Chandler, et al, 1976). For example, Chandler 

and Timms (1976), described the effects of Cadmium Chloride 

upon the lateral prostate. They reported basal cell hyper

plasia without full differentiation to mature epithelium 

and necrosis of the secretory epithelial cells. Further, 

they mentioned that the accompanying degradation of the 

stromal elements might play an important part in the failure 

to maintain control on basal cell growth. Bazer (1980), in 

an attempt to determine the nature of the proliferative 

response of the rat ventral prostate to partial excision, 

supported the hypothesis that, under appropriate conditions, 

basal cells can differentiate into secretory cells. In the 

same study, the basal cells were not only responsive to 

proteolytic enzymes (Burger, 1970), estrogens (Kroes, and 

Teppema, 1972), and the carcinogen N-methyl-N'-Nitro-N

Nitrosoguanidine (MNNG) (Sanefuji, Heatfield, and Trump, 

1979) as found in other studies, but also responded to 

localized tissue destruction. How these cells originate 

and respond to an increase in age of the individual is not 

known.  

Basal Lamina 

The term basal lamina was proposed by Fawcett (1962, 

1966) and refers to an ultrastructure. that differs slightly 

from the so-called basement membrane seen at the light micro-
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scopic level. Usually the basal lamina consists of a homo

geneous sheet of relatively uniform width and electron 

opacity. In contrast, the basement membrane refers to that 

area which stains with the PAS reaction or silver impreg

nation and incorporates a much larger area.  

Discrepancy exists concerning that area which actually 

makes up the basal lamina. Initially, the term basal lamina 

was used to designate only the central electron dense area 

termed the lamina densa. However, more recent studies use 

the term -to designate the lamina densa as well as that area 

immediately beneath the basal plasma membrane of cells which 

produce it. The latter area is termed the lamina lucida. A 

third or outer layer is included in other studies and is 

described as that component of the basal lamina which blends 

into the connective tissue and is termed the lamina diffusa.  

In general, the basal lamina may be examined in different 

ways. It is usually examined from a morphological, composi

tional, structural, immunological or functional point of 

view (Kefalides, 1969). The characterization of the basal 

lamina in the rat ventral prostate is limited. Inferences 

concerning these characteristics may be made from studies 

of the basal lamina from other tissues, since similarities 

exist between basal lamina throughout the body. Differences 

do exist, however, and the increasing awareness of the basal
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lamina importance does not preclude it from being studied 

as it occurs in the rat ventral prostate, especially in 

the aged animal.  

Throughout the rat ventral prostate, a basal lamina 

occurs in several .places. It can be seen between the epi

thelial membrane and its underlying stroma, between capil

lary endothelial cells and stroma, and surrounding indi

vidual Schwann cells, smooth muscle cells, and adipose cells.  

Moore, Price and Gallegher (1930) noted that in the rat 

ventral prostate, the epithelial basement membrane rests on 

a stroma of connective tissue. Harkin (1957), in an elec

tron microscopical study, described it as being continuous 

beneath adjacent epithelial cells and considered it as an 

extrinsic cell coat. Brandes and Groth (1961) showed that 

it is applied to the outer surface of the plasma membrane 

and is formed by a layer of homogeneous material of moderate 

density. In a young, adult male white rat , three to six 

months old, the lamina lucida and lamina densa associated 
0 0 

with epithelial cells measured about 500 A and 300-400 A in 

width, respectively. The basal lamina associated with 

smooth muscle cells in the same animals measured about 500 A 

in width (Flickinger, 1971). Specializations were shown to 

exist along the basal lamina adjacent to hemidesmosomes of 

the epithelium. These specializations resulted in localized
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thickenings of the basal lamina in that area.  

In the fetal rat urogenital sinus, from which the 

prostate develops, basal lamina specializations have been 

described. They stained positive for carbohydrate, occurred 

as a moderate dense band approximately 100 A in width, and 

formed a closely opposed cap located about 50 A from the 

plasma membrane. The lamina lucida in this area was increased 

in density and traversed by filaments of material extending 

from the cell surface. The lamina densa was thickened and 

its density was increased locally opposite the hemidesmo

somes (Flickinger, 1970). In the adult rat, such speciali

zations were found adjacent to the basal cell hemidesmosomes.  

It should be noted, however, that the number of hemidesmo

somes increased in areas of small outward protuberances of 

the basal plasma membrane (Timms, Chandler and Sinowatz, 

1976). Thus, by inference, this area should have resulted 

in an accompanying increase in extracellular specializations.  

The lamina lucida, adjacent to the epithelial cells, is 

thought to be a continuation of the glycocalyx of the cells 

and acts like a water buffer or a hydrated gel (Geyer, Linss 

and Schaaf, 1969). Filament extensions traversing this area 

are thought as protein components of the cell membrane.  

Those filaments associated with hemidesmosomes act as struc

tural attachments for the cell (Cunha and Lung, 1979).
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The lamina densa is generally described as consisting 

of a fine, partially oriented feltwork of fibrils 30-40 A 

in diameter associated with an amorphous matrix. The lamina 

densa of other cell types have a similar morphological 

appearance (Kefalides, 1969). It is composed of proteins 

and carbohydrates (Kefalides, 1969) of epithelial origin.  

The proteins identified to this date are non-collagenous 

laminin, type IV collagen and 7s collagen (Risteli, Risteli, 

Rohde and Timpl, 1980).  

The basal lamina has several important functions. Based 

upon physiological studies, it may act as a barrier. In the 

kidney, it functions as a charge- and size-selective barrier.  

By digesting the glomerular basement membrane with specific 

enzymes to determine the chemical nature of anionic sites 

within the membrane, Kanwar and Farquhar (1979) found hepa

ran sulfate combined with proteoglycans or protein-polysac

charide complexes to be the major component of these sites.  

Depending on the size and charge of the particle being trans

ported and the concentration of the glycosaminoglycan compo

nent containing the heparan sulfate, the transport of 

macromolecules in the extracellular matrix is determined 

largely by the basal lamina.  

The basal lamina also serves as a mechanical barrier.  

It is a tough structure (Ross and Grant, 1967), deposited by
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apposition of multiple, presumably normally thick layers, 

of basal lamina as a by-product of cell renewal (Vracko, 

1978). This barrier, however, can be penetrated by a few 

cell types. Macrophages and lymphocytes are able to 

penetrate this barrier, presumably by enzymatic action.  

Polymorphonuclear leukocytes have the ability to produce 

elastase which may be involved in the degradation of basal 

lamina collagen in physiologic and pathologic states 

(Mainardi, Dixit and Kang, 1980). Mesenchymal cells in 

culture can penetrate the basal lamina (Overton, 1977).  

Certain tumor cells are capable of producing a Type IV 

collagenase which, by one theory, enables the cell to 

traverse the basal lamina and to metastasize (Liotta, Klin

erman, Catanzaro and Rynbrandt, 1977; Liotta, Abe, Robey and 

Martin, 1979; Pitelka, Hamamoto and Taggart, 1980). Normal 

cells are also thought to have the enzyme system or systems 

necessary to digest the basal lamina but, unlike cancer 

cells, they do not metastasize. This is exemplified in the 

involuting breast. In a morphologic and immunohistochemical 

study by light and electron microscopy, Martinez-Hernandez, 

Fink and Pierce (1976) indicated that basal lamina was removed 

during the process of involution of the murine breast. Since 

no evidence of phagocytosis of the basal lamina was observed, 

removal of basal lamina was attributed to enzymatic hydrolysis.
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The basal lamina also performs as a scaffold (Vracko 

and Benditt, 1972), maintaining the spatial orientation of 

cells within the tissue. Furthermore, it acts as substrate 

for the positioning and orientation of newly formed paren

chymal cells; acts as a boundary for connective tissue; 

provides a structural continuity between viable and dead 

tissue, and possibly determines the extent of cell prolif

eration (Vracko, 1978). It is this last characteristic 

which allows one to observe a more general property of the 

basal lamina. This is one of effecting inductive responses.  

This property is perhaps shared by the underlying stroma.  

This concept is expanded and is dealt with in more detail in 

the following section concerning the stroma. However, it 

may be useful here to point out that the basal lamina shares 

two constituents with the underlying stroma. These shared 

constituents are glycosaminoglycans and collagen. Both have 

the capacity of promoting certain types of morphogenesis and 

cell differentiation (Hay and Meier, 1974; Hay and Meier, 1976; 

Cunha and Lung, 1979). The basal lamina may be able to have 

a direct role in influencing the fate of various types of 

epithelium (Cunha and Lung, 1979; Grobstein, 1967; Bernfield, 

Benerjie and Cohn, 1972).  

Alterations in the basal lamina and its associations 

with cellular elements occurred in certain pathologic, nor

mal, and developmental conditions (Davies, Allison and Car-
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della, 1975). A loss of anionic sites in the glomerular 

basal lamina was noted in aminonucleoside nephrosis with a 

resultant albuminuria (Caulfield and Farquhar, 1978; 

Brenner, Hostetter and Humes, 1978). The affect of various 

toxic compounds, vasoactive amines, and antigen and anti

bodies (individually or as a complex) on the basal lamina 

resulted in nephrosis. The abnormal deposition of basal 

lamina material produced the morphological appearance of 

the "basement membrane exfoliation syndrome" of the eye 

(Eagle, et al, 1979). The retention of the basal lamina 

in malignant mammary tumors contributed to the mode in which 

the tumor invaded surrounding epithelial tissue (Pitelka, 

Hamomoto and Taggart, 1980). The basement membranes of 

contractile cells in the liver and spleen enlarged in chronic 

human schistosamiasis and demonstrated collagen fibers with

in it; an indicative histopathological feature of this disease 

(Borojevic and Grimaud, 1980). Metaplastic and dysplastic 

bronchial epithelium in adult humans caused papilliform 

excrescences of the basal lamina and stroma to form which 

protruded into the bronchial lining. This structural change 

appeared to be a response to the altered architecture of the 

epithelium (Meine and Brunner, 1980). No studies, to this 

author's knowledge, demonstrated changes in the basal lamina 

of the prostate under pathological conditions.
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The most consistent basal lamina alteration resulting 

from normal maturational process, such as aging, is an 

increase in basal lamina thickness. This, however, does 

not occur in all tissues. Several basal lamina do not 

increase in thickness as a result of increase in individual 

age. The rat ventral prostate has not been investigated in 

this regard, but Rowlatt (1966) noted an increase in thick

ness of the basal lamina in the aging mouse coagulating 

gland.  

Other findings which might be suspected to occur in the 

basal lamina structure as a result of age or disease include: 

a change in density, contour, layering uniformity, and the 

presence or absence of continuity. These changes, as well as 

a thickening of the lamina may reflect the rate of turnover 

(deposition vs. degradation) of compositional materials 

(Walker, 1972a and b). Concommittantly, the functional state 

of the epithelial cells associated with altered basal lamina 

structure may be compromised as well. Host systems and 

hormonal [control] regulatory mechanisms, especially those 

involving the glucocorticoids, are known to manifest an 

effect upon this vital structure (Liotta, et al, 1979).  

Stroma 

The rat ventral prostatic stroma is composed of several 

cell types and various tissue components. These elements
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are responsible for many functional aspects of the gland.  

Any alterations which occur in these components may there

fore alter the function or structure of the gland. How 

these components change with an increase in age of the 

individual is as yet undetermined in the rat ventral pros

tate.  

The histology and morphology of the rat ventral pros

tatic stroma of the young, adult, sexually mature animal has 

been described by Flickinger (1972), Ichihara and Pelliniemi 

(1975), and Ichihara, Kallio and Pelliniemi (1978). From 

this information an understanding of the histology and ultra

structure of the stroma was gained and related to the prob

able physiological characteristics of the gland. By using 

this information as base-line data, comparisons of the stroma 

from animals under different experimental conditions was 

established.  

Basically, the stroma from the young, adult, sexually 

mature rat ventral prostate was composed of connective tissue 

which surrounded each acinus and duct in the form of sheets 

and septa, and unified these elements into a glandular struc

ture. Flickinger (1972) pointed out that the two most num

erous cell types in the stroma were smooth muscle cells and 

fibroblasts. He also described that the smooth muscle cells 

and fibroblasts were oriented with their long axis aligned
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in the plane of the interstitial septa, roughly parallel to 

the basal lamina of the epithelium. He further noted that 

the cells were accompanied by collagenous fibrils, macro

phages, mast cells, undifferentiated cells of low electron 

density, small blood vessels, and numerous unmyelinated 

nerves.  

Flickinger, (1972) and Ichihara and Pelliniemi (1975) 

described the stroma immediately surrounding prostatic 

alveoli as being differentiated from the remainder of the 

stroma. This structure occurred in the form of a sheath of 

smooth muscle cells and fibroblasts, and was referred to as 

the alveolar sheath or periacinar connective tissue. Flick

inger (1972) also described the cytology and ultrastructure 

of the cells composing this structure. He noted that the 

smooth muscle cells appeared similar to those in other loca

tions, and the fibroblasts were elongated in the same plane 

as the tissue septa, some of which were attenuated and no 

more than approximately 300 A in thickness. The alveolar 

sheath was further described as being three to five smooth 

muscle cells thick with fibroblasts occurring immediately 

subjacent to the epithelial basal lamina.  

Additional stromal characteristics were further described 

(Flickinger, 1972). Macrophages were present and contained 

many cytoplasmic lysosomes, finger-like projections at the
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margin of the cell, and numerous smooth and coated cyto

plasmic vesicles. Mast cells were present as individual 

cells or clustered in groups of four or five, while un

differentiated cells were classified as perivascular 

mesenchymal cells or macrophages in a state of inactivity.  

Extracellular material consisted of collagen fibrils 

aggregated into bundles and a feltwork of filamentous 

material and fine granules. Part of the extracellular 

space lacked any formed material.  

Other work performed on the prostatic stroma included 

an investigation of the ultrastructure of the smooth muscle 

cells by Chopra (1965). This study provided information 

for comparison of smooth muscle fibers with skeletal muscle.  

Moore, Price and Gallegher (1930) reported the stroma to be 

connective tissue containing many blood vessels and smooth 

muscle strands. Harkin (1957a) and Brandes and Groth (1961) 

added that the stroma also consisted of collagen bundles, 

fibrocytes and macrophages in relatively small amounts. The 

structure of the prostatic stroma has not been described as 

it occurs in the aging animal.  

The functional importance of the prostatic fibromuscular 

stroma is recognized for several reasons (Flickinger, 1972).  

The stroma containing autonomic nerves and smooth muscle cells 

is important in expelling secretions during ejaculation. The
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stroma is involved in effecting the inductive responses of 

determination, proliferation, morphogenesis, and the main

tenance of epithelial structure and function during pros

tatic development and differentiation. Further, the stroma 

is also involved in determining some of the structural charac

teristics of the gland such as elasticity which is imparted 

by the fibrous and muscular components. Finally, the stroma 

influences and determines to a large extent the pathological 

processes characteristically common to the prostate; such as, 

inflammation, benign nodular hyperplasia (Rohr and Bartsch, 

1980), Prune Belly syndrome (Deklerk and Scott, 1979), and 

loss of "growth restraint" in the process of cancerous 

invasion (Terry, 1978).  

In a variety of organs and organ systems, studies have 

shown that alterations exist within the stroma as the age of 

an individual increases. For example, Johnson (1980) described 

fine structural alterations in the aging rat pineal gland and 

noted that the connective tissue capsule thickens and collagen 

infiltration occurs as well as epithelial alterations.  

McMenamin and Lee (1980) demonstrated that the percentage of 

the area of the inner wall of Schlemm's Canal occupied by 

amorphous ground substance and fibrillar material decreased 

with age while the percentage of the area occupied by the 

electron-dense component increased with age. Sweet, Thonar
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and Marsh (1979) described changes in the proteoglycans of 

articular cartilage during the aging process. However, as 

far as can be determined, the prostatic stroma has not been 

examined in the aged animal.  

A general theory exists which implicated an altered 

gonadal-hypothalmo-hypophyseal axis. (Finsh, 1976, and Wright 

and Davison, 1980) as a cause for aging. This theory is 

particularly relevant to this study because the prostate is 

a target tissue for a variety of hormones, particularly an

drogens, and decreased pituitary-testicular function which 

may occur in some species is ultimately associated with lower 

concentrations of circulating gonadotropins and testosterone 

(Bedrak, Chap and Fried, 1979). The following is an account 

of the effects that hormones have on the prostatic stroma.  

Excellent studies exist which describe the structure and 

function of the prostate in relation to hormones, particularly 

androgens and estrogens (Price and William-Ashman, 1961, and 

Brandes, 1966). Other studies indicate that prolactin, growth 

hormone, adrenal steroids, and insulin have an affect upon 

the prostate (Chase, et al., 1957; Grayhack, 1963; Angervall, 

et al., 1967; Klaiber, et al., 1968; Tisell, 1970; Ichihara, 

Santti and Pelliniemi, 1973; Surfin and Prutkin, 1974; Perotti 

and Fang, 1975; Ichihara, 1977; and Bruleigh, Reich and Strick

land, 1980). Most of these studies concern the effects upon
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the epithelium. The stroma is also responsive to hormones, 

in particular, estrogens.  

Thompson, Rowley and Heidger (1979) studied the effects 

of estrogen upon the fine structure of the rat ventral 

prostatic stroma from animals which weighed 240-260 grams.  

Their experiment, which involved injecting estradiol or 

testosterone in combination, or alone in peanut oil (control), 

yielded the following results. In untreated castrates it 

was noted that the prostatic stroma became thickened, with a 

large increase in fibrous material between and surrounding 

each acinus, although smooth muscle cells retained their 

normal cytology. With estradiol treatment, alone or in 

combination with testosterone, it was noted that smooth muscle 

cells increased in size and number and the organelles decreased 

in number, the cytoplasm became more electron dense, and the 

nuclei became more heterochromatic. Surface vesicles became 

profuse in smooth muscle cells in the animals treated with 

estradiol only. Large phagocytic-like vacuoles were noted at 

the periphery of the cells of the animals treated with estro

gen plus testosterone. It was concluded that testosterone 

prevented overaLll hypertrophy and hyperplasia of the inter

stitial tissue. Endogenous testosterone levels in intact 

animals similarly prevented these effects.  

Some of the above findings appeared similar to the effects
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of estrogen in other tissues. For example, Leppi and 

Kinnison (1971) reported a marked effect of estrogen on cell 

morphology and the arrangement of collagenous fibers within 

the cervical wall. In their study, estrogen administration 

promoted an increased synthesis of extracellular material by 

the fibroblast population. Smooth muscle cells are known to 

be responsive to estrogens. In conjunction to this, one 

study showed smooth muscle cells to secrete extracellular 

material, e.g., glycoprotein, elastin and collagen (Jones, 

Scott-Burden and Gevers, 1979), and the presence of peripher

ally disposed intracellular vesicles was usually regarded as 

a feature of this (secretory) activity. Lastly, it was docu

mented that estrogens as well as castration resulted in a 

reduction in both alkaline and acid phosphatase in the peri

acinar stroma of the rat prostate gland (Brandes, 1966).  

From these studies it can be concluded that several cell 

types and enzyme systems may be responsive to estrogens.  

Prostatic Development 

The development of the prostate has been described by 

several authors. Cunha and Lung (1980) described the general 

development of the prostate from the urogenital sinus. In 

that study, fetal development was characterized by the appear

ance of short cords of epithelial cells which grew outwards 

from the wall of the urogenital sinus and was dependent on the
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production of androgens by the fetal testes. As these 

cords grew, they branched extensively, and formed tubules 

that extended toward the prostatic capsule. The differen

tiation of muscle was said to be initiated at this stage, 

and the smooth muscle fibers began to surround certain 

prostatic tubules. Collagen fibrilogenesis was also said to 

be apparent within the stroma at the initiation of tubular 

growth. In the newborn, it was said that the terminal parts 

were varied histologically; some cords remained solid, while 

other cords develop lumens. Postnatally, the differentiation 

and growth, as noted, continued slowly. Furthermore, at 

puberty, it was found that the gland achieved its morpholog

ical and functional maturity as growth accelerated under the 

influence of elevated levels of androgenic steroids.  

Flickinger (1970) described the development of the pros

tate as it occurred in the fetal rat. The fine structural 

appearance was also presented. To summarize his results, 

the fetal prostate epithelium possessed a similar undifferen

tiated appearance as the urogenital sinus, but the prostatic 

cells initially lacked hemidesmosomes, while hemidesmosomes 

appeared once again in the prostates of newborn animals.  

The development of the characteristics of the adult 

prostate cells, typically the membranous structures, occurs 

early in postnatal life in advance of sexual maturity of the
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animal, i.e., 4-5 weeks after birth. This was described 

in a study by Flickinger on the ultrastructural observa

tions on the postnatal development of the rat prostate 

(Flickinger, 1971). Development as it proceeded until 

senescence was not described.  

Prostatic development is thought to be under control 

of several interdependent factors. These include hormones 

and the stroma. Hormones, particularly androgens, have long 

been known to exert an influence upon the prostate gland.  

In prostate development, steroidal androgens produced by the 

fetal testes provided the stimulus for the gland to develop 

from the urogenital sinus (Price and Ortiz, 1965; Price, et 

al., 1974; Cunha, 1973, 1976a; Jost, et al., 1977). The 

morphogenic effects of the androgens are mediated through 

an interaction between the epithelium and stroma. The stroma 

induces specific morphologic patterns of glandular develop

ment and provides conditions which permit for androgen depen

dent morphogenesis and cytodifferentiation ,to continue.  

(Cunha, 1970, L972a,b,c, 1973, 1975a,b, 1976) . Stromal 

induction is best understood when one understands what the 

nature of the inductive process entails. The stimulus which 

is provided by testicular androgen occurs by the following 

process.  

The testis, under the influence of lutenizing hormone,
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produces testosterone which is transported to prostatic 

stroma bound to a steroid-binding plasma globulin. While 

in the stroma, testosterone is converted to 5 R-dihydro

testosterone by the stromal enzyme, 5 C-reductase. 5 c(

Dihydrotestosterone is the principal metabolite which exerts 

the greatest influence upon the epithelium. This is accom

plished by being transported to the nucleus from the cyto

plasm via a cytoplasmic receptor. Once in the nucleus, 50(

dihydrotestosterone induces a change in chromatic structure 

which eventually leads to the increased synthetic capabilities 

of the secretory epithelial cells. Wilkin et al. (1980) 

demonstrated that stromal 5 0(-reductase activity is elevated 

in benign prostatic hyperplasia.  

Inductive Process 

The process of induction has been shown to be the 

chemical basis for cellular and tissue differentiation, as 

opposed to developmental kinetics and biodynamic modifications, 

which explain the events of movement of the differentiating 

tissues (Blechschmidt and Gasser, 1978). Induction is defined 

as the influence of one tissue upon another tissue to change 

the behavior of the second in a developmentally significant 

way (Wessels, 1970). The role of interactions in the differ

entiation of mammalian embryos is well known (Spemann, 1939 

and it is the process which operates in epithelial-stromal
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interactions (Cunha and Lung, 1979).  

An individual as well as his organs and tissues change 

throughout life. This development is a dynamic inductive 

process and should continue until the end stage of develop

ment, which is senescence.  

As early as the end of the first quarter of this century, 

experiments were being conducted to explain the fundamental 

question of how the complete process of development comes 

about and exactly what is involved in the harmonious inter

locking of separate systems (Grobstein, 1967, and Spemann, 

1935). Progress remained slow in establishing the mechanisms 

responsible for induction because of both conceptual and 

methodological difficulties. However, during the past two 

decades, the difficulties have been mostly resolved through 

exploitation of tissue culture techniques (Grobstein, 1967), 

and electron microscopy. Epithelial and stromal systems 

have been obtained from different regions of an individual 

and studied extensively. Events have been recorded to 

suggest that the process of induction exists and is influ

ential.  

The process of induction involves four basic responses: 

(1) determination, (2) proliferation, (3) morphogenesis 

(Wessels, 1970), and (4) the maintenance of structure and 

function (Cunha, 1979), in growth and differentiation (Terzaghi
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and Klein-Szanto, 1980; Sakatura, Nishizuka and Dawe, 1976; 

McLaughlin, 1963).  

Determination involves a restriction of the develop

mental alternatives open to a cell or cells involved in the 

developmental process. This response is seen when ecto

dermal cells of the gastrula are channeled into a path to be 

differentiated into ectodermal, mesodermal or endodermal 

tissues (Saxen, 1975). In vitro recombination studies using 

urogenital mesenchyme and heterotypic epithelium show that 

the developmental fate of a variety of epithelia are capable 

of being reprogrammed, yet the developmental fate of hetero

typic urogenital epithelium (seminal vesicle or urogenital 

sinus) is established during relatively early fetal periods 

(Cunha, 1979). Studies such as this show that determination 

of urogenital epithelium from male accessory sexual glands 

is dependent upon urogenital mesenchyme. Another study 

shows that the epithelium in such organs may not require 

androgen stimulation for the establishment of certain devel

opmental programs (Cunha, 1979). The specific programs were 

not specified.  

Proliferation and morphogenesis are events which occur 

in predetermined tissue. Proliferation involves the mitotic 

activity of a predetermined cell population. If this popu

lation is not in the presence of an inducer, the mitotic
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activity will fail to occur. This is evidenced when pros

tatic epithelium is separated from its underlying stroma.  

The epithelium will fail to proliferate when placed in 

culture without the associated stroma (Franks and Burton, 

1960). In atrophic epithelium from castrate animals, 

mitosis is still observed to occur (Liavag, 1968), because 

of a stromal influence maintained independent of testicular 

hormones.  

Morphogenesis controls the shaping of the tissue by 

using proliferation as well as the inducer as a means of 

organizing a group or groups of cells into an organ of 

structural and functional capacity , and may fail to occur 

without the influence of the underlying stroma. This 

responsive period occurs during t h e prenatal period and 

throughout the neonatal period. In recombination experiments, 

it is known that salivary or bronchial epithelium will under

go characteristic branching in the presence of a specific 

mesoderm. If the specific or required mesoderm is replaced 

with another type of mesoderm, the mitotic stimulus may 

persist but the shaping of the tissue will not occur (Wessels, 

1970). The importance of stroma in the morphogenesis of 

the urogenital epithelium is also realized (Cunha and Lung, 

1979). To summarize, the stroma induces the development of 

the epithelium and apparently specifies and maintains the
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epithelial function during morphogenesis. The stroma of the 

urogenital organ provides a microenvironment which is neces

sary and permissive for the hormonal response. It also 

induces specific developmental patterns. During the period 

of morphogenesis, the associated predetermined epithelium 

becomes progressively restricted in its developmental poten

tial and expresses morphological and functional character

istics dependent upon the influence of the underlying stroma.  

There occurs after the morphogenic response, the main

tenance of normal structural, functional and differentiational 

capacities. Through recombination experiments, it has been 

shown that this response is dependent upon an underlying stroma 

and that the stroma continues influencing the epithelium in 

this manner throughout life (Cunha, 1979). Such inductive 

influences by the adult stroma on the epithelium are expressed 

in various organs. They are expressed in the vagina (Cunha, 

1976a,b,c), mammary gland (Las farques, 1957, and Sakakura, 

et al., 1979) , skin (Billingham and Silvers, 1968, and 

Sengel, 1976), cornea (Friedenwald, 1951), gingiva (Karring, 

et al., 1975), and the prostate (Franks, et al., 1970, and 

Franks and Barton, 1960).  

The case for stromal induction in the adult prostate 

was strengthened recently by the following results. The 

growth of prostatic epithelial cells of the rat ventral
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prostate was limited by the amount of fibromuscular stroma 

or one of its constituents (Muntzing, Leljekaisk and 

Murphy, 1979). An early study proposed that connective 

tissue seemed to have a controlling influence upon the 

epithelium (Van Scott and Reinertson, 1961). Prostatic 

epithelial cells separated from their fibromuscular stroma 

lost their ability to respond to testosterone (Franks and 

Barton, 1960). The number of stromal cells in the rat 

seminal vesicle and prostate remained remarkably constant 

irrespective of whether the animals were intact, orchiec

tomized, or orchiectomized and testosterone treated (Scott 

and Coffey, 1975, and Higgins, Burchell and Mainswaring, 

1976), thus suggesting a growth constraint mechanism func

tioning to some extent independent of sex steroid hormones.  

The mechanism which causes the inductive responses to 

be elicited is not known. An internalization of extra

cellular materials by the epithelial cells is suggested as 

one possible mechanism by Cunha and Lung (1979). The extra

cellular material implicated is glycosaminoglycans and gly

coproteins (Ekblom, et al., 1979), collagen (Hay and Meier, 

1976) and basal lamina (Cunha and Lung, 1979).



CHAPTER III

MATERIALS AND METHODS 

Experimental Design 

Fifteen Sprague-Dawley rats, which were part of a 

larger experiment, were used in this cross-sectional study.  

The rats were obtained from Charles River Breeding Labora

tories, Wilmington, Massachusetts, and housed upon arrival 

for an approximate one week adjustment period in the labora

tory of A. G. Lacko, Department of Biochemistry, Texas 

College of Osteopathic Medicine, Fort Worth, Texas. During 

this adjustment period, the rats were housed in a controlled 

illumination and temperature environment and were given 

Purina Rat Chow and water ad lib. The rats were two months, 

twelve months, and twenty-four months of age. Each age 

group contained five (5) animals. The animals were weighed 

and those showing a decline in weight with an increase of 

age were not used. The animals were sacrificed by exsan

guination while under carbon dioxide anesthesia. The entire 

prostatic complex was exposed and removed by using a probe, 

tissue forceps and a pair of straight, fine pointed scissors.

34
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Fixation 

Thin blocks of tissue measuring approximately 3mm x 

3mm x 1mm were removed from the periphery and apex of the 

ventral lobe. This was done by using a clean, sharp razor 

blade. These thin blocks of tissue were immediately placed 

in a pool of cold fixative. The remainder of the ventral 

prostate was placed in fixative for future paraffin embed

ding. Before processing, linear measurements were taken of 

its dimensions. The fixative used was an aqueous solution 

of 4% formaldehyde (Histological grade, 40% V/V, Fisher 

Scientific Company, Fair Lawn, New Jersey) and 1% gluter

aldehyde (Glutaraldehyde, 50% aqueous, Polysciences, Inc., 

Warrington, Pennsylvania) in a phosphate buffer (McDowell 

and Trump, 1976). The fixative was prepared at pH 7.2.  

(The solutions used are described in detail in the appendix 

of this thesis.) 

Tissue Processing for Electron Microscopy 

The thin blocks were sectioned into pieces which were 

no more than 1 mm in diameter. The tissue pieces were 

allowed to remain in the fixative 2-3 hours after which they 

were rinsed four times in a 0.1M cacodylate buffer containing 

7% sucrose. Three rinses were for 1/2 hour each and a fourth 

rinse was left overnight. All rinses were carried out at 

4*c.
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The following day, the tissue pieces were post-fixed in 

a 1% osmium tetroxide solution in a 0.05M cacodylate buffer 

(sodium cacodylate 3H20, Polysciences, Inc., Warrington, 

Pennsylvania) for 1/2-1 hour. The procedure was again carried 

out at 4*C. The tissue pieces were rinsed briefly (1-2 min

utes) in cold 0.01M cacodylate buffer.  

Dehydration 

The tissues were dehydrated in an ascending series of 

ethyl alcohol and propylene oxide. Propylene oxide simul

taneously served as a dehydrating agent as well as an infil

trating agent. (The complete schedule is found in the 

Appendix.) 

Embedding 

The tissue pieces were placed in a 1:1 mixture of 

propylene oxide and a complete resin mixture (see Appendix 

for embedding mixtures). They were allowed to remain in 

this mixture 24 hours at 4*C. The tissue paihces and mixture 

were allowed to warm to room temperature (approximately 20 

minutes). The Wheaton Bottles were opened and excess propy

lene oxide and resin mixture was discarded. The tissue 

pieces in the opened Wheaton Bottles were allowed to sit 

about 3 hours under a hood. During this time period, a small 

amount of complete resin mixture was added to Beem Plastic
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Capsules (1-2 drops per capsule),. Tissue pieces were allowed 

to settle in the capsule tips. A small label designating the 

experiment, the individual rat and its age was dropped in and 

the remainder of the capsule was filled with complete resin 

mixture. The resin was polymerized by placing the capsule 

blocks in an oven at 600 C for 24 hours or longer. The blocks 

were allowed to cool 24 hours before they were trimmed and 

sectioned.  

Sectioning and Staining 

The blocks were trimmed with an acetone-cleaned razor 

blade. The shapes of the block faces varied from rectangular 

to trapazoidal.  

Semi-thin (0.5,zAto 1.0/4thick) and thin (60 to 100 nm) 

sections (Peachy, 1958) were obtained by using glass knives 

on a Sorvall MT-2B Ultramicrotome. Semi-thin sections were 

collected on a brush and floated onto a pool of water on a 

glass slide. The sections were adhered to the slide by 

drying on a hot plate of low heat and allowing to cool. The 

sections were stained by placing one or two drops of Azure II 

staining solution on the section and adding 10-20 seconds of 

heat from the hot plate (See Appendix for staining solution).  

The sections were allowed to cool, rinsed with distilled 

water and dried again. The sections were then protected by 

coverslipping using Permount as the mounting medium.
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The thin sections were collected and processed for 

staining by picking up pale gold to silver sections from 

the glass-knive boat onto an etched 300 mesh copper grid 

(dull side). (See Appendix for etching schedule.) They 

were allowed to dry on filter paper. The sections were 

stained with uranyl acetate and lead citrate for 6 minutes 

each (see Appendix for staining solutions and techniques).  

After each stain, they were immediately rinsed with carbon 

dioxide-free distilled water and allowed to dry on filter 

paper.  

Tissue Processing for Paraffin Sections 

After measurements were taken of the ventral prostate 

size, the tissues were washed in 0.1M cacodylate buffer 

briefly and then washed for 1/2 hour in tap water. The 

tissues were then placed in an ascending series of alcohol, 

chloroform and placed in two changes of paraffin. Tissues 

were then embedded in paraffin, sectioned at 3 micrometers 

and stained in Harris Hemotoxylin and Eosin (Schedules for 

tissue processing and staining of paraffin sections are 

found in the Appendix).  

Viewing 

The semi-thin and paraffin sections were examined under 

a light microscope. This was done in order to first determine
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if the appropriate tissue had been obtained. Later it was 

done to determine what the relationship of the electron 

micrographs was to the prostatic tissue architecture as seen 

with the light microscope and to obtain measurements of 

acinar size. Photomicrographs were taken with a Zeiss 

Photomicroscope III. Negative images were recorded on Kodak 

Plus-X Pan 135 film using a green filter.  

The thin sections were examined using a Corninth 500, 

AEI Electron Microscope. Negative images were recorded on 

Kodalith LR film having an ESTAR base (Eastman Kodak Company, 

Rochester, New York). Images were recorded at various 

magnifications. After processing both film types, positive 

images were recorded on Type A, single weight, 8 x11, Kodak 

Paper (Eastman Kodak Company, Rochester, New York). (See 

Appendix for photography procedures and solutions.) 

Selection of Electron Micrographs 

Two blocks were selected from each animal. Sections 

were taken from each block and micrographs were obtained 

from those blocks. The micrographs were screened for 

clarity, and from these were selected two micrographs that 

showed the basal aspect of the epithelial cells sectioned 

perpendicular to the basal lamina. A clear image of the 

plasma membrane was used as the criterion for perpendicularity.
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Basal Lamina 

Measurements were obtained from those micrographs with 

an initial magnification of 5,OOOX. Marks were made at 1cm 

intervals along each basal lamina. The thickness of the 

basal lamina was determined at those marks where the criter

ion for perpendicularity held true. Five (5) measurements 

were made from each of those micrographs resulting in a total 

of ten (10) measurements for each animal. The thickness of 

the basal lamina was determined with a 7X measuring magnifier 

(Bausch & Lomb having a 2cm scale marked with one division 

representing 0.1mm) perpendicularly to the basal lamina 

surface. Measurements were expressed in nanometers. Statis

tical analyses were performed according to standard procedures 

(Introductory 3iostatistics for the Health Sciences, Duncan, 

Knapp, and Miller, 1977, John Wiley and Sons, Inc.).  

Acinar Size 

The paraffin sections were examined at low magnification 

in a Swift StudentModel light microscope which contained an 

ocular grid. The width of one large grid square was calibrated 

at 0.19mm. One of the large grid squares was further divided 

into twenty-five smaller squares having equal but smaller 

sizes. The width of one small square was calibrated at 0.038mm.  

The tissue from each animal was examined for four of the 

largest acinar units. The criteria set for the acinar units
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in order to be used in the data was a transverse cut through 

the acinar unit and an acinar unit not at a point of branch

ing. The acinar units which were measured, therefore, had 

a shape similar to a circle. The diameter measurements were 

then averaged.



CHAPTER IV

RESULTS AND DISCUSSION 

The pattern of ventral prostatic growth for the 

animals used in this study has not been established, In 

an effort to determine the pattern of growth, linear meas

urements of the ventral prostate were taken. Table I shows 

these results.  

TABLE I 

AVERAGE SIZE OF THE VENTRAL PROSTATE 

Average of Sizes in cm 
Age of Number of Standard Deviation 
Animals Animals Length SD Width SD Depth SD 

2 mo. 5 1.2 0.2 0.6 0.1 0.6 0.1, 

12 mo. 5 1.7 0.3 1.0 0.2 1.0 0.1 

24 mo. 5 1.8 0.2 1.0 0.1 1.2 0.2 

Gross inspection and measurements of the ventral prostate 

after fixation indicated that a significant increase in size 

occurred between the two month old animals and the older aged 

animals (P=0.01). An increase in size between the twelve and 

the twenty-four month old animals was not significant. To 

determine if the size increase between the two month old 

animals and the older aged animals was due to a developmental

42
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process in which new glandular tissue was made or if it was 

due to an enlargement of existing glandular structures, light 

and electron microscopy was utilized.  

Patterns were observed at the periphery and apex of the 

gland, with light microscopy, which resembled those described 

by Cunha and Lung (1980) and by Flickinger (1970 and 1971) 

for prostatic development in fetal and post-natal animals.  

These patterns were observed in all three age groups. They 

were characterized by small lumens having little secretory 

product within them and closely apposed folds of tissue 

projecting into the lumen (figures 1, 2, and 3). Epithelial 

cell nests and cellular processes were occasionally observed 

projecting into the surrounding stroma (figures 4, 5, and 6).  

Some fields showed an altered arrangement of the stroma at 

areas where epithelial cell projections or nests of cells 

occurred (figures 6, 7, and 8). In these areas, the differ

entiated appearance of a periacinar sheath was not present.  

Since these findings resembled those for prostatic 

development, by morphological standards, a developmental 

process is surmised to be present within tissues from two 

month, twelve month and twenty-four month old animals. The 

altered appearance of stroma occurring at these areas sup

ports this hypothesis and suggests that an epithelial

stromal interaction is occurring at these locations which is
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different than that occurring in the remaining glandular 

tissue. Because the growth of the gland between twelve 

months and twenty-four months is not appreciable, these 

patterns may represent a form of development independent 

of the effects of testosterone.  

The remaining glandular tissue was characterized by 

larger, dilated lumens, filled with secretions and having a 

well differentiated periacinar sheath. The criterion for 

a well differentiated periacinar sheath was an orderly, 

parallel array of subepithelial fibroblasts and subjacent 

smooth muscle cells (figure 9). Very few areas showed devel

opmental characteristics.  

Larger, dilated lumens contrasted with the patterns seen 

at the periphery of the gland. To determine the extent of 

lunenal dilation and if a limit existed for lumenal dilation, 

measurements were taken of acinar unit diameters (Table II).  

TABLE II 

AVERAGE DIAMETER OF ACINAR UNITS 

Age of Number of Average Diameter in mm 
Animals Animals Standard Deviation 

2 mo. 5 0.27 0.03 

12 mo. 5 .42 .06 

24 mo. 5 0.40 0.03
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The values indicated that with an increase in age, a 

significant increase in acinar size occurred between the 

two and the twelve month old animals (P=0.005) and the two 

and twenty-four month old animals (P=0.005). A decrease in 

size occurred between the twelve and twenty-four month old 

animals but this difference was not significant (t [with 

four degrees of freedom] = 0.47).  

Stiens and Helpap (1981) , by histologic and cell

kinetic investigations, demonstrated in growing rats of ages 

ranging from one day to fifteen months that two phases of 

cell proliferation occurred within a continuum of a decreasing 

mitotic index. The most extensive phase was observed within 

the first two weeks after birth. The second occurred with 

the beginning of sexual maturation and elevated testosterone 

production. An increase in prostatic weight showed a similar 

pattern at approximately the same times. Their conclusions, 

however, stated that the rapid increase in weight was due to 

an increased formation of secretory and interstitial tissue 

fluid, and supported the fact that the prostate has a stable 

growth pattern with only small cellular turnover. They also 

stated that the low cellular proliferative activity may easily 

be changed in accordance with hormone levels.  

The results found in this study supported the findings 

of Stiens and Helpap (1981). They showed that no remarkably 

additional increase in large acinar unit size occurred in
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twenty-four month old animals, compared to the twelve month 

old animals. They indicated that the second phase of size 

increase occurred between two and twelve months and that 

there was a limit to lumenal dilation. Furthermore, they 

indicated that the small, conviluted acinar units at the 

periphery of the gland has the propensity for further 

increase in size in these areas once the limit of lumenal 

dilation has been obtained.  

These results supported findings which demonstrated 

that the size and weight of the ventral prostate gland was 

affected by the nutritional status of the animal (Weaker 

and Herbert, 1979, and Herbert, 1979).. Because of the ex

perimental design, the sample of animals used in this study 

represented animals which were not undergoing a loss of 

weight. It may then be said that the size increase of the 

prostate parallels the status of the individual to a small 

extent as determined by its weight. Most of the size in

crease was presumed to occur at the time of sexual maturation.  

Some glands in the twenty-four month old age group dem

onstrated marked atrophic changes characterized by relatively 

fewer folds of tissue projecting into the lumen and the 

occurrence of a flatter epithelial membrane. The periphery 

of these glands sometimes demonstrated patterns characteristic 

of development which were noticeably discerned when contrasted
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to the acinar units containing the atrophic changes (fig

ure 7). The occurrence of these patterns in the twenty-four 

month old animals further supported the hypothesis that 

some areas exist independent of the influence of testosterone.  

The element which limited the size of the glandular 

units was hypothesized to be the stroma. The stroma was 

involved in a growth restraint response within the prostate 

(Muntzing and Murphy, 1977; Muntzing, Liljekvist and Murphy, 

1979). Cunha and Lung (1979) suggested that in responses 

produced by the stroma, epithelial-stromal interactions 

occur. These interactions in the prostate were ill-defined.  

One question, therefore, that may be asked is, "Do epithelial

stromal interactions occur within adult tissue and what might 

their characteristics be if they do occur?" To determine 

and characterize epithelial-stromal relationships which might 

occur within adult prostatic tissues at a morphological level, 

electron microscopy was utilized.  

A morphological relationship between epithelial cells 

and stroma cells was found to exist within the ventral pros

tate in areas of a well differentiated periacinar sheath.  

This relationship was characterized by close contacts of 

cytoplasmic portions of stromal cells and epithelial cells, 

being separated only by a basal lamina (figures 10 and 11).  

The occurrence of these contacts was not dependent upon
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cellular differentiation. The association was found between 

stromal cells and either secretory epithelial cells or basal 

cells. They were also found between epithelial cells and 

either smooth muscle cells or fibroblasts. In the differen

tiated regions, fibroblasts occurred between the epithelium 

and underlying smooth muscle cells. The occurrence of con

tacts between epithelial cells and other stromal cells needs 

further investigation. The functional significance of these 

close contacts also needs further investigation.  

Local membrane modifications were often present at these 

sites of close contact. Local basal lamina modifications 

were also present. Components of these modifications were 

hemidesmosomes at both stromal and epithelial membranes, 

and thickened and increased electron dense material found 

in the basal lamina positioned between the two cells (figure 

12).  

These contacts noticeably occurred in areas where the 

normal architecture of the epithelium and stroma was altered 

(figure 15). Such an altered architecture occurred in the 

prostate from an aged animal. Basically, this architecture 

was characterized by projections of epithelial cell cytoplasm 

into the subadjacent stroma (figures 15 and 28) and i pro

jections of the basal lamina into the basal aspect of epi

thelial cells (figure 14). Young animals, on the other hand,
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often demonstrated an even contour to the basal aspect of 

the epithelium in an area of a well differentiated stroma.  

It was interesting that cytoplasmic projections also 

occurred in areas of hypothesized acinar development. It 

was not known whether the age-associated changes in the 

epithelial-stromal architectural appearance and the occur

rence of cytoplasmic projections within altered stroma 

found in the developing tubules were related. Morphological 

similarities did, however, exist (compare figure 13 with 

figure 7).  

Because the contacts occurred in areas where the arch

itecture of the epithelium and stroma was altered and because 

the contacts were observed in all age groups examined, one 

may speculate that these associations are important and may 

have a role in the regulation of growth or may represent 

a morphological expression of -contact inhibition. That the 

stroma was involved with the restraint of growth has been 

mentioned. The close association between the epithelial 

cells and stromal cells may represent at least part of the 

mechanism for restraint of growth. They may also represent 

some component in deposition or metabolism of the basal 

lamina. Further experimentation and data collection may 

prove beneficial in understanding the nature of such contacts.  

It must be noted that fibroblast-basal lamina-epithelial
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cell associations were implicated in the maintenance of 

epithelial survival and cytodifferentiation (Terzaghi and 

Klein-Szanto, 1980) as well as in the manufacturing of 

basal lamina which was also needed for epithelial cell 

survival and differentiation.  

Certain age-associated changes occurred within the 

prostate which may affect the establishment of the contacts.  

Since the contacts occurred independent of cellular differ

entiation, changes within extracellular components were 

sought. It will be realized, however, that factors inherent 

to the cells such as their ability to maintain a close asso

ciation to the basal lamina and their ability to position 

themselves to make contact were considered important as well.  

For this reason, age-associated changes were described in 

the stroma, basal lamina and epithelium which may influence 

these associations. Additional descriptions were included 

for the sake of completeness of description of the prostate 

from the aged animal.  

One of the most striking characteristic of the aging 

stroma was the accumulation of collagen fibers and bundles,, 

(compare figures 16 and 17). Accumulation occurred within 

the loose connective tissue as well as within the periacinar 

sheath. This accumulation was associated with an approximate 

increase in thickness of the periacinar sheath. The values
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for the periacinar sheath were 3 microns for the two month 

old, 4.5 microns for the twelve month old and 5.3 microns 

for the twenty-four month old animals. These values were 

approximate values for difficulty occurred in determining 

the perpendicularity of the sections in light microscopy.  

No remarkable increase in the number of stromal smooth mus

cle cells was apparent. Some areas, however, demonstrated 

a slight cellular hypertrophy of the smooth muscle cells 

(figure 24).  

This hypertrophy as well as the collagen accumulation 

resembled the results of studies on effects of estrogen ad

ministration to male animals and supported studies which 

showed an increase in estrogen levels in some aged animals.  

To verify this association, one needs to do parallel blood

endocrine and histological studies. The experimental 

design of this study did not allow for such a parallel study.  

The basal lamina was investigated with the electron 

microscope. It was composed of a lamina lucida and lamina 

densa. Its total thickness showed a significant increase 

between the two month and twelve month old animals (P=0.01), 

between the two month and. twenty-four month old animals 

(P=0.005), and between the twelve month and twenty-four month 

old animals (P=0.01). The results were given in Table III.
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TABLE III 

Total Thickness of Basal Lamina 
(Lamina Lucida and Lamina Densa)

Age of Number of Mean Thickness in nm Stan
Animals Animals dard Deviation of the Sample 

2 mo. 5 94 10 

12 mo. 4 134 25 

24 mo. 5 229 51 

Since the basal lamina was made up of a lamina lucida 

and lamina densa, measurements were taken to determine which 

of these components showed age-associated changes. These 

results indicated whether a loss of association occurred 

between the epithelium and the basal lamina. Results were 

given in Tables IV and V.

TABLE IV 

Thickness of Basal Lamina Lucida

Age of Number of Mean Thickness in nm 
Animals Animals + Standard Deviation 

2 mo. 5 40 4 

12 mo. 4 43 14 

24 mo. 5 51 7
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The difference in thickness of the lamina lucida with 

an increase in age of the animal was not significant between 

the two month and twelve month old animals (t[with 7 degrees 

of freedom] = 0.048) and the twelve month and twenty-four 

month old animals (t[with 7 degrees of freedom]= 1.13). The 

difference in thickness was significant between the two 

month and the twenty-four month old animals (P=0.01).  

The difference in thickness of the lamina densa with an 

increase in age of the animal was significant in all compari

sons. It was significant between the two month and twelve 

month old animals (P=0.005), between the two month and twenty

four month old animals (P=0.005) and between the twelve month 

and twenty-four month old animals (P=0.005).  

TABLE V 

Thickness of Basal Lamina Densa 

Age of Number of Mean Thickness in nm 
Animals Animals Standard Deviation 

2 mo. 5 55 10 

12 mo. 4 91 14 

24 mo. 5 179 47 

These results indicated that the lamina densa underwent 

the most dramatic increase in thickness with age and was
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responsible to a large extent for the increase in total 

basal lamina thickness. The results also indicated that 

the lamina lucida remained relatively constant in thick

ness with age, increasing in significance only slowly.  

These results allowed one to conclude that the association 

between the epithelium and basal lamina densa may be ham

pered as an animal ages. The thickening of the lamina 

densa could be due to the growth of the organism or due to 

the process of aging. It might reflect an altered metabolism 

of some component of the basal lamina or a qualitative change 

within its structure. These apparently conflicting views 

could be resolved, in part, by studies utilizing such methods 

as quantitative immuno-histochemistty.  

Certain considerations must be entertained in such 

follow-up studies. The basal lamina is known to contain a 

specific type of collagen, Collagen Type IV. In view of 

chemical similarities to the other collagens, the fact that 

collagen accumulates within the stroma as the individual ages 

and the fact that the basal lamina thickens with an increase 

in age of the animal, an altered collagen metabolism might 

be considered as one of the major underlying causes. This 

is but one consideration. Another might include hypertrophy 

or swelling of its component parts.  

Electron microscopy demonstrated electron-dense particles
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within the lamina lucida (figures 18 and 19). Some particles 

resemble C-type Oncornaviruses (Zeller, Bashirelahi and 

Sydiskis, 1978) (figure 18). The significance of this find

ing is discussed in relation to pathological findings pre

sented later in this study.  

Electron microscopy also revealed localized thickenings 

within the lamina densa (figure 20). These alterations were 

found within both the twelve and twenty-four month old 

animals. It was not determined whether these findings rep

resented artifacts of fixation, dehydration, or sectioning, 

or if they represented pathological change.  

The basal lamina remained in close approximation to the 

epithelial cells in all tissues examined, even at cytoplasmic 

projections. There was no layering effect of the epithelial 

basal lamina. This reflected the stability of the epithelial 

cell population.  

Age-associated changes occurred in the stroma. These 

were an increased deposition of basal lamina material around 

smooth muscle cells and capillaries (figures 21, 22 and 23), 

and increased amount of electron-dense staining material 

throughout the ground substance (figure 23), and an increase 

in number of stromal macrophages (figure 27). A layering 

effect was observed around capillaries in the stromal of 

the twenty-four month animals which suggested that cell 

turnover was greater in the endothelial cell population com-
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pared to the epithelial cell population or that the removal 

of basal lamina material was reduced. The basal lamina 

around smooth muscle cells remained as a uniform, thickened 

membrane in the prostate from the aged animal.  

Age-associated changes occurred in the epithelium.  

These were an increased interdigitation of the lateral bor

ders of the epithelial cells; cystic structures within both 

secretory epithelial cells and basally located cells; and 

the occurrence of dark staining cytoplasmic projections 

directed between the basal lamina and the basal aspect of 

other epithelial cells (figures 25, 26, and 28). Based on 

the location of cytoplasmic projections, the occurrence of 

cytoplasmic filaments and the relationship each of these has 

to known facts about basal cells, these darkly staining cyto

plasmic projections are considered to represent portions of 

basal cells, cells which have undergone age-associated changes.  

These basal cell changes were characterized by a loose asso

ciation with surrounding epithelial cells and a greater number 

of cytoplasmic projections extending outward from the lateral 

margins and downward into the stroma. Areas of discontinuous 

basal lamina were also observed adjacent to these basal cells 

(figure 29). Macrophages infiltrated the epithelium but were 

distinguishable from the darker basal cells. Each of these 

cell types, interestingly enough, occurred along the basal
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lamina.  

The significance of these findings are questionable 

at this time. It appears that the basal cells have under

gone an increase stimulus to movement since they show ex

tensive cytoplasmic projections. These findings resembled 

the characteristics of the involutional process with cellu

lar removal made by macrophage-like cells. No evidence 

exists to support the conversion of basal cells to macro

phages. The presence of gaps in the basal lamina underlying 

the basal cells suggest that an enzymatic system has been 

activated within these cells in the aged animal. The occur

rence of residual bodies have been described to occur in 

both basal cells as well as macrophages. The cystic struc

tures presumably represent a somewhat later state of devel

opment of the residual bodies.  

Some important pathological findings were observed in 

the tissues examined. In the young group, two instances of 

an abnormal arrangement of cells occurred. The irregular 

arrangement suggested a neoplastic formation resembling a 

solid pattern of growth (figure 29). In the twenty-four 

month old group, an instance of an abnormal growth of cells 

occurring within the capsule in a cord-like pattern of well 

differentiated cells was observed (figure 30). These growths 

were not observed grossly and did not seem to represent any 

morbidity to the animals.
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Numerous instances of inflammation involving polumor

phonuclear cells, lymphocytes, plasma cells and monocytes 

(figure 31) were observed. This finding was characteristic 

of a cell-mediated immunological process. This finding 

seemed more frequent in older animals.  

The incidence of disease in the Sprague-Dawley Rat 

could not be determined from such a small sample of animals 

as used in this study. The occurrence of neoplasms as well 

as the occurrence of particles resembling C-type viruses was 

an interesting phenomenon since they were found in an organ 

that does develop spontaneous carcinoma in the rat. It was 

noted that the incidence of inflammation was higher in the 

aged animals. The presence of viral particles in or around 

the tumors as well as the ultrastructure of the tumors were 

not investigated. Further study may be done on characteriz

ing and staging the neoplasms which occur in the ventral 

prostate of the Sprague-Dawley rat in relation to the aging 

process.  

In the human, a relationship exists between the stage 

of the disease and age. An interesting comparison could be 

made on areas showing stromal alterations involved in devel

opment, involved in age-associated changes and involved in 

pathological changes. It was shown in this study that stromal 

alterations occur in each of these conditions. Such a
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comparison may demonstrate common mechanisms involved in 

human diseases which have shown a relationship between 

pathology and age. An example of a process which shows 

such a relationship is adenocarcinoma and the relationship 

was exhibited in its staging.  

Staging of prostatic carcinoma in the human is useful 

in that it describes prostatic carcinoma as a disease ranging 

from a focal form to a diffuse form. Statistics show that 

in the human, the incidence of both local and diffuse adeno

carcinoma of the prostate increases with each succeeding 

decade (Halpert, et al, 1963). For example, in the study by 

Halpert, et al (1963), prostatic carcinoma was found in 46 

percent of patients more than 70 years old. A 41 percent 

incidence in the 70 to 80 age group and a 47 percent inci

dence in the group of patients 80 years of age and older 

was noted. These results were determined from autopsy find

ings. Only about a third of the cases found at autopsy were 

manifested clinically (rich, 1935).  

Latent carcinoma reaches lethal proportions with ad

vancing age (Whitmore, 1963). In a study by Correa, et al 

(1974), data showed that patients with focal disease were 

somewhat younger compared to those with diffuse disease.  

However, evidence exists which suggests that prostatic car

cinoma is a more lethal tumor in younger patients (Tjaden,
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Culp and Flocks, 1965).  

Whether age-associated changes occurring within the 

prostate influences the progression of the disease or in

fluences the occurrence of latent disease as opposed to 

diffuse adenocarcinoma is an interesting speculation. The 

Sprague-Dawley rat may prove to be a satisfactory model to 

study these relationships since age-associated changes 

within the ventral prostate were noted and described in this 

presentation and may correlate with the induction of adeno

carcinoma in Sprague-Dawley and other species of rats (Shain 

et al., 1981).



CHAPTER V 

CONCLUSION 

This study was undertaken to characterize the extent 

of histological and ultrastructural change in the ventral 

prostate from Sprague-Dawley rats of the ages two, twelve, 

and twenty-four months. The animals were obtained from the 

Charles River Breeding Laboratories, Wilmington, Massachu

setts. The animals were raised specifically for biomedical 

aging research. The ventral prostate was removed from these 

animals and the tissue was fixed in a phosphate buffered, 4% 

formaldehyde, and 1% glutaraldehyde aqueous solution. The 

tissue was further processed for routine light and electron 

microscopy.  

Light microscopy revealed two distinct regions in the 

ventral prostate. One region located at the periphery of the 

gland was characterized by acinar units having numerous folds 

of tissue projecting into a small tubular lumen and being 

lined with pseudostratified epithelial cells. Areas of these 

acinar units demonstrated occasional epithelial cytoplasmic 

extensions and budding structures characteristic of tubular 

growth. These characteristics were evident in all three age 

groups. The other region consisted of the remaining glandular 

tissue. It was characterized by acinar units having larger 

lumenal diameters, tissue folds spaced at greater distances
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from each other and a variable secretory epithelial cell 

height depending upon the age group. The height of the 

secretory epithelial cells in these areas declined with an 

increase in age of the animal. These two regions were dis

cussed in reference to development in which the acinar units 

at the periphery are perhaps undergoing a developmental 

process, and may represent a more immature stage of develop

ment.  

The pseudostratified epithelial cells were investigated 

and age-associated changes were described. The secretory 

epithelial cells showed changes consistent with findings 

made in other studies. The basal cells demonstrated changes.  

which were described for the first time. It was hypothe

sized that the changes in the basal cells which occurred 

with an increase in age of the animal reflected an increased 

tendency toward movement and loss of association with the 

surrounding secretory epithelial cells. Other evidence was 

found which indicated that the basal cells were capable of 

dissolving the underlying basal lamina.  

The stroma and basal lamina of the ventral prostate were 

also studied with the electron microscope. Certain age

associated changes were observed and described. With an 

increase in individual age, an increase in thickness of the 

epithelial basal lamina occurred with the contributing factor
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being a thickening of the lamina densa. The lamina lucida 

increased only slowly with an increase in individual age.  

A parallel increase in thickness was observed in other 

basal lamina as well. The following changes also occurred 

with an increase in age of the animal: (1) the basal lamina 

became more folded, (2) collagen increased in amount in the 

interstitial tissue of the stroma, (3) electron-dense stain

ing material increased in amount in the interstitial tissue, 

(4) the periacinar sheath increased in thickness, and (5) 

pathological processes seemed more prevalent.  

These age-associated changes corresponded to findings 

from other studies which demonstrated that an altered endo

crine status occurred in the aged individual. Many findings 

corresponded to changes which occurred after castration or 

estrogen therapy. Other findings supported the concept that 

the stroma is involved in the regulating of epithelial growth 

processes.  

This study provided an insight into the aging process 

in the ventral prostate in terms of morphological change. It 

provided a basis for comparison with cellular and tissue 

changes resulting from alterations in endocrine status pro

duced in vivo, in organ culture, and in disease tissue. It 

also provided a basis for comparison in age-related changes 

in the prostate with other species, including man.



APPENDIX

I. Fixative Solution (McDowell and Trump, 1976) 

A. 4% Formaldehyde and 1% Glutaraldehyde in a Phos
phate Buffer 

1. Sodium Phosphate Dibasic, Anhydrous, Granular 
(Mallinckrodt Chemical Works, St. Louis, 
Missouri). .............. ......... 1.16g 

2. Sodium Hydroxide (Matheson, Coleman & Bell, 
Norwood, Ohio.......a. ... ....... 0.27g 

3. Distilled Water........ .......... 88ml 

4. 40% Formaldehyde .................. 10ml 

5. 50% Glutaraldehyde ........ ........ 2ml 

6. Adjust to pH 7.2 with 40% Formaldehyde or 1N 
NaOH 

B. Post-Fixative Solution 

1. 4% Osmium Tetroxide in Vial,. ...... 2ml 

2. Dilute with 0.05M Cacodylate buffer. . . 6ml 

II. Cacodylate Buffer Solution 

A. 0.1M Cacodylate Buffer with 7% Sucrose 

1. Sodium Cacodylate (Polysciences, Inc., 
Warrington, Pennsylvania)...........2.14g 

2. Distilled Water*. ..... ...... 100ml 

3. Sucrose. ... ......... .. 7g 

4. Adjust to pH 7.2 with 0.1N HC1 Solution
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B. 0.05 Cacodylate Buffer 

1. Sodium Cacodylate (Polysciences, Inc., 
Warrington, Pennsylvania)...... .. 1.07g 

2. Distilled Water 

3. Adjust to pH 7.2 with 0.1N HC1 solution 

III. Dehydration Schedule 

A. Plastic 

1. Dehydrate in cold 50% Ethanol. . . 15 minutes 

2. Dehydrate in cold 75% Ethanol. . . 15 minutes 

3. Dehydrate in cold 95% Ethanol. . . 15 minutes 

4. Dehydrate in cold 95% Ethanol and allow to 
warm to room temperature ....... 15 minutes 

5. Dehydrate in room temperature 100% Ethanol, 
two times....0.. .......... 15 minutes each 

6. Place in room temperature propylent oxide, 
two times..................15 minutes each 

B. Paraffin Staining and Solutions Used 

1. Procedure 

a. Deparraffinize and hydrate slides to 
distilled water.  

b. Stain in Harris Hematoxylin 1-2 minutes.  

c. Rinse in two changes distilled water 10 
dips each.  

d. Place in 0.25% Ammonium Hydroxide until 
tissue turns blue. This takes 2-3 
seconds. Do not agitate.
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Results:

e. Rinse in two changes distilled water 10 
dips each.  

f. Counterstain in Eosin-Phloxine B solution 
2 minutes 

g. Rinse off excess Eosin-Phloxine B in 
distilled water 10-15 dips and proceed 
to rehydration.  

h. Two changes 95% Alcohol 2 minutes each.  

'i. Two changes 100% Alcohol 2 minutes each.  

j. Two changes Xylene 5 minutes each.  

k. Mount and coverslip using Permount 
Mounting Medium.  

Nuclei-blue 

Cytoplasm and other tissue elements - pink to 
red.

Solutions: 

Harris Hematoxylin (Fisher Scientific Company, 
Fair Lawn New Jersey) 

Ammonium Hydroxide. . . ....... 0.25ml 

Distilled Water.. . .... ..... 100ml 

Eosin-Phloxine B Working Solution 

Stock Eosin Y (MCB, Norwood, Ohio) 1% aqueous 
solution ........................... 50ml 

Stock Phloxine B (MCB, Norwood, Ohio), 1%-1 
aqueous solution ........... ........ 5ml 

95% Ethyl Alcohol....................390ml 

Glacial Acetic Acid....................2ml
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IV. Embedding Mixtures 

Mixture A 

1. Epon 812 (Polysciences, Inc., Warrington, 
Pennsylvania) . . . . . . . . . . . . . 100ml 

2. Dodecenyl Succinic Anhydride (Polysciences, 
Inc., Warrington, Pennsylvania) . . . . 153ml 

Mixture B 

1. Epon 812. . . . . . . . . . . . . . . 100ml 

2. Nadic Methyl Anhydride (Polysciences, Inc., 
Warrington, Pennsylvania) . . ... . . . 83ml 

Solution C (Stock Solution) 

1. Mix Solution A and Solution B in a 3:2 ratio 

Complete Resin Mixture 

1. To every 10 ml of Stock Solution add 0.15 ml 
of Dimethyl pthylate (CMP-30) (DMP-30 ,Poly
sc iences, Inc., Warrington, Pennsylvania) 

V. Solutions and Schedules Used in Sectioning and Staining 

A. Azure II Staining Solution with 1% Borate 

1. Azure II. . . . . . . . . . . . . . . . 0,3g 

2. Distilled Water . . . . . . . . . . . . 100ml 

3. Sodium Borate (Borax) (S. H. Sargent & Co.) 
ig 

B. Etching Schedule 

1. Pour 300 mesh grids into small glass vial 

2. Wash grids in 95% Ethanol for 1-2 minutes 

3. Etch in 0.5N HCI for 4 minutes 

4. Dilute with some distilled water and then 
pour off solution
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5. Wash with distilled water at least 4 times 

6. Wash at least 3 times with 100% Ethanol 

7. Pour out grids onto filter paper and allow 
to dry thoroughly 

8. Place grids into Petri dish and label with 
"300 mesh" and "etched" 

C. Uranyl Acetate Staining 

1. Stock solution: 5% aqueous uranyl acetate 
(allow one day to be sure all crystals are in 
solution; also use distilled water); the 
stock is stable for 6 to 8 weeks in the 
refrigerator 

2. Staining (working) solution: Dilute stock 
50:50 with absolute methanol and allow solu
tion to come to room temperature before use; 
this solution is stable for 24 hours in the 
refrigerator 

3. Technique: Use a Petri dish with a piece of 
parafilm. Build up a large drop at room 
temperature working solution on the parafilm 
and then place the grid (section down) on the 
surface of the drop.  

Stain sections for 6 minutes. After staining 
is complete, wash sections with distilled 
water being careful not to wash sections off 
the grid and put holes in the Epon. Allow 
the sections to dry on filter paper for 5 
minutes.  

D. Lead Citrate 

1. Use a 50ml volumetric flask and add 1.33g 
lead nitrate (Lead Nitrate, Polysciences, Inc., 
Warrington, Pennsylvania), 1.76g sodium citrate 
(Sodium Citrate, Matheson, Coleman & Bell, 
Norwood, Ohio) and 30ml distilled water (boil 
the water to get rid of carbon dioxide before 
use). Shake the solution for 1 minute. Then
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shake the solution intermittently for another 
30 minutes until the solution takes on a 
milky appearance.  

2. Add 8ml of 1N NaOH (4% aqueous NaOH) and mix 
until solution becomes clear.  

3. Dilute solution to 50ml with carbon dioxide
free distilled water and mix. This is the 
stock solution of lead citrate. It should 
have a pH of 12. The refrigerator life is 3 
to 7 days at most.  

4. Technique: Use a Petri dish with a piece of 
Parafilm; surround Parafilm with a few crys
tals of NaOH to absorb carbon dioxide. Place 
a large drop of stain on Parafilm and then 
place the grid (section down) on the drop.  
Cover the lid to avoid environmental contami
nation. Stain the grids for 6 minutes. Af
ter staining, wash the sections with carbon 
dioxide-free distilled water. Allow the 
sections to dry thoroughly on filter paper 
before examining in the electron microscope.  

VI. Photography Procedure and Solutions 

A. Light Microscopy 

1. Film (PX 135-20) Processing 

a. Develop film in Microdol-X for 11 
minutes. A 1:3 solution of Microdol-X 
and water is used to develop the Kodak 
Plus-X Pan 35mm film.  

b. Rinse film in tap water for 30 seconds.  

c. Fix in Kodak Rapid Fixer for 2-4 minutes.  

d. Wash in running water for 20-30 minutes.  

2. Print Procedure 

a. Place film, emulsion side down, into 
enlarger. Open F-stop all the way.  
Carefully focus the image using a

69



reflecting focusing magnifier. After 
focusing is complete, lock magnifier 
into position.  

b. Before taking out print paper be sure 
darkroom safelights are on. Never 
expose print paper to room light. To 
expose paper, set timer to appropriate 
time, switch focus setting to time and 
then press button to on. The enlarger 
light will come on for the desired time 
and then shut off automatically.  

c. Place print paper in a freshly prepared 
Dektol Developing solution.  

d. Transfer print to fixer tray for 6-10 
minutes. The fixer is one part undiluted 
stock fixer to one part tap water.  
Gentle rocking of the tray is done to 
promote proper fixation.  

e. Wash print in tap water tray for 10 to 
15 minutes.  

f. Wash print in Hypo Clearing Agent for 2 
minutes. The Hypo Clearing Agent is 
made by diluting the stock solution 1:3 K 
with water.  

g. Soak prints in running tap water for 20 
to 30 minutes.  

h. Soak print in Pakasol for 2 minutes to 
prevent spotty drying and to give the 
prints a glossy appearance.  

i. To operate print dryer properly the 
following steps should be followed: 

1. Place squeege into position (spring 
loaded).  

2. Be sure apron is centered on drum 
and rollers.  

3. Turn motor on with medium speed.
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4. Turn heat on with medium temper
ature.  

j. When dryer is operating, place print on 
dryer and collect when dry. After the 
print is dry, turn motor and heat off.  
Turn timer to 30 minute cooldown posi
tion and return squeege to original po
sition.  

k. Record appropriate information on print.  

B. Electron Microscopy 

1. Film (Roll film) Processing 

a. After exposures have been made and the 
film has been removed from the scope and 
canisters, the film is developed in D-19 
for 2 minutes. D-19 solution is made by 
the instructions on its package.  

b. The film is rinsed in deionized water 
for 15 seconds.  

c. The film is placed in an undiluted rapid 
fix stdck solution for 6 minutes.  

d. The film is then washed in running water 
for 30 minutes.  

e. After washing, the film is allowed to 
air dry.  

2. Print Procedure - identical to print procedure 
described in Light Microscopy section.
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Figure 1: Light micrograph of the ventral prostate from a 
two month old animal. The periphery of the gland demonstrates 
a pattern characteristic of development. Acinar size is 
smaller at the periphery than that found in the remaining 
glandular tissue. Hematoxylin and Eosin stain (125x).
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Figure 2: Light micrograph of the ventral prostate from a 
twelve month old animal. The periphery of the gland demon
strates a pattern characteristic of development. Acinar 
size is smaller at the periphery than that found in the 
remaining glandular tissue. Heatoxyling and Eosin stain 
(125x),
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Figure 3: Light micrograph of the ventral prostate from a 
twenty-four month old animal. The periphery of the gland 
demonstrates a pattern characteristic of development. Aci
nar size is smaller at the periphery than that found in the 
remaining glandular tissue. Hematoxylin and Eosin stain 
(125x).
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Figure 4: Light micrograph of the ventral prostate from a 

twenty-four month old animal. A characteristic of acinar 
units at the periphery of the gland is a small lumen with 
closely apposed folds of tissue projecting into the lumen.  

Epon section stained with Azure II (1,250x) .
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Figure 5: Light micrograph of the ventral prostate from a 
two month old animal illustrating an acinar unit with an 
extension of epithelial cells into the periacinar sheath.  
Epon section stained with Azure II (2,000x).
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Figure 6: Light micrograph of the ventral prostate of a two 
month old animal illustrating an altered arrangement of the 
stroma immediately adjacent to an extension of epithelial 
cells. Epon section stained with Azure II (2,000x).
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Figure 7: Light micrograph of the ventral prostate from a 
twenty-four month old animal illustrating an altered arrange
ment of the periacinar sheath immediately adjacent to an area 
of epithelial cytoplasmic projection (arrow) and epithelial 
cellular extension. Also illustrated is the variable degree 
of epithelial atrophy. Epon section stained with Azure II 
(1,600x).
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Figure 8: Light micrograph of the ventral prostate from a 
twenty-four month old animal illustrating an altered arrange
ment of the periacinar sheath immediately adjacent to areas 
of epithelial cellular extension (arrows). Epon section 
stained with Azure II (1,250x).
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Figure 9: Electron micrograph of the ventral prostate from 

a two month old animal. The area shows an example of the 

orderly, parallel arrangement of subepithelial fibroblasts 

and smooth muscle cells. Uranyl acetate and lead citrate 

stain (20,000x).
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Figure 10: Electron micrograph of the ventral prostate from 

a two month old animal illustrating areas of close contact 

(arrows) between an epithelial cell and a stromal smooth 
muscle cell. Uranyl acetate and lead citrate stain (20,000x)
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Figure 11: Electron micrograph of the ventral prostate from 
a two month old animal illustrating areas of close contact 

(arrows) between an epithelial cell and a stromal smooth 

muscle cell. Uranyl acetate and lead citrate stain (20,000x).
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Figure 12: Electron micrograph of the ventral prostate from 

a two month old animal demonstrating areas of close contact 
of a fibroblast and a basal cell. Hemidesmosomes (arrows) 

are sometimes found in association with close contacts.  

Uranyl acetate and lead citrate stain (20,000x).
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Figure 13: Light micrograph of the ventral prostate from a 
twenty-four month old animal illustrating an altered archi
tecture of the epithelium and stroma in a tubule found deep 
to the periphery (upper left corner). The altered architec
ture is characterized by a folding of the basal aspect of 
the epithelium with accompanying cellular extensions into 
the periacinar sheath. Epon section stained with Azure II 
(1,250x),
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Figure 14: Electron micrograph of the ventral prostate from 
a twenty-four month old animal illustrating a fold of the 
basal lamina (arrows) projecting into the basal region of an 
epithelial cell. The fold contains stromal elements. Uranyl 
acetate and lead citrate stain (20,000x).
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Figure 15: Electron micrograph of the ventral prostate from 
a twenty-four month old animal showing cytoplasmic projections 
(arrows) and contact being made between a fibroblast, basal 
lamina, and an epithelial cell. Uranyl acetate and lead 
citrate (20,000x).
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Figure 16: Electron micrograph of the ventral prostate from 

a two month old animal illustrating collagen infiltration 

(arrows) between cellular elements and the basal lamina.  

Uranyl acetate and lead citrate (20,000x).

87



Figure 17: Electron micrograph of the ventral prostate from 

a twenty-four month old animal illustrating severe collagen 

infiltration (arrow) between cellular elements and basal 

lamina. Uranyl acetate and lead citrate (12,000x).

88



Figure 18: Electron micrograph of the ventral prostate from 

a twenty-four month old animal illustrating the occurrence 
of electron-dense staining structures (arrows) within the 

basal lamina lucida. Uranyl acetate and lead citrate stain 
(20,000x).
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Figure 19: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. Localized swellings can be 

seen in the basal lamina densa as well as electron dense par
ticles within the basal lamina lucida (arrows). Uranyl ace

tate and lead citrate stain (20,000x).
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Figure 20: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. Electron-dense staining 
particles can be seen within the.basal lamina lucida as well 
as localized swellings of the basal lamina densa. Uranyl 
acetate and lead citrate stain (20,000x).
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Figure 21: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. Illustrated is a capillary 
with its associated basal lamina and surrounding stroma.  

The interstitial tissue of the stroma is characterized in 
the aged animals by an increase in amount of collagen fibers 
and electron-dense staining material. Uranyl acetate and 
lead citrate stain (20,000x).
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Figure 22: Electron micrograph of the ventral prostate from 
a twenty-four month old animal illustrating a capillary and 
interstitial tissue immediately surrounding it. The inter
stitial tissue is characterized by disorderly array of 
collagen fibers within an electron-dense staining matrix.  
Uranyl acetate and lead citrate stain (20,000x).
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Figure 23: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. Visualized is a smooth 
muscle cell, capillary, epithelial cell, and their associated 
basal lamina (arrows). The basal lamina of all three cell 
types undergo an equivalent amount of thickening with an 
increase in the animal's age. Uranyl acetate and lead citrate 
stain (20,000x).
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Figure 24: Light micrograph of the ventral prostate from a 
twenty-four month old animal. As demonstrated in this 
micrograph, cystic structures are seen in the epithelial 
membrane of the prostate from an aged animal. Epon section 
stained with Azure II (1,250x).

95



Figure 25: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. An epithelial cell containing 
a cystic structure within its cytoplasm. The nucleus is 
indented by the presence of the cyst. Uranyl acetate and 
lead citrate (12,000x).
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Figure 26: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. A cystic structure appears 
within a basally situated cell. Uranyl acetate and lead 
citrate stain (8,000x).
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Figure 27: Light micrograph of the ventral prostate from a 
twenty-four month old animal illustrating the occurrence of 
dark staining cells (arrows) along the basal aspect of the 
epithelial membrane. Epon section stained with Azure II 
(2,000x).
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Figure 28: Electron micrograph of the ventral prostate from 
a twenty-four month old animal. Electron microscopy reveals 
extensive folding of the lateral borders of the epithelial 
cells. Darkly staining cytoplasmic projections of cells fre
quently appear between the basal aspect of the secretory 
epithelial cells and the basal lamina. These are hypothe
sized to be portions of basal cells which have undergone age
associated change. Uranyl acetate and lead citrate (12,000x).
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Figure 29: Electron micrograph of the ventral prostate from 

a twenty-four month old aifimal illustrating age-related 

changes within the basal cell and basal lamina. Note the 

discontinuity in the basal lamina. Uranyl acetate and lead 

citrate (12,000x).
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Figure 30: Light micrograph of the ventral prostate from a 
two month old animal illustrating and agnormal arrangement 

of epithelial cells and stromal cells when contrasted to a 

normal arrangement of epithelium and stroma in adjacent 

areas. Epon- section stained with Azure II (1,600x).
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Figure 31: Light micrograph of the ventral prostate from a 

twelve month old animal illustrating an abnormal arrangement 
of epithelial cells within the connective tissue capsule.  
Epon section stained with Azure II (1,600x).
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Figure 32: Light micrograph of the ventral prostate from a 

twenty-four month old animal illustrating the infiltration 
of inflammatory cells within the stroma surrounding an 
acinar unit. Epon section stained with Azure II (1,250x).
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